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I
CHAPTER I
INTRODUCTION AND STATEMENT OF THRE PROBLEM

“A Hormone s not something that cccurs in the urine or
scmething that is knocked up by a chemist in his laboratory; a
hormone is scmething that goes round in the blood to act in
ancther part of the body" Dr. A. 8. Parkes, Chalrmsn, Ciba
Foundation Colloquia on Endocrinology, "Hormones in Blowd®
Pebruary 12, 1957.

This statement and the existence of the Colloqula clted
above, reflect the growing awareness of medical scientists in
the fundamental lmportance of studles which are concerned with
elucidating the nature of hormoneas as they exist Iin their true
physiocloglcal environment, the blood. Dr. Parkes' theme "Back
to the Blood” has indeed been one of the inspirations of this
work.

The difficulties encountered in investigations dealing
with hormcnes in the biood are rather formidable. They have
been amply described in two reviews (Wolstenhclme, 1953)
(Wolstenholme and Millar, 1957), and their relationship to this
dissertation will be discussed in detall in a subsequent chapter.
Nevertheless, the stimulating and exciting cbservations re-
corded by those who were willing to enter this rield have proven
well worth the time and effort reguired to overcome whatever

obastacles that may have rise in their path, Iaformation has




been obtained concerning the status of almost &«ll of the protein
peptide, amino acid and sterold hormones in the blood with one
notable and regretable exception. At the time this investi-
gation was initiated there was, to the author's knowledge,
absolutely no informmtion avallable concerning the character~
istics of the parathyrcid hormone as it existed in the cirou-~
iatlien,

It was the purpose of this dissertation, then, to bridge
this gap in our knowledge of plasms hormone activity.




CHAPTER 11
THE PARATHYROID HORMONE

Description cf the Parathyrcid Glands. The parathyrold

glands, which gre the source of the parathyrcid hormone, develop
from the entoderm of the branchial clefts (the primordial gills)
and are found as small paired bodies in the region of the thyroid
gland. The number and position ¢of these glands varies widely
even between individuals ¢f the same species. From cne to four
pairs (usually two) are seen. One pair, the superior or internal)
parathyroids wmay be ilmbedded entirely in the thyroid gland.
Gthers, the inferiors or external glands, are usually found near
the dorsclateral surface of the thyroid, but accessory tissue
may develop in widely scattered positions in the neck and upper
thoracic region. (Hopkins and Chandler, 1525) The total weilght
of the parathyroid tissue in man 18 about O.1 gram and in the
rat about ¢.0003 grama. In histclogical appearance, the para-
thyroid tissue somewhat resembles hyperplastic thyrcid tissue
without colleid, a fact which led early investigators to canaidcﬁ
the parathyroid to be accessory or embryonic thyrcid tissue.
Historical Basis of Current Knowledge. The historical

evolution of our current knowledge of parathyroid funetion may
be considered to rest upon four major developments. 1) The
discovery by Oley (1837) that the tetanic spasms and coun-

vulasions which sometimes followed thyroidectomy were cbserved to




ceour only when the parathyrsid glands were al:o removed; 2) The
findings of MacCallum and Voegtlin (1909) that the symptoma of

parathyrcid iansufficlency can be prevented and alieviated by the
adainistration of caleium s2lts, a8 well as by the inJjection of
crude extracts of parathyroid glands; 3) The werk of Colllp (1924)
who succeeded in preparing & sterile, reasonsbly stsble, physio-
loglecally active extract of the parathyroid glands which could be

used for experlmental purposes, and whose signiflcant report

definitely eatablished the endoerine nature of parathyrold
functions 4) The report of FRoas and Wood (1942) which conclusivelly
established the active principlie of perathyrcid glend extraots
to be protein in nature.

Clinicel and | rimental Basis of Current Xnow

Fundamentally, all cur knowledge concerning the physiclogical
role of the parathyroid hormone can be considered tc have developpd
from & relatively few csarefully documented cbservations., The
first of these 18 parathyroidectomy, experimental or inadvertently
produced by surgery Iin man. Another is spontaneous hyperpara-
thyroidism, either adenome or hyperplasia, the two being in-
distinguishable elinically (Bcwﬂrd,’IQSE). In aceepting data
derived from spontaneous hyperparathyrcidisa for use in defining
normal parsthyroid functica, one must, of course, aake the
aassumption that the parathyroid sdenoms secretes an excess of

hormone produced by the normal glands. It would seem likely




that this 18 sc, since the blochemlcal changes 'n hyperpara-
thyroldism are strikingly the uonverse of those found after
papathyroiaactomy. The final basic scurce of information stems
rrom experiments involving use of glandular extracts. Although
recently there have been reports of the finsl attainmsnt of &
pure parathyrold hormone preparativn [rom bovine glands
(Rusmussen, 1957), practically all work reported to date has
involved use of cruder hydrochloric acld or acetle acld extracts
of glandular tissue. Despite this fact however, there 1s good
reason to belleve that such crude extraets contalme one or more
principles possessing the same physlological sctivities as does
the secreticn of normal parathyroid glands.

It has been well documented thst in man and 1o the rat
doses of parathyroid extiract produce the seme syaptoms and
chemical changes 1in the serum as those found in spontaneous
hyperparathyroidism. Also, in experiamental animals administratioh
of large amounts of parathyroid extract result in production of
vatelitis fibfnaa indistinguishable from that which accompanies
parathyroid sdencaa, FPurther, the bilochemlical changes of hypo-
parathyroidism can be restored to normslcy by appropriate doses
of parathyroid extract (Howard, 1956). It seems logical, then,
to sassume that the parathyrold extracts currently avallable
contaln the sctive principles of the parathyroid gland.

Phyasiology cof the Perathyroid Hormones. Much has been




repurted upon the nature, effects, and sites of actlon of the
parathyrold secretions although the physiological mode of action
of the active principle(s) is still a polnt of coantroversy.
Dominating thought for many years was the concept of Albright
et. al. {1548) that the parethyrold horwone caused incresaesa in
uringry excretion of phoaphate a8 its primary effect. 3Secondarily,
thia phosphaturlis was believed to cause a hypophosphatemia, which
induced diasclution of bone salt, thereby causing Iincressed seruam
calcium levels. This historic concept haa aow given way to the
idea of a dual action of the parathyrold secreiions. Although
there is still disagreement, the modern theory holds that the
principle &ad primery effect of the parathyroid hormone is on
bone itsell, resulting in a transfer of calecium and phosphate
from bone to serum. Secondly and independently, there is a
decreased resbsorption of phosphate in the kidney tubule leading
to phosphaturia and hypophosphatemia, At least three authorl-
tative review have agppeared summarizing the evidence for these
conclusions., (Bartter, 1954) (Howard, Wolstenholme and O%Connor,
1956) (Mclean and Bourne, 1956) The mechenism of the primary
effect of the parathyrold hormone on bone is 1ittle understood at
preseat, and egein, the sou.sce of much controveray. The most
recent theory in this regard has been forwarded by MNeuman and his
associstes in & series of reports (Neumen et. al., 1956)

(Neuman, 1958) (Pirschein et. al., 1958) (Martin-et. al., 1958)




and summarized in two excellent review (Neuman and Neuman, 19%8)
(Firschein et. 8l., 1959). This worker and his asscciates have
suggeated that the parathyrcoid hormceae exarts an inhibitory
effect upon TPNH-linked reactions, 1n vivo, with & resuitving
shunt of glucose metabolism to the production of citrate ion,
which is the moeity he feels is reaponsibvle for the disacliution
of bone salta and the resulting iacrease 1n levels of serum
ealclium observed in hypecparathyroidisxs and subsequent ¢
adainistration of parathyrold extracts. 7This propcsed effect of
parathyrold hormone upon TPHH linked reacticns in vivo, iz based
upon & reported obgervatlon (Neuman, 1356) that commerclal para-
thyroid extract “destroys the chromophoric group of reduced
coenzyme II, in vitro." Reichert (1958) and Reichert and
L'Heureux {(1358) (1953), have showa, however, that this effect of
parathyroild extract upon TPNH, in vitro, 18 not excluslvely
associatad with the hormenal potency of the extract. Neuman's
goneept, therefore, although haviasg received rather wide accept
has yet to be experiasentally confirmed,

Chemistry of the Parathyroid Hormone. The parathyrcid
horaone hes historleally bees considered to de protein in nsture.

Ross and wood {1942) have amply demcnstrated this with thelr
parathyrold hormone preparation on the basis of its inactivation
following pepsin digestion and 1ts typlcal protein ultravioclet

absorption soeetrumn, The volumioous amount of work reported on




the purification of the parathyrold hormone have culminated in
the reports of Rasmussen (1957) and Munson (1959) in which they
deacribe the preparation of the must potent parathyroid gland
extracts yet realized. rHasmussen (1357) utilized zonal electro-
phcresis of scetlc acid extracts of bovine parathyrcid glands
powder on polyviayl chloride to obtaln a preparation which
gedimonted 1a & singie peak upon ultrvacentrifugstion, and
algrated as & siangle zoane duiing eigctrophoresis., This seemingly
homogenous preparstion possessed a potency of approxlimately

230 unita/mg. p-otelin when ssgayed by two different methods, had
a calculated mclecular welight of about 10,000 and contalns

16.4% Nitrogen. Munson (1359) has reported preparation of an

even more poteat preparaticn but mekes no clalms as to hcmaguntith.

This worker's technique ccnsists of extraction of ground frozen
povine parstiyroid glands with hot hydrochloric acid, precipitaty
of the extrgct with ammcnium sulfate according Lo the method of
Friedman and Munscoa (1558) and column chromatography of the

resulting msaterial on carboxymethycelliulose followed by gradient

eluticn with svdium chloride, The resulting preparaticn pmasoasJﬂ

sctlvitles of 380 uaite/mg. protein, snd is the most potent
preparation yet repurted.

Repmussen (1958) hes demonstrated that the purified para-
thyroid hormone obtsined by lasmussen (19%€) does not contaln

free suifhydryl geoups. 7This worker has alsc shown purified

ol




parathyrold hormene Lo be inactlive after treatment with hydrogen
peroxide, and re-activated by subsequent reduction with oysteine.
fhe extent and reversibility of the inaetivatlon is depeadent

apon pH. (lasmussen, 1958).
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CHAPTER IIIX
RORMONES IN THE BLOOD

A.  DIFFICULTIES KNOUNTEHED AND TECHNIQUES UTILIZED

The methcdologiceal problems which ariase when cne attempts
to atudy piasma hormone actlvity have been amply descrlobed in a
racent review (wclstenholme and Kliler, 1957). Let us consider
hers the aore [(undawmeatal problems which arise in this work.
Gaddum (1553) in referring to the problem of detectlng horacnal
setivity in plasms, has commented "The tasit is difficuit because
the amount (of hormons) present is very small, and because
mccuracy «an be achieved only with wmuch iabour and at vast
expense.® Obviously, in order to study plesma hormone sciivity,
we¢ must be able to chtaln piasama samples pogessing sufliclaent

hormenal potongy to be detected by a bicasasy systeam, and we

mest have an asszay aystem of sulflicient sensitivity and rellabilft

for use in the analyale of pleasme sand plasms conceantrates. The
former question will be considered at thls time. The p:vblem of
gultable sssay systems will oe deali with lo a separave chapter.
although there &re lnstances where untrested plasms has
been {cund to possess sulflclent hormonai puteaey to eliclt
respunses {rom bicloglicel assay sysiems, such 2¢currences are
the exception rather than the rule. Ia alowst all casaes 1¢{ has

been found ecess&ry LU Qoncentrate piasma horavne asctivity in

k
L
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one way or another before ite characteristics could be studied.
There are three basic techniques which are most frequbntly
employed for this purpose.

The first of these involves removal of hormonal potency
from plasma by 2 specific absorbant, as for exeample, the removal
of Insulin activity from plesame by absorbance upon Dowex-50
cationic exhenage resin (Antoniades et. al., 1958) (Beigelman
and Antoniades, 1958) and the concentration of plasms ACTH
aetivity by absorption on oxycellulose (Payne, 1950). The
Bilological activity <f various parathyroid hormone preparations
has heen shown to be absorbed in varying degrees by oxycellulose
(Munson, 1959) (Auerbach, 1959), permutit (Ross and Wood, 1942),
and Dowex~-50 resin (Rasmussen and Westfall, 1957), and to be
extractable to a considerable extent with phenol {(Auerbach, 1959)
(Reasmussen and Craig, 1959) and benzoic acid (Roas and Wood, 1942
s well as with ammonium sulfate, (Priedman end Munson, 1958).
None of these techniques, however, have been applied to the study
of plasma parathyrold hormone activity.

The second technigue utilized in the preparation of plasma
possessing sufficient hormonal potency for detection in assay
animals employs intrsvenous or intraperitoneal administration of
exogencus hormone., This technigue has yielded amuch valuabdble
information about plasme hormone activity and has been frequently

utilized. An example of this 1s the work of Bethune et. al. (193
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in which ACTH was adainistered intravenously to human subjects
and the resulting plasma subjected to chemical fractlionation and
biological analysis. Significantly, the activity of plasma
collected from the human patients who had been injected with
exogenous ACTH latravenously was found localized in the same
plasma protein fraction as the endogenous ACTH activity obtained
from plasma of normal patients. Roberts (1957) has alsoc utilized
this technique in studying distribution of rat plasma ACTH
asctivity among plasms protein fractiona with considerable uucccs.ﬂ
The last technique which will be mentioned and the one which
has been utilized most frequently and with the greatest success,
is chemical fractionation of plasma which permits concentration
of hormone sstivity in plasme protein fractions. A number of
fractionation techniques are avallable for this purpose, such as
salt fraeticnetion, fractionation on various types of 1oa-cxahansJ
columns, electrophoretic sepsrations, and others. The techniqQue
which has proved amost suitadle for use in the study of plasms
hormone actlivity, however, has been the cold ethanol fractlionatior
method originally developed by Cohn et. el. (1946) specifically
for human plasma, and since modified by a number of workers (bi
and Terver, 1954) (Roberts and Xelley, 1956) for use with rat
plasma,. This method has the advantage of being designed for low
temperatures, thereby reducing the chances of denaturation and

inactivation of the biologically active principles being in-
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investigated. It also permits use of relatively large Quantities
of plasma, an important advantage. |

Let us now review the successes attained through use of
chemical fractionation technigues in detecting and studying the

characteristics <f & number of hormones in the plasma.

B. APPLICATION OF PRACTIONATION TECHMIQUES
TO_THE STUDY OPF HORMONES IN THE BLOOD.

Since the reports in this area have been sc voluminous, it

seens most appropriate toc examine the information availeble on
the plasms cherscteristics of the varlous hormones individuslly.
Insulin. Most of the work inveolving plasma insulin sctivity
has been concerned with the problem of detection, localization
and estimation of this hormone in normal humen plasma. A number
of workers have utilized untreated plasma in attempta to detect
plasma insulin activity, with widely varied results. (wxllcbrandﬂ
and Groen, 1956) (Vallance-Owen and Hurlcck, 1954) (Randle, 1954)
Welitz and Hagedorn (1954) extracted plasma from normal human
subJectd with acid-alechol and assayed the resulting preparation
for hormonal sctivity with some success., Goetz et, al. (1954)
demonstrated 8 marked insulin like activity in a 'protein-globuli&
precipitate,” which was a globulin rich fraction precipitated
from plasma with zinc. Beigelman et. al. (1956) successfully
employed the cold ethanol fractionation techniques of Cohn et. al

(1946) to localize endcogenous insulin activity of normal human
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plasma in & beta-globulin, gamme-globulin, lipoprotein fraction
(Fraction II-III). Antoniades et. al. (1958) and Belgelman and
intoniades (1958) then developed a method for coacentration of
plasma insulln activity by absorptieon on Dowex-50 catienie
exchange resin. Randle and Taylor (1958) studied the insulin
activity of protein fractions of normal humen serum prepared by
zone electrophcresis on columns of treated cellulose, Those
preparations were found to contain insulin sctivity mostly in a
beta-gamme globulin fraction. Bolinger et. al. (1959) subjected
normel human serum to starch column fractionation and detected
insulin activity in the beta-gamma globulin fractions. Randle
(1957) studied the distribution of insulin sctivity ia protein
fractions prepared from plassa of hypophysectomised rats
utilizing the cold ethancl fractlonation techniques of Ulric¢h,
L1 and Tarver (1954). Activity was found in Praction I1I, which
containa beta and gamwma globulines, and also in Fraction III, which
contéins alpha globulins.

Growth Hormone. The sustained interest in the role of the
pituitary growth hormone in human physiology has resulted in much
work being reported on the problem of estimating and locailzing
growth hormone activity in human and reat plasma protein fractions|
Kinsell et. 21. (1948) were able to detect growth hormone-like
activity by injecting 3-10 ais. of 1xbphilizoa plasma from a
patient with gigantism intc hypophysectomized female rats and
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cbserving the growth of the tibial epiphysis. Greenspan (1950)
was unable to show any growth hormone activity in pooled,
lyophilized plasma from 54 growing children. Greenspan (1950)
then attempted to concentrate growth hormone in plasma through use
of chemical fractionation techniqQues. By adding purified growth
hormone to plasma and treating it with methanol at 3°C., he was
able to recover hormonal activity in one fraction. Cotes and
Young (1951) precipitated human plasme to which growth hormone
had been edded with 50% ammonium sulfate and recovered the hormone
in the lyophilized supernatant liguid. Application of the same
technigue to human plasma falled to produce signa of activity.
Pollowing this, Cemzell et. al, (1955) employing cold ethenol
fractionation technigues, sadded purified growth hormone to human
plasme in vitro and succeeded in recovering 25% of the added
hormone in 15% of the total pissma protein., The fraction in whichy
activity was found corresponded to Cohn Practions IV-I and IV-4,
which consist primarily of alpha«globulins and beta-globulins
respectively. Although Gemzell, utilizing the same technique,
was unable to detect hormonal activity in fractions of normal
otan plasma, he was able to demonstrate activity in fractionated
plasma froa young plgs and calfs, as well as in fractionated
plasma of human retroplacental blood, in plasma from umbilical
cord, and in plasma from patients suffering from acromegaly and

gigantisa.
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Thyrotrophic Hormone. Querido and Lameyer (1956) utilized
the cold ethanol fractionation techniques of Cohn et. al. (1946)
to study localization of thyrotrophlec hormone activity in human
plasma protein fractions. They reported the interesting chser-
vation that in males, endogenous thyrotrophle hormone actiivity
was localized in Cohn Fraction II-II1I, which consista moatly of
gamsa and beta globullins, while in females hormonal activity was
assooiated with Cohn Praction IV-I, which consists mostiy of
alpha globulins. Roberts (1957), utilizing his wmodification of
the Cohn method, studlied the distributlion of thyrotrophic hormone
activity in plasms protein fractions of the rat, and found
hormonal activity to be associated with boih the beta globulin
and albuamla (ragtions of rat plaswma.
| Although & great deal of research

n8a heen concerneéd with the biologlical determlination and c¢linilcal
significange of pitultary and chorionic gonadotrophins, there
have been, until recently, relstively rew attempts uade to
determine the distribution of these hormones 1ln plasme proteln
fractions.

Beisfeld et. al. (1959) studied the plasma distribution
pattern of gonadetrophlce hormone 1in normel pregnant patientas and
patients suifering from trophoblastic tumors. donsl electrophoregis
&nd chromatography cn anion exchange cellulose cclumng followed

Dy paper electrophoresis were employed to obtain the plasma
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fractions for blologlcal aassay., The sera of tumor patients
showed hormonal activity lia the beta and alpha, globulin rmationr,
while the sera rom normal pregnant women exhibited gonadotrophic
sctivity in the alpha and beta globulin fractions. Thess [indingy
suggested to the authors the very interesting possibility (hat
the hormone with gonadotrophic activity in the serum from pregnang
WOomen may be structurally different from that found in women from
the trophoblastic tumors.

Perhapa & classlcal example of what can be attained through
appiication of cold ethanol fractionation procedures to the atudy
of plasma hormone characteristics may be seen in the work of
McArthur et. al, (1956) and Antoaiades et. al. (1957B). Hcarthur
et. al, (1$56) first repor.cd & study on the distribution pattern
of pitultary gonsdotrophic hormone activity in fractions of human
poatienopausal plasma. Such plasma was fractionated by the cold
ethanol method of Cchn et. ai. (1946), and then sssayed for
hormonal activity. Although traces of activity were found in all
fractiona, the bulk of hormonal activity was observed associated
with Cohan Fraction IX-IIIX, which conzists mostly of beta and
gamsa globuliua and beta-lipuproteins. Following this report,
Antonlades et. al. (1957) prepared large Quantities of Fraction
II-1II1I protein and then sublractionated this fraction by two
different methods. 1In sach caése they obtained & highliy potent

preparation of endogenocus piasmi piltuitary gonadotrophic hormone,
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the sctual chemical speoies of the hormone as it appears in its
normal physiological environment, the blococd,

Plasma Thyroxin. Various chemical fractionatlon procedures
have alsc been applied to the study of plasme thyroxin and of
thyroxin binding protein, Schald (1953) found the highest cantenﬁ
of thyroxin in his Praction IV of noraal human plasma, which is
a mixture of alpha globulins. Freinkel et. al. (1955) applied
the ¢0ld ethancl fractionation method of Cohn et. al. (1946) to
human plasma and found the greatest enrichment of thyroxin binding
protein to be present in Cohn Frastion IV-3, which conaists
primarily of alpha and beta globulins.

Adrenocorticotrophle Hormone (ACTH). The technigues
employed in the study of plasma ACTH asctivity illustrate very
well some basic approaches to problems of this type.

Human and ret plasms has been injected without processing
into assay animals in the hope of detecting endogenous ACTH
activity with varying success., Plasssm ACTH sctivity has been
soncentrated from plasma by the oxyellulose absorption technigue
of Payne, Raben and Astwood (1950) as modified by Bartholomew
(1953)., This is an extremely potent and sensitive method for
estimating blood ACTH levels. Finally, s has been the case time
and time again, cold sethanol fractionation has been utilized to
concentrate plasma fractions prior to administration and analysis

for hormonal potency.
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Bethune et. al. (1958) applied the cold ethancl fractlonation
technique of Cohn et. al. (1946) to humen plasme in an attempt to
localize ACTH activity in specific plasms protein fractions.

These workers studled the distribution of ACTH activity in plasma
collected from noraal human donors, plasma collected from normal
husan donors to which had been added ACTH, in vitro, and plasma
collected from patients following intravenous infusion of ACTH.
It was found that in sach case hormonal activity was primasrily
assouciated with protein Fraction II-III, the aaﬁn fragtion in
which plasma insulin, plasma thyrotrophic hormone, and plasma
gonadotrophic hormone activities had been detected.

Roberts (1957) has utilized cold ethanol fractionation
(Roberts and Kelley, 1957) to study the looalisation of ACTH
activity in rat plasma protein fractions. Two types of plasme
were fractionated and assayed for activity, a) normal rat plasma
to which had been added ACTH in vitro, and b) plasma obtained
from rats which had been intravenously infused with an ACTH pre-
paration. In the latter case ACTH activity was loocalized pviaartﬂy
in the 2lbumin fraction (Praction V), while in the former case
activity was found associated with the albumin fraction (Praction
V) as well as with other protein fractions. The author concluded
that "Endogencus eirculating ACTH in the rat is transported mminly
or exclusively in the albumin fraction of the plasma proteins.”
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3teroid Hormones. Flaally, cold ethanol fractionation has

poen successfully applied to the problem ¢l studying the plasma
characteriates of various sterold hormones.

Sandberg et. al. (1957) has reported that Cortlsol bouand
more per unit protein to Cohn Fraction IV-I, which contains
mostly alpha globulins, than to other plasma proteln fractions,
Antoniades et. al. {1957) utilized Cohn method 6 to study the
binding of o1% labeled ateroids and metabolites in plasma., He
chbnerved most of the proteln bound radlicactivity in Fraction IV.I
and Fractlon V., The author concludes that this indicates a
binding of sterold hormones to these particular fractions.
Roberts and Szego (1946) reported estrogen activity to be
assdclated with a subfraction of Cohn Fraction II-IIXI. Gardner
(1954) utilized the Cohn fractionation method to study distri-
bution of 17-keto sterolds in various plasma protein fractions.
He found indications of hormonal activity in Cohn Fraction IV-4,
which contains mostly alpha and beta globulins. Antonlades et. a}.
(1956) (1957) demonstrated that 2 hours after intravenous in-
Jection of estrone, hormongl activity was locallzed in Cohn
Fractions IV-I and V.

Summary. In summary, then, 1t appears that human plasma
hormone activity can be assoclated with specific plasma protein
fractions by chemical fractionation techniques, especlally cold
ethanol fractionation. Also, this plasma hormone activity is
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usually not assoclated with the plasma albumin frections, but
scems to be primerily co-precipitated wilth, bound to, or

transported in specific plasma globulln fracgtions.

Ce. EXPERIMENTAL APPROACH TO BE UTILIZED
IN THIS DISSERTATION.

As stated earlier, the purpose of this dissertation is to

obtain initial information characterizing plasma parathyroid
hormone astivity. It is only logical that the experimental
approach to this probleam be influenced by those techniques found
most suitable in the study of plasma characteristics of various
other plasma hormone activities. In view of the previous summary
it 18 felt that there can be 1little doubt that application of the
cold ethanol rvuetionatian method 6 of Cohn and his collaborators
(1936) 1s the method of cholce, and has been the method most
commonly and most successfully used in investigations of this
sort, Consequently, this type of chemical fractionation will be
utilized to concentrate and localige parathyroid hormone activity

in human and rat plasma protein fractions.
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CHAPTER IV
BIOLOGICAL ASSAY OF PARATHYROID HORMONE ACTIVITY

Methods Avallable For Assay Of Parathyroid Hormone Activity.

