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CHAPTER 1
INTRODUCTION
The initial impetus for this work was a note published by
Neuman and his assoolantes (1956) in which it was stated thet
"Parathyrold extraot was shown spectrophotometrically to destroy
the chromophoric group (340 mu) of reduced coenzyme II in vitro
rendering it practically non-gbsorbent.” No experimental data
or detalls as to the method employed in the work asccompanied
this categorieal report. The authors felt that this observation
could well indiegate an in«vivo blocking of coenzyme Ilelinked
resotions, with a resulting shunt of all glucose metsbolism to
citrate production. Such a situation ocould explain experimental
findings that dramatic increases in c¢itrate output from the
femur of intaot dogs cocurred in the spongiosal blood aslmost
immediately following injection of parathyroid extraot. HNeuman
end his assoclates (1956) contended that this "bloocking effect”
provides and "intriguing"” blochemiocsl mechanism by which a
parathyroid-controlled citrate gradient maintains s steady but
superssturated lovél of lonlzed oaloium in the serum. Thls
could also be involved in explaining previcus findings of
L'Heureux and Roth (1953) and others, that parenteral injection
of parathyroid extract produces a rise in serum cltrate levels.
No enzyme system has, to our knowledge, ever been shown

to respond direetly to parathyrold extract in vitro, and as far




88 can be determined only one paper has been published_on
in-vivo effects of parathyroid extract upon enzyme systems,
Dixzon and Perkins (1953) demonstrated the presence in
bone of three enzymes of the Krebs Cycle which are involved in
the formation end removal of citric acid, namely, citrogenase
aconitase, and isceltric dehydrogenase., Cltrogenase activity
waa found to be much hi her than that of aconitase and
isoocitric dehydrogenase. Since ciltrogenase is the enzyme
conoerned in the formatlion of oitrio seld from acetyl coenzyme
A, and isoolitrioc dehydrogenase, the enzyme which may be con-
sidered as lnvolved in the removal of citrate, it was suggested
thet a mechanism exlisted in bone whioh leads to a net production
of oitrioc acid, Perkins and Dixon (1953) then studied in-vivo
effeots of parathyroid extract upon citrogenase levels of bone,
These worke:s found that massive doses of parathyroid extract
injeoted into normal or parathyroldectomized animals did not
produce any lmmediate rise in ocitrogenase activity. Further,
the citrate content of the bones of both normsl and pars-
thyroldectomized rats did not differ, In evaluating this work,
however, it should be nointed out that only a few animals wer:
used for many of the neasurements, and the parsthyroid extraet
easployed (Lilly) was dilalyzed prior to injection. Work by
Kenny (1957) hes shown that dialysis merkedly decreases the

caleiun mobilizing setivity of his preparstions, and work in
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this thesis will show that prolonged dialysis of the Lilly
preparation against distllled weter completely removes the calciug
mobilizing activity of the preparation. |

Concluslve proof of an in vitro relationship between the
caloium moblilizing prineiple of parathyrold gland extreots and
the ultra-violet absorption of reduced coenzyme II a8 implied
by Neuman and his assoclates {1956), would be of value not only
in purificstion work on the parathyrold hormone, but alsc in
attempts to better understand the mechanism of action of the
hormone., These two areas of Investlgatlion are ¢losely related in
present day parathyrold hormone resesrch.

A survey of the literature seems to indicate that Te-
searchers have obtained all the informetion now available by
working with a heterogenous hormonal extract. Really
significant advances seem to awalt the development of s
homogeneous, pure parathyroid hormone preparation, isttempts
tc purify the hormone have been serliously hampered by the laok
of a simple, raplid, and rellable means of assaying the
blologleal potency of wvarious parsthyroid preparations,
and this lack of a pure hormonal preparation has, in turn,
serlously handicapped all abttempts which have been made to
understand the mechanism of operstion of the hormone.

Were 1t possible to conclusively demonstrate that the

ealoium mobilizing principle of parathyroid gland extraots does




affect Liie absorption of reduced coenzyue (i to a significant
degree in vitre, the possibllity of the development of o rapld,
in vitro method for nssaying the potency of parathyroid gland
preparetions arises, and assumes apureclable ilaportsnce. The
practical value of such & systen and the ilmpetus that it woulc
cive to all aspects of parathyroid hormone researeh can readily
be ap recilated by snyone faniliar with this fleld., liot only
would it be possible to do away with the tedious and tine
conswaing animal assay procedures now in use, but the
demonstration that & coenzyue sud/or its assoccisted enzyue
systens regpo d directl; to 2 horaone in vitro would cast
additionsal light on the oft nostuleted nedlation of enzyme
gystens vis hormional influences.

It appeared to us, therefore, to be of considersble iaw
portance to definitely evaluate this claim of purported

hormonsl asctlon on reduced coengyme II.




CHAPTER IT
MATERIALS AND METHODS

In studying this purported hormonal effect on reduced
coenzyme II, the following general approach was decided upon:
(1) To determine whether or not the parathyroid preparation em-
ployed by Neuman end his associastes (1956) actually does "destroyﬁ
the chromophoric group of reduced coenzyme II at 340 mu, and
(2) to ascertain whether any effect observed is related to the
calcium mobilizing activity of the extract employed.

Spectrophotometric Test System. It was first necessary to

develop a test system whereby the reported hormonal effect could
be studied. A search of the literature revealed that a somewhat
analogous situation had been encountered by Conn et. al., (1952)
in their studies on the influence of wheat germ oxidase upon the
aerobic oxidation of reduced coenzyme II. The method employed
by these workers was examined and modified to fit our experimen-
tal requirements.

Neuman and his associates (1956) utilized Eli Lilly and
Company's commerc¢ial extract, "Solution Parathyrold Extraet,"
a8 the hormonal preparation in their work. The commereisl
extract is now marketed as "injection Parsthyroid,U. S. P.,"
and this was the hormonal extract employed in the experiments
recorded here. Both preparations were assigned potencies of

100 U. S. P. units per milliliter of extrsct, and no indication




is given by the menufsoturer or its regional representative,
Mr. Jo E. Brackett, that the method of preparastlon of the extractP
or its properties, have been sltered, The specific materisl
used was Lot number 9058-674173, bearing an expiration date of
Cotober 1, 1957,

The reduced coenzyme II (TPiH) used in all experiments
was triphosphopyridine nucleotide-sodium, reduced forn,
aprroximately 90% pure, Lot number 96-670, obtained from the
Sigma Compeny, 5t., Louis, ilo,

The instrument used to measure the absorption of the
reduced ccenzyme at 340 mu was a Beckman model LU spectroe-
photoneter, opersting through a Jorenson Power Supply unit,
and using a hydrogen lamp e&s the light source. Heactions were
carried out in silica cells ( 4 1.0 om.) at room temperature,
end in 0,14 potassium phosphate buffer, pi. 7.4. .bsorbanoce
measurements were recorded hourly, whenever possible, over =

8lx hour test period.
The tube arrengement used in the spectrophotomstric

analysis is llisted below.