A reliable biological assay system is, of course, of basic

importance in any sttempt to study plasma hormone characteristies

-

Lack of easy, cheap, sensitive, specifiec and precise analytlical
systems for detection of hormonal activity have deen a serious
drawback $o hormone research in general, and to parathyroid
horaone research in particular, The problems assoclated with the
bloassay of hormonal potency in the preaence of plasma proteins
have been discussed in detail in two reviews. (Wolstenholme,
1953) (wolstenholme and Millar, 1957)

In the case of the parathyroid hormone there have been a
number of methods introduced for assaying the hormonal activity
of glandular extracts. In general, all such aassays are based
upon one or more of the four basic changes observed in the
chemical composition of body flulds following sdministration of
parathyroid sxtract, These changes are 1) increases in serum
calcium concentrations, 2) increase in urinary calcium excretion,
3) a decrease in serum phosphorus concentration and 4) an increasq
in urinary phosphorus excretion,

Let us review here briefly some of the techniqQues available

for bioassay of parathyroild hormone potency.
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Kenny et. al. (195%) and Kenny and Munson (1959) develcped
a method of parathyrold hormone assay based upon the total
urinary excretion of inorganic phosphorus by young male rats
during the 6 hours immediately following parathyroidectomy and
injection of the hormonal preparation. Rubin and Dorfman (1953)
reported a method based on the measurement of P32 excreted in the
urine after simultaneous intraperitoneal injection of ?32 labeled
Na HPO, and parathyroid preparation in rats which had been pars-
thyroidectomized at least 24 hours previously. Intact mice are
the tools of & phoaphaturic sssay method developed by Davies,
Gordon and Musett (1955) in which the urinary p32 gxcretion of
saline loaded mice are measured about 3 hours subsequent to
fadministration of the hormonal preparation. As can be seen, each
of these methods is dependent upon urinary phosphorus excretion
following administration of parathyroid hormone. Aside from the
difficulties inherent in the obtaining of complete urine samples,
there 1is one other c¢ritical fact to be considered. Although the
changes in urinary phosphorus fellowing adainistration of para-
thyroid extract is 8 well documented phenomenon, there is still
auch controversy over whether or not the hyper-phosphaturic and
hypo-phosphotemic effects of such extracts are due to an active
hormonal principle of the parathyroid gland, or merely to the
presence of some pharmacologically active artifact. 3tewart snd

Bowen (1952) have reported that extracts of thymus and spleen are
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capable of eliclting phosphaturic effects in assay animals
similar to that produced by parathyroid extract. Although this
report ¢ould not be confirmed by Kenny and Munson (1959), it
would seem that at present the most reliable measure of para-
thyrold hormone activity involves consideration of the hormones
effect on serua calcium levels,

Beiring (1950) developed an assay method for parathyroid
hormone activity which was relativel; :imple, and involved
measuring the increase in serum calclum of 150 gram intact rats
18 hours following injection of a test preparation. This method,
however, has a very low sensitivity, reqQuiring rénn 150 to 1000
USP units of activity per rat to elicit a significant response.
Davies et, al. (1958) have described a method in which assay ratﬁ
are parathyroidectomized 10 days prior to the date of assay, and
then malintained on & stock low caleium diet, Seruam calcium 1s
determined before and 21 hours after injection of the extract.
Rasmussen (1956), Rasmussen and westfall (1956), and Rasmussen
(1959), however, have exhaustively investigated the queation of
what time interval is required for sssay sniasls to respond
maximally to injections of parathyroid hormone preparations, as
messured by increases in seruam calcium levels. These workers
found that 6 hours after administration of the hormone, the
maximum response has usually been attained. After this time the

response may decrease sherply or plateau off gently depending
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upon the injection medium (Rasmussen, 1959). As a result,
analytical data based upon increments of serum ealaiuﬁ at times
other than 6 hours after injection of the test material, are
rendered suspect.

Pinally, Munson (1953) has described e msthod which 1s
based on the maintenance of serum caloium levels in calcium
depleted, parathyroidectomized rats in the 6 hours immediately
following operstion and injection of the hormonal preparsation.
If large numbers of animals are utilized, however, as is usually
necessary, this method becomes technlcally rather cumbersome.

Bilological Assay Procedure Utilizxed In This Dissertation.
The basis of the bilological assay procedure to be utilized in
this dissertation, ia the effect of parathyroid hormone upon the
serum calcium levels of parathyroidectomized female rats of the
Sprague~Dawley strain, six hours subsequent to intraperitoneal
administration of the test material.

Parathyroidectomy 1is accomplished by cauterization with a
hot wire. Detalls of this proeedure are given in the Appendix.
Cauterization was found superior to surgical removal of the
thyroparathyroid apparatus, a technique utilized by many workers,
because it 1) permitted destruction of the parsathyroid glands
with &8 minimum of damage to the thyroid gland, 2) practically
eliminated bleeding as a scurce of trauma to the operated

animsl and 3) in general, reduced the overall shock to the animeal
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during the course of the parathyroidectoay, with a resultent
increased percentage of successful operations. |

Following parathyroidectomy the animals are allowed to
recover for a& period of at least 3 days before belng prepared for
assay. Throughout this work female rata of the Sprague-Dawley
strain are used, and these are maintained on a Purina Dog Chow
diet, with tap water supplled ad libitum.

Preparation for assay consiats ol {asting the animals for
two nights and one day prior to use. During the fasting period
2nimals are a&llowed tap water ad libitum.

The actual sssay procedurs usually requires one day for
completion, Elood is drawn in the morning, following the
previously desoribed fasting period, by means of cardiac puncture

or venous tall bleeding. Immediately after removel of the mu:fz

blood sample, aliguots of the material to be assayed are injected
intraperitonealiy into the assay animals., It was found that
removal of 0.75 to 1.0 ce. of blood provided ample serum for
analysis and did not adversely effect the assay animal, The
final blood sample is collected € hours subscquent to adainis-
tration of the test dose.

Serum is obtained by centrifugation of the blood for five
‘minuteu in the clinical centrifuge. Samples taken prior to and
subsequent to the six hour teat period were analyzed simultaneous

for calcium content.
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hemicel Ana of Jerum for Calcl Protein.
Chemical analysis of the serum for calcium was porfofmcd
according to the method of Natelson and Penniall (19%6), with
some slight modification. In this procedure, calcium in
triethanolamine solution reacts with alizarin (1,2 dihydroxy-
anthraqQuinone) in octanol solution, to give a purple colored
complex which is soluble in the octancl. After shaking to
insure complett extraction, the calciua alizarinate-octanol
mixture (upper layer) is tranaferred to & colorimeter and
intensity of c¢olor is messured. In this work & Klett-Summerson
photoslectric colorimeter fitted with a number 56 filter (560 mu.)
was routinely eaployed.

The allzarin solution and the triethanclamine solution used
were of the same ooncentration as ocutlined in the original method%
The modification consisted in using 6 ml. of the alizarin-octanoll
reagent instead of 3 ml, and in pipetting a C.050 ml, serum aaaplr
for analyels instead <[ the U.020 ml. serum sasaple suggested by
Natelson and Peaniall (19%6). For extraction of the calciua
alizarinate complex, it was found ¢onvenlent to use 12 ml. glass
stoppered centrifuge cones. Pipetting of serum samples was
accomplished through use of 50 lamda mlicro-pipettea. The
procedure for calcium anslysis is given in detall in the Appendixh |

The calcium standard curve is presented in PFPligure I, and

the per cent recovery of calcium from freshly collected rat
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plasma which is afforded by this method 1s shown in Table I.
The protein cuncentration of the varioum plaama‘fractiana
assayed for blological activity was determined by the Biuret
reaction (Matelson, 1356). Crystallized Bovine Plasma Albumin
(Armour Lab, Lot #29633) is utilized as a standard. Two stock
solutions are jrepared: a) 25% HaOH and b) 2% CuSCy . 5H,0.
Frior to analysis the Biuret reagent is prepared by mixing
50 ml. of 8) and 10 ml. of b) followed by dilution to 100 ml.
with diatilled water., To 2 .1 ml. sliquot of the protein
solution to be analyzed is added 6 ml. of the Biuret reagent.
This mixture 1s then shaken lamediately, &nd again after 20
minutes. The resulting color is read on & Klett-Summerson
colorimeter fitted with & # S4 (540 mu.) filter. The protein
standard curve obtained 1s indicated 1n Flgure 2.
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TABLE I

RECOVERY OF CALCIUM FROM FRESHLY COLLECTED RAT PLASMA

*Expt. Calcium Originally Caleclium Added Totel Caleium Totsl Caleium £

Pregent (mg.) As €acO, (mg.) Present (sg.) Observed Recovery

1 0.0015 0.0025 2.0040 0.0037 93.0
2 0.0015 0.0050 0.0065 0.0062 95.5
3 0.0015 00,3100 2.0115 0.0116 101.0
3 0.0030 0.0025 3.0055 0.2057 183.2
5 0.0030 0.00%50 92,0080 0.0078 g7.5
6 0.00320 0.0100 0.0130C 0.0129 99.1

Mean 98.2

® Rach experiment indicates mean value of & individual determinations.
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CHAPTER V
EVALUATION OF BIOLOGICAL AS3AY SYSTEM

The ultimate significance of any attempt to quantitively
estimate or Qqualitatively localize plasma hormone activity depends)
of e¢ourse, upon the reliabllity of the blological sssay system in
use, Usually, however, a number of practical and methodologlcal
problems arise with which one must deal before further investi-~
gations are warrented and before valid interpretations can be
drawn from the analytical data complled. The more commonly used
types of blologilocal assay procedure available for estimation of
parathyroid hormone potency have been reviewed in a previous
seation, as has been a general description of the procedure to be
employed in this work. Let us now critically examine the blologi-
cal assay system from the points of view of a) practical aspects
involved in its use, and b) its reliability when subjected to

experimental evaluation.

A,

CHOICE OP A BIOLOGICAL A3SAY SYSTEM.
Cost of Materials. In considering use of any particular
bioclogical assay system one must dbear in mind the necessary

expenses involved in the attainment and preparation of the assay
animals. Bearing directly upon this problem are the Questions of

how many assay animals will be required for a suitable assay

group, the number of fatalities to be expected from any prtpnrucori
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operational procedures (such as parathyroidectomy), and the
poasible loss of animals during preparation for and uba in the
assay procedure itself.

In the case of the assay system involved in this report, a
rather large number of animals are required. In addition, rats
of only one sex are utilized to avoid the possibility of a
species difference in the response of the sssay animals to
hormonal preparations. The parathyroidectomy to which the
animals are initially subjected usually resulte in the loss of
about 20% of the starting group. As described previously, the
animals are permitted to recover from the operation and are then
prepared for assay by a fast of two nights and a day. This
additional stress upon the already sensitive parathyroidectomized
animals results in additional losses. Usually it reguires an
original group of 10 rats in order to have available for assay @
group of 6 suitably prepared animals. Use of rats, however, is
considerably cheaper than use of dogs or rabbits.

Time Hequired For Assay. This is a major drawback common to

all biological assay procedures. As can be seen from the reports
summarized in Chapter III, part B, research involving blological
assay of plasma protein fractions are usually undertaken by teams
of investigators and technicians, In this work it routinely
required a total of one week to parathyrolidectomize a group of

animals, permit thelr recovery, prepare the surviving animals for
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assay, and then assay a preparation for hormongl activity. Wwhen
one considers, for example, the time required for the collection
of rat plasms subsequent to cold ethanol fractionation of this
material, and fingl biological sssay of the resulting five plaamal
protein fractlions on a ainimum of a 5 animal assay group per
fragtion, requiring at least 25 animals which have survived the
preparatory procedures, one can get an ides of the significance
of the time element 1n research of this type.

Eagse of Performance of the Biological Assay Procedures.

This again is a serious drawback to most blological assay

progedures, which, for the most part, require experienced
techniclans for thelir adequate performance. In the ssasy system
cutlined here, the technician must be skilled in the critical
technigue of parathyroidectomy, as well as proper method of
cardiac puncture and familiarity with the calcium analysis, upon
which ivcrythins actuaslly depends.

Despite the obvious drawbacks inherent in bilological assay
procedures in general, and the assay procedures to be utilized
in this dissertation in particular, such methods are the only
ones avallable to scientists for the study of hormonal sctivities}
As stated previously, however, the results obtained are usually

worth the difficulties one must overccme.
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B, EXPERIMENTAL EVALUATION OF THE BIOLOGICAL
AS3AY SYSTEM

Sensitivity of the Biological Assay System to Various
Levels of Parathyroid Hormone Act « FPerhaps the most

important characteristic of any biological assay system is its
senaitivity to the hormone in qQuestion. In this experiment the
gensitivity of the ssgay system employed in this dissertation to
various levels of parathyrcid hormone activity was determined.

Let us consider briefly the source of this hormonal activitﬁ,
which will be utilized here and throughout this investigation
whenever exogenous parathyroid hormone is required.

The parathyroid preparation to be employed is “"Injection
Parathyroid, USP," manufactured by Eli Lilly end Company,
Indianapolis, Indiana. (formerly called "Solution Parathyroid
Extract®) Almost all of the information presently available
concerning the physiological mechanism of action of the para-
thyrold hormone has been cobtained through use of this partlizular
preparation,

*Injection Parathyroid, USP" 1is prepared by a commercisal
process which is based upon the classical hot hydrochloris acid
extraction of fat free, excised bovine parathyroid glands. The
marketed extract has been assligned & potency . *ﬁn manufacturer
of not less than 100 USP units of activity per willlliter of
solution. One USP parathyroid unit of activity is defined as
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one one~hundredth the amount reqQuired to railse the serum calcium
content of 100 ce. =f blood serum of normnl doge 1 us; within

6 to 18 hours after its administration. Hature male dogs free
from gross evidence of disease and welghing between 10 and 12 Xg.
are utilized. The rules of assay of the United States Pharma-
¢opoeia are followed.

This commercial extract is used clinically in the treatment
of acute hypoparathyroidisam with tetany., Ordinarly, it has been
found that in humans, serum cslceium will begin to rise sbout
four hours after injection. Patients soon become refractory to
parathyroid extract, and 1ts prolonged use 1s not recommended.
Injection parethyroid is s8lsoc used in the Ellsworth-Howard teat
(Ellsworth and Howard, 1934) which 1s useful in establishing the
dilagnosis of idiopathic and post-operative hypoparathyroidism.

"Injection Parathyroid, USP® hes been utilized extensively
as & reference against which are compared other parathyroid
preparations for evulugtions of their hormone potency.

Unless otherwise noted, the source of parathyroid hormone
activity employed in this work 1s "Injection Psrathyroid, USP"
(B11 Lilly) Lot # 406K-720452, Expirstion date - April 1, 1960,

The sensitivity of the bilological sssay system was
investigated by adalnistering 25, 50 and 100 USP units of para-
thyroid extract intraperitoneally to sssay animsls prepared as

previously described, and cbserving the effect of these levels
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«f parathyroid hormone activity upon the serum cglcium level of
each individual member of the rezpective tssay group&; The
results obtained are indlcated in Table 2.

Effect Of Serum Proteins Upon The Sensitivity of t

Biologicel Assay System To Various Dose Levels of Perathyro
Hormone Agtivity. In fulfilling the objectives of this

dissertation it was necesssary to be abie¢ to detect parathyrold
hormone activity in the presence »f large amounts of plasma end
serum proteins. This experiment was designed to examine the
effect of excess serum proteins upon the sensitivity of the
biologlical assay system.

A 15 gm.% solution of bovine serum proteins (Bovine 3erunm,
Lycophilized, Pentex, Inc. Lot # 1507) was prepared, and to 5 cc.
eliquots of this preparation were added 25, 50 and 100 USP units
of parathyrold extrast. The resulting mixtures were immediately
injected intraperitoneally intc the assay animals., The analytical
data recorded is shown in Table 3.

A comparison of the sensitivity of the bilological assay
system to various dose levels of parathyrold horaone activity
with the sensitivity of this asasay system to the same doae
levels of hormone activity when administered in a medium of

concentrated serum proteins, is8 shown in Pigure 3.
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TABLE 2
SENSITIVITY OF BIOLOGICAL ASSAY SYSTEM TO VARIOUS
LEVELS OF PARATHYROID HORMONE ACTIVITY

2) Dose Level: 25 USP Units

Animal Initial Serum Finel Serua Change In Serum
Sumber (Caiclum, mg.,$ Caloium, mg.¥ Calclua, wg,%
1 11.2 12.3 1.1
2 3.2 y.g 3.2
. 900 ] 00
g ?.2 ga6 lb&
5 7.0 8.8 1.8
6 7.8 9.9 2,1
5 g.g 8.5 0.8
o7 10.5 1.8
9 9.6 9.6 0.0

Mean and 3tandard Brror 1,1%0.3

b} Dose Level: 50 USP Units

Animal Initial Serum Final Serum  Chenge la Serum
Number (Celclum, mg.# (Calcium, mg.$ Calolum, mg.%
1 9. 10.1 0.2
2 g.g g.2 1.4
g .9 11.1 2.2
7.6 9.7 2.1
5 7.7 9.5 1.8
6 6.6 9.2 2.6
g 6.6 9.0 2.4
7.4 7.6 0.2
9 g.z 10.2 3.0
10 .l 10,8 2.7
Mean and 3tandacd Errvor 1.9%0.3
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TABLE 2 (Conttd.)

¢) Dose lLevel: 100 USP Units

Animal Initial 3erum Final Seruam Change In Serum
Humber (Calcium, wg.® Calcfum, wg,§ Calel

1 6.2 2.5 3.3
2 g.l 10.1 g.o
g 0 12.0 +0
806 10.8 2.2
5 5.6 6.2 0.6
6 7.8 1.8 4,0
g 6.7 10.8 4.1
8.2 8.2 0.0
9 g.? 9.2 4,1
10 o0 9.2 1.2

Mean and Standard Error 2.7%0.5
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TABLE 3

EPPECT OF SERUM PROTEINS UPON THE SENSITIVITY OF ASSAY
SYSTEM TO VARIOUS LEVELS OF PARATHYROID HORMONE ACTIVITY.

a) Dose Level: 25 USP units in % mls, of 2 15 ga.¥ Serum
Protein Solution

Anlaml Initial Serum FPinal Serum Change In 3erum

Humber (Cslolium, mg.® Calctium, mg.®# Calcium, mg.$
1 12.2 12.9 0.
2 8.5 9.3 a.g
3 Ta5 9.% 1.8
; 8 3'; é'g
6 6.8 7.6 0.8
Z 9.0 10.3 1.3
Te3 9.0 1.7
9 10.3 11.0 0.7
10 7.2 8.2 1.0

Mean and Standard Error 1.1%0.2

b) Dose Level: 50 USP units {n 5 mis. of & 15 gm.% Serum
Protein Solution

Animal Initial 3erum Final Serum Change In Serum

Number Calgium, mg.¥ Celclum, mg.® Calcin
1 6.8 8.5 1.7
2 10.2 1l1.1 0.2
3 i1, 11.5 0.1
) 7.6 9.0 2.4
5 10' 13.0 2!&3
6 10.2 1§'g ;.?

9. 1l. .
g 6.7 8.3 1.6
9 7.0 8.9 1.9
10 T.9 9.9 2.0

Mean and Standard Error 1.7%0.3
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TABLE 3 (Contt'd.)
¢) Dose Level: 100 USP units in 5 mls. of & 15 gm.% Serum

Protein Solution
Animal Initial Serum Final Serum Change In Serum

Number Calclum, ggﬁﬁ Calcium, 55.2 Calcium, g;.g

1 7.5 10.5% E.O

2 9.2 13.2 0

3 g.? 7.; 0.0

4 .2 8. 0.5

5 g. 11.0 3.4

6 ol 12,0 3.9

7 6.9 3.6 2.5

8 ?ts ll 00

9 7.6 10.4 2.8
10 6.7 10,2 3.5

Mean and Standard Error 2.530.5
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HORMONE HORMONE + PROTEIN

INCREASE IN SERUM CALCIUM (MG. %)

i
i
i
25 50 75 100 25 50 75 100 1
' UNITS OF PARATHYROID HORMONE AGTIVITY
PIGURE 3

EFFECT OFP SERUM PROTEINS UPON THE SENSITIVITY OF
THE BIOLOGICAL ASSAY SYSTEM
(The Vertical Bar Represents The Standard Error of the Mean)
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It would seem that a number of cbservations may be made at
this time in light of these results. |

The bilological assay system employed has been shown to be
sensitive to at least 25 USP units of parathyroid hormone
activity. Excess serum proteins 4o not seem to effect the
sensitivity of this analytical system to any significant degree.
The data conclusively demonstrate that the particular lot of
sommercial extract to be utilized in this dilssertation 1is
hormonally potent. In this connection Reichert (1558) has
shown that sterile vials of commercial extract may retain full
activity for up to 10 years past the listed expiration date.

Another significant point is that volumes of injection
fluid up to 5 ml. do not alter the response of the sssay systen.

Ho volume greater than 5 cc. was employed for injection purpaueq
during the course of this investigation. Also, since the plas
does not affect the response of the assay animals to the vurio:]
dose-~levels of parathyrold extract administered, we may considen
the experiments outiined in Table 2 and Table 3 to be dupllcate
experimsents. The results tend to confirm the reproducibllity
of the analytical data obtalned through use of this biocassay
system.
Finally, the data provides at least a semi-quantitative

dose-~response curve from which approximations of the parathyroid

hormone potency of variocus preparstions can be made.
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Bffect Of Serum Prot 8 0 T ~Rea a_Or The

bilologlcal sssay systeam under consideration is dependent upon
the effect of intraperitoneally injected hormonal preparations
upon the serum calcium level of parathyroidectomized female
rats, SIX hours subsequent to 1ts injection. The use of the
six hour time interval is Justified, since it has been well
documented (Rasmussen, 1956) (Rasmussen and Westfall, 1956)
{(Rasmussen, 1959) that the response of parathyroidectomized
rats to injected parathyrold hormone prepsrations ocours
maximally 6 hours subsequent to adainistration. Rasmussen (195%)
and Melius (19%56) have confirmed this fact in the specific
case of "Injection Parathyroid, USP." Rasmussen (1959) has
8lso shown that the reaponse of the assay rat to injected para-
thyrold hormone preparations elther peaks and falls, or peaks
and plateaus, at this six hour time interval regardless of the
injection medium employed. In this investigation, however, we
are attempting to detect hormonal activity in the presence of
vast excesses of plasme proteins and in relatively large volune#
of inJection fluid. It seemed necessary, therefore, to examine
the effect of these parameters upon the reaponse of the assay
system tc parathyroid hormone potency.

To do this a 15 ga.# solution of Bovine seruam proteins
(Bovine 3erum, Lyophilized, Pentes, Inc. Lot # 1507) was
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prepared. To 5 oc. aliqguots of this preparation were added
50 USP unita of parathyroid extract with slow :tirrias over a
magnetic atirrer, and the resulting mixture was injected
immediately intc the assay animalas. The response of each
animal wes recorded 3, 6 and 9 hours subsequent to adainistrati¢n
of the tist dose. The individual response of the assey animals
at each time interval can bLe found in Table 4, and the results
are susmarized in Filgure 4.

These results confirm that the maximum response of the
assay animal to adminlstration of parathyrsid hormone activity
in the presence of excess amounts of serum proteins occurs at
the 6 hour interval subgsequent to the intraperitoneal injection

of the preparation.




TABLE 4
EFPECT OF SERUM PROTCINS UPON TIME RESPONSE OF THE BIOLOGICAL
ASSAY SYSTEM TO PARATHYROID HORNOWE ACTIVITY

3erum Celeium Serus Cslcium Serum Calcium
Anlaal Initial Serum After 3 hours After 6 hours After 9 hours

Number Cslcium, mg.¥ ng. 5 g% Bg.%
1 7.2 7.8 {0.8)* 9.0 (2.0) 9.1 (2.1)
2 6.3 7.1 (0.8) 7.5 (1.2) 7.6 (1.3)
3 7.2 7.9 {0.7) 8.8 (1.6) 8.7 (1.5)
L 7.8 9.8 (2.0) 10.8 {(3.0) 10.6 (2.8)
5 7.2 7.5 {0.3) 7.9 {0.7) 8.1 (0.9)
6 7.6 8.0 (0.%) 9.5 (1.9) 9.2 (1.7)
7 8.3 9.4 (1.1) 10.0 (1.7) 9.5 (1.6)

Mean end Standard Ecror 0.9%0.2 1.7%0.3 1.7%0.2

() indicates increase in serua calcium level (mg.%) over initlal value.

9%
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The Hormone Fotency Of Parsthyroid Extract. The nature of this

investigation made it necessary to obtaln information concerning

the effect that prolonged incubation with freshly collected rat
pleama would have upon the hormonal potency of varlous parathyroi
preparations, When,for example, we added commercial parathyroid
extract to freshly collected rat plaama we had to consider the
possible existence of some parathyrovid hormone insctivating
system in the plasma. The existence of such plasma hormone ine-
activating systems in vitrc, has been demonstrated to occur in
the case of plasma ACTH (Reiss et, al., 1951) (Pincus et. al.,
1952) (wWhite and Orass, 1957) (Mirsky et. al., 1959) as well as
with plasse glucogon and plaswa somatotrophin (Mirsky, 1959).

It also seemed probable that situations would arise where
it would be necessary to store hormonally active plasma pre-
parations for various periods prior to use for assay. Informetios
upon the stability of hormonal potency under such conditions was,
therefore, critical.

In order to examine these guestions, normal female rats of
the Sprague~Dawley strein, welghing sbout 200 grams each, were
anesthetized with ether and exanguinated via heart punoture,

To 31.5 cec. of plasma collected in this manner was added 350 USP
units of parathyrold extract. The solution was permitted to mix

over 32 magnetic stirrer for 5 aminutes, allowed to incubate at




P

59

room temperature (20° C,) for two hours, and then placed under
refrigeration for 18 hours at %% ¢. Follewing this, 5 ca.
gliquots of the hormone-plasma preparation, contalning 50 USP
units of sotivity per sliquot, were warmed to room temperature
and administered intraperitoneally to each of the 7 animals in
the assay group. The results obtained are shown 1n Table 5,

The high initial serum calcium values obtained in this
instance are most likely due to insomplete parathyroidectomy,
although Like and Orbison (1958) have reported serum calcium
levels for parathyrolidectomized rats in the zame range as those
obaerved here. The results indicated that the administered
preparations were biologically active, and were capable of
eliciting a response even in those animels with relatively high
serum calcium levels. The results further indicate that a
parathyroid hormone-inactivating system either is not present in
rat plasma, or if present, 1s not active under the incubation
conditions outlined. It would seem, therefore, that in this
work we need not be seriously concerned about any inactivation
of parethyrolid hormone sctivity by rat piasma, in vitro, and that
we may store blologically active plasma-hormone preparations for
considerable periods in the cold without significant loss »f

potency.
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Animal

r

Initial Serum Flnal Serum Change In Serum
calcium, mg.% Calcium, mg.# Calcl

10.9 10.9 0.0

10.3 12.4 2.1

2.7 12,1 1.4

9.0 10.8 1.8

8.3 11.7 : 3.4

11.1 13.3 2.2

12.3 14.6 2.3

Mean and Standard Error 1.930.%
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Parathyroid Hormone Potency of Freshly Collected Rat Plasma.

The possibility that normel rat plasma contained sufficiently
high leveles of parathyrolid hormone activity to elicit meaaurable
responses in our blo-assay system remained to be considered., The
ogcurrence in untreated plssma cof sufficlent hormonel potency %o
be detected by biologleal sssay systema is a situation to be
hoped for but seldom realized.

In order to experimentally define this contingency in the
case of the parathyroid hormone, 30 cc. of fresh rat plasme were

collected, via cardlac punciure, from normal female rata of the

3prague-Dawley strain, weighin: spproximately 200 grams each.

3ince the total permissible volume of injectlon dose has been

limited to 5 cc,, this voluse of fresh rat piasma was inlected
into each animal 0f the assay group. The results are outlined
in Table 6.

GQuite obviously, no detectable parathyroid hormone activity
is preseant in 5 ml. aliguots of freshly collected, untreated rat
plasma. This experiment would seem to confirm the neceasity of
employing a concentration technique in order to study character-

iatice of rat plassma parathyroid hormone sctivity.
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TABLE 6
PARATHYROID HORMONE ACTIVITY OF FRESHLY COLLECTED
RAT PLASMA

pose: 5 ml. Preshly Collected Rat Plasme per Animal

Animal Inttigl 3erum Final Serum Change In Serum
Humber Cslcium, mg.® Calgium, wg.$ Celolum, ag.®

1 8.1 8.2 0.l

2 10.8 10.6 -0.2

3 7.2 Te3 0.1

4 7.6 Ted ~Jel

5 7.6 3.2 2.6

6 8.3 8.4 191

7 8.4 8.4 0.0

8 7.2 ToH 0.2

Mean and Standard Brror 0.130.1
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Effect Of Nembutal (Sodium Pentobarbital) Upon The
sensitivity of the Bilological Assay Svstem. As has been

described earlier, blood i# taken {rom the eassay animal for

ceiclium analysle beflore and after & six hour time period through
uge of either cardiac puncture technique or by venous tail
hleeding. The former case requires anesthetlizing the assay

animal prior to removal of the serum sample In order {o obtain

the highest percentage of auccessul cardlac punctures.

Although ether proved to be the anesthetlic of cholce, Nembutal
(3sdium Pentobarbital) was also considered for use during the
early stages of this work. In order to assess the effect of
Nembutal ancathesia upon the biological responase of our assay
syatem, assay animels were anesthetized by nembutal injJection
prior to administration of 50 USP units of perathyrold extract.
Sufficient nembutal ﬁ&o mg./Kg. body weight) was given to render
the animals un@enseiéu&*for 4 of the 6 hours in the test period.
The intecesting results obiained are Iindicated in Tasble 7.
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TABLE 7
EFFECT OF NEMBUTAL (SODIUM PENTOBARBITAL) UPON
SENSITIVITY OF THE BIOLOGICAL ASSAY SYSTEM

Experiment 1
pose: 50 U3P units of parathyroid extract/assay animal

Animal Initial Serum Final Serum Change In Serum
Humber Caleium, mg,® Calcium, wmg.£ Calcium, mg.%

1 6.8 7.6 0.8

2 7.9 8.2 0.3

3 9.9 9.0 0.9

4 12,1 13.8 1.7

5 13.6 14.3 0.7

Mean and Standard Error 0.5%0.4

Experiment 2
Doge: 50 USP units of parathyroid extract/assay animal
m EORE ANLTE, SN
1 6.8 Te7 0.9
2 7.6 7.9 0.3
3 8.5 8.5 0.0
h 5.7 6.9 1.2
5 7.8 8.5 0.7
6 6.7 7.2 0.5

Mean and Standard Error 0.6%0.2
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The experimental resulte indicate that Nembutal anesthesis
merkedly decredre Lthe respoase normally elile¢lied by 50 USP units
of parathyroid exiract.

Somewhatl anslagous [indlags have Leen recently ladlcated by
fvyce and Sayevs (1558). These wourkers reported a reductlon of
blood 4CTH levels as a result of the action of wNembutal. Their
suppoesed reduction in ACTH leveis, however, could concelvably
be due to & pheaomencn somewhatl sliallar (o that observed here,
Perhaps sodlium peutobarblital in svme manner interlered with the
genaivivity of the ACTH sasay syalem utillzed., I{ this were 80,
it would be arroneous to conclude that this Jdrug decreased the
plasma ACTH levels.

In any event, the use of Newmbulal as an snesthetlc in thils
bilologlical assay aystem appears precluded.

Furthear, use of Nembutal as an angsthetic in any blologilcal
assay system for parathyroid hu.amone activity would seem to

reguire experimental inguiries similar to those reported here.
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c. COMMENTS ON THE RELIABILITY OF THE
BIOLOGICAL ASSAY SYSTEM.

It seems sppropriate at this time to evaluate the biological
assay system in light of the preceding experimental data,

Laraine (1957) has proposed five msin problems assoclated
with bioassay of hormones in the blood. Let us list these
problems and examine them as they apply to our analytical system.

Probiem of Sensitivity. The problems associated with the
sensltivity of bilological assay systems have been adequately

discussed in a previouas section. VWe have demonstrated that the
assay system under consideration possesses sufficient sensitivity
to parathyroid hormone letiélty to warrant its use in this
investigation.

Problem of Specificity. Bloassay procedures are often
complicated by the problem that positive tests may be given by

moeities present in the plasma other than the hormone in question|
L1 (1953) found that the commonly used assay for growth hormone
activity may be interfered with by the thyrold hormone, the
thyrotrophic hormone and ACTH. The Insulin-like activity of
plasme has been attributed to the action of Insulin itself

(Groen et. al., 1952) (Vallence-Owen and Hurlock, 1954) but also
to non-specific plasma proteins (Park and Bornstein, 1953). As
has been pointed out previously, the hyperphosphaturic and
hypophoasphatemic responsea of assay systems to various plrathyroi&

hormone preparations has been rendered suspect by the work of
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Stewart and Bowen (1952), who obtained similar response with
non-hormonal glandular extracts. |

To the author's knowledge, however, there has never been any
report which attributes caloium mobilizing abllity to any source
other than the parathyroid hormone. It is felt that we may be
quite sure of the specificity of our biologlcal assay system for
parathyroid hormone activity.

Problem of Precision. Our evaluation work has amply
demonstrated that we are working with an analytical system
capable of providing reproducible results., As in the case of
most bioassay procedures, this systea cannot give exact guanti-
tetive informmtion. It can, however, be expecsted to provide
definite gqualitative indications of parathyroid hormone sctivity
&8 well as & good semi-quantitative estimation of such potency ss
may be present Iin a particular test preparation. If, for example
an assay group of five animals responded to & particulsar plasmua
fraction with a mean increase in serum calcium of 1.9 mg.®, it
is felt that we may conclude with reasonable certainty that the
animals are responding to about 50 USP units of parathyroid
activity per assay rat,

Problem in Relation to Existing International Standards.

In order to estimate levels of parathyroid hormone activity, a

suitadble references standard must be available. The preparation

employed for that purpose in this investigation was "Injection
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Parathyroid, USP," which has been described in detail previously.

The USP unit of activity assoclated with this extract has
been defined earlier, and is the unit of aotivity which is
employed almost excluaively by workers in the field for
estimations of parathyroid hormone activity.

Problem Associated With The Injection of Serum or Plasms
into the Teat Animals. This oritical parametsr has been

exhaustively evalusted with regard to 1ts effects upon the

sensitivity of the bilological assay system. It miy be stated
rather categorically that plasma and serum proteins do not
significantly effect the sensitivity of the assay syatem utilized
in this investigation.
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CHAPTER VI
PRACTIONATION OF PLASMA PARATHYROID HORMONE ACTIVITY

A.

In considering the problem of localizing and characteriging
rat plasma parathyroid hormone activity it was, of course,
necessary to be able to obtain rat plasma possessing sufficlent
hormonal potency to be detectable by blological assay. Since
norsal rat plasma, in doses suliable for use in the assay method
adopted, lacked this amount of parsathyreid hormone activity, it
became necessary to deve:iop a technique which would increase rat
plasma hormonal potency to measurable levels.

A first possibllity waa the direct injection of parathyroid
extract into the cirsulatory system. In the case of a number of
protein hormones, however, this usually results in & rapid in-
activation of the sxogenous hormonsl sctivity. This general
problem has recently been reviewed by Mirsky et. al. (1959), who
have advance a possible explanation for this phenomena based
upon & suggested hydrolytic insactivation of protein hormones in
the circulation by the enzgyme, plasmin. 4lso, 2 messive
"flooding" of plasmas with large Qquantities of injected hormons
could result in a binding of the hormone molecule to protein
fractions with which 1t is not normally associated. 3Such a
situation has been suggested by a number of reports, including
those of Robbins and Hall (1955) and Roberts (1957).
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It appeared that some method of introduction of exogenous
hormone other than intravenous inJjection would be more appropriat
and sultable for use 1in this work. Consequently it was decided
to adainister the exogenous hormone via intraperitoneal injection
gollect the plasma via cardlac pun#turt after a pre-determined
time interval &nd assay the plasma obtained in this manner for
hormonal activity. It was felt that the intraperitoneally
injected hormone would diffuse slowly but steadlly into the
circulation, where it would equilibrate with the various plssma
protein fractions and have the opportunity to become associlated
with specific plasma protein fractions in a physioclogical manner,

In the initigl attempt to prepare hormonally sctive plasma,
400 USP units of parathyroid extract were administered intra-
peritonsally into each of nine normal female rats of the 3prague~
Dawley strain, welghing about 200 grams each. The animals were
exangulnated by cardiac puncture one hour subsequent to the
administration of the extract, with heparin being employed as the
anticoagulant. A total of 23 ecc. of peoled plasma were obtained
in this manner, and immediately refrigerated until the following
morning. At that time, the refrigerated pooled plasma was warmed
to room temperature in & luke-warm water bath, and 4 cec. aliquots
of this preparation were then injected into each member of the
five animal assay groups.




61

The results obtained, presented in Table 8, Experiment 1,
suggest the presence of parathyroid hormone activity in the
plasmi samples assayed.

Next, the experiment previously described was easentially
repeated with some slight =odifications, In this attempt, 500
UsP units of parathyroid extract were administered to each of
eleven 200 gram female rats of the 3prague«Dawley strain, The
animels were exanguinated after one hour, the plasme collected
and stored in the cold overnight. Thirty ¢c. of rat plasma were
collected, and 5 ce. aliguots of this preparation were administergd
to the individual members 2f a six animal assay group. BEach test
dose contalned 385 mg. of plasama protein. The results outlined
in Table 8, Experiment 2, are similar to those observed in the
previous experimsnt, and again indicate the presence of para-
thyrold hormone activity.

The one hour time interval before exanguination was an
arbitrarily chosen condition. 7The possibility existed that a
greater level of plasma hormone activity might be obtained at
time intervals other than one hour, To evaluate this contingency
500 U3SP units of parathyroid extrict were sdministered to each
of twelve 200 gram female rats of the sprague-Dawley strain,
with the plasma being obtained and prepared as in the previous
experiments except that exangulnation was accomplished three
hours subsequent to the administration of the parathyroid extractl
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Thirty-six cc. of rat plasma were collected and five oc. uliquotT
administered to each of six animals in the assay group. Esch
test dose contained 350 mg. of plasma protein. The results are
given in Table 8, Experiment 3.

The data recorded in these experiments Indicate that rat
plasma collected one and three hours subsequent to intreperitonesil
adainistration of parathyrold extract poaseases sulficient
hormone-like activity to be detected by our blological assay
syatem. Thls hormone-llke potency, however, aust be due to
the hormonal principle of the parathyrold exi:act ewmployed since
it has previously been shown (Tsble &) that 5 cc. aliguots of
freshly collected plasma from normal untreated rats does not
possess similar biological activity.

At this time the author would like to point oui some factor&
which bear upon this technique. Thc experiments Just completed
required the sacrifice of 32 "bleeding" animals, and use of
about 15Ccc. (30 viels) of jarathyrcld extract, the iatter item
being & rather expensive commodity. Because of the expense
involved in the preparation of hormonally active plasma it is
necessary to use the ainimum amount of parathyroid extract and
bleeding animals required to yleld sufficient plasma volumes for
analytical evaluation, Consequently, preparations of active
plasma of surficlient volume to be assayed 1in assay groups of

acre than five or six animals are precluded from practical
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consideration., Assay groups of this size, however, are amply
gufficient for the type of information desire here. The
reliablility of the Quallitat’'ve and seal-guintitatlve date
realized is helghtened by the fact that the response of each
{ndividual assay rat is measured. Often investigators (Melius,
1955) (Priedman and Munson, 1957) bage their estimation of
normonadl potency upon the dlfference in caloium levels detween
pooled plasma samples taken froa assay rats before and alfter
the test perlod.

The variabllity of response ellcited by Ioses of equal
noramonal potency from membara of an animal assay group, however,
is well known and, indeed, 1s 2 anjor parameter associsted with
the interpretation of biological assay data (Wolstenholme, 1953)
Following the respoonse of individual mewbers of an assay group
therefore, would seem to be the metihod of cholce and one capable
of providing reliable inforisation of a qualitative and a seni-

quantitive nature.
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TABLE 8
BIOLOGICAL 433AY OF PLASMA PROM RATS
TEEATED WITH FARATHYROID BXTRACT

gxgeriment 1

23 2. plasma collected one hour after intrapevitoneal
injection of 400 USP units of parathyroild extract per “"bleeding®
animal., 4 e¢¢, aliquots adminlatered per asaay animal,

Anlmal Inltial Serum  Final 3erum Change In Serun
Number Calgium, mg.% Calcium, mg.$ Calcium, mg.%
1 10.3 13.2 2.9
2 11.5 15.5 4.0
3 1.2 9.8 0.4
5 10.0 10.0 0.0
5 9.4 11.5 2.1

Hean and Standard Error 1.720.8
Sxperiment 2
33 co. plasma avllected one hour after latraperitoneal

injection of 500 USP units of parathyroid extract per "bleeding"”
animal, % cu. aliqQquots &dainlstered per agsay anlaal.,

Animal Initlal Serua Final Serun Change 1n 3erunm
Humber (Calcium, wg.¥ Calcium,mg,¥  Calel

1 9.3 11.6 2.3

2 8.3 9.6 1.3

3 7.9 8.9 1.0

N 8.5 10.6 2.1

5 7.3 7.2 ~0.1

6 6.7 8.5 1.8

Mean and Standard Error 1,4%0.4
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TABLE 8 (Cont'd.)

t

¢. plasma eollletcdtggggg after intraperitonsal
parathyroid extract per “"bleeding"

animal. 5 ¢o., aliquots administered per asssay animal,
ggzusi éﬁ%:i‘l SGr?u g:ggi Serum ghangn in Serum
1 8.0 9.4 1.4
2 8.2 9.7 1.5
3 Te3 6.4 -Q.9
4 6.9 8.6 1.7
5 6.7 8.7 2,0
6 7.8 10.0 2.2

Mean and Standard Error 1,330,.5




PARA' (%) RMONE ACTIVITY
The feasibility of applying chemical fractionation

procedures to hormonally active rat plasma was now investigated.

In order to ascertain whether or not even a crude partition
of plasma parathyroid hormone activity could be realized, it was
decided to apply the classical ammonium sulfate fractionation
procedures to hormonally active rat plasma and assay the
resulting fractions for bioclogical activity.

Before such analytical data could be correctly interpreted,
however, there remained a critical parameter, inherent in the
salt fractionation procedure, to be considered. Plaama protein
fractions obtained as a result of salting out with ammonium
sulfate would have to be dialyzed free of the salt prior to
biological analysis. This presented the problem of deteramining
what effect dislysis would have upon such parathyroid hormone
potency as may be present in a particular plasma protein pre-
paration.

There have been reports in the literature which suggest
the active principle of the parathyrold gland to be capable of
passing through membrane barriers subsequent to dialysis and
ultrafiltration, (Kenny et. al., 1956) (Davies and Gordoen,
1954) (Rasmussen and Westfall, 1957). These investigaticns,
however, were all performed on parathyroid gland extracts other

then the commercial extraoct employed here and not on normal
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plasme or on plasma-parathyroid hormons preparations. Even,
therefore, 1f the parathyroid principle of the commercial
exiract employed in this work was found to be dislyzable and
ultrafilterable, such an observation could not be extended to
include plasma parathyrold hormone activity because the possi-
bility existed that the plasma proteins present could, in some
manner, perhaps by bdbinding, prevent the passage of the hormonal
molecules through the semipermsadble membrane barrier. Situatt
such as this have beon indicated to occur in the case of the hO:[
monal prinolplos af the posterior pituitary (Heller, 1957),
cortisone (Daughaday, 1956), thyroxine (Pitt-Rivers, 1957), and
others.

The effeot of dialysis upon the bilological astivity of
commercial parathyroid extract was studied in the following
series of experiments.

200 USP units of parathyroid extraot were dialyszed against
two liters of distilled water in an Oxford Model B Revolving
Multiple Dialyser, in the cold (2+4° C.) for 25 hours, with
changes of the dialysate at 3, 6 and 9 hours. Cellulose
Dialyzing Tubing (A. H. Thomas, No. ¥465-A2) was employed as
the dialyzing membrane. After dialysis five ml, of dlalysand
were recovered, and equal aliguots of this material were 1n3¢uto?
into each of eight rats. Each animal received an aliguot of the
dialysand equivalent to 50 USP units of activity before dialysis}
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The second experiment, 350 USP units of parathyroid extract
were added to 26.5 cec. of distilled water. This probarution was
subjected to dialysis as before, after which a total of 35 ce.
of dialysand were recovered. Five cc. aliguots of the solution
were administered to each of 7 assay animals of the assay group.
Each animal, then, received the equivalent of 50 USP units of
parathyroid activity before dlalysis.

In the final experiment of this sequence, 500 USP units of
parathyroid extract were added to 15 coc, of distilled water and
the resulting solution dialyzed in :he usual manner. 25 ce.
of dialysand were recovered and 5 co. aligquots of this adminis-
tered to each of five animals of the assay group. In this case
each animal received a test dose containing 100 USP units of
activity before dialysis,

The results of these experiments are given in Table 9,
and indicate a definite and pronounced decrease in biclogical
activity of the parathyroid gland extract subseguent to
dlalysis. The possidble nature of this phenominon will be
considered in detail in the "Discussion™ section.




TABLE 9
DIALYSI3S UPON THE HORMONAL F
QF PARATHYROID EXTRACT.
EX , 1
pose: 0.5 ml. (50 USP units) dialyzed extract/assay animal
Animal Initial Serum Final Serum Change In 3erum
Number € Caleium, mg.# Calel
1 8.2 8.% 0.2
2 806 81»3 ""Ql v
g 8.3 9.1 0.
J Bug 7.‘ "‘*309
5 90 .3 '°¢1
6 9;6 97 -0.9
g g.l 10.3 1.2
‘3 7'9 "‘Q-b
Mean and Stendard Brror -0.420.3
Experiment 2
Doses 0.5 ml. (50 USP units) dislyzed extract in 5 ml.
distilled water/animal
Animal Initial Serum Final Serum Change In Serunm
Number Calclum, mg.# Caleium, mz.% g
1 5.4 7.0 1.6
i’ 6;7 gag *’g.g
5' * e
g 6.2 6.9 0.3
5 5.8 617 ‘*001
6 B.g B.g 1.2
7 Be 5 0.0
Mean and Standard Error  0.4%0.3
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TABLE 9 (Cont'é.)

1.0 ce. {100 USP units) dialyzed extract in 5 ml.

distilled water/animal

Animal Initial Serum Final Serunm Chan In Serum
Humber ale i fum, Caloium
1 6.8 T3 0.5
2 6.4 6.3 0.1
g 15‘.‘5 111 "Qo?
g‘g 9' OQG
5 ?ll ?t 0.0

Mean and Standard Error 0.0%0.2
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The effeot of diaiysis upon plasma parathyrs>id hormone
activity was studied in the following set of expariminta.

3G0 USP units of parathyroid extract weres added to 22 ce.
of freshly collected rat plasma., The resulting aixture was
allowed to incubate for one hour at room temperature (18° c.)
with continuous stirring over a magnetic stirrer. The pre-
paration was then subjected to dlalysis as in the previous
experiments. Thirty ce. of dlalyaand were recovered, and five
cc. aliquots were administered to each of six animala of the
assay group. Before dlalysis, then, each aliguot of test
material contained 50 USP uni:s of activity.

In the seocond experiment of this sequence 500 USP unite of
parathyroid extract were freege~dried and added to 19 cc. of
freshly collecoted rat plasma. After incubation for one hour as
before, the preparstion was dialyzed in the usual manner.

26 co. of dlalysand were recovered and &liquots of this were

administered to each of five animals of the asaay group. BEach
animal received a test dose containing 100 USP unite of activity
before dialysis.

The final experiment of this sequence dealt with the effect
of dtlalysis on "active" plasma. 500 USP units of parathyroid
extract were administered to each of seven animals. After one
hour the animals were exanguinated by cardiac puncture, the
procedure yielding 21 ce. of hormonally active plasma. This
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material was then subjected to dlalysis in the usual manner.
25 cc. of dlalysand were recovered and equal aliguots of this
preparation administered to each of five animels in the assay
group.

The results obtained from this series of experiments
(shown in Table 10) demonstrate that the hormonal activity of
a parathyrold extraet-plasma protein mixture is not lost upon
dialysis as i3 the active principle of the parathyroid extrsct
when the extract is dialyzed by itself. Also, the potency of
the hormonally active rat plasma appears to be uneffected by
the dialysis procedure.

In additlion to the eflect of dlalysis upon plasma parg-
thyroid hormone activity, there remained one other parameter
to examine, Rasmussen (1952) has reported that his acetic acid
extracts of bovine pacathyroid glands were oxidatively in-
activated by aydrogen peroxids, and reactivated by cysteine to
varying dasgrees depending upon pH. There was no report on the
effect of this hydrogen peroxide treataent upon the commercial
parathyroid extract utilized in this work, nor was any infor-
mation presented concerning the effect of oxideation upon plasaa
parathyrold hormone activity. The following experiments were
designed to study this problem,

250 USP units of parathyroid extract were diluted to a
total volume of 25 cc. with distilled water (final pH. 4.1),
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TABLE 10
EPFECT OF DIALYSIS UPON PLASMA PARATHYROID
HORMONE ACTIVITY |

Experiment 1

pose: Dialyzed solutlion of 50 USP unite of parathyroid
extrasct in 5 cc. rat plasma/animal

Animal Initial Serum Final Serum Change In Serun

Number Calcium, mg.%® Calcium, wg.? Calclum, mg.%
1 6.9 8.7 1.8
2 7.3 9.2 1.9
3 5.8 7.8 2.0
5 8.9 10.6 1.7
5 6.7 i 1.2
6 5.9 7.2 1.3
Mean and Standard Error 1.6%0,2
Experiment 2

Dose: Dialyzed solution of 100 USP units of parathyrold
extract in 5 ¢c. rat plasma/animal

Animal Initilal Serua Final Serum Change In Serua

Number Caleium, mg.¥ Caloium, mz.¥ Calclum, mg.®
1 10.7 12.6 1.9
2 €.3 8.8 2.5
3 6.0 8.5 3.5
4 9.3 12.0 2.7
5 7.0 B.7 1.7

Mean and Standard Error

2.4%0,.6
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TABLE 10 (Cont'd.)

Experiment 3

pose:t 4 cec. of dialyzed, hormonally active rat plasma in
5 ec. soltuion of plesma and distilled water/animal

inimal Initial Serum Final Seruam Change In Serum
Number Calcium, mg.$ Calcium, mg.®» Calelum, ag. %

1 T+9 9.6 1.7
2 €.8 8.0 1.2
3 2.4 10.3 0.9
4 5.7 7.9 2.2
5 7.7 8.7 1.0

Mean and Standard Error 1.4%0.3
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and to this solution was added enough 30% hydrogen peroxide to
gske the solution 0.1 M. The oxidation was allowed to continue
30 minutes at room temperature (25 to 28° ¢.) after which the
reaction was terminated by addition of 1.0 mg. of catalase. 7The
procedure is essentialiy that outlined by Rasmussen (1958). Five
oc. aliguots of this oxidized preparation, each of which eant&ina#
50 USP units of parathyroid hormone activity prior to treatment

with hydrogen peroxide, were adainistered to each of five animals
of an assay group. This experiment was repeated again in exactly
the same manner and the results obtained in these duplicate
experiments are presented in Table 11.

In the first two experiments of this sequence, 300 USP units
of parathyroid extract were added to 27 ce. of freshly collected

rat plasma, and the mixture allowed to incubate at room tanpcratur# f

(25° C.)} for one hour with stirring over & slow magnetio stirrer,
Following this, the preparation was treated with hydrogen poroxidnu
as previocusly desoribed. Five cec. aliquots of this treated plaswal
hormone mixture, containing 50 USP units of activity before oxi-
dation, vere administered to each of six anlmals of the assay
group. The analytical data recorded for these duplicate experiments
are included in Table 12 (Experiment 1 and 2).