Control Tube A (3lank) Control Tube B
2.0 cc. Phosphate Buffer 1.0 oc. Phosphate Buffer
1.0 ge, Listilled Vater 1.0 cc, Distilled Yater

1.0 co. TPUH in Phosphate
Buffer




Reaction Tube 4 (3lank) Regetion Tube B
2.0 co. Phosphate Buffer 1,0 co. Phosphate Buffer
0.5 oc., Distilled VWater 0.5 ¢e. bistilled Water
0.3 oc, Extract 0.5 ce. Extract
1.0 oce. TPNH in Phosphate
Buffer

The concentration of TPWI used was 0.8 mg. (0.270 micromole)
per cc., of buffer, This concentration of TPN: was chosen because
it waaishown to produce an absorbence of slightly less than
0.400 optical density units on the spectrophotometer, and any
decreasse 1n sbsorbance could be followed through the most
favorable range of the recording instrument, The seleotion of
0.5 o6. of parathyroid extrsoct (50 U.3.P. unlts of activity)
a8 a "test dose™ was nmade since it was known to be of sufficlent
potenoy to produce a definite physiclogical response in rats -
specifically, a rise in seruan oelcium - and because higher
concentrations of parathyroid gland extract produced a turbidity
in the silica cells, Surriciant‘potency to produce this
physiological response was an important criterion, because it
was immedietely reslized that an sssocistiovn of any possible
spectrophotonetric effect of the extract upon TPNH eould not
be properly evaluated with regard to the observations and
hypothesis of Neuman and his associates (1956) unless this

were So,
During the course of this work it became necessary to

conpere the spectrophotometric effect of various "treated”




preparations with that of the "untreated” commercisl parsthyroid
extract, In these cases two additional resction tubes were

enployed and prepared similarly to xeaction Tube 4 and B, with

the exception that 0,5 ce. of the treated preparation was
used instead of the untreated extract,

It was decided to express the effect of various parathyroid
preparations upon the sbsorption of TPWH in terms of an arbi-
trarily designated "Activity Ratio."™ This "Activity Ratio"
was defined as the total change in absorption of TPHNH at 340 mu
when it was present with the test material, divided by the
total change in absorption of the coenzyme when it was not in
contaot with the test material,

Biologiocal Assay Of Persthyroid Glend lxtrect. sdministra=-
tion of a potent parathyroid gland extract to experimental

animals 1s known to produce a variety of responses, smong then
(a) an inerease in serum calcium, (b) an increase in urinary
calelum, (e¢) an inorease in urinary phosphorus, (d) a decrease
in serum phosphorus, {(e) an elevation of plasma ocltrate, and,
as indiocated by more recent work, (f) elevation of serum
glyecoprotein and seromusoid levels (Shetlar et, al, 1956) and
{g) en mcceleration in development of wmuscules necrosis snd
medioezloinosis (Lehr snd iartin, 1956).

In this work we sre singularly interested in correlating

any observed spectrophotometrio effect produced by the test




material on the absorption of TPNH at 340 mu, with the caleuinm
mobilizing potenoy of the naterial as nanifested by its abilicy
to ineresse the serum calcoiuwa levels in experimentsl sanimals,
Only effect (a), therefore, was of imnediate concern to us,

Reports from nany workers have demonstrated the intact
rats are quite refractory to gdministration of parathyroid gland
extreot, particularly with regard to the effect of the extract
on serum calcium levels., For thls reason, the accepted practice
of utilizing parathyroidectomnized rats for biological assay of
extraet potency was followed in this work.

In order to speed up the overall assay procedure, &
departure wss nade from the assay methods previously emnployed
in this lsboratory. Pavathyroidectony was accomplished by
sauterization rather than by surgical removal of the entlre
thyro=parathyrold apparatus, and serum samples for csicium
analysis were obtalned by cardiasc puncture, instead of by tail
bleeding, It is felt that conocomitant use of these two
techniques materielly lessened the tediousness inherent in the
biolozical assay of parathyrold gland extrsct potenacy.

Preparation And Care Of The Animels. A8 lndicated,

parathyroidectony was accomplished by cauterization with a hot
wire. Details of the procedure are given in the ippendlx
(page5&). Cauterizetion wrs found superior to the surgical

renoval of the thyro-parathyrold apparatus used by m-ny workers
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in that 1t {a) permitted destruction of the parsthyroids with
a ainimum of damsge to the thyroid gland, {b) prroticslly
elislnated bleedlng as a source of trsuma to the animsl, and
{s) 1: genersl, reduced the overall ploture of shoek to the
animal necessarily nsscolsted with such an oper:tion.

Pollowing persthyroldectony, the aninmuls were sllowed to
recover for a period of at least 2 days before being prepared
for asssy. Throtghout this work, white feanle rete of the
Loyole enlony were employed. - ndmals welghlng 12030 grams
mﬁrﬁ shosen, &nd were nelndeined on s Purine Dog Chow dleb,
with tap wnbter supplied gd libituym.

Preparation for sasay conslated of fasting the animals
for two nipghts and sne dsy prior to the analysis of the serum.
buring the faating period the anlnels wore allowed tap water

The aotual sasay

proocedure ususlly reculired one eompletes day. Blood wes drawn
in the ~orning, following the previously desoribed fast period,
by mecns of osrdlee punoturc. The detalls of this teshnigue
may te found in the .ippendix (pege 61). Immediately after the
renoval of the inltisl blood sample, 0.5 oo, of the materisl to
be sssnyed wea injeoted intraperitoneslly into the asniaal. It
wos found thaet resowvsl of 0.0 ¢o. of blood when uslng the

oardlise punoture technique, provided auzple guentitles of serum
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and did not sdversely aifect the animal,

felius (1986) and others, have shown thst rats réSPORQ
maxiaclly to injections of purathyrcid preparations in six hours,
and this asmount of time was allowed to elapse before the final
blood samnle was taken, agaln by eardiac puncture.