The final experiment of this set was performed to study the
effect of this oxidative treatment upon biological potency of

hormonally asctive rat plasma.
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PARATHIROID EXTRACT

gxperime

Oxidized solution of S0 USP units of parathyroid extract
in 5 ce., distilled water/animal

Animal Initial Serum Final Serum Chan In Serum

Number Caleium, mg.$ Cslcium, mg.§ Cal
1 8.2 8.5 0.3
2 8.6 8.4 ~0.2
3 T.2 8.2 1.0
4 6.4 6.8 0.1
5 7.2 75 0.3
Mean and Standard Error 0,320,2
Experiment 2
Dose: Oxidized solution of 50 USP unlits of parathyroid extract

in 5 ce. distilled water/animal

Animal Initial Serum Final Serum Change In Serum

Number Calcium, mg.$ Calcium, mg.¥ Calolum, mg.%
1 6.8 6.7 -0,1
2 7.3 ?.7 0.4
3 5.5 5.8 0.3
4 8.7 8.2 ~0.5
5 8.0 8.6 0.6

Mean and Standard Error 0.1%0.2
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500 USP units of parathyroid extract were adminlistered to

each of nine 200 graam female rats of the Sprague-Dawley strain.
After one hour the animals were exanguinated via cardisc puncture,
25 coc. of plasma were obtained in this amanner, and this pre-
paration was subjeoted to treatment with peroxide in the usual
manner. Five ce¢. aliquois of this oxidized hormonally active
plasma preparation were adaministered to each of five animals in
the asaay group. The analytical data obtained 1s presented in
Table 12 (Experiment 3).

The data recorded in Tables 9, 10, 11 and 12 demonstrates
quite conclusively that dislysis and percvxide oxidation result in
a loss of hormonal potency of parathyroild extract, but have no
effect upon the blologlaoal astivity of parathyroid extract after
incubation with freshly collected rat plasma., HNeither dlalysis
nor peroxide oxidation affects the potency of hormonally active
rat plasma obtained froam animals treated with parathyroid extractd

As suggested earlier, 1t 13 possible to extend the experimen-
tal information presented here to lmply additional properties of
plasma parathyrold hormone activity in order to explain the
seening “protective elfect” afforded such hormonal asctivity by
the plasma proteins. This subject will be discussed more fully
in the Discussion, but it may be mentioned, at this time, that
a number of workers (Heller, 1957) (Dsughaday, 1956) (Pitt-Rivers,

1957) and others, have interpreted data similar to that presented
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TABLE 12
AFFECT OF OXIDATION UPON PLASMA
PARATHYROID HORMONE ACTIVITY

Experiment 1

pose: Oxidized solution of SO0 USP unita of parathyroid extract
in 5 co. plasms/animal
Animal Initial Serum Final Serua Change In Serum
Humber  Calclum, mg.¥ Calcium, me.® Calclum, mx.%
1 11.4 12.8 1.4
2 7‘3 8-6 1.3
3 6.9 9.0 2.1
4 g.s 3.1 1.8
5 ¢2 909 13?
6 5.9 Te9 2.0
Mean and Standard Error 1.730.1
Experiment 2
Dose: Oxidized solution of 50 USP units of parathyroid extract
in 5 o¢. plasma/animal
Animal Initial Serum Final Serum Change In Serum
Number (Csloium, mg.%# Calcium, wmg.# Calcium, mg.%
1 6.9 8.9 2.0
2 g.3 B.g 1.2
g .1 Qe 1.7
10.2 11.1 0.9
5 6.6 8.6 2.0

Mean and Standard Error 1.6%0.2
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TABLE 12 (Cont'd.)

gxperiment 3
pose: 5 cc. aliquots of oxidized hormonally active plasma
preparation/animal
Animal Initial Serum Final Serum Change In Serum
Number Calcium, mg.$ Calclum, g.i Calcium, mg.%
1 * P 11.1 1.8
2 g.g 8.9 0.?
3 T 10.1 l.
5 6.9 T+9 1.
5 79 9.2 1.3

Mean and Standard Error 1.3%.1
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here as being indlcative of a binding of hormonal moelties to |
plasma proteins.
Of immediate importance to this investigation, however, is

that the work Just outlined permits application of ammonium

sulfate fractionation procedures to the sptudy of localization

of plasma parathyroid hormone aotivity.

Ce AMMONIUM_SULFATE PRACTIONATION OF
HORMONALLY ACTIVE RAT PLASMA

The traditional method for separation of plasma proteins is

by fractional tliting out with aamonium sulfate. Approximately
0.2 to 0.25 saturstion is used to precipitate the fibrinogen,
0.33 saturation to separate the esugiodulin fraction, and 0.5
saturation to remove the pseudoglobulin fraction. The albumin
remaining in solution after removal of the globulins is usually
preoipithtcd by full saturation with ammonium sulfate (Gutman,
1948). A number of workers, among them Tiselius (1937) and
Svensson (194%1) have shown that the fractions obtained in this
manner are heterogeneous and susceptible to further separsation.
Cohn et. al. (19&6) in a classical report, have summarized the
results of a detailed study of serum fractions obtained by
precipitation with increasing concentrations of ammonium sulfate.

Their findings may be summarized in the following tabular form.
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gaturation with Percent of Total Composition of
ammonium Sulfate Protein in Precipitate Precipitate.
0.34 20 Mostly gamma globulins
0.4%0 15 alpha, beta, gamma
globulins
0.50 14 alpha, bets globulins
0.68 16 chiefly erystalline
albumins

Although salt fractionation of this type 18 no longer the

method of cholce for separation of plasma proteins, having been
replaced by such toahniquts as cold ethanol fractionation (Cohn
et. al., 1946) (Roberts and Kelley, 1956), slectrophoresis

(Bier, 1959) end chromatography (Moore snd Stein, 1956) (Petersor
and Sober, 1956) (Sober et. al., 1956) (Porath, 1957) (3ober

and Peterson, 1958), it is still freguently utilized where crude

separations of plasmea proteins are desired (Wolfson et. al.,
1948) (Cotes and Young, 1951) (Walters et. al., 1957) (Friedman

and ﬂm}len. 195&) (Gllpbtll et., ‘10; 1959)0
Plasm

Fifty ml. of hormonally active plasma were collected from female
rats of the Sprague-Dawley strain by cardisc puncture owm hour
subsequent to trsatment of each animal with 500 USP units of
parathyroid extract. The pooled plasma was then placed in the
freeser at -20° C. until used for fractionation. At that time
the plasma was slowly warmed to room temperature, transferred to
a pyrix beaker, and to it were added two drops of 10% sulfuric

acid., Next, rfifty cc. of saturated ammonium sulfate solution

|
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were 8dded dropwise from a separatory funnel, and thl_uixture
was allowed to stir slowly over a magnetic stirrer for one hour,
after which the preparation was permitted to stand for one hour,
A cardboard 1ift was placed under the beaker containing the
reaction aixture in to minimize any heat effect from the motor
of the magnetic stirrer. The saturated amwonium sulfate was
prepared by adding enough salt to distilled water so that a
preciplitate could be observed after two days standing at room
temperature with frequent shaking. The plaama globulin
precipitate prepared in this manner was collected at the
centrifuge and the albumin-supernate was saved for further
fractionation.

The globulin precipitete was then dissolved in 100 ml, of
distilled water and reprecipitated as defore. Following
collection at the centrifuge, the preparation was dissolved in,
and diluted to, 50 ml. with distilled water, after which it was
dialyzed against the same solvent. The dislyzing membrane
enployed was cellulose dialysing tubing (A. H. Thomas, No,
4465-42) possessing a flat width of 1 1/16 inch and an inflated
diameter of 3/4 inch. Dialysis was carried out in an Oxford
Dialygzer, Model B, in the cold with freguent changes of dialysat
until all of the excess salt had deen removed as deterained by
the absence of a barium sulfate precipitate upon treatment of
an aliquot of the dlalysate with 10¥ barium chloride solution.
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The contents of the dialysis bag were then washed out with
ailute (0.1%) MaCl solution. Since the volumes of reconstituted

material was too large to be used in the bdbiological assay systen, 9

the preparation was freezedried and stored in the cold until
used for assay, at which time it was reconstituted to 25 ml.
with 0.1% HaCi,

The albumin fraction from the initial 50% smmonium sulfate
supernate was salted out by the slow addition of an excess of
finely ground solid ammonium sulfate, After this, the mixture
was 8llowed to stand for one hour, and the albumin fraction thanr
¢ollected on a Whatman #2 fillter paper by filtration. The

fraction thus obtained was redissclved in distilled water, and

reprecipitated in the same manner. The final albumin pvepurutia$ ‘

waa dialyzed, lyophilized and reconstituted to a2 volume of
25 ml. with distilled water prior to bilological analysis.
Five ml. aliquots of the reconstituted fractiona were

adainistered to each of five assay animals. The pergoent of
total protein contalned in each fractions, the amount of protein
adainistered per assay animal and the biclogical response
elicited by each protein fraction are shown in Table 13, which
represents the analytical data from duplicate experiments. The

data presented are summarized in Figure 5.
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TABLE 13
A3SAY CF AMMONIUM SULPATE FRACTIONS OF HOﬁ&OHAL&;
ACTIVE RAT PLASMA
Experiment 1
protein Analysis: Doge per Animal:
plasma Total Protein 5,70 gm.$ Albumin Fraction 336 mg.
Albumin Frastion 3.36 gm.# Globulin Fraction 218 mg.
globulin Fraction 2.18 gm.%
# Recovery 97

hAgsay of Globulin Fraction

Animal Initial Serum Final Serum Change In Serum

Number Calclum, mg.# Calcium, mg.® Calciu
1 6.3 8.6 2.3
2 7.0 - 8.5 1.5
3 10.9 10.4 0.5
4 6.7 T.7 1.0
5 6.6 8.6 2.0

Mean and 3tandard Error 1.3%0.5
Agsay of Albumin Praction

Animal Initial Serum Finel Serum Change In Serum
Number Calgium, mg.¥ Caleium, mg.¥ Calciw

1 10.9 10.7 0.2

2 8.6 7.7 -0.9

3 7.9 7.5 «0,4

4 8.2 6.2 «2,0

5 6.3 7.8 1.5

Mean and Standard Error -0,4%0.6

|




8s
TABLE 13 (Cont'd.)

gxperiment 2

protein A ias Dose per Animal:

plasma Tutal Proteins 6.38 gm.$§ Globulin Fraction 228 mg.
Albumin Fraction 3.52 gm.% Albumin Frection 352 mg.
globulin Fraction 2.28 gan.%

4 Recovery 91

Apsay of Globulin Fraction

animal Initial Serum Final Serum Change In 3erunm
Number Calcium, mg.* Calcium, mg.% Calcium, mg.$

1 6.6 8.6 2.0
2 740 8.5 1.5
3 6.7 7.7 1.0
4 7.0 8.5 1.5
5 6.7 7.7 1.0
Mean and 3tandard Brror 1.4%0.2
Ass £ Al Practi
gninnl Initial Serum Final 3Serum Cban%t In Serum
Number Calgium, mg.# Ca §  Calofum, wmg,
i 5.7 5.0 «0.7
2 8.4 7.9 ~0.5
3 5.0 4.8 -0,2
1 6.0 6.9 0.9
5 8.0 745 «0.5

Mesn and Standard Error -0.2%0.2
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The recorded data indicates that the parathyroid horwone
potency of hormonally active rat plasma can be localized in
plasma fractions by chemical fractionation techniques. One
may c¢onclude from this information that parathyroid hormone
activity 1s associated with the globulin fraction in this
instence, that is, it is precipitated from plasma with the
globulin fraction at 50% saturation of ammonium sulfate.
Additionsl observations may be made at this time. The fact

that activity could be localized in a particular plasma protein
fractions confirma, once again, the efficacy and reliadbility of
the technique which has been deseribed for the preparation of
hormonally active rat plasma. Also, Reiss et. al. (1951) have
reported & rapid inactivation of ACTH activity during incubation
with heparinigzed plasaa from rats, rabbits and humans. It will
be recalled that heparinized plasma was also used in the work
Just concluded. It would appear, then, thet unlike the nituatia?
which exists in the case of ACTH, plasma parathyroid hormone
aotivity 1s not adversly affected by oontact with heparin,

| It 1s felt that & firm foundation has now been set for
the appliication of more refined chemical fractionation techniguep
to the atudy of plasas parathyroid horaone activity.
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D. COLD ETHANOL FRACTIONATION OF RAT PLASMA

The technique of cold ethenol fractionation was now employed

to study the distribution of parathyroid hormone activity in
protein fractions of rat plasma. For this purpose the method of
Roberts and Kelley (19%6), a modification of the method of ﬂlrlchﬂ
L1 and Tarver (1954) and of Cohn and his asscciates (1946), was
chosen, sinece it had been apecifically developed for use in pre-
paring rat plasms protein fractions. The following are the
detalls of the cold ethanol fractionation procedure employed in
this work.

Adult female rats of the Sprague-Dewley strain weighing approxi-
mtely 200 grams and maintaind ad libitum on Purina Laboratory
Chow were utilized as the source of plasma for subsequent fractior- E
ation. (The Roberts and Kelley method was developed for use x
specifically on plasma from animals of this strain.) Citrated
plasma (1 ml. of 4% sodium citrate per 10 ml. of blood collected)

was prepared by centrifugation of freshly drawn blood for thirty
minutes at 0° C. and 3000 rpm. and stored in the cold (2° C.)
until utilized for fractionation, at which time it was placed

in a cooling bath kept at -5° C, Initially, & rock salt-crushed
ice mixture was used for cooling, but subsequently an ammonium
chloride~crushed ice mixture was found to be suitable for this
purpose. Addition of ethanol was begun when plasma had reached
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a temperature of about 1° C,, after which no freezing occurred
at the temperature of bath. All additlons were made ihilc the
plasma was stirring slowly over a magnetic stirrer and were
accomplished in 8 dropwise fashion from either a pipette or s
geparatory funnel, All buffers utilized were prepared fresh
the day before use and refrigerated until needed, at which time
they wers again checked for proper pH. pH measurements of plsasaa
protein fractions were made by pipetting off 0.4 ml, of protein
solution and adding to this 1.6 ml. of 0,02 M, NaCl which, after
mixing, was measured for acidity in a Beckman pH Meter utilizing
nicro-glass electrodes. The instrument was checked continumlly
against suitable buffer standards to insure proper function.
All reagents were refrigerated prior to use.

Initially, fifty percent ethanol was added to the plasmas to
& concentration of elight percent, after which the solution was
brought to pH 6.930,02 with 0,125 M. acetate buffer, pH 3.6.
The ethanocl concentration was then readjusted to 8%, and the
precipitate removed immediately by centrifugetion at -5° C.
and 3000 rpm. for 40 minutes. The material collected (Fraction I
waz mostly fibrinogen and was imwediately placed in the deep
freeze until utilized for blological assay, at which time 1t was
warmed to room temperature in a warm water bath and then re-
constituted to an appropriste volume, usually 25 ml. This was
the routine procedure employed for handling the various plaama
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protein precipitates. Fractlon II was obtained by adding 50%
ethanol to the supernste from Fraction I, to a final eéncentrat!o#
of 20F and readjusting the pH to 6.9%0.02 with 0.09 M, acetate
puffer, pH 3.5. PFraction II contains 65% beta-globulin and 35%
gamma-globulin., 95% ethanol was then added to the supsrnate
rluid from Fraction II to a final conceantration of 40%, and the
pH was lowered to 4.820.02 with 0.09 M. acetate buffer, pH 2.3.
The precipitate thus obtained was the "crude albumin” precipitate}
and the supernate of this precipitate was designated as Praction
5CA. This supernate was allowed to remain overnight in the
peepfreeze (-20° C.) where & precipitate formed which was re-
covered by centrifugation. Fraction S3CA conaists mainly of beta-
globulin., The reconstituted orude albumin solution was then
brought to a final ethanol concentration of 14% by addition of
95% ethanol, and the pH adjusted to 4,30 with 0,09 M. acetate
buffer, pH 2.3. The resulting precipitate, Praction IV, was
removed by centrifugation in the cold, and consists mostly of
alpha globulins. Pinally, 95# ethanol was added to the supernatel
from Fraction IV to & final concentration of 40% and the pH was
raised to 5.40 with 0.01 M. carbonate buffer, pH 8.6. The re-
sulting fraction, Fraction V, was removed by centrifugation and
consists of the plasma albumins.

An outline of this procedure is shown in Figure 6.
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Biologically Active Rat Blood
Centrifuged Sor 30 nin;.

3000 rpm., 0VC.

Blologically Active Rat Plssma

50% Etog to final conc. of 8%

g 090 with 0-125 M., Acetat
uffer, pH. 3:6 i

Fraction I Supernate From Praction I
Ffﬁ%ﬁncgtn 50% EtOH to Trlnal conc.

of 20%. pH. to 6.90 with
0,09 M. Acetate Buffer,
pH. 3.5
Praction 1% Supernate ¥Vrom Fraction II
ta-Globulin ' 72 nal conc.
35% Gamme-Globulin of 40%. pH. to 4,80 with
0.09 M, Acetate Buffer,
pH. 3»3
Cruds Alb%ar_ggn ] algitatc‘ Supernate of crude A 1 .
ssolved in g%arna ovarniiﬁ% gn
95% EtOH to final conc. freeger
of 1&’0 pH. to 4030
with 0.00 M. Acetate
Buifer, pH. 2.3
F tion SCA
obulin

Frac%io%'Iv‘ 3 e of Fraction IV
pha-illobuling 5@5 EtOH % T1nal conc.

of #0%. pH. t0o 5.80 with
0.01 M, Carbonate Buffer

DHQ 8.6

Praction V
KIEEEins

PIGURE 6
QUTLINE OF COLD ETRANOL FRACTIONATION
TECHNIQUE OF ROBERTS AND KELLEY
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Cold Ethanol Practionation Of Rat Plasma To Which Has Been
Added Parathyroid Extract In Vitro. The cold ethanol fractionatign

technigue Just described was now employed to study the distri.

pution of parathyroid hormone activity in rat plasma protein

fractions.

In the initial approach, parathyrold extract was added to
freshly collected rat plasma, in vitro, and the distribution of
hormonal activity among the various protein fractions noted.
This techniqgue has been utilized successfully by a number of
workers for similar studies. Oemsell et, al. (1955) added
growth hormone to normal human plasme and subjected the mixture
to cold ethanol fractionation. He cbserved that the growth
hormone sctivity of this plasma preparation was assoclated with
the same fractions as the endogenous growth hormone activity of
young pig and calf plasma, and of retroplacental human plasma.
Bethune (1958) added ACTH to normal human plasma prior to cold
ethanol fractionation and observed the distribution pattern of
hormonal activity to be the same as that observed in fractions of
normal humsan plasma, and in fractions of plasma obtained from
normal patients who had been previously infused with ACTH.
Roberts (1957) added ACTH to freshly collected rat plasma, in
vitro, and utilized the resulting information as &n integral

part of his discussion of the distribution of endogenous ACTH in

rat plasma.
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3tudies involving addition of hormonal preparations to plasms

in vitro, therefore, has usually provided 3 basis for interesting M

observations on plasma hormone characteristics. It was hoped N
that the same situation would manifest itself in the case of para;
thyrold hormone.

Experimental. 600 USP units of parathyroid extract were
lyophilized and the resulting sclid dissolved in 50 ml. of rat
plasma which had been collected from adult female rats of the
Sprague~Dawley strain, by means of the cardiasc puncture technigque,
Ninetsen rats were required to supply this volume of plasma. The
resulting preparations was frasctionsted according to the method
of Roberts and Kelley, previously described. All fractions were
collected in the refrigerated centrifuge at -5° C. and then

stored immediately in the freezer at -20° C. Prior to assay,
each fraction was slowly warmed to room temperature in a warm
water bath, and then reconstituted to a volume of 25 ml. with
warm distilled water. This waralng procedurs was necessary so
that the preparation would be suitable for injection into the
assay animals, After thie, five c¢. aligquots of the various
fractions were adainistered to each animal of five animal assay
groups,

The distribution of protein in the plasma frections of
Spragus-Dawley strain rats which had been previously treated with
parathyroid extract, is shown in Table 1l4. The biological assay




PHOTEIN ANALYSI3 OF
COLD ETHANCL F ACTIONATION METHOD OF ROBEHTS AND KELLEY

TABLE 14

32T PLASMA FROTSIN PRACTIONS PREPARED BY THE

Fraction Contents

I Fibrinogen
IX Beta,Gamna-~
Globulin
3CA Beta-
Globulin
Iv Alpha-
Giobulin
v Albuains
Total

¥hole Plaszma
Recovery

Frotein @mg. Protein In & of Total
£n.2 50 ml. Flasma Protein
JeT 350 11.3
1.2 600 19.%4
0.3 150 4.8
lal 556 1?‘7
2.9 1,450 k5.8
6.2
6.1
1024

Dose/aniaal
B protein

'?0
120

50
110

290

%6
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of plasma protein fractions prepared in duplicate experiments is
presented in Table 15 and the experimental results are'auumarizcd
{n Figure 7.

The data indicates a definite partition of parathyrold
hormone activity among rat plasma protein fractions subsegQuent to
cold ethanol f{ractionation. The exogenous parathyroid asctivity
appears primarily associsted with Fraction IV and Fraction V,
with no detectable activity being obaserved in FPraetion I, II, or
SCA.

These experiments also afforded an opportunity to study
the percent recovery of plasma parathyroid activity obtainable
through use of the blological sasay system,

It will be noted that the blological responses elicited by
Fraction IV and Fraction V are of the same order as that observed
when 50 USP units of parathyroid hormone activity are adminis-
tered to individual members of an assay group (Table 2, Table 3).
On this basis, 1t would seem reasonable to assume that each anima
of the assay group treated with Fraction IV protein and Fragtion q
protein were responding to approximately 50 USP units of hormonal
8ctivity. We can, therefore, agcount for 500 of the 600 USP units
of parathyrold activity which were added to the freshly collected
rat plasma prior to freactionation. This, then, represents a

recovery of about 80%¥ of the hormonal astivity known to be presentl &
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TABLE 15

BIOLOGICAL ASSAY OF PROTEIN PRACTION? OBTAINED PROM RAT PLASMA TO

WHICH HAD BEEN ADDED PARATHYROID EXTRACT, IN VITRO

Experiment 1
Fragtion I (Fibrinogen)
Animal Initial Serum Final Serum Change In Serum
Number Caloium, mg.& Calcium, mg.¥ Calcium, wmg.¥
1 7.5 8.0 0.5
2 6.7 6.8 O.l
3 6‘9 g.s 0.‘
§ Te5 3 0.8
5 6;2 6-“ 002

Mean and Standard Error 0.470.1

Fraction II (65% Beta-Globulin, 35% Gamme-Globulin)
Animal Initial Serum Final Serum Change In Serum

Number Caloium, mg.# Caloium, mg.% Calgium
1 6.2 6.8 0.6
2 T.5 7.9 0.4
3 6.7 6.9 0.2
a 6!2 602 0‘0
5 T4 7.7 0.3

Mean and Standard Error 0.3%3.1

Fragtion SCA (Beta-Globulin)
Anima)l Initial Serum Pinal Serum Change In Serum

Number Calgium, ng . % Calojum, ng.$ Calecium, 53,2

1 ?.5 607 "‘OQB
2 9.6 9.6 0.0
3 7.8 7.7 ~0.1

7‘3 7‘2 052
5 6.2 6. 0.2

Mean and Standard Error -0,1%0.2
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TABLE 15 (Cont'd.)

Experiment ) (Conttd.)

Fraction IV (Alpha-Globulins)
Animal Initial Serum Pinal Serum Chuug. In Serum

Number Calclum, mg.¥ Calely
1 7.6 N 1.8
2 5.7 g.& 1.1
2 o9 11.7 2.8
1 6.5 7.6 1.1
5 609 908 2:9
Mean and 3tandard Error 1.91D.%

Fraction V (Albumins)
Aninal Initial Serum Final Serum Change In Serum

Number Calcium, ng. % <alelum, 55,2 Calolum, 55,2
1 8.8 10.5 1.7
2 T.1 9.0 1.
g g.g 10.5 2.
» 30? 0‘3
5 805 8.& *001

| Mean and Standard Error 1.3%.5

v

Experiment 2
Fraction I (FPibrinogen)
Animal Initlal Zerum FPinal Serum Change In Serum
Number Caloium, sg.¥ Caloium, mg. % Calecium, mg.¥
1 T4 7.9 0.5
2 8.7 9.0 0.3
2 5.3 5.9 0.0
4 Te 7.2 0.0
5 7.1 Te5 0.4

Mean and Standard Error 0.2%0.1

L.
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TABLE 15 {Cont'd.)

Experiment 2 (Conttd.)
Fraction II (65¢ Beta-Globulin, 35% Gamma-Globulin)

Animal Initial Serunm Final Serum Change In Serum
Number Calcium, mg.%® Calcium, mg.% Calcium, mg.%

1 6. 7.0 0.l

2 6.2 6.6 0.0

3 5.4 5.5 0.1

4 75 T.9 0.4

5 5.9 6.0 0.1

Mean and Standard E ror 0.120.1

Fragtion SCA (Beta-Globulin)

Animal Initial Serunm Pinal Serum Change In Serum
Number Calcium, mg.¥ Calel . cale
1 660 6.2 003
2 g.o g. O.h
2 o1 5 0.4
5-6 5.5 "‘001
5 7.5 7.5 0.0

Mean and Standard Error 0.2%0.2

Fraction IV (Al1pha-Globulins)

Animel Initisl 3erum Final Serum Change In Serum
Rumber Calcium, mg.% calofum, mg.% Calcium, mg.%

1 7.8 5 1.7

e 6.0 g.é 2.6

g 7-1 g.g §.1

5 IR ; 18

Mean and Standard Error 1.7%0.3
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TABLE 15 (Cont'd.)

gxperiment 2 (Cont®d.)

Frection V (Albumins)

Animal

Number

Rl PO

Initial Serum Final Serum Change In Serum

Calcium, mg.% Calcium, mg.% Calcium, mg. g
Te9 79 0.0
6«5 b oa‘& 2 8
6.4 8.3 1.8
6.5 Sl 2.5
5% 7.1 1.7
Mean sand Standard Error 1.8%0.5
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Three main explanations may be forwarded to explain the
ljack of complete recovery of added hormone. 1) The semi-

quantitative nature of these estimstions of parathyroid activity
could not bde expected to account for all hormonal sctivity
present. 2) The unacscounted-for activity could well have been
distributed in other plasma fractions but at levels too small to
be detected by our assay system. 3) It is possible that some of
ths parathyroid activity was destroyed as a result of the
fractionation procedures, Probably all three of these factors
are involved to some extend in our fallure to obtain complete
recovery of the added hormone. The 80% recovery reported here,
however, 1s Quite acceptable for this type of analysis. Gemzell
et: al. (1955) for example, was able to recover only 25% of his
added growth hormone activity from fractionated human plasma,

It 1s felt that the significance of the association of
activity with Praction IV (alpha-globulin) and Praction V
(albumin) is best discussed in light of subsequent experimen-
tation and will, therefore, be considered at a later point in
this dissertation.