Serum was obtained by centrifugastion of the blood for five
ninutes in & olinical centrifuge. Serum seiiples taken prior to,
and subsequent to, the six hour test period were simultaneousiy
analyzed for caleium content,

Chemieal Determination Of Csloiuu. Chemiesl analysis of
the serum samples was performed according to the method of
Natelson and Penniall (1955) with some :modification. In this
procedure, calelum In triethanolamine solution reacts with
alizarin ( 1,2 -dihydroxyenthraquinone) in oetanol solution, vo
give a purple-colored complex whieh is soluble in the oectanol.
After shaking to insure complete reaction, the mixture is
centrifuged, the calcium alizarinate-ocotanol mixture {(upper
layer) is transferred to a colorimeter tube and the intensity
of the color 18 ~easured in the Klett-Summerson photoelectrie
colorimeter using a number 56 filter (560 mu).

degnesiun hes also been found to form a complex with
alizarin, and this couplex has 0.3 tiuaes the absorption of the
ealeium”éo@plex at 560 mu (Natelson end Penniull, 1955}, Davies

and Gordon (1954), however, found no change in serum magnesiua




1z

concentration after administration of 50 U,.3.,P. unlts of Lilly
parathyroid gland extraet to parathyroldectonized rats., In
view of this feet, and since in this work we were not interested
in absolute calciun levsels, but osunly in the difference between
initial and finﬁl serum calcium levels, 1t was felt that no
correctiocn need be aade for the absorption of the .asgnesium
alizarinate formed during this procedure.

The alizarin solution esnc the triethanolamine solution
used were of the sasme concentration as in the original method.
The modification consisted in using 6 mls, of the alizsrine-
octanol reasgent instead of 3 mls., and in utilizing & 0.05 ml.
Serum sanmple for analysis instead of the 0,02 nml., serun saupls
prescribed by Natel on and Penniall (1955). For the
extraotion of the calclum alizarinate complex, it was found
convenlent to use 12 ml, glass stoppered centrifuge cones,
Pipetting of serum samples was accoriplished through use of

50 lamda micro-pipettes, Detslils of the caleium snalysis are

civen in the appendix (pagel3).
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CHAPTER III
BXPERIMENTAL HESULTS

CT _Uro

e

Ao IN VITRO EFFECT OF PARATHYROID

THE ULTRA-VIOLET ABSORPTION OF REDUCED COINZYME II

AT 340 mu.

Control Of Experimentsl Parsmeters. Before actual invest-
igations of the effect of parathyrold gland extract upon the

absorption of TPIH at 340 mu ocould be undertaken, a number of
“parameters were recognized as possible sources of error, and
these were examined to ascertain the possible extent of their
interference in our analysis of experimental results.

All s8ilice cells used in this work were found not to
absorb at 340 mu. S8imlilarly, 0.1 potassium phosphate buffer
solutions, when read against distilled water blanks, were found
not to absorb at 340 mu. The buffer system utilized in the
reaction tubes proved capable of mamintaining e pH. 7.4 over a
six hour period in the presence of 0,5 cec, of 0,01N HC1.

Sinee no preparation would be utilized having a pH lower than 3,
it wes felt adequate buffering oapacity was present in the

reaotion systenm,

Of TPNH at 340 mu. Table number 1 summarizes the results
obtained for twenty five experiments on the effect of the
parathyrold gland extrset upon the absorbance of TPNH at 340 mu,
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The dats c¢learly indicates thut the commercial extraet utilized
possesses the ability to catalyze the deorease in asbsorption of
TPNH., This decrease is slmost three times that observed in the
TPHH eontrol tubes, It is believed that this was the sffect
observed by Neuman and his asscciates (1956), However, in view
of the previocusly mentioned heterogenecus neture of the extract
eaployed, and considering the many types of physiological
responses elicited by parathyrold gland extraots in experimental
enimals, an immediate assoclation of this effeoct with the

caleium mobillzing poteney of the preparation is pramatﬁre.

IPNH AT 340 ma.
IPNH Control Tube IPNHsActive dxtract asetivity
Egﬁzo

Expt, Initial Decrease In Initial Decrease In
Abgorbance Aibsorbance Absorbance Absorbance

1 0,355 0.037 0,353 0,088 2,5
2 0.338 0.033 0.354 0.068 2.1
3 0,319 0.036 0,310 0.104 2,8
4 0.373 0.048 0.345 - 0,105 2.2
5 0,378 0.031 0,378 0,091 2.9
6 0.433 0.035 0.433 0.109 3.1
7 0.394 0.044 0.382 0,127 2.9
8 0.351 0,031 0,348 0.082 2,6
10 U, 357 0.031 0.360 0.084 2.7
11 C.347 0,034 0,357 0.096 2.8
12 0.355 0.037 0,353 0,088 2.4
13 0.361 0,039 0.327 0,101 2.6
14 0,354 0.034 0,358 0.073 2,1
15 0.323 0.037 0,311 0.104 2,8
16 0.319 0.036 0.310 0.104 2.9
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T 3
IPNH Control Tube TPNH~Active Extract ﬁg%ifggx
o

Expt., Initiel Decrense In Initisl Decrease In
Absorbance Absorbance Absorbance ALbsorbanoce

17 0 - 358 . 0 L] 035 . o - - - o
is 0,378 0.032 0,391 0.086 2.7
19 0.312 0.026 0,287 0.086 2.7
21 0.376 0,026 0,373 0,058 2,8
22 0.402 0.047 0.378 0,092 2.4
23 0,402 0.047 0,359 0.108 2.7
24 0.340 0.036 0,365 0.072 2.0
25 0.279 0,026 - ——— o e -
'?aag 0.354 0.034 0.381 0.091 2.7
Std.

dev.) (0.015) (0,008) (0.034) (0.018) (0.27)

Absorption Of TPNH At 340 mu, The parathyrold gland extract

utilized in this work was known to contain 0.27 phenol, added
as a preservative., It was necessary to insure that this material
did not affect the zbsorption of TPNH under our experimental
conditions., The results obtained in Table 2 c¢learly show that
the phencl present in the extract does not affeet the absorption
of TPNH at 340 mu.
TABLE 2

EFFECT OF 4 0,8% PHENOL SOLUTION UPON THE ULTR/

OF TPNH 4T 340 mu,

Tube Initial Decrease In aotivity
&bsorbgnga Apgor%gnaa Ratio

TPHH~Control o

TPNH-Parathyrolid BExtract 0.345 0.108 2.8

TPNH-0, 2% Phenol 0,368 0.051 1.0




Expt, 2 Initisl Decrescse In  Aotlvity
Absorb ) ébgorg%ngg Ratio
TPNH~Control %.32% .03 -
TPNHeParathyroid Extract et o e e -
TPNH=0.2% Phenol 0,316 0.033 1.0
o 0.312 0.031 1.0
0.3281 0,030 1.0
0,316 0.030 1.0
1.0

0.319 0.030

Effeot Of Bovine Plssrme ilbumin On The i

Ab 340 mu, The heterogeneity ofAtha parathyroid gland extract
amploya&,reﬁased us to investigate the possibility that a non-
speoific protein«coenzyme interectlon could affect the absorbance
of TPNH at 340 mu. A solution of Bovine Plasua Albumin (Armour,
Lot number 86909) containing ten mgs. per ce., was prepared and
utilized in the previously outlined test system, This ooncenw
tration of protein represents a nitrogen level approximately 1.5
times that present in the corresponding volume of parathyroid
extract, The results listed in Table 3 indicate that & non-
specific protein material does not affeot the absorbanse of

TPNH et 340 mu to a signiflcant degree.

TABLE 3
' ,BSORBANCE OF TPNH AT
340 mu.
Tube Initial Decrease In  Activity
: ‘ Absorbance Absorb%gge' Ratio
’I’P?a”ﬂwaontrol 5 » 3§ g . 3 -
TPHii=-Bovine Plasma 0.395 0,043 1.3
Albuﬂin 0«-388 04»041 1.3

0.390 0,044 1.3
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Effeot Of Various Doge Levels Of Parathyroid G

Upon The absorbance Of TPNH 4t 340 mu. The effect of graded

amounts of parathyroid gland extract upon the ultra-violet
sbsorption of reduced coenzyme II was recorded each hour over a
8ix hour test period. Figure 1 shows the results obtained when
0.2, 0.5, and 1.0 oo, aliquots of the extract were allowed to
react with TPNH under the usual experimental conditions, Hach
point represents the mean of three determinations.

It can be olearly seen that the rate of decresse in
absorbance of TPWNH at 340 mu over a six hour test period varles
with the amount of extract employed in the reaction mixture.

Biologlesl Assey Of Parsthyroid Gland BExtract. The
parathyroid gland extract euployed in the spectrophotometric
work noted above wes now assayed to establish its biologlezl
potency., Table 4 indicates the response of nine animals to
0,5 ee (50 U.3.P. units) of the extract. Thers can be little
doubt that the material found to accelerate the decrease in

absorbance of TPNHE possesses calcium mobilizing potenoy.
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Initial Serunn Finsl Serunm Change In Serum
Animel  Caleium, mg % Calelum, me % Calol
1l 12.8 15.3 2.5
2 12,0 13.9 1.9
3 13.4 15.0 1.6
4 7.4 12,6 5.2
5 12,1 15.0 el
6 12,0 14.4 £ed
7 - 10,5 ' 11.2 Ue7
8 5.2 2.1 2.8
9 10, 18,75 ]
£:3 itoan

(1.2)5td4, Dev,
Jltra-Violet Absorption Speetrum Of Persthyroid Gland
Extract. The Ultra~Violet absorption spectrum of Lilly's

Parathyrold gland extract was deteruined. The results are
shown 1in Figure 2. The spectrum obtained closely resembles that
recorded by Ross and Wood (1942) for thelr sctive parathyroid
gland preparetion. Ho variation could be found in the spectrum
of the material after a six hour period.

The tube arrangement used in recording this spectirum is as
follows:

Tube

2.0 oe¢. Potassium Phosphate Buffer, 0,1, pH. 7.4
1.0 ce. Distilled Water

Tube 2.

2.0 oc¢, Potassium Phosphate Buffer, 0,1M, pH. 7.4.
0.8 o¢, Distilled Water
0.2 ¢c. Parathyroid Gland Extract
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FIGURE 2

ULTRA~VIOLET ABSORPTION SPECTRUY OF PARATHYROID GLAND %X}:%C‘%‘
, ‘ Lilly
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Ultre-Violet Absorption Spectra Of Reduced Coenzyme II.

The ultra-violet absorption spectrum of TFiH was recoi&ad before
end after a six hour interval, Figure 3 shows the spectra
obtained., The charcteristic absorption peek at 340 mu indicates
that the material used in thls work is reduced coenzyme II.
It will be noted t .at the dcerease in sbsorption at 340 mu is
accompanled by a corresponding lncrease in absorption at 2860 ma,
whiech is the absorption pesk of oxldlzed coenzyme II. This
would seemn to indicate an serobie oxidation of the TPNH initlally
in solution has taken plsaoe,

The tube arrangement employed in obtaining these speotrs
is a8 follows:

Tube 1. (Blank)

2,0 ¢¢., Potmssium Phosphate Buffer, 0.1d, pH. 7.4
1.0 occ. Distilled Water

Tube 2
1.0 co. Potassium Phoaphate Buffer, 0.1, pH. 7.4

1.0 co., Distilled Water
1.0 ¢¢. TPNH in Potassium Phosphate Buffer, 0.1, pH. 7.4

Ultra~Violet ibsorption Spectra Of 4 Parathyroid Gland

Extraot-TPNH Reactlon iixture., It was felt thut absorption
spectrum of g parathyrold gland extrscet-~TPNH reaotion mixture

regorded before and after = six hour interval might provide
informetion as to the nature oi the reaction teking place. The
tube arrangement utillized in recording these speotra 1s as

follows:
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FIGURE 3
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HOUR TIME INTERVAL.

(Broken~line indlcates spectrum recorded after the six hour time
interval,)
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fube 1, (Elank)

2,0 ec. Potassium Phosphate Buffer, 0.1, pH. 7.4
1.0 ce. Distilled Water

Iube 2,

1.0 ¢c. Potassium Phosphate Buffer, 0.1, pH. 7.4

1.0 cec. TPHH in Potassium Phosphate Buffer, 0.1i, pH. 7.4

0,2 ¢¢, Parethyroid Glaend Extract

0.8 ee, Distilled Water

The specirs obtained are shown on Figure 4. It will be
noted that no oxidized ccenzyme II peak {260 mu) appears on the
combined spectia, being overshadcwed by the greater absorbance
of the parsthyroid extract at 275 mu. .8 expected, the drop in
TPHH at 340 mu 1s still evldent. The resulis glve no suggestion
of complex formation and/or disruption of the 'IPNH molecule
ocouring during the reaction period. The inecrease iz absorbance
at both 260 mu sand 275 mu after six hours seeus due to an
extract catalized oxlcation of TPNH whieh results in decrease
in ebsorption at 340 mu and an inorease in absorption at 260 mu
ag oxidized coenzyme is produced.

Definite sssoclation of the results obtained so far with
the caleium x6bilizing principle present in the parathyroid

gland extract, however, has yet to be established.
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Exverimental Approsch To This Problem. is was stated

previously, it wes felt that the implication of Heumsn and his
assoolates (1956) that the caloium mobilizing principle shown to
be present in the parathyrold gland extract was responsible for
the socelerated deoresse in absorbance of TPNH at 340 mu, required
further experimental verification. The position that such a
relationship existed would prove untenable if 1t could be shown
{1} that blologloelly inaotive parathyroid gland extract retained
its ability to affect the absorbasnce of TPNH at 340 mu, or

(2) 1f biologleally metive parathyrold gland extract could be
shown not to affeet the absorbance of TPIH under our experimental
conditions. ZExperiments were designed to exsmine these
poasibilities.