In view of the success in obtaining a partition of hormonal
activity among protein fractions of rat plasma to which had been
added parathyroid extract in vitro, it was now decided to study
the partition of hormonal activity among protein fractions of

L
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hormonally active rat plasma. The preparation and securing of
this material have been described in detail in Part A; of this
chapter.

The administration of exogencus hormone to experimental
animals and humans has dbeen a technigue utilized profitably by
many workers to obtain a wide variety of information concerning
plasma hormone characteristics. Bolinger (1959) used such an
spproach to confirm that the insulin-like activity of plasms was
due to hormonal insulin and not to an artifaect. Antoniades
et. a1, (1957) studied the binding and distridbution of intra-
venously injected C-1¥ steroids and wetabolites in humsn plasme
and human plasma protein fractions obtained through cold ethanol
fractionation. Greenspan et. al. (1950) employed intravenous
injections of ACTH to study half-l1ife of that hormone in the
human circulation. Deughaday (1958) studied the binding of
Cortisol-4-C1% with various plasme protein fractions after
intravenous administration of that materisl.

In a report very pertinent to this work, Bethune et. al.
(1951) studied the distribution of hormonal activity in plasms
protein fractions of normal human subjects by means of the cold
ethanol fractionation procedure, following intravenous infusion
of ACTH. Activity was observed in the same fraction with which
the endogenous ACTH activity of untrested normal human plasma
subsequently was identified. Hoberts (1957) also utilized this
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approach to study the corticotrophic activity of rat plasma.

The technique of administrating exogenous hcrnono'to
experimental animals and bumans, then, has peraitted accumu-
jation of important information concerning characteristiocs of
a number of hormones as they exist in the plasma, and its use
1in this investigation, therefore, seemed Justified.

Experimental. 500 USP units of parathyroid extract were
administered via intraperitonesal injection to individual feamale
rats of the Sprague-Dawley strain, weighing about 200 grams each.
After one hour the animals were exanguinated to as great a degree
as possible through use of the cardiac puncture technigue. The
plasma was collected at the centrifuge and immediately placed in
the freezser (-20° C.) until ready for fractionation. In each

experiment, & sufficient number of animals were sacrificed to
provide 50 wl., of plasms. This usually required from 15 to 20
rats per experiment,

The day following its collection, the hormonally active
rat plasma was subjected to ¢old ethanol fractionation according
to the method of Roberts and Kelley (1956), described on page 88.
the plasma protein fractions prepared in this manner were
collected at the refrigerated centrifuge (-5° C.) and immediately
placed in the freeser (-20° C.) until assayed. At that time the | | ||

preparations were slowly warmed to room remperature in a warm

water bath and reconstituted to & total volume of 25 ml. with




104

warm distilled water, Five ml. :liquots of the reconstituted
fractions were aduinistered intraperitoneally to each member of
a five animal assay group.

Protein analysis of the various plasme Iractions 1s shown
in Table 16, The biological assay data from four individusl
experiments is presented in Table 17, and Figure 8 summarizes
the results of these experiments,

The following observations may be made on the basis of the
analytical data presented in Table 17.

2} Frasctien I (fibrinogen) was prepared in experiments 2, 3
and 4, and was shown to lack detectable hormonal potency in each
case,

b) Fraction II (beta and gamme globulins) was prepared in
experiments 1, 2, 3 and 4, and was shown to be devoid of
reasurable hormonsal sctivity in every instance,

¢) Experiment 1 indicated the possible presence of hormonal
activity in the combined protein of Fraction 3CA (beta globuiim)} I
Fraction IV (alpha globulins) and Fraction V (albumins).

d) FPraction SCA, however, was found to be bilologically in-
active in experiment 3, and again in experiment 4,

e) Also, Fraction V was shown to lack hormonal potency in
experiments 2, 3 and 4.

£f) Experiment 2 indicated parathyroid activity to be present
in Prection IV, and this was confirmed in experiments 3 and &,




HORMONALLY ACTIVE RAT PLASMA

Protein wmg. Protein In & of Tctal Dose/aniamal
Fraction Contents ga. % 50 ml., Plasma Protein mg. protein

I Fibrinogen 0.6 300 10.2 60
11 Beta,Caame- 1.1 550 18.8 110
Globulins
ot
SCA Beta- 0.3 150 5.1 30 N4
Globulins
Iv Llpha- 1.0 500 17.0 100
Globulins
v Albumins 2.6 1,300 5.0 260
Total 546
¥hole Plaama 5«9
Recover, 5%
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TABLE 17

BIOLOGICAL ASSAY OF PROTEIN FRACTIONS OBTAINED FROM
HORMONALLY ACTIVE PLASMA

Experiment 1
Fraction 1I (Beta and Gamma-Globulins)
Animal Initial Serum Final Serum Change In Serum
Husber Caleium, mg.® Calcium, mg.% Ca
1 12.0 12.0 0.0
2 1:.5 11.1 "00*
3 8.2 8.2 0.0
& 5.4 7.6 2.2
5 12.5 11.5 -1.,0

Mean and Standard Errvor 0.2%0.5

Fraction SCA-IV.V (combined) (Beta-Globulin, Alpha-Globulin,

Albumins)
Animal Initial Serum Final Serum Change In Serum
Number Calcium, mg.$ Calgium, mg.# Calcium, mg.%
1 g‘ﬁ 10,2 1.0
2 .6 12.0 3.4
2 g.‘ 7.: i.o
5 2:2 i 2.3

Mean and 3tandard Error 1.310.9
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TABLE 17 (Cont'd.)

Experiment 2
Fraction I (Fiourinogen)

Animal Initial Seruz Final Serum ghangu In Serum
Caloium, mg.®

Number Calgium, mg.f Calojum, mx.%
1 70 608 “Ob
2 6.2 6.6 o.g
2 6.6 7.0 0.4
: 10.0 10.4 0.4
5 6.2 6.7 0.5

Mean and Standard Error 0.2%0.2

Fraction II (Alpha-Globulins, Beta-Globulins)
Animal Initial Serum Final Serum Change In Serum

Nusber Calcium, wg.§ Caloium, mg.§ Calcfum, mg.%
1 7. 606 "00
g 70% 6.6 "’OC
g 1203 Q.g *'%.0
s 84 §:8 X

Mean and Standard Error -0,410.3

Fraction IV (Alphs-Globulins)
Animal Initicl Serum Final Serua Change In Serum

m Q‘lgi%‘ m.g c.igi% i ﬁoz Gllglg!‘ mgt
1l T.0 6.8 -0.2
2 6.8 8.0 1.2
2 8.5 19.1 1.6
6.% 8.4 2.0
5 T.3 T.1 ~0.2

Mean and Standard Error 0.9%0.5
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TABLE 17 (Cont'd.) |

Experiment 2 (Cont'd.) | M

Pragtion V (Albumins)

Anisal Initial Serum Pinal Serum chnnzn In Serum
Number Calgium, x.ﬁ Cale G .

1

8§ 0.4
.6 0.3
2 2.0
6.2 0.3
19*1 “0‘3

Mean and Standard Error 0,5%0.3

-

L BCa A)
LI Qhies =y
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O WO

1

[ )




109
TABLE 17 {Cont'd.)

Experiment 3

Fraction I (Fibrinogen)
Animal Initial Serum Final Serun Change In Serum
Calglum, wg.%

Number Calofum, mg,# Celoium, mg.%
1 6.6 6,9 0.3
2 7'5 07 ch
3 8.5 -] 0.0
4 701 7.6 005
5 7.0 T2 0.2

Mean and Standard Error 0.2%0,1

Fragtion II (Beta-Globulin, Gamsas-Globulin)

Animal Initial Serum Final Serum Change In Serum
Nusber Celcium, mg,$ Calojum, mg,% Calojunm
1 7.5 7.8 0.3
2 6.5 T9 0.5
2 607 6.» "0.3
6.3 6.5 0.1
5 8.9 9.3 0.

Nean and Standard Error 0.2%0.1

Praction SCA (Beta-Globulin)
Anlmal Initial Serum PFinal Serum Change In Serum

1 8.4 8.6 0.2
2 6.0 6.4 0.%
2 6.6 6‘8 0.3

6&1 5& “Qn7
5 6.3 6.3 0.0

Mean and Standard Error 0.0«‘-‘-’0.2
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TABLE 17 {(Cont'd.)

FPraction IV (Alpha-Giobulin)
Animal Initial Seruma  FPinal Serua Change In Serum

Humber Ca Wh

8.9
6.5
6.6

Bt 1)

Fraction V (Albumin)

Calolum, gg.ﬁ caloium, ggzg

8&6 “003
707 1.-2
i 12
8.6 2.2

Mean and Standard Error 1.0%0.%

Animal Initial Serum Pinal Serum Change In 8.ruu

Bumber (Calelum, wg,# Celgium, mg.® Calel
1 645 6.9 0.4
2 6.2 6.1 «0.l1
3 7.4 7.8 0.4
u 602 5t5 *otT
5 6.6 6.9 0.3

Mean and Standard Error 0.1%10.2
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TABLE 17 (Cont'd.)

Experiment %
Praction I (Pibrinogen)

Animal Initial Serum Final Serum Change In Serum
Numpber (Ca

; .g o3 g.ﬂ
P 5 3 A &
5 7.9 8.7 0.8

Mean and Standard Error 0,23.2

Freagtion 1I (Beta-Globulin, Gemma-Globulin)
Animal Initial Serum Final Serum Change In Serum
Selglum, mg.%

Number Caloius, mg.$ Caloium, wg.¥ Calgl
1 ?06 o7 0.1
2 7.8 5 0.7
3 5.5 5.5 0.0
“ 7.0 6&7 "003
5 5.2 5.7 0.5

Mean and Standard Error 0.2140.2

Fraction 3CA (Beta-Globulin)
Animal Initial Serum Final Serum Change In Serum

Number Calcium, mg.% Calcium, mg.®# Cal
1 h.6 8.7 0.1
2 3’2 g:o "002
2 o 7 0.3
5.9 6.4 0.5
5 7'1 706 “"0.1

Mean and Standard Error 0.110.1
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TABLE 17 (Cont'd.)

Experiment & (Conttd,)

Fraection IV (Alpha-Globulin)

Animal Initial Serum FPinal Serum Change In 3erum
Number Calcium, mg.® Calcium, ng.¥ alel :
1 7.2 7.6 2.4
2 6.1 g.B 1.7
Pk 5 i
5 5.4 6.6 1.2

Mean and Standard Brror 1.330.3

Fragtion V (Albumin)
Animal Initial Serum Final Serum Change In Serum

Number Calocium . Caleium, mg.% caloium, !ﬁgg
1 7.3 T4 0.1
2 6.1 5-9 ‘032
g 7.8 0 0.2
59 6.1 0.2
5 7.5 7.6 0.1
Mean ard Standard Brror 0,110.1
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The data presented, therefore, seem to clearly define a
partition of plasma parathyroid activity among rat plasme protein

fractions. This hormone activity appears to be localized primﬂriiyfﬂ
il

in Praction IV, which contains alpha-globulins. The distribution
pattern noted here is different from that observed when para-
thyroid extract was inocubated with rat plasma in vitro, prior to
fractionation., In the latter case, it will be recalled, hormonal
activity was associated with Fraction V as well as with Fraction
v,

Bxplanations for this d/screpancy and the possible signi-
ficance of the variations in the distribution patterns of
hormonal activity noted, will bde presented in the discussion.

E. COLD ETuAnog FRACTIONATION OF NORMAL HUMAN PLASMA
Parathyroid Hormone Activity of Unfractionated Normal Human

Flasma. Attempts to detect hormonal activity in untreated normal
human plasmé have resulted in the production of an extremely
voluminous literature. A recent Ciba Foundation Collogqula on
Endocrinology, "Hormones In The Blood," (1957) presenta a
composite report of advances made in this field. In 1t can be
found literally hundreds of references dealing with stiempta to
detect various hormonal esctivities {n whole plasma. Every known
hormone has been subjected to studles of this type, with the
exception (to the author's knowledge) of the parathyroid hormone.
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The technique unfailingly applied in almost all of these cases
has involved the administration of as large an amount as posaible
of whole plasaa or plasma concentrated by lyophilization, to
assay animals. The results obtained, as pointed out previously,
are always entirely dependent upon the sensitivity of the aasay
system employed. Une can never report, however, that thers is
"no aotivity present™ in any whole plasma sample, but only that
there is no detectable activity present, which is a completely
different situation.

Since no information was available on the level of the
parathyroid hormone in human plllll.kit wag decidsd to attempt

to detect such activity in concentrated preparations of lyophiltxrdr'

whole plasma. Similar experiments with whole rat plasma were
precluded due to the prohibitive number of rats which would have
to be sacrificed in order to obtain sufficient volumes of plasma
for lyophilizetion and analysis. In work of this nature in-
volving rat plasma, the limiting factor would be the excessive
number of rats required, while in the case of human plasma, which
i1s readily available in relatively large volumes, the limiting
factor becomes the amount of plasma protein which could be
aduinistered without adversely affecting the assay animal. These
practical considerations were of considerable import in the
decision to utilize normal humen plasma rether than normal rat
plasma for this particular investigation.
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A series of studies were conducted to determine the amount
of plasma protein which could be administered to the assay pre-
paration without produstion of visual signs of toxicity. The
maximum amount of plasma protein which could be adminiatered in
& total volume of five cc. without the production of any visible
signs of toxicity was found to be 0,01 graam per gram of body
weight, e.g. 1.5 grams of plasma protein per 150 gram rat. This
dose liamit was not exceeded in subsequent work involving human
plasma protein teast doses,

Plasms was obtained from & normal male donor (Negro, 36
years of age) at the Cook County Blood Bank of the Cook County
Hospital, Chicago, Illinols, and was found to have a protein
concentration of 6.0 gm.% 220 ml. of this plasma (13.2 grams of
protein) were lyophilized and placed in the freezer until used
for assay. 12.0 grams of this preparsation, representing the
protein present in 200 ml. of normal plasma, were then dissolved
in distilled water to a total volume of 40 ml. FPive ml. aliquots
of this concentrated plasma protein solution were administered
to each of eight assay animal, Each animal, then, received 1.5
grams of plasma protein, or the protein present in 25 ml, of
norsal husan plasmsa. The results of the blological assay are
shown in Table 18.

The data indicate that the level of parathyroid hormone
activity in 25 ml, of normal human plasma is too small to be




Doset Protein equivalent of 25 cc. normal human plasms
(1.5 grams protein) per animal.

Animal Initial Serum Final Serum Change In Serum

Number Caloium, wmg.¥ Caleium, mg.% Cale
1 7.6 Te3 ~0.3
e 9.2 9.4 0.2
3 7.3 8.0 0.7
4 8.3 8.2 -0.1
5 7.9 6.7 -1.2
6 7.8 8.0 0.2
7 7.3 7.2 «0.1
8 6.9 7.0 0.1

Mean and Standard Error -0.110.2
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detectad by our analytical system. |

It has been shown, however, that the bloassay system
employed i3 sensitive to at least 25 USP units of parathyroid
hormone activity. On this basis, then, we may estimate that
human plasma contains a parathyroid hormone level of less than
100 USP units of activity per 100 ml. of plasma,

Since it was not possible to detect plasma parathyroid activity
in lyophilized concentrates of whole human plasma, attention was
now fooused upon an approach similar to that used successfully 1in
the investigations concerning localization of hormone activity 1nh
rat plasma protein fractions. The initial approach would be the
study of the distribution of parathyroid hormone activity among
protein fractions of noramal human plasma, to which had been added
'puruthyroid extreact, in vitro. Flasmsa protein fractions would be|
obtained through application of the c¢old ethanol fractionation
teschnigues of Cohn et, al. (1946) designed specifically for
fractionation of human plasma.

During and shortly after World war 1I, Dr. E., J. Cohn and
his associates at Harvard University developed methods for the
large scale separation of blood plasma into protein fractions
valuable to the medical services of the Armed Forces. (Edsall,
1947) (Cohn et. al., 1940) (Cohn et. al., 1944) (Cohn et. al.,
1946) The procedure consists in the preoipitation of plasma
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proteins by different concentrations of ethyl alcohol at low
temperatures, specific pH, and low lonic strength. The technique
moat often used is method 6 (Cohn et. al., 1946) by which the
plasma 1s separated into five major fractions by alcohol pre-
eipitation. These fractions sre designated as FPractions I,
I1-.11I, IV-I, XIV-4 and V.

The detalls of method 6, as employed in this investigation,
are presented below and anoutline of this procedure is shown in
Pigure 9.

"Plasma is stirred slowly over a magnetic stirrer and cooled
as guickly as possible to 0° C. without permitting the formation
of ice.

The stirring is continued while suff'icient sodium acetate-
scetic acid buffer in a 53.3 volume ¥ ( at 25° C.) ethanol water
mixture is added to bring the pH to 7.230.2 and the final ethanc)
songentration to 8%, During such additions, the temperature 1is
allowed to fall so that the system is msintained close to its
freeging point and so that the final temperature is between
-2,5° and «3° C. The initial step requires 0,177 liter
(measured at -5° C.) of 53.3% ethanol for sach liter of plasama
(measured at 0° C.) and about one c¢¢. of 0.8 molar sodium ncctutd,ﬁw
buffered at pH 5.0 with acetioc acida, for each liter of plasmaj I
this suffices for the pH adjustment.

Precipitate 1 consists principtlly of fibrinogen, which
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is removed by centrifugation at a temperature between -2° and
-3° ¢,

The aupernatant is next brought to 2%5% ethanol end a pH
of about 6,9 by the addition of cold 53.3% ethanol containing
a godium acetate-acetic 3cid buffer. This step reguires, for
each liter of supernate I, &n ethanol buffer mixture made as
follows; 601 ce. of 53.3% ethanol at -5° C,, 0,88 ce, of 10M
acetic 2cid at 25°C, O.A4 oc. of BM scdium acetate at 25° C.
and 2.30 cc. of 95% ethancl, The buffer used in this step has
a molar ratio of sodium acetate to scetic acid of 0.2 and,
if before the 53.3% ethanol is added, 1t 1s diluted eighty fold
with water, it should have a pH of 4.0010,02 at 25° ¢. No
attempt has been made to vary the composition of the buffer so
as to sdjuast the system to an exact pH and, indeed, the system
varies by several tenths of a pH unit as & result of the change
in the sarbon dioxide concentration. The huffer added in the
additions contributes 14 milliequivalents of acetic acid for
each liter of piasma,

Pregipitate II-III is removed by centrifugation at -5° ¢,
and by electropheoretic measurement, consists principally of
beta and gamma globulins, fhn supernatant from precsipitate
II-IIT 48 brought to a pH of 5.2 and 18% ethanol, by the
addition of water and a sodium acetate buffer. This addition
is carried out in two steps, The first step consists of the
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addition of 311 coc. of water at QOG. for each liter of supernate
II-I1I. The second step is the addition to each litcr‘a: super-
nate II-III of 78 cc. of water at 00C. containing enough of a
30dium acetate-acetic acid buffer to lower the pH to 5.2¥0.2.
The mole ratio of sodium acetate to acetic acid in the buffer 1is
D.2.

Freciplitate IV-I !5 removed by centrifugation at a temp-
erature of -5%C. By electrophoretic measurements it is shown to
consist primarily of slpha globulinas and 1ipid nstcrial. The
gupernate 1s next brought to & pH of 5.8030.05, an 1onie
strength of 0,09 and an ethanol concentration of 40% at -5°C,
The buffer 1z added first and after this the aystem 13 brought
to 30% ethanol by the sddition of 456 co. of ¢old ethanol for
esch liter of supernate IV-l while the tesmperature is maintained
at -5°C, |

Pregipitate IV-% 1s mext removed by centrifugation at -5°C,
and by electroghoretic messurcments 1s shown to contain prineip-
ally &lpha and beta globulins, with some albumins. The supernate
is lowered to pH 4.8 by the addition of a sodium acetate-acetis
acid bulrer, while the temperature is held at ~-59C, and the
ethanol concentration at 404, For this addition the buffer is
wede up by taking for each liter of supernatant, 5.00 cc. of
10 N acetie acid, 2.5 cc. of % M sodium acetate, 10.5 cc. of 95%
ethnﬁé and enough water to make 25cc.
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Pregipitate 5 consisting of the plasmsa albumins, is
collected by centrifugation at -5°C, * |

In order

to study the distribution of parathyroid activity in protein
fractions of human plasma, 100 al. of plasms was collected from
s normal donor {Male,Caucasian, 28 years of age) at the Cook
County Blood Bank, Cook County Hospital Chicago, and in it were
dissolved 500 USP units of lyophilized parathyroid extract. The
mixture was allowed to stir for one hour over & slow magnetic
stirrer, after which tioe it was subjected to cold ethanol
fractionation as described above. The fractions were collected ag
the refrigersated centrifuge and then plsced immediately in the
freegzer until assayed. At that time they were warmed to room
temperature in a warms water bath and dissolved in warm

distilled water to & total volume of 35 ce. Five co. aliquots of
this reconstituted preparation were administered to each of 7
animals of the assay group. The activity pattern observed in
duplicate experiments is ahown in Table 19, and a composite
ploture of these results is shown in FPigure 10.
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TABLE 19
BIOLOGICAL AS8S P PROTEIN PRACTIONS A LN PROM NO
HUMA] MA TO WHICH HAD BEEN A PARAT QID C
IN VITRO
E r 1
Pro A 4
gn. % € of Total Animals per Dose/Animal
Fraction Protein Protein Assay Group mg, Protein
I 0.30 5.5 7 43
11-1X1 1.%9 26.9 7 210
W‘I °.3~ 6;1 7 48
IV“"“ 0138 609 7 5#
\ 3.02 55.0 7 430
Total 5.54
W¥hole Plasma 5,90
# Recovery 93
Biological Analysis
Fra on I
Animal Initial Serum Pinal Serum Change In Serum
Number (Calofum, mg.$ Caloium, mg.§ Celclum, mg.%
1l 607 703 006 ’
2 6.5 T.1 0.6
3 T.2 5.7 0.
] T.7 5 0.
5 11.7 10.4 «1.3
6 8.4 S.1 0.7
7 6.9 T.3 0.4

Mean and Standard EBrror

0.3%.3
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TABLE 19 (Contld.)

Experiment 1 (Cont*d.)
Biological Analysls

Praction II-IIX

Animal Initial Serum Pinal Serum Change In Serum
Number Calcium, mg.¥ Calcium, mg.$ Calcium, mg.¥

1 S.g 10.3 1.8
4 6. 2 1.4
3 6.3 T.5 1.2
4 8.5 11.3 2.8
5 703 BQT 105
6 7.3 11.2 3.9
7 6.0 8.0 2.0
Mean and Standard Error 2.1%0.4
Biological Analysis
Fraction IV-I
Animal Initial Serum Final Serum Change In Serum
Nuamber Calcium, mg.¥ Calelum, mg. Calcium, mg.%
1 3.0 806 ~Q.¥
2 2 8.5 0.3
3 7‘6 707 Dol
; [53 15'2 o8
6 §:2 9.2 0.6
T 6.0 7.9 1.9

Mean and Standard Error 0.410.3




Experiment 1 {Cont'd.)

Biological Analysis
Praction IV.§

Animal
Humber

7.1
o2

L]

-3 OV 303 PO
O~ OO
WHFEONK

L
*
»
[ ]

Biological Analysis

Fraction V

Animal
Number

-~3 OWNH 473 0

Initial Serum

Caloium, !g.ﬁ

Initial Serum
Calglum, ng. b
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TABLE 19 (Cont'd.)

Change In Serum
Cale' *

8 *O.
6 0.
7 0.5
9
o
8

Final Serum

Calotum, gg.g

0.
i.
0.4
10.0 0.7

Mean and Standard Error 0.6%0.2

Final Serum

caloium, mg.%

Change In Serum

Ca}_c;uu, !ﬁ.!

* s 0 ® o &
RN OCNOWNC
]

-3

Mean and Standard Error -0.2730.2
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T4BLE 19 (Coat'd.)

Experiment 2
Protein Analysis
gn.% % of Total
Praction Protein Protein
I 0.30 5.5
IX-11X 1.49 aTr.1
Iv-1 0.35 6.4
Iv.§ 0.37 7.0
v 3.03 55.0

Total 5055
Whole Plasmas.89
# Recovery 95

Biological Analysis
Fraoctien I

Animals per Dose/Animal
Assay droup mg. Protein

7 43
7 21%
7 50
T 53
7 420

Animal Initial Serum Final Serum Change In Serum
Calclum, mg.8 Calclum, wg.%

Number Calcium, mg.% Ca

-~} O\ o7 O
3] O3 O~ O
» 2 5 8 % o 8
-\ OO0

g.l 0.2

N 0.5
2 0
I3 0.0
8.0 0.3
8.1 0.
Standard Error 0.31b.1
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TABLE 19 (Cont'd.)

Experiment 2 (Cont'd.)

Biological Analysis
FPraction II-III

Animel Initial Serum Final Serunm Change In Serum

Number Calcium, mg.¥ Caleium, ag.ﬁ Caloium, gg.ﬁ

1 g.v 9.6 l.g
2 .4 10.2 1.