In evaluating subsequent work, 1t should be remnembered thut
Lm are singularly interested in deteraining whether such dis-
prepencies between biologleal potency of the extract, and the
Bpectrophotometric effect of the extract on IPNH could be chserved.
fie were not primerily interested in obtainlng information regarding
the chemleal nature of the psrathyroid hormone, nor were we

prinarily interested in pursulng any sort of purification work
rith the extrect.
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Previous work has shown that 0.5 c¢o., of Lilly's parathyroid
gland extract was capable of affecting the ultra-violet absorb-
ance of TPNH at 340 mu to & significant degree, and was also
oapable of eliclting e signiflicant caloium mobilizing resnonse
in our experimental animals. Our intention, then, was to treat
this extraet in various ways and observe the effect, 1f any, of
this treatment on these two phenomens., Unless otherwise
indicated, therefore, all spectrophotometrie and biologieal
agsey work undertaken involved use of 0.5 ece, aligouts of the
treated extract preparation, and was performed under the prev;
lously defined experimental conditions.

analysls Of ".ged” Parathyroid Glend Extraect. A number of
partially filled ampoules of Lilly's parethyroid gland exirsot

beering expiration dates no later than 1946, were pooled and the
mixture anelyzed for blologlieal potency and spectrophotometrie
effect, Table 5 summarizes the data obtained. The results show
that *the biologlcel and spectrophotometric responses elicited by
this "aged™ meterial areé aluost ldentical with those for prep-
arcstions bearing an expiration date of October 1, 1957,
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TiBLE B
BIOLOGICAL ASSAY ~ND SPICTROPHOTO.LETRIC KFFE
PARATHYROID Gl.AadD BEXTRACT.
a) Blologloeal issay
Initial Serum Final Serum Change In Serum

animal Caleium, mgﬁ Caleium, ggﬁ Celeium, mgdh
1l 5.7 7.6 1.9
2 6.3 6,8 0.5
3 7.4 8.6 1.2
4 8.0 10.8 2.2
5 806 1008 2;2
6 7.1 10,8 3.7
7 5.1 7.2 2.1
8 6.4 8,% 2.5
9 5.9 8.1 Be8

2.1 Mesn

b) Spectrophotometriec Efrfect.

Initial Deorease In Activity
Tube Abgorbance Absorbange Ratio
TPNH « Control 0,166 0.019 ——
** TPNH - aAgtive Extraoct 0.169 0,051 2.7
TPNH - "Aged" Extraoct 0,185 0,049 2.6
0.177 0,044 2.3
0.180 0.080 2.6

** In all subsequent work, "ictive Extraet™ will refer to
untrested Lilly "Injection Parathyrodd, U.S.P.", expiration
date October 1957,

Dialysis Of Parathyroid Gland Extrsot. It was decided to
study the effect of diaslysis upon the biologleel potency and
spectrophotometric effect of parathyrold gland extract,
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a) Dislysis Experiment 1. 10 mls, of cotive commercial

extract were dialyzed against 200 mls, of distilled weter for

25 hours at a temperature of 13-15°C. Changes of the water were
mede at 2, 4, 5%, 8%, 20%, and 23 hours. Dialysis was carried
out over a naguetic stirrer to inorease efficlency, Cellulose
Dialyzing Tubing (A. H. Thomes, No. 4465-i2) was employed as the
dialyzing me:brane, The dislysend was lysphilized and
reconstituted to original volume with dlstilled water. The
final solution was adjusting to pH. 4.0 with 2N HCl, This is
the pH of the mctive extract,

b) Dislysis Bxperiment 2. This experiment wes carried out
in the same manner as above, except that the nmateriasl was
dislyzed agalinst 2 liters of digtilled water with changes at
54 end 23 hours, and the dialysand was reconstituted direoctly
to original volume and pH without lyophilization,

The result of these two experiments are summarized in
Table 6., It seems clear that dialysis of parathyrold gland
extraot agalnst distilled water insotivated the bilologlesl
potency and markedly reduced the ability of the extraet to

affect the absorbance of TPNH at 340 mu,
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TABLE 6

a) Dialysis Experiment 1.

Blological Assay.
Initial Serum

Caloium, meb

B.2
8.3
9.4
9.1
8.6
8.3
9.6
B.s

NN

Final Serum Ghange In Serunm
Caloium, mgh Caeleium, mgh
8.4 0.2
9.1 0,8
9.5 -0.1
10,3 1.8
8.8 -0,3
704 “009
8.7 ~g.9
7&9 havt oé
0,0 Mean

Spectrophotometric Effeoct,

Tube

TPNH « Control
TPNH =~ Active BExtrsot
TPNH « Diaslyzed Extraot

Initial Decrease In  Aotivity
abagr%%% e Absorg§§gg Ratio
. 3 ke
0.311 0.104 3.0
0.412 0.048 1.2
0.440 0.043 1.1
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TABLE 6 (con't.)

b) Dialysis Experiment 2.

Biologle L3308 «
Initial Serum ¥inal Serum Change In Serum

Animal Calelum, mgh Caloium, mgh 1l ady

1 5.4 7.0 1.6

2 6;’7 6;3 "Q;é

3 5.3 BB O.8

4 0.6 6.9 0.3

5 6¢8 . 6;? “‘Otl

& 5.7 8,9 1.2

7 5;8 6&8

53 toan

(0;?) Std. Dev.

Spectrophotometrie Effeot.

Initial Deorease In Activity
Tube Abgsorbance Absorbance
TPNH - Control 0.378 0,032 -
TPHNH ~ Acotive Bxtract 0,391 0.088 2.7
TPNH « Dialyzed Extract 0,376 0,051 1.6
0.374 0,057 1.8

0.373 0.054 1.7

caloium mobilizing principle of Lilly's parathyroid glend extract
was inactivated through use of formaldehyde by a method similar
to the one employed by Shetlar et. al, (1956),

0.05 mls, of formslin were sdded to & 5 oc. ampoule of
active extrasot and the mixture was incubsted for 4 days at room
temperature, After thils time, 55 mls. of absolute sethanol and
60 mls, of diethyl ether were added, the resulting percipitate
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being collected at the centrifuge. The material was dried under
reduced pressure in s desiccator containing caleium ehloride,
concentrated sulfuric aecid and paraffin, and then reconstituted
to original volume with distilled water. The finasl solution

wes adjusted to pH. 4.0 with 2N HCl, Blologlecal sssay and
speetrophotometrie effect of the resulting material are shown
on table 7,

The efficscy of the insotivation procedure is obvious from
the biologleel asssay data. Onee again, the destruction of
caloium mobillzing potency is sccoupanied by o decrease in the
ability of the extrsot to amccelerate a decrease in absorption of

TPNH at 340 mu,

TABLE 7

BIOLOGICAL AS34

a) Biologzioel Assay.

Initial Serum Finel Serum Change In Ssrum

Animal Calecium, mgh Calcium, mgh Calcium, mgh

1 7.8 8,9 1.1
b 7.8 8,9 1.1
3 1106 11'5 . "’0.1
4 11l.1 i2.2 1.1
S 12.0 12,1 0.1
6 llwl 1009 "‘093
7 ?dl 6:7 *0.4
8 6.3 6.6

0,3
5 - 3 ean

(0.6) .S5tda, Dev
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b) Speetrophotometric Lffect.

Expt, 1
Initial Decrease In .sotivity
Tube Absorbsnce Absorbance Ratio
TPNH - Control | 0.351 0,031 ———
TPNH - Lotive Extract 0.348 0.082 2.6
TPNH « Inacgtive Extract 0.350 0.038 l.2
Expt, 2
TPNH- Control 0.312 0.029 -
TPNH - Active Extraot 0.303 0.074 2.6
TPNH « Inactive LExtraet 0,314 0,040 1.4
Expt, 3
TPNH - Contr()l 0135? 0;031 - -
TPNH - Aotive Extract 0.380 0.084 2.7
TPNH = Inactlive Extract 0,365 0.038 1.2
Expt, 4
TPNH - Control 0.355 0.037 -
TPRE « Aotive Extrasct 0.353 0.088 2.4
TPNH ~ Insctive Extraect 0.357 0.045 1.2

Effect Of Formaldehyde Upon The Ultre~Violet absorption Of
IPNH At 340 mu. Although formaldehyde inectivated parathyrold
gland extract was shown not to affect the ultra-violet asbsorption

of TPNH at 340 mu, a possible inhibltory action of the formslde-
hyde 1tself upon such an affect had to be considered.

A 0.01% formslin solution was prepared and adjusted to pH.
4,0 with 2% HCl., A 0,5 c¢e. aliquot of this preparatlion was

allowed to resot with TPNH under the usual experimental conditions
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The results obtained sre listed i1n Table 8. Ko effeet of
formaldehyde, at the concentration used in the formaldehyde

inasctivetion procedure, upon the absorbance of IPNH at 340 mu 1is

indicated,

Initial Decrease In  Activity
Tube absorbsnce  aAbsorbance Ratlo
TPHH « Control 0,356 0,085 C m——
TPNH «~ Formalin 0.273 0.031 1.2
: 0.274 0,033 L3
0.271 0,031 1.2

Effeet Of Ethanol-Diethyl Ether Upon Parathyroid Gland
Extract, The effect of the ethanol~diethyl ether phase of the

formaldehyde insctiveotion proecedure upon the biological_activity
and spectrophotometric effeot of parathyroid gland extract was
now investigated,

An aliquot of active extract was treated with ethanol~ether
in exsotly the sane manner as indicated in the formeldehyde
insctivation procedure except that the material was not pre-
treated ' ith formalin,

- The results obteined are summarized in Table 9, It can be
seen that the blological poteney of the extraot has been markedly

reduced, as has been the spectrophotometrie effect of the
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preparation, Helther decrease, however, 13 as pronounced as that
obgserved following formasldehyde inactivation. 7%he resﬁlﬁs seen
to indicate that the conponent, (or oconponents), of the
parathyroid gland extract responsible for the abllity of the
preparation to mobilize serum osleium and affect the absorbance
of TPNH at 340 mu is at least partially extractable with
ethanol-diethyl ether,

TABLE 9
BIGLOGICAL ABSAY AND SPECTROPHOTOKTRIC EFFECT OF RIMANOL-DIETHYL
LTHER TREATED PiRATHYROID EXTR.CT.

Biological Assay.

Initial Serum

Final Serun Chenge In Serum

animal  Celeciuwn, mgh Celel Caloium, mgd
1 11.3 14,0 2.7
3 10.3 12.8 2.5
3 6.1 9.8 3.7
4 7.9 8.7 0.8
5 11.3 10,9 «0,6
& 7.9 8,1 0.2
7 B.3 8,8 0.6
8 7.8 2,9 2.1
9 6.6 7.7 1.1
10 8.5 8,9 0.4
1X 6,7 3.0 1.3
12 G.2 8.7 0.5
15 5.0 O o4 Oo4
14 6.5 7.9 1.5
18 8.4 9.3 0.9
16 10,6 11.1 0.5
17 8,7 3.8 1.2
18 7.2 e 2,1
19 2.0 9.3 0.3

. Mean

—

1,1) Std. Dev,
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TABLE 9 (oon't,)

Spectrophotometrie Effect.

Expt, 1
Initisl Deorease In scotivity
Tube - 4bsorbance Absorbance Ratio
TPNH « Control ‘ 0,355 0,037 -
TPNH =~ Active Extract 0.383 0.088 2.5
T°HH =~ Treated Ixtraoct 0,355 0,063 1.7
Bxpt, 2
TPNH =« Control 0.338 0.033 -
TPNH = Aetif@ mraot 9‘354 0Q068 8..1
TPHH - Treated Extraot 0.351 0.049 1.5
Expt, 3
TPNH - Qontrol 0,319 0.036 -
TPNH « sotive Extraet 0.310 0,104 2.8
TPNH « Treated Extraet 0,310 0.062 1.7
0.304 0.059 1.6
0,313 0.084 1.8

now decided to inactivate the celcium moblilizing vrineiple of the
parathyrold gland extract by pepsin digestion, and study the
ability of the treeted extract to effect the ultra-violet
absorption of TPNH at 340 mu,

Parathyroid gland extract was adjusted to pH. 2.0 with 2
HCl. 0.1 mg orystalline pepsin, (Armour, Porcime Origin, Lot
no. 108-145) was added per ml., of extraoct, and the mixture was
incubated for 13 hours at 37°C. After inoubation, the mixture
was readjusted to pH. 4.0 with 2N NaOH and place under refriger-

ation until used,
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Table 10 lists the results obtalned from pepsin inaotivation
of two separate allquots of active parathyroid extract, There
can be little doubt ol the efficacy of the pepsin digestion in
both experiments., The important point, however, is the pronounced
effect of this bilclogieally ineotive material upon the ultra-
violet absorption of iPHH at 340 mm, It is diffieult to reconclle
any proposed sssooliation of the calelum mobiliging prineiple of
the extract with the effect of the extract upon the ultra-violet
absorption of reduced coenzyme II in light of these experimental
data. | |

TABLE 10
AND SPECTRO?HOTQMETRIC FRACT OF PEPSIN-TREATED
PAR&THYHO&D GLAND Za RAG .