3 8.5 11.3 2.8
4 8.1 10.2 2.1
5 7.8 10.5 2.7
5 7.‘ 8.9 los
7 TT 9.9 2.2

Mean and Standard Error 2.1%0.2

Biological Analysis

Praction IV-1
Animal Initial Serum Final Serum Change In Serum

Humber Caleium, gg.! Caloium, gg.ﬁ Calolum, gg.é

1 7.1 5.2 0.2
2 g.B 1 0.3
3 5 8.3 -0.2
4 TeT 8.7 1.9
5 6.4 6.7 0.3
6 8.7 9.0 0.3
7 8.5 9.0 0.5

Mean and Standard Brror 0.3%0.1
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TABLE 19 (Conttd.)
Experiment 2 (Cont%d,)

Biologieal Analysis
Fraction IV-4

Animal Initial Serum Final Serum Change In Serum

Hunber Cslofium, mg. ¥ Calcium, mg.¥ Calcium, mg. %
1 7.1 g.ﬁ Dbt
2 T5 7 1.2
3 303 805 002
3 6.9 8.2 1.3
) 8.9 3.3 2.3
& 6.4 6.9 0.5
7 603 612 ""0.1

Mean and Standard Error 0,5%0.2

Biologiocal Analysis

Praction V
Animal Initial Serum Final 3erum Change In Serum

Humber Caleium, mg.# Calcium, mg.# Calcium, mg.®

1 7.0 6&8 "002
2 7.3 7.l ~0.2
3 7.9 8.9 0.1
S g %
6 802 8.0 '0;2
7 T.T 8.3 0.6

Mean and 3tandard Error 0.110.1
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The experimentul results recorded here strongly suggest a
localization of exogenous parathyroid hormone activity in Fraction
II-III of normal human plasme, which 1s composed primarily of
beta-globuline, gamma-globulins and beta-lipoproteins. It 1s
also important to note that the bhiological activity recovered
does not seem to be distributed to any significant extent among
the plasma protein fractions, but appears to be concentrated
almost completely in Praction II-III.

The mean response of the assay group utilized in the bio-
assay of Fraction II-III is in the area of the response which woulld y”
be elicited by at least 50 USP units of parathyroid hormone |
activity (Table 2 and 3). The seven animals of the assay group
employed, then, may be considered to be responding to a total of
approximately 350 USP units of activity as a minimum estimation.
This represents a recovery of 70% of added parathyroid hormone
activity. The reasons for inability to obtain complete recovery
of added activity in work of this type have been discussed
previously in connection with the addition of parathyroid extract
to rat plasma,

It is interesting to note at this time, that PFraction II-IIX
of human plasma is the fraction with which plasma ACTH activity
(Bethune, 1957), plasma gonadotrophic activity (McArthur et. al.,
1956) (Antoniades, 1957), plasma insulin aotivity (Beigelman,
1956 a) and plasma thyrotrophic hormone activity (Queredo and
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Lameyer, 1956) have been found associlated.

Cold Ethanol Fractionation Of Normal Human Plagma.
Concentrates of unfractionated normal human plasmg have been
shown to lack sufficlient parathyroid hormone potency to be
detected by our analytical system. In view of this, and consider~
ing the results obtained in the previous section, it was now
decided to apply cold ethanol fraetionation techniques to normsl f
plasma and assay the resulting concentrated plasme protein tractipnq
for parathyroid hormone activity. In this way relatively large i
volumes of normal plasma could be utilized for plasme parathyroid
hormone analiysis.

Experiment 1. 560 mls of normal human plasma were

obtained from two normal male donors (Caucasian, ages 23 and 42)

at the Cook County Blood Bank of the Cook County Hospital,Chicagd.
The plasma was then subjected to c¢old ethanol fractionation in ¢t
usual manner. The resulting fractions were lyophilized and store
in the freegzer until used for assay, st which time they were

warmed to room temperature in & warm water bath and reconstituted

tosufficient volume so that each animal of the assay group |
received no more than 5 ml. aliquots of the reconstituted salutij: f?

This was possible in all cases except that of Fraction V (albumi
Enough of this fraction was utilized for analysis so that each
animal of a nine animal assay group received the maximum per

misaible dosage of protein, 1.5 gram/150 gram animal. The




protela analysis of the various fractions are listed in Table 20,
the biclogiczal assay data are shown in Table 21 A,

The resgsults indicate detection of endogenous plasma pars-
thyroid hormone activity in concentrates of protein Praction II-III i
of normal human plasma, No sotivity was detecied 1n any of the |
other fractions sssayed. This agrees with the results obtained i
the previous section where exogenous parathyrold activity was aluj
primarily associatesd with Fraction 1I-1II.

Experiment 2. In order to confirm the previous results,
the following experiment was performed.

550 ml. of normal human plasma were obtalned from two
normal male, Caucasian donors (ages 22 and 3%) at the Cook County
Blood Benit, Cook County Hospital, Chicago. This plasma wes
subJjected to cold ethanol fracticnation in the usual manner, with
the resulting plasxza protein fractions being lyophilized and
placed in the freezer until utilized for assay. In this experi-
ment, Fraction II-I1I was assayed, and Fraction I, IV-I, IV-4
and V were combined and then assayed as a combined fraction.

The experimental results are outlined in Table 21 B.




TABLE 20

PROTEIN ANALYSI3S CP PLASMA FRACTIONS CBTAINED FROM NORKAL HUMAN PLASHA

BY THE NOL PRACTIONATION METHO. OF COHN ET. AL.
ga. ¥ % Total Animals per Doses/Animal Plasma cc.
Fraction Protein Protein gm./560 ml. Assey Group mg. Protein Equivalent/inimal
I 0.30 5.4 1.70 5 33¢ 112 '
II-111 1.51 27.2 8.46 8 1,060 70
Iv-1l 9.35 6.3 1.97 5 394 112
Iv-4 0.38 6.8 2.1% 5 A29 112 :;
v 3.03 54.5  17.10 9 1,500 38
Total 5.57
Whole
Plasma 5.71

# Recovery 98
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Fragtion I
Doses
protein/animal
Animal Initisl Serun
Nymber Calcium, mg.$
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3 6.7
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Fraction 1I-IXI

Doses
protein/animal

Animal Initial Serum
Number Calcium, mg.®
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TABLE 21 A

BIOLOGICAL ASSAY OF PROTEIN FRACTIONS FROM
NORMAL HUMAN PLASMA

112 plasma cc. equivalents of Fraction I

Pinal Serua Change In Serum
calcium, mg.% C
Tob 0.0
7.1 0.1
6.6 «Q,1
N 0.2
«0 0.2

Final Serum
a

8.4
9.2

Te

£:§
803
§:3

Mean and Standard Brror 0.130.1

70 plasme cc. equivalents of Fraction II-IlI

ghnngg In Serum

b O ot O ot bt

Mean and Standard Error 1.040.2
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TARLE 21 A (Cont'd.)

Frection IV-1
pose: 112 plasma ce. equivalents of Fraction IV-I
protein/animal
Animal Intitisl Serum Pinal Serum  Change In Jerum
Number Calcium, mg.® (Calojum, wg.% Calolum, ag.®
1 6.2 6.4 0.2
2 607 6'6 ""001
3 7.2 7.2 0.0
L} 6.1 6.2 0.1
5 T.7 T.9 0.2
Mean and 3tandard Error 0.1%0.1
Fraction IV-3§
Dose: 112 plasma cc. eGuivalents of Praction IV-4
protein/animal
Animal Initial Serum Final Serum Ck In Serum
Number (Calcium, mg.# Calcium, mg,¥ Caloium, mg.®
1 70 7.0 0.0
2 6.8 6.7 0.4
3 60 T.1 0.3
“ Tia 70“ 0.1
5 700 702 002

Mean and Standsrd Error 0.2%.1
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TABLE 21 A (Cont'd.)

Fraction V

Doset 38 plasma ce, equivalents of Praction V
protein/animal

Animal Initial Serum Final Serum Change In Serum

Number Calcium, mg.% Calelum, gg,é cal

0
n

D OO~ WA Bt RO 1
=~ g~ O~

. % % & & 0 & & ¢
O\ VO MWD

-3~ 00 (O~ 00 OO 0o
e # 2 » » B & & &
O O =) FOW B

0.1
0.3
0.0
0.4
0.4
0.1
0.5
0.2
0.0
0.2

Mean and Standard Errvor 3.1
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TABLE 21 B
BIOLOGICAL AS3AY OF PROTEIN FRACTIONS
HUMAN PLASMA

PR0M_NOAMAL

Experiment 2

Pro n Anslysls

gm/550 ml. Animals in Dose/Animal Plasma cc.
Fraction gm.$ Plasma _ Assay Oroup gms, Protein equiv./animsl

II-I11 1.5 8.3 8 1.03 69
Combined

Fractions 5,0 23.6 12 1.5 37
I, IV*I,

IV-Q, V

Total 5.5

Whole Plasma5.9
% Recovery 963

Blo i¢ Analys

Fractio «II1
Animal Initial Serum Final 3erum Change In Serum

Number Calotum, mg.%# Caloium, mg.¥ Calol

: &3 o 33
g 6.2 g.l 1.9

5' 5! 0.0
5 g.g T.g 0.0
6 .g 13‘2 i.g
! 2.8 .3 0.3

1.030.3

Mean and Standard Error
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TABLE 21 B {Cont%d,)

Assay of Combined Fractions I, iV-I, IV-%, V
Animal Initisl Serum Final Serun Change In Serum
Nusber Caloium, mg.S Calojus, mg.S Calofum, mg.$

boo
* »

| ad
) . .
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Hean and Standard Error 0.2%0.1
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The results observed in experiment 2 corrodorate those
obtained in experiment 1, that is, endogenous plasma parathyroid
activity has been detected in protein Praction II-III of normal
human plasma. It will be noted that the magnitude of the mean
response of the assay group of both expsriments are strikingly
simllar, and are of the order which one would expect from an assay
group respending to doses of 25 USP units of parathyroid activity
per animal. We have, then, the basis for an initial semi-
quantitative extimation of circulatory levels of endogenous plasme
parathyroid hormone activity in humans. This will be considered in]
detall in the following section.
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CHAPTER VII
DISCUSSION AND CONCLUSIONS
For purposes of discussion, this dissertation may be con-
sidered to consist of two main sections. The first of these
concerns the desoription and experimental evaluation of the blo-
logical assay system to be used, and the second deals with the
application of this analytical system to the study of plasma

in detail in Chapter IV and Chapter V. This discussion, then, will |
concern itself primarily with the data recorded in those txparintntn"
designed to investigate the properties of the parathyroid hormone Ul
as it exists in the plasmma,

8inge it has been shown in preliminary work that normal rat
plasma lacked sufficient parathyroid hormone potency to be
detected by the blological assay system, it was necessary, in
order to study plasma parathyroid hormone astivity, to develop a
technique for the prtp;ration of rat plasma with sufficient
hormone potency for detection by the analyticsl system in use.
This waas acoomplished by the aduinistration of large doses of
parathyroid extrast to rats intraperitoneally, followed by
exanguination after one hour. The efficacy and reproducibility of
this method have been repeatedly demonstrated throughout this
dissertation. The intraperitoneal route of administration was

chosen because evidence is avallable to indicate that intravenously
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administered protein hormones are rapidly inactiveted by the host M
animal, (Greenspan et.2l. 1950) (Pincus et.al. 1952) (Sydnor \
et.al. 1953) (Wolstenholme and Millar, 1957) The mechanism of thi# Eg
in vivo insctivation of protein hormones by the body has, in i'
itself, been the subjeot of much inveatigation. A possible

explanation of this phenomenon has been suggested in a report
by Mirsky et.al. (1959). These workers confirmed the findings of ):
White and Grass (1957) that the plasma proteolytic anzyn-.pxunninl l
was capable of raplidly hydrolyzing ACTH and further obaerved the L
enzyme to similarly effect glucagon and somatotrophin. Interest-
ingly, Insulin was shown to be resistant to such inactivation, a i
fact which tends to confirm current thought that Insulin is 1an¢tﬂvu¢u

1949) (Mirsky et.al. 1953) (Mirsky et.al. 1955) |
In addition to the removal of excess hormonal aetivity from| ||

primarily in the liver and not in the cirsulation. (Mirsky et.al.

the plasma by a destruction of the sctive molecule as suggested I
above, there are sther, more subtle concepts, which could bdbe [[
visualized. The organism could, for example, render excess hormong j
physiologically inocuous by some reversible oxidatlon-reduction
phenomena, or, perhaps, by a binding of the aotive hormone to
plasas proteins or other tigsue in such & manner as to prevent it l
from exerting 1ts blological potency. Under sush conditions the

body would have excess hormone available in the blood stream at MF

MerveE
all times, ready for instant conversion to a physielogioally/form [




— | 1%%

in response to any emergency. Ingle (1959), for example, has
pointed out that the repid disappearance of endogenous or
exogenous ACTH from the blood need no longer be attributed direct
to a destruction of the ACTH molecule in the circulation, since
ACTH has been shown ocapable of binding to tisaues, espicially the
kidney (Sydnor and Sayers, 1953) and of being relessed from these
sites by other peptides which it is thought, either displaces it
by competing for possible binding sites, or forces it out in somwe
unknown manner.

In view of the oft proposed association of parathyroid
hormone function with that of the kidney (Albright, 1948)
(Greep and Kenny, 1955) (Goldman et.al. 1958) (Buchanan et.al.
1959) (Talpers and Stein, 1959), a parathyroid hormone-kidney
binding phenomenon similar to that observed with ACTH appears an
intriguing possibility.

At the present time there is no direct evidence available
concerning the mechanism or rate of insctivation of parathyroid
hormone in the circulation. There 1s, howsver, some data which
suggests that the plasma parathyroid hormone is not rapidly in-
activated or dnltrcyoéﬁ:rt some of the other plasma hormones.,
Davies and Praser (1956) and Davies (1958) have demonstrated
parathyroid hormone activity to be present in urine from normal

and hyperparathyroid individuals. The possibility exists, thnrlrok,gﬁ,

that exceas or unutilized plasma parsthyroid hormone activity is
ultimately excreted in the urine.
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It has been demonstrated that the toéhniquo of massive ﬂk
iantraperitoneal administration of parathyroid extract to rats
results in a plasma containing detectable levels of parathyroid I
hormone activity up to three hours subsequent to its intra- w
peritoneal injection. Apparently, then, excess parathyroid harucTo ’;
is not rendered physiologically inactive as repidly as are i
excess luouhta of other protein hormones.

It is commonly accepted, and indeed seems axiomatic, that

any hormone present in excess guantities in the circulation must

hg rapidly destroyed or rendered insctive if the body ia to
m;intain homeostasis. The exogenous pnruthyroid‘hoiunnu which
enters the circulation subsequent to intraperitoneal injection,
then, must either be not present in levels capadle of upsetting
homeostasis, or if present in such levels, must be prevented frow

exerting its physiological effects by some as yet unknown

mechanism. If this is so, the next logical assumption would appeasy ﬁ?
to be that the sustained high levels of parathyroid activity i
noted in rat plasma one and three hours after injection of the
parathyroid extract, reflect a slow, steady diffusion of hornéaal
activity into the rat circulatory systea, in levels which permit
detection by the biologloal assay system, but which are not

suffielently high at any one time to upset homeostasis or trigger
a parathyroid hormone inactivating mechanism. Such & slow passage

of exogenous hormone into the circulatory system would seem more
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compatable with the objectives of this investigation then, for
example, the masaive flooding of the blood with large quantities
of exogenous hormone by such msthods as intravenous injections,
In the latter case there is resson to believe that the excess
hormone would bind to plasma protein fractions with which it
was not normally associated (Roberts, 1957) (Robbins and Rall,
1957}. In the former situation, that of intraperitoneal injectio
of exogenous hormone, it was felt that a flooding of binding titf[
on the plasma protein normally associated with endogencus hormone|
would not ocour, or would be much less likely to occur.

The technigue develeped for preparation of plasma containing ﬂf
deteotable levels of parathyroid hormone activity (hormonally
active plasma) then, would seem to afford the beat available
method for introduetion of excess hormone into the circulation 1in
such a manner as to ssaure its assocciation with the same plasma
protein as the endogenous secretiona of the parethyroid glands.

The question now arises as to whether the hormonally active
molecular speaies present in the parathyroid extract utilized in
this investigation 1s 1dentical with the endogencus secretions of)
the parathyroid glands?

It 18, of courss, extremely 4ifficult and dangerous to make
categorical statements in such matters. One can,however, make
reasonable as:umptions based upon dooumented experimental ab;crvnt b
In general, we can state that it has been conclusively demonatrat |
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that adainistretion of parathyroid extract reverses the biochemical
changes of hypoparathyroidism, Also, administration of excess
parathyroid extract to animal and man produce 8 chemical syndrome
jdentic2l to that obgerved in hyperparathyroidisam (Howard, 1956).
Observations such as these have historically been considered ample
to indicate presence of a true hormone in a test preparation and,
indeed, are the basis of the science of endosrinology. It seems
logical to assume, therefore, that the parathyrold extract eamployed
in this work contains to at least some degree, the active secretion
of the parathyroid gland.

Although hormonslly active rat plasma preparations were,
therefors, avallable for chemical fractionation studies, it was

necessary to determine whether or not partition of the plasma

parathyroid sotivity among plasma protein fractions was a feasible
underteking. The clsssical ammonium sulfate fractionation procedure @f
was applied in order to ascertain if s crude partition of hormonal |
activity scould be attained.

Inherent in any ammonium sulfate fractionation work is the
problem of subsequent removal of the salt by dislysis. It became
necessery, then, to observe the effect of dialysis upon the activiyy ffﬁ

of our parathyroid preparations. The results which we recorded

show quite definitely that under the oconditions of our exporiunntaT
dialysis of parathyroid extract resulte in & dramatic reduction of
biological potency, but that the identiocal dialysis procedure does
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not alter the biological poteney of parathyroid extract when in
the presence of rat plasma, nor does dialysis affect the potency of
hormonally active rat plasma.

The practical effects of these observations were primarily
that we could now proceed with the initial crude ammonium sulfate
fractionation of hormonally aotive rat plasma., The theoretical
implications of these observations, however, merit further con-
sideration., Two main questions come to mind in this regard,
namely, a) what was the nature of the inactivation of the para-
thyroid extrast by dialysis and b) how does one explain the
“protective effect® of the plasma proteins upon this phenomenon.
Loss of activity of the parathyroid extract upon dialysis was,
in itself, a rather surprising observation. The parathyroid
hormone has historically been considered to be protein in nature
and, indeed, dialysis has been utilized as a2 preparative and
purification technique, although under conditions different from
those employed here (Melius, 1956).

There appear to be three main theories which could be il
forwarded to explain the loss of scotivity of the parathyroid extraqt }%
upon dialysis. 1) The dialysis procedure could have inactivated |
the asctive principle of the extract due to changes in the physiesl
environment within the dialysis bag, such as changes in pH or loss
jof dialyszable cofactors such a metal ions. The change in pH
}aubocquont to dialysis of the extract, however, was slight and the
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rinal pH after dlalysis was not one known to result in a loss of
piological activity by the parathyroid extraot. Rasmussen (1959)
has recently suggested the posaibility that the parathyroid hormong
may require a metal ion as & cofactor, but this possibility has,
as yet, received no experimental verification. 2) The second
rossible explanation for the inactivation phencmena observed sub-
sequent to dielysis is that the active prineiple of the axtract
became immeshed in the fibers of the dialyzing meabrans. There
have been 3 number of reports, however, desling with dlalysis and
ultra-filtration of parathyroid preparation with no mention of
such a situation oeccurring. 3) Another possibiiity is that the
getive principls passed through the dlalyzing sembrane employed.
Davies and Gordon (1953) (1954) reported that they had observed
the hormonal potency of thnir parathyrold preparation %o panss
through ¢ellophane membranes upon ultrafiltration. Rasmussen and
westfall {1954) reported that up to 95% of the calcium mobilizing
activity of their hydrochloric acld extract had passed through &
cellophane membrane upon ultrafiltration. Xenny et. al. (1956)
reported both the caleium-mobilizing and the phoaphaturic

activities of his parathyrold extract preparations to be dialyszabl
to *a oconsiderable extent.® Purther, the active principle nbtainﬂl
from the parathyroid glands by acid extractions has recently been
assigned & molecular weight of about 19,000 (Rasmussen, 1957).
Craig et. 8l., (1958) in & detailed review of the technique of
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dialysls, has reported that under various conditions they have
observed such molecular species as Trypsin (MW 20,000), Pituitary
ractogenic Hormone (MW 26,000) and Ovalbumin (MW 50,000) to be
capable of passing through visking dialyzing membranes to various

degrees. The evidence presented here, therefore, would seem to
strongly suggest that what has besn observed in this work was a
passage of the aoctive principle of the extract through the
dialyzing membrane.

If this 18 80, the next logloal inference to be drawn from
the data is that plasma proteins in some way prevent this dialysis
from oceurring. Roberts (1957) recoversd corticosteroid releasing
sctivity in dialyzed, lyophilized rat plasma proteins and con-
sidered this as indioating that the hormonal moeity was either
protein or protein-bound. Daughaday (1956) found that the rate
of dialysis of cortisone was slowed down markedly by the presence
of plasma proteins and concluded that the difference in rates of
dialysis was due to & binding of the hormone to plasme proteins.
Heller and Lederis (1957) on the basis of similar dats, suggested
& binding of the pressor and oxytocic principles of the anterior
pitultary to plasma proteins. Pitt-Rivers (1957) was unable to
separate thyroxin from certain plasma proteins by dialysis and
reported this to dbe an indication of binding of the hormene by a

plasma protein. These reports seem to demonstrate that the
binding of a hormone to plasma proteins is capable of deoreasing
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its rate of dialysis and conversely, & decreased rate of dialysis
of @ hormone when in the presence of plasma proteins is usually
indicative of 8 binding of the hormone to the plasma protein. It
is felt, therefore, that the strong presumptive evidence exiasts
to suggest that what has been observed in this investigation was
a8 binding of the parathyroid principle to 8 plasma protein, with
2 resultant inability of the bound hormonal moeity to pass through,
the dialyzing membrane.

The information obtalned from the dislysis experiments
confirmed the feasability of applying salt fractionation to the
study of plasma parathyroid hormone activity. Ammonium sulfate
fractionation of hormonally active rat plasms resulted in a
Gef'inite partition of hormonal sctivity in the “globulin"
precipitate. There was no sctivity observed in the supsrnate or
albumin fraction.

Since some success has been realized through use of this
classical but relatively crude ammonium sulfate fractionation, it
was next decided to utilise the more refined cold ethanol fraction- |
ation techniques in attempts to locelize parathyroid activity in il
rat plasms protein fractions.

Hormonally active rat plasma was subjected to cold ethanol
fractionation and parathyroid activity was found liocalized in
Fraction IV, which consists primarily of alpha-globulins. No
activity was deteocted in Fraction I (fibrinogens), Frastion II
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(beta and gamma globulins), Fraction 3CA (beta-globulins) or
Fraction V (slbumins), It will be recalled that ammonium sulfate
fractionation of hormonally active plasma had indicated an

aessociation of parathyroid activity in the plasms "globulin"

prec¢ipitate. The results observed upon cold ethanol fractionation

of hormonally active plasma, therefore, were not surprising and
appeared a confirmation of the validity of the experimental
approach.

Cold ethanol fractionation of rat plasma to which had been
added parathyroid extract, in vitro, however, resulted in an
association of hormonal activity not only with the alpha-globulin
fraction as in the previous instances, but also with the plasma
albumin fraoction.

Whet is the explanation and significance of this variation
in the distribution pattern of parathyroid sctivity among plasma
protein fractions?

Roberts (1957 C) has reported that exogencus thyrotrophie
aotivity appeared primarily in the albumin fraction of rat plasma
but also "spilled over" into the other protein fractions. Robbin
and Rall (1955) studied the binding of thyroxin by thyroxin
binding protein (TBP) in human plasma. These workers added
thyroxin to human plasma, in vitro, and concluded that the
thyroxin binds preferentially with TBP until all of the binding

sites are saturated, after which it binds to other proteins.

]
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Roberts (1957 A) utilizing cold ethanol fractionation technigues,
added ACTH to rat plsama in vitro, and compared the distribution
of hormonal activity in the various plasma protein fractions wit
that observed in the protein fractions of plasma sollected from
rats which had been infuased with ACTH intravenously prior to
exangulnation and fractionation. It was found that hormonal
activity in the latter case was associated primarily with the
albumin fraction, but that in the former case, where the ACTH
had been edded to the plasma in vitro, hormonal &ctivitly was
associated not only with the albumin fraction, but with the cthen
protein fractions as well.

On the basis of these observations, Roberts (1957 A)
concludes that "endogenous circulating ACTH in the rat is
transported mainly or exclusively in the albumin fraction of the
plasme proteins. The exogenous hormone also binds to the aibun&n
fraction, but when present in large guantities, may bdind to
certain of the other plasma proteins.”

It would appear, therefore, that the phenomenon observed
in this investigation is similar to those reported by Robbins
and Rall (1955) end by Roberts (1957 A) (1957 €). It would seem
reasonable to conaider the distribution of parathyroid activity
among the protein fractions of hormonally active plasma as
approaching that of the endogenous hormone more c¢losely than does
the dlstribution pattern observed in the case of the in vitre
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parathyrold extract-plasma preparation, Cold ethanol fraction-
ation of hormonally active plasma, however, resulied in a detectign WL
of parethyrold hormone activity exclusively in Praction IV, which
consists of alpha-globulins, while similar fractionation of rat

plasma to which had been added parathyroid extract in vitro,
resulted 1n detection of activity in Fraction IV, but glso in

Fractlon V, whilch consists of the plasma albumins. We may

assume in this latter case that there was present in the para-
thyroid extract-rat plasma mixture large excesses of perathyroid
hormone molecules. Since no mechanism was available under such
in vitro conditions for removal of this excess activity, it can
be suggested that the hormonal molecules present first occupied
all the availeble binding sites on the alpha-globulin proteins,
and then spilled over and became assoctated in the albumin
fraction in an unphysiological manner. & similar situation could
not occur in the case of hormonally active rat plasma, since its
preparation involved a slow ateady diftuniou of exogenous hormone
into the rat circulatory system under conditions which permitted
insctivation or removal of excess hormonal activity by enzymatie
hydrolysis, excretion in the urine or in some other unknown
manner, Upon exanguination, then, such plasma would contain
detectable levels of exogenous hormone bound in a physiological
nanner to only one plasma protein fraction, Praction IV.

The above theory is based upon the assumption that the
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extract employed contalins only ous hormonally active molecular
speciea. This preparation 1s, however, an aclid extrast of bovine
glands and as such, 1t would not be surprising 1f 1t contained
at least two molecularly different but hormonslly potent chemlcal
species. Such a situation has been suggested by the work of

Handler, Cohn and Dratz (19%54) who subJjected parathyroid extract

to column chromatography on IRC-5C resin and recovered 5 fractionp, ||

each containing similar biological potencies.