BIOLOGICAL ASSAY

a) Experiment 1

Biologlosl assey
Initie)l Serum Final Serun Change In Sexrum

Animal Caleium, mgh Caleium, mg% Caloium, mgd

1 9.8 9.8 0,0
2 7.7 7.1 «0,6
3 6,7 600 “‘007
4 6’5 506 “0.9
5 8;0 6;9 "'lcl
5 7¢6 6.2 "'1.4
7 6.0 5.3 -C.7
8 8«1 7.3 "0-8
g 7.9 6.6

=1.,3
-0.8 ilean

( 0-8) Stdo DeVQ
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TABLE 10 (Con't,)
a) Experiment 1 (con't,)

Speotrophotoustrie Effect

Initial Decrease In Activity

Tube Absorbance 4&bsorbange  Ratlo
TPNH - GOHtX‘Gl 0 » 561 O .039 -
TPIH - Aotive Extract 0.327 0,101 2.6
TPRH « Pepsin Treated 0.354 0.137 3.5
Extraot 0,353 134 Sed
0,361 0,135 3.6

b) Experiment 2 -
Bicloglienl Assay

Initial Serum Final Serum Ghange In Serum

Animal  Caloium, mgh Caleium, mgi Calelum, med
1 6.0 6.1 0.1
2 7.3 7.5 0.2
3 6.3 8.8 0.8
4 10.0 9.9 «0,.1
5 756 ’7.3 "‘0.5
) 7.7 8.0 0.3
7 4,7 5.4 0,7
8 5.8 4,5 -0.7
9 7.9 7ed 0,6
0.1 iean
(0.1) Std, Dev,
Spectrophotometric Effect
Experinent 1
Initial Deorease In Activity
Tube Absorbasnce Absorbance Ratlo
TPNH - Control 0,402 0.041 -
TPNH - Active Extract 0,378 0.099 2.4
TPNH - Pepsin Treated 0,376 0.132 S

Extract 0.370 0,137 3.3
: 0.373 0.132 S.2
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TABLE 10 (Con't.)

Experiment 2
Initial Decrease In Activity
Tube absorbance ibsorbance Ratio
TPNH - Asetive Extraoct 0.365 0.072 2,0
TPNH -~ Pepsin Treated 0.388 0,115 3.2
Extraot 0.386 0.120 3.3
0.400 0,119 3.3

Effect Of Pepsin Upon The Ultra~Violet .bsorption Of TPNH
At 340 mu, The possibility that the pepsin introduced in the

pepsin inactivation prosedure was responsible for the socelerated
decrease in absorbance of (PNH at 340 mu, although extremely
unlikely under our experimental conditions, still hed to be
considered.

1.0 mg. of orystalline pepsin {(iruour, Porcine Origin, Lot
no. 108-145) was added to 10 mls, of distilled water which had
previously been adjusted to pH. 4.0 with 2N HCl. 4 0.5 ml, allquo
of this solution was sllowed to react with TPNH in the usual
manner.

The results, outlined in Table 1ll, indloate qulte clearly
that the enzyme pepsin does not affect the absorption of TPNH

at 340 mu under our experimental conditions.

L & 4




Initial Decrease In  Actlivity
Tube Abgsorbance  Absorbanoce Ratio
TPHH « Control 0.342 0.036 -———
TPNH -~ Pepsin 0,341 0,034 0.9
0.344 0,036 1.0
0,342 0,035 0.9

Absolute Ethanol-Diethyl ither Treatment Of Pepsin-lggetiV§ta%

Parathyroid Gland Extract., It will be recalled that work with

untreated parathyroid gland extract indicated that the material
in this preparation affecting the ultra-vicolet absorption of
TPNH was at least partially extractable through treatment with
ethanol-diethyl ether. A4n experiment was performed to determine
whether such a situation also obtained with the pepsin-incoti=-
vated parathyroid gland extract just studied.

The results, summarized in Table 12, show an extremely
pronounced decrease in spectrophotometrie effect following
ethanol-ether treatment of the blologically inactive preparation
whieh had previously been found to effect the absorption of

TPNH quite msrkedly.
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TLBLE 12
EFFECT OF THsNCL=DIZTHYL RIHER TREATUENT UPON THE SPECTROPHO-
44D EATRACT.

R YROLD GL

TOMBTRIC EFFECT OF PEPSIN~INACT

Initial Decrease In  Aotivity
Tube Absorbanee Absorbange Ratio
TP?HI - Gontrol O " 354 0 » 034 -
TPNH = sotlive Extract 0.358 0,078 2.3
TPNH « Treated Pepsin 0.336 0.040 1.2
Inactivated Extraet 0.343 0.042 1.2
0,343 0.043 1.3

Dislysis Of Pepsin-Inactivated Parathyroid Glend Extract,

An experiment was performed to determine whether the "component™
of the pepsin-inactivated parathyroid gland exirasct responsible
for affecting the ultra-violet absorption of IPNH &t 340 mu was
dialyzable against distilled water, It will be recalled that
previous work indicated that dialysis of the active extraot
against distilled water resulted in a marked decrease in
spestrophotometrie effect,

10 mls, of pepsin-~-inactiveted parathyrold gland extract were
dislyzed against one liter of distilled water for 26 % hours at
a temperature of 13-15°C. The water was changed at 4, 6, and
24 hours. Gellulos; Dialyzing Tubing (a. H., Thomes, No. 4465-i2)
was ageln employed as the dialyzing membrune, Dialysis wes
carried out over a magnetie stirrer to increase efficiency. The
dlalyssnd was reconstituted to original volume, and adjusted to

pH. 4.0 with 2§ HCl.
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The spectirophotometric effect of this material is shown in
Table 13. As expected, dialysis of the pepsin-inactivated
preparation significantly reduces the asbility of the material to
effeot the ulira-violet sbsorption of TPNH at 340 mu.

I;ABLE 13

Initial Decrease In aActivity

Tube Absorbance absorbance gatio
TPNH « Control 0.362 0.026 -
TPNH ~ Aotive Extrsot 0,391 0,087 3.3
TPNH = Dialyzed Pepsin- 0,366 0,056 2.2
insctlvated Zxtract 0.364 0.058 2.3
0.366 0.058 2.2
0.352 0.054 2.1

48 an ald in evaluating this work, a summary of the data

presented in this chepter will be found in Table 14, page 42.
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TABLE 14

SUMALRY OF EXPERTMINTAL DATS

Mean sotivity

Material Bgtio

0.2% Phenol Solution

Bovine Plasma .lbumin

Lilly's Injeotion Parathyroid, U.S.P.
Dlalyzed iotive Lxtract, Expt, 1
Dialyzed Aotive Extraot, Expt, 2
Formaldehyde-Inactivated Extract
Ethanol-Diethyl Ether Treated Extract
Pepsin-Insctivated Extract, Expt, 1
Pepsin~Inactivated Extract, Expt, &
Pepsin