The distribution pattern obtained from ra&t plasma to which
had been added parathyroid extract, in vitro, then, could re-
present the affinity of the various hormonally potent chemical
speciea for speocifioc plasma protein fractions. When the extraet
is administered intraperitonsally, however, the more unphysiolog
molecules, presumably the aspecies that binds to the slbumin
fraction, 1s inactivated. destroyed or excreted. The hormomal
moieties remaining in the cireulation could then bind to the
fraction normally associated with the endogencus sscretions of

the parathyroid glands, Fraction IV, to give the activity patterds ||

actualliy observed.

Another possibllity wmay be considered here., Let us asgume
that the parathyroid extract contains a number of physiologicsily
active, but structurally distinet chemical species, one of which
is atrongly similar to, or identical with the endogenous plasoe
parathyroid hormone molecule., The 1n vitro distribution pattern

|
“ i

Tl
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would, again, reflect the affinity of the respective moleties to
specific protein fractions. When the extract is administered
intraperitonsalyand diffuses slowly ints the circulation, howeved, ﬁﬁ
1t is concelvable that the unphysiological molecules, which |
presumabdbly possess an affinity for the aldbumin fraction when
added to plasme in vitro, were chemically altered in the
circulation so as to approach more closely the structural cone
figuration of the true endogenous hormone.

It should be pointed out at this time, however, that the
possibllities Just dimcussed were presented as explanation for
the differences noticed in the parathyroid horaone distribution
patterns of rat plasme protein fractions obtained after cold
ethenol fractionation of hormonally active rat plasma. The fact
should not be overlooked that in the case of the hormonally

active plasma, which represents the situation most closely
reflecting the physiologleal environment of the sndogencus
hormene, all the activity recovered was localized in a single
plesme protein fraction.

In situatlions containing the inherent complex paremeters

such as those with which we are faced here, it is always
ai1fficult ¢to draw categorical conclusions from the experimental
data. If the distribution of parathyroid hormone activity among
plasma protein fractions obtainsd from bilologically active plasma)

had been found in more than one plasma protein fraction, the
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danger of associating endogenous plasma parathyroid hormone aativiiy \

to any particular fraction would be greatly compounded. In this
work, however, asmonium sulfate fractionation of biologilcally
active rat plasma has indicated an assocliation of plasma hormone
activity with the plasma globulin fraction, and this has been
confirmed by the cold ethanol fractionation of hormonally active
rat plesms, in which case all recovered plasma parathyroid hormone

activity was found sssociated with the Practio IV, or alpha-globulin |

frastion.

It would appear, then, that on the basis of the observations
reported here, we can assums with reasonable certainty, that rat
plasma parathyroid hormone activity is normally essociated with
the plasme alpha-globulin fraction, but when present in large
excesses, may bind to certain other plassa proteins.

The problem of assoclating humsn plasma parathyroid hormone
activity with specific plasma protein frasctions was approached in
& slightly different manner due to the availability of relatively
large amounts of normal human plasma, & situation which we did not
obtain with rat plasma. As has been pointed out, the limiting

faotor in the detection of hormonal activity in normal human plasmg ‘

was the amount of plasma protein which could be administered to
each assay animal without produation of protein toxicity. A seriesg
of studies were conducted to define the limits of plasma protein

which ocould be administered to the test animal, and this was found

RO

,
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to be 0.01 gramas of plasma protein per gram of body weight or
about 1.5 grams of protein per 150 grams assay animal.

Sufficient normml humén plasma was lyophtlized to provide
the maximum permissible emount of plasma protein for administration
to each member of an eight animal test group. This amounted to
injecting 25 plasma cc. eQuivalents of normal human plasma protein
to each assay animal. The analytical data recorded demonstrated
clearly that no plasms perathyrold hormone activity could be
detected in these test dcses.

It has been demonstrated that our analytical system 1s
sensitive to at least 25 USP units of parathyroid hormone sctivity
In this work 25 plasma cc. egquivalents of total plasma protein
failed to elicit a response in the rat preparations utilized for
biological assay, and, therefore, presumthly contained less than
25 USP units of plasma hormone activity. If this is s0, then
100 ml. of normal plasmt contains less than 100 USP units of
parathyroid activity. Estimations of this type based upon siamilar
analytical data have been reported in the cese of a number of
protein hormones (Wolstenholme and Millar, 19%58).

Next, it was decided to study the distribution pattern of
exogenous parathyroid hormons activity among protein fractions
of normal human plasms obtained through use of the ¢old ethanol
frastionation techniques of Cohn et. al. (1946). This approach
had been employed with some success by Jemgzell et. al, (1955) for
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growth hormone and by Bethune et. al. (19%55) in studies on plasme
ACTH. The latter report was of particular significance to this
investigation, since 1t was found that the distribution pattern
of ACTH activity among protein fractions of human plasma to which
had been added ACTH in vitro, was identical to the distribution
pattern of endogencus ACTH activity.

Gemzell et. al. (1955) found exogenocus Growth Hormone
activity to be recovered in Cohn Fractions IV-I and IV-4, of
nora@l human plasma and also observed the endogenous growth
hormone aetivity of young pigs and a calf to be in the same
fraction.

In the work reported here, parathyroid sxtract was added to
normal human plasms which was then subjected to cold ethanol
fractionation. The distribution pattern observed indicated that
all the recovered activity was located in Praction II-III, which
consists mostly of beta and gamma glodulins (Cohn et. al., 1946).
No significant amounts of activity were detectable in any of the
sther fractions obtained.

Localization of parathyroid activity in this fraction was an
extremely interesting situation, since Praction II-III is the
same fraction with which plasma ACTH activity (Bethune et. al.,
1957), pituitary gonadotrophic activity (McArthur et. al., 1957),
plasma thyrotrophic activity (Querido and Lameyer, 1956) and
plasma insulin activity (Beigelman et. 2l., 1956 B), weres found
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to be assocclated following cold ethanol fractionation studies.

Since plasma hormone activity could not be detected in 25
plasma cc. equivelants of total plasma protein, it was now
desided to egploy co0ld ethanol fractionation as a method of con-
centrating specific plasme protein fractions and presumably such
endogenous parathyrold hormone activity as msy be present in
these fractions. 550 ml. of normal human plasme was fractionated
in this manner.

In the previous work it had been possible to administer the
maximum dose of plasma protein to esch animal of & teat group.
In the situation encountered here, however, this was impossible .
The maximum permissible protein dosage per animal was, as
indlcated previously, 1.5 grams of protein per 150 gram animal.
In addition, it was necessary to have at least 5 animals in each
assay group. In order to prepare sufficient ampunts of plasma
Fraction I, IV-I and IV-4 protein for use at the meximum protein
dose level, 1t would be necessary to fractionate over 10 liters
of normal humsan plasaa, end such large quantities werenot
available to us. Further, if we were to assay all the availadble
Frastion V protein (albumins) at the 1.5 gram/150 gram animsl
ratio, 1t would involve use of many more experimental animals
than required for significant evaluation, due, of course, to the
large # of albumin in normal human plasma, In order to solve this
problem 1t was decided to administer sech fraction at the
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maximum protein level which would permit use of at least 5
animels in the aasay group. In this wey it was possible to assay
112 plasms cc. eqQuivalents of Praction I (fibrinogen) on each of
five animals, 112 plasma cec. equivalents of Fraction IV-I (alphe
giobulins) on each of five apimals, 112 plasma cc. equivalents
of Fraction IV-4 {alpha and beta globulins) on each of five
animala, 70 plasms cc. eQuivalents of Praction IX-III (gamma and
peta giobulina) on each of eight animsls, and 38 plasma co. equiv-
alents of Frsction V protein on each of nine animals. In view
of the limitations imposed upon cur experimentsal procedures by
the assay system employed, this representsd the maxiaum amounts
of each plasma protein fraction possible.

The results obtained indicated the presence of endogenous
plasma parsthyrold hormone activity in Frection II-I1I, the
same fraction with whioh the exogenous activity of the previous
experiment had been associated. Bolinger (1959) has stated that
the localization of exogenous hormone in the same fraction which
contains endogenous hormone-like activity may be interpreted as
evidence in favor of the sssumption that the activity noted is
actually due to the endogenocus hormone and not to an artifact,
3ince no constituent of plasma is known to ape the effect of
parathyroid hormone, and since the negative results obtained with
Fraction V at a higher protein test dose level rule ocut a non-
specific reaponse due to the presence of plasme proteins, it would

seem ressonable to conclude that the effect elicited in
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the assay system by Fraction II-IIX protein was due to the
pressnce of endogenous plasme parathyroid hormone.

The mean response of the test group smployed in the analysis
of the potency of Fraction II-IlIl is of the order which one would
expect from about 25 USP units of parathyroid activity. Since thig
response was obtained from 70 plesma c¢o. eguivalents of Fraction
II-1II protein, it may be estimated that normal human plasma
contains in the order of 40 USP units of detectable endogenous
parathyroid hormone activity per 100 ml. of plasma.

In view of the fact that all the evidence recorded in the
experiments discussed had indicated localisation of parathyroid
hormone activity in Praction II-1II, this fraction was again
separated from 560 ml, of normal humsn plasmk, the other fractiond
being also isolated but combined prior to analysis. In confirm-
ation of the previous work, activity was detectable in 6% plasma
e, tquivtlauts of Fraction II-III protein, while no activity
could be detected in 37 plasma co. equivelants of combined
Fractions I, IV-I, IV-4 and V. The estimated level of endogenous
activity in this experiments is strikingly similar to that
observed in the previous work, about #0 USP units of activity per
100 ml. of normal plasms.

This is, to the authors'knowledge, the initial successful
demonstration of endogenous parathyroid hormone activity in normal
humen plasma, and the initial association of such metivity with
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8 specific plaapn protein fraction. Purther, there s, as far
as can be determined, no informetion avellable concerning the
level of plasma parathyrold hormone activity othar than that
presented here.

Since endogenous plasma parathyroid hormone seams to be
primarily assoclated with Cohn Praction II-.III, let us look at
the exact chemical composition of this fraction in more detail,
The Praction 1I-III precipitate contains asaentially all the
gamma-glotulins (antidodies), most of the beta-glodulins,
including the beta-lipoprotein, as well as small amounts of
albumin, alpha-globulin and fibrinogen. In addition, prothrombin,
isoagglutinins and plasminogen are also present in this fraction.
(Cohn, 1946)

In previous discussions frequent reference has deen made to
the “association” of hormonal activity with particular protein
fractions, Juat what is actually implied Dy this term?

We have, in this dissertation, prc ented evidence based on
dlalysis studies which strongly suggests a binding of plasma
parathyroid hormone activity to plasma proteins. In sddition, a
co-precipitation of plesma hormone activity has been associated
with certain apecific plasma protein fractions in the case of
in vitro addition of parathyroid extract to rat and humsn plasma,
and with & single plssma protein fraction in the case of
hormonally active rat plasma and normal human plasma.
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Pitt-Rivers (1957) concluded that hormonal lodine was bound
to plasma proteins because it could not be separated by dlalysis
and was 6o-peraip1tutcd by protein precipitants. Heller {(1957)
suggested that co-precipitation of ACTH and thyrotrophic hormone
with specific plasma fractions is indicative of binding. Bethune
et.al. (1957) suggested that the ocourence of ACTH activity in
Cohn plasme protein Praction II-IXX, indicated ACTH existed in
human plasma as a protein-polypeptide complex. Roberts (1957A)
felt that co-precipitation of rat plasme ACTH activity Justified
assumption of & binding type of phenomenon of this activity with
specific plasma protein fractions for transportation purposes.
These are only & few of meny reports which imply that co-
precipitation can be regarded as evidence in favor of binding of
the hormone with the co-precipitated proteins. Since the data
reported here is of a similar nature, it is felt we have Just-
ification in proposing & binding of plasma parathyroid hormone to
theprotein in fractions with which it has been co-precipitated.

Assuming @ binding of parathyroid hormone to plasma protein
- does oecur, what 1s its raison dn”ﬁtro ? Although 1t may be
philosophically dangerous to sssume that everything that ogccurs
normally in the body is for a beneficial pyrpose, it would seem
that some reason should be forwarded to explain why a hormone-
protein binding would be desired by the organism. A possible clue
may be found in the work of Brown et.al. (1955) who studied the
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interaction of corticotrophin with Bovine Albumin, This worker
found that corticotrophin bound to the albumin and further, that
this binding increased the potency of his corticotrophin
preparations.

A binding of hormone to plasma protein to form a complex,
cound be visualized as helping to prevent the inactivation of th&
hormone by the organism. This could be accomplished, for example
by denying the active site of the hormone contact with in-
activating enzymes, such as plasain, In addition to preventing
"active” hormenal molecules from being too rapidly inactivated
in vivo, and, theredy rendering them biologically more effective

protein binding could also conceivably render "sctive®™ hormone
molecules inactive without setuslly deatroying them. In this
way the body could preserve homeostasis and at the same time
have on hand some “reserve" hormone for emergencies. There are
many interesting and useful possidbilities which could be con-
sidered a consequence of a hormone-protein binding phenomena.
In eonolusion, 1t 1s felt that we have definitely dcmonntrntcé}

an association of plasms parathyroid hormone activity with
specific ret and human plasma protciﬁ fractions. 8trong e¢ircum-
stantial evidence has been presented which suggests that the
assoclation of hormonal activity and plasme protein fraction is

in the nature of & hormone-protein binding phenomenon, and

initial estimations have been made of the circulating level of




endogenous plasma pLarathyroid hormone activity.
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CHAPTER VIIIX
SUMMARY

1. A bilologioal assay system has been described sultable for
use in the evaluation of parathyroid hormone sctivity in plasma
and in plasma protein fractions.

2. Preshly collected rat plasma has been shown to lack a
parathyrold hormone inastivating system, in vitro.

3. Nembutal has been shown capable of markedly decreasing the
sensitivity of the bilologlcal assay system to parathyroid
extract,

5, A technigues has been described for the preparation of rat
plasms with sufficiently high levels of parathyroid hormone
activity to be detected by the bilologlcal assay system. Plasma
prepared in this manner has been designated as "hormonally
active plasma.”

5 It han been demonstrated that dialysis of commercial para-
thyroid extract results in a virtual elimination of hormonal
activity. This loss of activity has deen found not to occur
when the extract is incubated with plasma prior to dialysis.
Evidence has bdeen presented to suggest that the latter
phenomenon can be explained on the dasis of a dbinding of the
hormone to plasma proteins.
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6. Commeroial parathyrold extrast 1is inactivated by oxidation
with hydrogen peroxide, bdut this inactivation is not observed
to ocour if the extract 13 incubdbated with plssma prior to
treatment.,

Te The blological potency of hormonally active rat plesma 1s
not affected by eilther dialysis or treatment with hydrogen
peroxide. The latter obaservation would seem to preclude
oxidative inactivation of plasma perathyroid hormone activity
from being of significance, in vivo,

8. Ammonium sulfate fractionation of hormonally active rat
plasma resulted in detection of parathyroid sotivity in the
globulin precipitate.

9. Cold ethanol fractionation of freshly collected rat plasms
to which had deen added parathyrold extract, in vitro, resulted
in 8 localization of hormonal activity in Fraction IV (alpha-
globulin) and in Praction V (albumin).

10. Cold ethanol fractionation of hormonally active rat plasma
reaulted in a localization of parathyroid activity in Fraction
IV but pnot in Fraction V.,

11. Evidence is presented to suggest thet Praction IV is the
fraction with which endogenous rat plasma protein activity 1»s

normally associated.
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12, Lyophlilized protein from 2% ce. of normal human plasma
was shown not to contain detectable levels of sndogenous
plagma parathyroid hormone activity.

13. Cold ethanol fractionstion of normal humen plasma to which
had been added parathyroid extract, in vitro, resulted in an
asaosiation of activity with protein Fraction II-IIX, which
contains primarily beta and gamma globulins,

14, Cold ethanol fractionation of lerge volumes of normal human|
plasma resulted in a2 deteation of endogenous plasma parathyroid]
hormone astivity in Fraction IX-IXI, the same fraction in which|
exogenous hormonal activity had been deteated., Fraction II-IIX
is the fraction with which the plasma activity of Insulin, ACTH]
Thyrotrophic Hormone and Pitultary Gonadotrophins have been
shown to be assoclated.

15, On the basis of the data presented, the level of circulating
endogensus humsn plasma parathyroid hormone activity has deen
estimated to de in the order of 30 USP units of activity per
100 ml, of plasma.




170
BIBLIOGRAPHY

Albright, P, and Reifenstein, E. C., Jr. (1948) ®The Parathyrotld
(Glands and Metabolic Bone Diseasa; Salected 3tudies” wWilliams &
Wilkins Co., Baltimore

Antoniades, H. N., m““oxl; ?'. MeArthur, J. ¥W,., “m‘lzy Re. B.
(1956) "Distribution of Infused Estrones In Human Plasma®
Fed. ?!'oc., Aﬁ. 211

Antoniades, M. N., MeArthur, J. W,, Pennell, R. B., 15801"‘911. .
Vlfslder, H., Oncley, J. L. {1957 4) "Diastribution of Infused
Estrones in Human Plasma® Am. J. of Physiology, 189, 455

Antoniades, H. N., Pennell, R. B,, McArthur, J. W., Ingersoll, F.,|
Oncley, J. L., and Ulfelder, H. {1957 B) "Praparation and
Concentration of the Pituitary Gonadotrophins from Human Plasma"
J, Biol, Chem., 228, 863

mtaniaéﬂa‘ 4. ﬂc; lel, Be Bey 31&“”331‘&‘, e Hap Jr. and
Sandberg, A, A. (1957 C) "Binding and Distribution of Intravenouslly
Injected ClY4 stercid and Thelr Metabolltes In Human Plasma and
Its Practions® J, Blol, Chem., 229, 1071

Antoniades, H. N., &1?1“&. P. M., Pennell, R, B., Thorn, Q. ¥.
and Onsley, J. L. (1953) "Insulin~Like Astivity of Human Plazza
Constituents., IXI. Elution of Insulin-Like Activity from
Cationic Exchange Resin™ Metabolism, J, 266

Aurdach, ¢. D. {1959) "Extraction of Paruthzrvxd Hormone with
Phenol" Arch. Blochem, and Biophysies, 80, 466

Bartholomew, R. J, (1953) "A Simplified Method For The Preparation
Of Corticotrophin® FPros. 3vm. Bx, Biol. & Med., 83, 334

Bartter, F. C. {1954) "The Parathyroids” Annual Rev. of Phyaiol.,
16, 429

Bcig.lnln‘ P. M., Goetz, F. C., Antonlades, H. N. and Thorn, G. W.
1956 A} "Insulin~Like Activity of Human Plasma Constituents.
 Description and Evaluation of Bioclogical Assay PFor Insulin-Like|

Astivity® Metabolism, 5, 35

mlg&lmﬂﬂ’ P, ¥M,, Antoniades, H, N. Goete, F. C., Renold, A, E.,
Oneley, J. L. and Thorn, G. W. (1956 B) "Insulin-Like Activity of
Human Plasma Constituents. II, Blological Assay of Human Plasma

Practions Por Insulin-Like Activity"™ Metabolism, 5, 44




171

Beigelman, P. M. and Antoniades, H. N, (1958) "Insulin-Like
Activity Of Human Plasma Consituents. IV. Insulin lLevels of
Normal Humean Flasms and Serum” Metabollsm, 7, 269

Beiring, A. (1950) "Bicassay of Farathyroid Hormone on Rats®
Acta. Pharmacol. Toxicol., &, 59

Bethune, J. F,, Despointea, R. H., Antonlades, H. N. end Nelson, i
D. H. (1958) "Corticotrophic Activity of Human Plasma Constituentg" |
Proc. Soc. mta Biocl. & Med.., 21‘; 59

Bier, M. (19;9) "Electrophoresis:t Theory, Methods and
Applications Acsademic Press, New York

Bischoff, F. and Stauffer, R, D. {1954) "The Dispersion of
Testosterone in Aqueous Bovine Serum Albumin Solution” J. Am.
Chem. Soc., 76, 1962

Bolinger, R. E., Van Der Geld, H. and Willedrands, A, P. (1959)
*Bleotrophoretic Separations of Insulin Activity of Normal Plasma
§2d3gxaaan with Added Insulin I131" Netabolism, Clin. and Exp.,

Bornstein, J. (1950) "A Technique For The Assay of Small
Quantities of Insulin Using Alloxan-Diabetic, Hypophysectomized,
ggfag;lcctouixcd Rats® Australian J. of Exp. Blol, and Med.,

¥

Bornstein, J. and Park, C. K. (1953) "Inhibition of Glucose
Uptake By The Serum of Disbetic Rats" J, Biol. Chem., 205, 503

Brown, R, A,, Mayer, A, W., Davies, M. C. and Cox, H. R. (1955)
"The Interaction of Cortleotrophin with Bovine Albumin™ Arch. of
Biochem. and Biophys., 58, 68

Bueh.nlag G, Des Kraints, P. ¥W. and “1“‘.. R. V. (1959) .R’MI
Excration of Calcium and Phosphate in the louse as Influenced by
the hr‘tb’mid‘“ Proa, Soc¢, for Exi?c Biol. and Med., mg 306

Capbell, J. (1959) "A Comparison of the Serum Proteins of Normal
Rats ¥With Those Bearing Liver Tumours® Biocheam. J., I1, 155




172

Cohn, E. J., Onecley, J. L., Strong, L, E., Hughes, W. L. and
Armstrong, 3. H. (1944) “Chemical, Clinicel and Immunological
Studies On The Produocts Of Human Plasma Fractionation. 1. The
Characteristics Of The Protein Fraotions Of Human Plasma”

J. Clin. Invest., 23, 417

Cohn, E. J., 3%1‘0“33 L. B., ﬂum‘, W, L., Jr., Mulford, D. J.,
Ashworth, J, W.,, Melin, M., Taylor, H. L. (1946) "Preparation
And Properties Of Serum And Plasma Proteins. IV, A System For
The Separation Into Practions Of The Protein and Lipoprotein
ggupgg;nts Of Biolpgical Tissues and Fluids®™ J. Am, Chem. Soc.,
2, L

Collip, J. B. {(1925) "The Extrasction Of A Parathyroid Hormone
Which Will Prevent And Control Parathyroid Tetany And Which
Regulates The Levels Of Blood Caleil J. Biol. Chem., 63, 395

Cotes, P. M. and Young, F. O, (1951) “"Attempts To Detect Growth
Hormone In Samples Of Blood And Urine Obtained During Pregnancy
Or Lactation" Biochem. J., 49, 1lix

Craig, BE. C., Konigsberg, ¥W., Stracher, A. and King, T. P. (1958)
“The Charscteriszation Of Lower Nolecular Weight Proteins By
Dialysis® Symposium on Protein Structure, A. Neuberger, ed.,
page 104, J. Wiley & 3ons, New York

Daughaday, W. H. (1956) "A Binding Of Corticosateroids By Plasma
Proteins. I. Dialysis Bquilibrium And Renal Clearance Studies”
J. Clin. Invest., 32; 1428

Daughaday, W. K. (1958) "Binding Of Corticostercids By Plasma
Proteins. IIX. The Binding Of Corticosteroids And Related
Hormones By Human Plesma And Plasms Protein Fractions As Measured
By Bquilibrium Dislysis® J. Clin. Invest., 37, 511

Davies, B, M. A., Gordon, A. H. and Mussett, M. V. (1954 A) "a
Plasma Calcium Assay For Parathyroid Hormone Using Parathyroidectd
omized Rats” J. of Pnysiology, 125, 383

Davies, B. M. A., and Gordon, A. H. (1954 B) "Ultrafiltration Of
The Parathyroid Hormone" Bloohem, J., 61, 646

Davies, B. M. 4., Gordon, A. H., and Mussett, M. V, (1955) A
Mouse Urine Phosphate Assay For Parathyroid Hormone With Certain
Appliocations” J. of Physiology, 133, 79




173

Davies, B. M. A, and Fraser, F. (1956) "A Benszoic Acid
Absorption Method For Extracting Parathyroid Hormone From Human
Urine® Blochem. J., 63, 3p

Davies, B. M. A, (1958 A) "The Extraction And Estimation Of
Human Urinary Parathyroid Hormone” J. Endorinolegy, 16, 369

Davies, B. M. A. (1958 B) "The Parathyroid Glands, Ca. Metabolism
And Metabolic Bone Disemses" Yearbook of Endocrinology, 1958-59,
page 104, The Yearbook Publishers, Chicago.

Edsall, J. T. (1947} "The Plasma Proteins And Their PFractionation
Advances in Protein Chem., 3, 383

Ellsworth, E. and Howard, J, BE. (193%) "A Method For Diagnoais Of
Hyperparathyroidisa® Johns Hopkins Hosp. Bull., 57, 91

Firachein, H., ﬂlrtin‘ Gsp Mulryan, B, J., Strates, B. and
Neuman, W. P. (1958) ®"Concerning The Mechanism Of Action Of
Parathyroid Hormone. I. Ion Gradients® J. Am. Chea. Soc.,

80, 1619

Pirschein, H. E., Neuman, W, F,, Martin, G. R. and Hulryln, B. J.
(1959) “"3tudies On The Mechaniam Of Action Of The Parathyroid
Hormone®™ Regent Progress In Hormone Research, XV, 427

Poulks, J. G. and Perry, P. A. (1559) "Renal Exeretion Of
Phosphate Following Psrathyroldectomy In The Dog" Am. J. of
Physiology, 196, 554

Preinkel, N., Dowling, J. T., and Ingbar, 3. H. (1955) "The
Interaction Of Thyroxin With Plasma Protelns; Localization Of
Thyroxin Binding Protein In Cohn Fractions Of Plasma™ J. of Clin
Invest., 3!’ 1698

Friedman, S. and Munson, P. L. (1958) "Preliminary Practionation
Of Parathyroid Extract With Ammonium Sulfate®™ Biochem. et,
Biophys. Acta., g_gg 204

Oaddum, J. H. (1953 Porward "Biosssay Of Anterior Pituitary And

Adrenocorticortical Hormones" Ciba Poundation Colloquia on

ggdecrinolagy. Volume V, page XV, Little, Brown and Company,
ston,

Gardner, L. I. (1954) "nNole Of Human Plasme Protein Fractions IV
And V In 17-ketosterold Transport" Johns Hopkins Hosp. Bull.,

94, 105

3




174

Gedin, H. J., Porath, J. (1957) "Studies Of Zone Electrophoresis
In Vertioal Columns. IX. Zone Electrophoresis Of Serum Proteins®
Biochem. et. Bio&mao ﬁet‘np 2 » 159 '

Gemzell, Carl, H.idhnﬂklotd; A, and L&m-Strm. P. (1955)
"A Method For Demonstrating Growth Hormone Activity In Human
Plasma" J. Of Clin.Endo. and Metab.,l5, 537

Goets, F.C., Beigelman, P.M,,and Thorn G.W. (1954) "A Method Of
Insulin Bio-Assay And Its Application To Human Plasma Practions"
m.sm.mtl.ﬂiol. & Med., _8__6_,“8#

Goldman, R. and Bassett, S.H. (1958) "Renal Regulation Of
Phosphoruas Bxcretion” J, Of Clin. Endo. and Metab., 18, 981

Greenspan, F.3, (1950) * Studies On Cireculating Growth Hormone"
J. Clin. Endo. and Metab., 10,829

Greenspan, P.8,.,Choh, H.L., and Evans, H.M. (1950) "Disappearence
Of Adrenogorticotrophic Hormone From Rat Plasma After Intervenous
Injection® Endoerinology, 46,261

Greep, R,0. and Kenny, A.D. (1955) YPhysiology and Chemistry Of
The Parathyroids® in Wgﬁgﬁalm III, G.Pincus and
K.Thimann, Ed., Academic sstNew York

Groen J.,Kammings, C.E.,Willebrands A,FP. and Blickman, J.R.
(1952)" Evidence For The Presence Of Insulin In Blood Serum. A
Method For An Approximate Determination Of The Insulin Content
Or Blood" J. Ciin. Invest., 31, 97

Gutman, B. (1948)" The Plasma Proteins In Disease” Advances In
Protein Chemistry, 4, 155, Academic Press, New York

Handler, P., Cohn, D.V. and Dratz, A.F. (1954) " Studies On The
Purification Of Parathyroid Extrsct”, Hetabollc Inter-relations,
Trans. 5th. Josish Macy Conf.New York, page 320

Heller, H. (1957) * The State And Concentration Of The Neuro~
hypophysial Hormones In The Blocd" Hoggag%s In Blood, Ciba .
Poundation Colloquia On Endocrinology, Volume 11, page 3, L;ttle
Brown and Compa Boston

ny
Heller, H. (1957B] "General Discussion” Horwones In Civa
Foundation Colloquia On Endoerinology, Volu » page 73, Little,
Brown and Company, Boston.




175

Hopkins, M.M, and Chandler, B.B, (1925) " Accessory Parathyroids
In The Rat" Anat. Record, 30, 95

Howard, J.E. (1956) "Present Knowledge Of Parathyroid Function,
With Special Emphasis Upon Its Limitations® page 206, Ciba
Foundation Symposium On Bone Structure and Metabolism,

Little, Brown and Company, Boston

Howard J.E., Wolstenholme, G.E.¥. and O'Connor, C.M. (eds.)
(1956) Cciba Foundation Symposium On Bone Structure and Metabolism
Little, Brown and Company, Boston.

Ingle, D. (1959) "Current Status Of Adrenocortical Research
Amsrican Scientist, 47,313 :

Kenny, A.D., Vines, B.G. and Munson, P.L. (195%) "Estimation Of
Ratio Of Phosphaturic And Calcoium Mobllizing Activities In
Parathyroid Extracts" Fed. Proc., 13, 24}

Kenny A.D., Rosenberg, E.H. and Munson, P.L. (1956) "3tudies On
Parathyroid Extract® J. Clin. Endo. and Metab., 16, 978

Kenny, A.D. snd Munaon P.L. (1959) "A Method For The Biological
Assay Of Pnosphaturic Activity In Parathyroid Extracts"
Endoerinclogy, 64,513

Kinsell, L.W., Michaels, G6.D., L1, C.H. and Larson ¥.E. (19&8)
"Studles In Growth-Interrelationship Between Pituitary Growth
Factor and Growth Promoting Androgens In Acromegaly and aisantiank
II. Quantitative Evaluation of Bone And Soft Tissue Growth In
Acromegaly" J. Clin. Endo., and Metad., 8, 1013

L1, C.H., (1953) "Biloasssy Of Growth Hormone" gggﬁg or &;t.gieg,
P ' itary And Adrencgortical Hormon Ciba Poun 1%!‘1 col ogquia
Y v ; ) ittle, Brown and Company,

Like A.A, and Orbison J.L. (1958) "The Parathyroids And Exper~
imental Vascular Necrosis In The Rat"™ AMA Arch. of Path.,60, 739

Loraine J.A. (1957) “Some General Principles In The Bloassay Of
Anterior Pitultary And Placental Hormones In Blood With Special

Reference To Clinical Problems" g@;§§ggg~§§_¥éggg. Ciba Poundatioh
Colloquia On Endocrinology, Volume I, page 19, Little, Brown
and Company, Boston.




176

Mac Callum, W. G. and Voegtliine, C. (1909) "On The aalatzonship or
Tetany Tc The Parathyroid Jdlands And Calcium Metabolism®™ J. Exp.
Med., I1I, 118

Martin, G. R.,, Firschein, H., E., Mulryan, B. J. and Neuman, wW. F,
(1958) ‘Canerning The Mechanism Of Parathyroid Hormone. 1I1I.
Metabolle Effects . Am, Chem, Soc., 80, 6

MeArthur, J. W,., Pennell, R. B., Antoniades, H. N., Ingersoll, 7.,
Oncley, J. L, and Ulfaelder, H. t1956) "pistribution And Partial
Purification Of Pituitary oanadatrOphina Of Human Plasma”

3@6. Bxpo 3101- !Rd de‘ 230

McLean, F. C. and Bourne, G. H. (Eds.) (1956) “The Biochemistry
And Physiology Of Bone" Chapter XX1I, Academic Press, New York

Mirsxy, A. (1949) “The Inactivation of Insulin By Tissue Extracts"
Areh. of Biochem., %, 1%9

Mirsky, A. end Perisutti, 0. (1953) “The Insetivation Of Insulin
By Liver Slices Of The Rat® Endoorinology, 52, 6

Mirsky, A. snd Pn isutti, G. and Sixon, F. D. (1955) “The
Destrustion Of Il 1~Labcltd Insulin By Rat Liver Extracts"
J. Biol. Chem., 214, 397

Mirsky, A., Perisutti, G. and Davies, N. C. (1959) "The Destructiop
or Gluoagou, Adrencecorticotrophin, and 3omstotrophin By Human
Blood Flasma® The J. of Clin. Invest., 38, 14

Moore, 3. and Stein, W. H. (1956) "Review Of Protein Chromatograph}®

Advances In Protein Chemistry, 11, 191, Academic Press, New York

KMunson, P. L., Kenny, A, D. end Iseri, O. A. (1953) “Biological
Assay Of Calcium Mobilizing Hormone (CMH) Based On Maintenance Of
Serum Calcium In Parsthyroidectomized Rats" Fed. Proc., 12, 249

Munson, P. L. (1959) "Purification Of Parathyroid Extract® Fed.
Proc., ;é; 291

Natelson, S. and Penniall, R. (1955) "Colorimetric Estimation Of
Ultramicro Qunntities Of Calcium In Human Serum As The Complex
With Alizersn" Anal. Chem., 27, &

Natelson, 3. (1257) 'ﬂzerotcchniqucs Of Clinical Chemistry For
The Routine Lad" page 310, Charles C. Thomas, Springfield




177

Nelson, D. H. snd Hume, D. M. 51954) "4 New Method For The

?gtc;ginntion Of ACTH In Blood™ J. Clin. Endo. and Metab.,
1

23

H‘mn’ W, F-' F’lt‘schﬂ.‘kn, Ka; Ch.ﬂ; 2. Sn’ J!‘u; Hulr'ytn. B, J. lmL
DiStefano, V. (1956) "On The Mechanism Of Action Of Parathormone”
J«. Am. Chem. Soc., Iég 3363

Neuman, W. F, (1958) “The Mechaniam Of Parathyroid Function®
J. Lancet, 78, 190

Heuman, W. F, and Neumen, M. W. (1958) "Physiological Regulatory?
Mechanlswms" page 137, Chemical Dynamics of Bone Minersl, Universify
of Chicago Press, Chicago

Paris, J., Upson, M., Jr., Sprague, R, 0., Salassa, R. M. and
Albert, A, (1954) "Corticotrophic Aotivity of Human Blood®
J. Clin. Endo, & Metab., 13, 597

Payne, K. W, and Raben, M. 5. and Astwood, E. B, (1950)
*Extraction And Purification Of Corticotrophins® J. Biol. Ches.,
187, 719

Peterson, E, A, and Sober, H. A, (1956 A) “"Chromatography Of
Proteins. I. Cellulose Ion Exchange Absorbents™ J. Am. Chenm.
Soc., I8, 751

Peterson, E. A, and Sober, H. A. (1956 B) "Chromatography Of
Proteins. Il. Practionation Of Jerum Proteins On Anion-Exchange
Cellulose® J. Am. Chem. Soc., 18, 756

Pincus, G., Hechter, 0. and Hopkins, T. (1952 A) "The Inesctivation
Of ACTH In Mammalian Bloo¢® J. of Clin, Eando. and Metab,, 12, 92¢

Pincus, (. Hopkins, T. P. and Hechter, 0. (1952 B) “An ACTH
Insctivating Factor In Mammalian Blood" Arch. of Biochem.,

37, ko8

Pitt-Rivers, R. (1957) "Thyroid Hormones In The Blood" Hormones
ia Bl » Ciba Poundation Colloquia on Endoorinology, Vo ume »
page s Little, Brown & Company, Boston

Querido, A. and Lameyer, D. (1956) "Discussion Of Thyrotrophic
Hormone" Proc. of the Royal Soc. of Med., &9, 209

Randle, P. J. (1954) "Assay Of Plasma Insulin Activity By The Rat
Disphram Method" Brit. Med. J., 1, 1237




178

Randle, P, J. (1957) "Insulin In The Blood" Hormones In Blood
Ciba Péundation Colloquia On Endoerinology, Volume iz?‘bégo Iiﬁ,
Little, Brown & Company, Boston

Randle, P. J. and Taylor, K., W. (1958) “"The Insulin Activity Of
Protein Fractions Of Normal Human 3erum” J. Endocrinology,

17, 387

Rasmussen, H., Roland, G. and Westrfall, 3. {1956) “Alterations
0f The Duration Of Action Of Parathyroid Hormone After Partial
Purification" HNature (bondon), 178, 1173

Rasmussen, H. (1957) “"Electrophoretic Purification Of Parathormong
B* J. Biol, Chem., 229, 781

Rasmussen, H. and Westrfall, R, G. (1957) “The Partial Purificatiog
0f Parathyroid Hormone By Means Of Ultrafiltration And Dis~
placement Chromatograp Biochem. J., 67, 660

Rasmussen, H. (1958) "Effect Of Oxidation And Reduction Upon The
Biological Activity Of Parathyroid Hormone™ Science, 128, 1347

Resmussen, H. (1959) "Effect Of Injection Medium Upon The
ggelgg%cal Reaponse To Parathyroid Hormone®™ Endoerinology,
, 3

Reichert, L. E., Jr. (1958) ®"In Vitro Effect Of Parathyroid Gland
Extract Upon The Ultraviolet Absorption Of Reduced Coenzyme II"
Masters Thesis, Loyols University, Chicago

Reichert, L. E., Jr. end L'Heureux, M. V. (1958) "In Vitro Effect
Of Parathyroid Extract Upon The Ultraviolet Absorption Of Reduced
Coenzyme II Abstracts o Am. Chem. 30e., Chicago Meeting,
September, 1958

Reichert, L. E. Jr. and L'Heureux, M. V. {1959) “In Vitro Effect
Of Parathyroid Hormone On TPNH" J. of Eandocrinology, In Press

Reisfeld, R, A.,, Bergenstal, D. M. and Hertz, R. (1959)
“Distribution Of Gonadotrophic Hormone Activity In The 3erum
Proteins Of Normal Pregnant Women And Patients With Trophoblastic
Tumora® Arch. of Biochem. and Blophys., §1, 456

Relas, M., Badrick, P, E,, Holkerston, X. D, K. and Plaice, C.
(19515 "Inectivation Of ACTH By Plasma" Nature, 168, 206




179

Robbins, J. and Rall J.E. (1955)" Thyroxin Binding Capacity Of
Serum In Normal Man" J. Clin. Invest., 34, 1324 |

Robbins J. and Rall, J.E. (1957) * The Intersction Of Thyroid
Hormone and Proteins In Biological Pluids® Rec.Progresg In
Hormone Research, XIII, 161

Roberts, S. and Szego, C. (1946) "The Nature Of Ciroulating Estrofen|
Lipoprotein Bound Estrogen In Humen Plasma” Endocrinology, 39,183 l

Roberts, 3. and Kelley M.B, (1956) "Metazbolism Of Plasms Proteins| |
In Vitro® J. Blol. Chem., 822, 555

Roberts, 8. (1957A) "Corticosteroid-feleasing Activity In Blood"
Hu§§§nos In Blogd, Ciba Poundatlion Colloquia on Endocrinology,
olume 11, page 167, Little, Brown and Compeny, Boston

Roberts, S. (1957B) “General Discussion” 8ag$gneg ;% Blood
Cidbs Foundation Colloguis On Endoerinoliogy, volume Il, page 205
Littlie, Brown and Company, Boston

Roberts, 3. (1957C) General Discussion of "Concentration of TSH
During Cold And Exposure" F.M. Bottari, Hormones In Blougd

Cibe Poundation Colloguia On Endoerinology, %@Tuﬂa IX, page 718,
Little, Brown and Company, Boston

Ross W.P, and vWoed, T.R. (1942) “The Partial Purificetion And
3ome Observations On The Nature Of The Parsthyroid Hormone"
J. Blol. Chem., ﬁ‘é‘ 49

Royce G. and Sayers, 0. (1958) "Blood ACTH- Eifects Of Ether
Pentobarbital, Epinepherine, and Pain" Bndoorinology, 63, 794

Rubin, B,L., and Dorfman, R.I. (1953) "Biological Assay Of
Parathyroid Hormone" Proc.3oc.Bxp.Bilol. and Med,.,83,223

Jandberg, A. 3launwhite H.W., and Antoniades H.N. (1957) “The <
Binding Of Sterolds And Steroid Conjugates To Human Plasms Froteig"
Hecent Progress In Hormone Research, XIIl, 209 ‘

Schmid, K. (19%3) "Preparation and Properties of Serum And Plasma
Proteins. XAIX. Separation From Human Plasme Of Polysaccharides,
Peptides, and Proteins Of Low Molecular Weightes. Crystallization
Of An Acid Glycoprotein® J. Am. Chem. 30c¢., 15, 60




180

gegaluir, g. (1953)”’ﬂequiveunnta For Ciinigally Useful
ndocrine Bloassays" kniaaisax Of Anterior Pituitary An

Adrencgortical Hormones, a Foundation Colloquia on
Endoerinology, Volume V, page 1, Little, Brown & Company,
Boston

Stewart, G. S. and Bowen, H. F. (1952} “The Urinary Phosphate
Excretion Pactor Of Parathyroid Gland Extracts; A Hormone Or
An Artifact?” Endocrinology, 51, 81

Surgenor, D, M,, Strong, L. E., Taylor, H. L., Gordon, R. 8.

and Gibson, D. M. (1943} ®The Separation Of Choline Esterase,
Mucoprotein And Metal Combining Protein Into Subfractionas Of

Human Plasme® J. Am. Chem. Soec., J1, 1223

Svensson, H. (1941) “Fractionation Of Serum With Ammonium Sulfate
And Water Dialysis, Studlied By Electrophoresis® J. Biol. Chen.,

139, 805

Sydnor, K, L. and Sayers, G. (1952) “A New Technique For
Determination Of Adrenccorticotrophin In Blood® Proc. 30c. Exp.
Biocl., and Med., 73, 432

Sydnor, K. L. and Sayers, G. (1953 A) "Biologlcal Half-Life Of
Endogenous ACTH" Proe. Soe. Exp. Bilol. and Med., 83, 729

Sydnor, K. L, and Sayers, G. and Brown, H. (1953 B) "Preliminary
Studies On Blood ACTH In Man" J. Cilin. Endo., and Metab.,

13, 891

Talpers, S. and Stein, J., Jr. (1959) “Tubular Reabsorption Of
Plasma As A Measure Of Parsthyroid Activity" Metab, Clin. and
Exper., 8, 170

Tiseluls, A. (1937) "Electrophoresis Of Serum Globulin,
Electrophoretic Anslysis Of Normal And Immune Sera®™ Bilochemical
Jo» 31, 1464

Ulrich, F.,, L1, C. H. and Tarver, g (1954) "Blectrophoresis Of
Rat Piasma. III. Preparation Of 8 5 Leveled Albumins"™ Arch. of
Biochem. and Blophys., 50, 421

Vallance-Owen, J. snd Hurlock, B. 5195&) "Estimstion Of Plasma
Insulin By The Rat Diaphram Method” Lancet, 1, 68




181

walters, H., Haurowitz, F., Flelgcher, 5., Lietze, A., Cheng, H.H
Turner, J. E. and Friedberg, W. (1957) "The Metabolic Rate Of
Iggoetad Homologous Serum Proteins In Rabbits® J. Blel. Chem.,
224, 107

Weitz, M. and Hagedorn, H. C. (195%) "Experimental Diabetes”
CIOM3 Symposium, page 279, Oxford; Blackwell

white, W. F. and Grass, A. M. (1957) "Studies On Adrenocortico-
trophin® J. Am. Chem. 3cc., 79, 1141

Willebrands and Broen (1956) “Determination Of 3erum Insulin By
The Kat Diaphram Method"™ Diabetes, 5, 378

wolfson, W, L., Cohn, C., Calvary, E. and Ichiba, F. (1948)
“"Studies In Serum Proteins. V. A Rapild Procedurs For The
Estimation OFf Total Protein, True Albumins, Total Globulin,
Alpha-Globulin, Beta-Globulin and Gamme-Globulin In 1.0 ml.
0f Serum"” Am. J. of Clin. Path., 18, 723

Wolstenhclme, G, E, W. (1959) "Bioassay Of Anterior Pituitary
And Adrencocortical Hormones Cibs Foundation Colloquis On
Endocrinology, Volume V, Little, Brown & Compeny, Boston

Wolstenholme, G. E, W. and Millar, E. C. P, (1957) "Hormones In
Blood"™ Ciba Poundation Colloquia On Endoerinology, Volume II,
Little, Brown & Company, Boston




182

APPENDIX




183

TECHNIQUE OF PARATHYROIDECTOMY BY CAUTERIZATION

The following technique was routinely employed to para-
thyroidectomize female aldbino rats of the Sprague-Dawley strain
weighing 120-130 grams.

Ether was used as the anesthetic during the operation, which

was carried out in the hood to facilitate removal of ether vapors.

The animal was anesthetized in an ether Jjar and removed when, aftel

rolling over on its back, the animal ceased struggling to right
iteelf. After removal from the Jar the animal was placed on its
back on & wooden board, spproximately five inches by ten inches,
and secured by placing wide adhesive tape over each limb. A rubber
band was placed about the incisor tooth in such & manner as to makp
the neck of the animal slightly taut, the incisor becoming the
apsx of a triangle formed by 1t and two nalls imbedded in the
board about two inches above the head of the animal. A smsll plece
of cotton was made damp to the touch with ether and placed close
to, but not in contact with, the nose of the animal. Ether was
kept on hand and period ically during the operation was added to
the cotton, not more than five drops at a time. If during the
course of the operation the animal developed pronounced ataxic
breathing, the cotton plug was removed from the nose area until
breathing returned to normal., If, however, respiratory difficult-
les, characterized by a wheezing or gasping sound developed and

did not cease after a minute or two, the cotton plug was replaced
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and the operation completed as rapidly as possible. After the
animal had been secured on the operating board, an incision was
made along the midline of the neck from the cephslic boarder
of the sternuzs to the mandible. Similar incisions are made
through the various subcutansous layers of connective tissue,
and hemostats were used as needed to hold the cut tissue to one
side. Care was taken to avoid damage to the submaxillary
salivary glands situated bilsterally to this midldne incision,
Any damage to these glands resulted in profuse bleeding. It was
found convenient to feel for the trachea with & finger before
making the incision, and then cutting along whet was felt to be
the aidline of the trachea. In this way the initiasl incision
sometimes separated the glands present right away. Once the
muscle layer covering the glands and trachea had besn exposed,
1t was gently separated at the midline through use of & sharp
probs or scalpel. The muscle flaps were retained by hemostats,
and the exposed trachea cautiously freed of fascia., A msucle w
noted lying adjacent to each lobe of the thyroparathyroid
apparatus. This was separated by blunt disseoction, Once this
muscle had been retracted, it was usually possible to observe
the parathyroid gland as & noticeable lighter-colored,bulbular
projection located at the upper lateral edge of the thyroid.

In all cases identification was greatly facilitated through use
of & 2.75X binocular loupe (Magni-Foocuser). The parathyroid was
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then cauterized with the eye tip of a cautery pencil. Cautlon
must be exsrted here tc e¢liminate danger of inflammation of

the ether saturated cotton plugs. To insure complete removal,
1t was found best to cauterize the general area where the
psrathyroids were usually located. Ifthe parathyroid glands
glands could not be located, cauterization of the general

area with which the glands were normally found associated

was shown to be generally effective in prodveing & parathroid-
ectomy. Care must be taken not to use too hot an eye tip, since
this would burn into the trachea or destroy soms other vital
structure. Insertion of a blunt probe xi"anr the trachea, which
was used to gently lift the thyroparathyroid apparatus, proved
helpful in allowing the operator to better distinguish and
cauterizs the parathyroid gland mass. Immediately after cauter-
ization, all 1imb restraints were removed, and thewound was
closed with from two {0 four wound clips. The animal revived in
& ainute or two following a return to its cage. If the animal
developed & proncunced gasping or wheezing which 41d not
subside within 15 minutes, it was destroyed.
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CARDIAC PUNCTURE TECHNIQUE

The foliowing method was routinely employed in obtaining
rat plasma for serum c&lcium analysis.

The animal is anesthetized with ether and placed on the
operating board in the same manner as described in the previous
section. The cardiac puncture is made utilizing a one ce. Luer
type syringe, with a 25 or 26 guage needle. A larger needle is
not advisable as itmay seriously damage the heart. The needle
is inserted at a point slightly lateral to the point of maximum
palpitation as deterained by touch. If the animal is prepared in
the same manner for each cardiac puncture attempt, it is often
possible to "hit"™ the heart even though some Aifficulty is snco
tered in feeling for the point of maxiamum palpitation, 1If the

is missed in the initial puncture attempt, one should not probe
around with the needle, but apply gentle lateral pressure to es
8ide to see if the impulss of the heart can be felt on the need
This will aid in judging the site of the next attempt. It is
felt that for a beginner it would be of great benefit to insert
the needle into the animal, then destroy it with ether and
observe the in situ location of the heart in relation to the
position of the inserted needle. Thils serves as an invaluable
orisantation. A number of rats withstoed up to six cardiac

punctures with no noticeable 111 effects, and after some practide

relatively few fatalaties are incurred.
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CALCIUM ANALYSIS OF SERUM, METHOD OF HATELSON AND PENNIALL.

The reagents and materials used were prepared exactly as
desoribed by Natelson and Penniall (1955). The following is 2
detalled scoount of the technigue shown to give reproducible
results when employed for serum calcium analysis,

One ml, of water is placed in s ground glass stoppered
12 ml, c¢apacity centrifuge cone. To this is added 50 lambda of
serum, usings 50 lambde mioropipette. The micropipetting seemed
to be the source of most of the initial difficulties encountered
in obtaining reproducible results. The following procedure was
found to be acceptable. The micropipette is attached to a
tuberculin syringe by means of some rigid attachment, such as a
plastic nozsle or a thick walled pressure tubing, about 3/4 inch
in length. It should be possible to control the pipette using
the syringe and only one hand. The micropipette is inserted
into the sample, and the sample is drawn up to the point a bit
above the 50 lambda mark, This sample 1s then discarded. The uix]

of the plasma sample will almost always be large enough to permi
this proesdurs with a 50 lambda or smaller pipette. The pipette
is reinserted into the sample and again the sample is drawn up to
a point slightly above the mark. The outside of the ulcropipette
is wiped off with Kleenex, and in this way the sample 1s usually
drawn down to the sark by capillary action. The sample 1s then

ejoected into the water in the centrifuge cone. The mixture in the
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centrifuge cone i3 used to rinse the micropipette twice. The
micropipette is finally rinsed twice with distilled water, the
rinse beingejected into the centrifuge cone. This procedure
assures removal of all the serum from the walls of the micro-
pipette. Pipetting of a second serum sample is aceomplished in tﬁp
siue BANNET as above. After use, the micropipette is cleaned
with detergent, distilled water, concentrated nitric acid and
again with distilled water. It is not necessary tc¢ dry the
pipette if the above procedure is used. To the cones containing
the serum and water, 2 ml. of Triethanolamine and then 6 ml, of
the alizarin-cctanol reasgent are added., It was found convenient
to add these reagents by burette for speed and accursoy. The
tightly stoppered centrifuge cones are placed on the shsking
machine and shaken for 20 minutes. Following this,the cones are
sentrifuged for five minutes at 2000 rpm in the clinical cantrif?ga
1f s2loudly supernates are obtained, the cones are re-centrifuged
for another five minutes, It is important, however, that all the
cones in a run are centrifuged for the same length of time. The
supernate is drawn off using & 5 ml. graduated pipette eontrallch
by mouth suction, About 6 ml. can usually be drswn off, but &

minimum of 4 ml. are required for the colorimetric measurement 1
standard size colorimeter tubes, The color developed in the supep-
nate 18 measured at the Klett-Summerson colorimeter, using a

number 56 filter (560 mu.). This method involves a modification
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of the original Matelson and Penniall technique in that 50 lambda
of sample are utllized instead of 20 as suggested by these

workers, and 6 ml. of the alizarin-octanol resagent are used instea
of the original 3 ml, After use, the cones are cleaned with d.tergrnt
distilled water, scetone, dilute nitric acid and distilled water.
The colorimeter tubes are cleaned with detergent, distilled water,
dilute nitric acid and again with distilled water.
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