Ethanol~Diethyl Bther Trested, Pepsin-
Inactivated Extract

Dialyzed, Pepsine~Inesctivated Extraoct

1.0
1.3
2,7
1.2
1.7
1.2
1.7
e
3.3
1.0
1.8

2.8

ilean Change I
ESEﬂﬁwﬁﬁa;_ﬁﬁz

o4 2 ]
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CHAPTER IV
DISCUSSION 4ND CONCLUSIONS

Our experimental data indicates quite conclusively that a
parathyrold gland extraot « specifically, "Injection Parethyroid,
T.8.P.™ {Lilly) ~ markedly affects the ultra-violet absorption
of TPWH at 340 mu., TPNH in contact with this preparation for six
hours at room temperature exhlbits a reduoctlon in absorbence 2.7
times that noted when the extrzet is omitted., It is felt that
Neuman and his asssociates (1956) observed effects similar to
those produced in our experiments, although their statement of a
"destruetion®™ of the chromophoric group indiocates a more extensivel
phenomenon, IHowever, on the basis of*our experiments, their
implication of a direct relationship between the effeot of the
parathyrold extrect on the ebsorption of TPHH at 340 mu and on
the serum oaloium of laboratory animals appears premature,

A necessary corrolary to their position would be that any
alteration of the calelum mobilizing potency of the netive extract
would alweys be asccoipanied by a corresponding and proportional
variation in the effect of the masterial upon the ultra-viclet
absorption of TPNH, It was with this in mind, thet this problem
was underteken. A varlety of experiments were designed to
establish the validity of this implied correlation between the
galeium mobilizing potency of the parathyroid gland extract, and

the spectrophotometric effect of the preparation on the absorption
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of reduced coenzyme II at 340 mu,

The absorption peek st 340 mu observed in Figure 3 is due to
the presence of reduced nicotinamide in the TPNH molecule, The
TPRH itself is observed to undergo s small but signifloant
deorease in absorption at B340 mu over the six hour resotion
period, It is felt that this deoresse in absorbance represents
a 8imple seroble oxidation of the reduced coecnszyme, The rate of
this oxidstion 18, of course, mush too slow to be at‘yhynioiagiaay
signifioance, The faot that it can ocoocur, however, has, to our
knowledge, neover been questioned, Flgure 3 ahows that as the
abzorbange of TPHNH st 340 mu deoresses, there is a corresponding
inorense in sbsorbance at 2860 mm, whioh 1s the abaorbance peack
for oxidized coenzyme II. This tends to support the contention
that an oxidation reaction is coouring.

The ultraw-vioclet absorption spectrium of the parathyrold gland
extraot utilized 1n this work, shown in Figure 2, closely resembleg
that recorded by Ross and Wood (1942) for their aotive parathyroid
slgnd preparation, The sbsorption peak at 275 zu is due to the
presensge of the aromatio amino acids tyrosine, tryptophane, and
phenylalanine in the extrset, It should be pointed out that the
0+2% phenol added to the Lilly preparation as a preservative slso
nbsorbs at this wevelength. The presence of this preservative
was a serious handlosp in all attenpis to record the speotra of
treasted preparstions, sinoe tihere was no way of knowing whether
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the absorption pesks recorded were due to amlino aelds or simply
to incomplete removal of the phenol. In genersl, the syeetrum
recorded for this extract is similar to those recorded for a
number of simple proteins.

Figure 4 shows the spectrs recorded of s parathyroid extract-
reduced eocenzyme II reaction mixture before and after the six
hour test period., The peak at 340 mu is due to TPNH, that at
274 mu is due to the presence of the parathyroid gland extraot.
Disappearance of the oxidized coenzyme II peak at 260 mu is
attribvuted to its being overshadowed by the sbsorption of the
extraet at 275 ma, It will be noted, however, that there is an
inerease in asbsorption after six hours at both 260 mu and 275 mu,
In view of the feet that the spectrum of parathyrold glend extraet
alone wag found not to changs over the six hour reaction period,
and since the decrease in absorption of IPNH at 340 mu was
observed to produce an increase in absorption at 280 mu, it would
seem that the genersl "upswing® noted in the spectrum of the
mixture after the six hour reaction periocd is due primarily to
oxidation of TPNH with the resultant production of oxidized
coenzyme II. No complex formation or marked disruption of the
TPNH moleocule 1s indicated by these spectra. Rather, the
evidence points to an oxidation of TPNH "ecatalyzed" by the
parathyrold gland extract.

Dialysis of parathyroid glend extraet against distilled
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water for sbout 24 hours showed the component of the extract
affecting the ultre-violet absorption of TPNH at 340 mu to be
capsble of passing through a cellophane dislyzing menbrane,
Compared to the original exitraect, the dialysand exhibited a
marked deorease in spectrophotometric effeot and was biologically
inaetive. The suggestion of an assoclation between these two
phenomene is strengthened by these data, A number of workers
have noted the effect of dlalysis upon the biological properties
of parathyroid gland extracts. Kenny (1956} reports that he found
both the esloium mobilizing and the phosphaturic "asctivities" to
be "dialyzable to a considerable extent", but gives no further
details, Helius (1957) utilized dialysis of parsthyroid gland
extraot preparations against various buffers as a means of
purification and reported no appreciable passage of the calclum
mobllizing prinoiple through cellophene dlalyzing tubing. Davies
and Gordon (1953) found the phosphaturic, but not the caloium
mobilizing prineiple of hils ﬁarathyroid aextraot to be dilalyzable
against dilute acetlc mold., Our work resulted iz aluost s
complete loss of the caloium mobilizing activity of the extract
after dlalysls against distilled water. We did not, however,
assay the dlalysate for possible caleium mobilizing activity.

As expected, the formaldehyde inactivation procedure followed

-

proved effective in destroying the cslolum mobilizing principle of
the active extraet. .4igein, this decreesed biological activity waa
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acoompanied by a decreased effect of the extract upon the ultrs-
viclet absorption of TPNH at 340 mu.

Treatment of parathyroid gland extract with absolute ethanol
diethyl ether indicated that the faotor affecting the absorbance
of TPNH was soluble to a significant extent in these fat solvents
Loss of spectrophotoaetric effect was accompanied by a decrease
in the calcium mobilizing asctivity of the treated extract. It
will be noted, however, that the asctivity ratio of 1.7 obtained
followlng treatment of the extraot in this msnner was the sanme
a8 that obtained in Dialysis Experiment 2, yet the blologlosl
activity of the ethanol-ether trested extract was alnost twice
that of the dialyzed preparation, Here we see a discrepancy
between caleium mobilizing ebility, and spectrophotometric
effect. The results of these two experiments are not, of
thenselves, considered as a suffiolent basis for refuting the
previously outlined contentions of Neuman end his associstes
(1956). They will, however, be referred to once again, in the
light of other experimental data,

The deocrease of blological mativiiy of the extract
following treatment with absolute ethanol~diethyl ether came as
a surprise in view of the traditional concepts of workers in the
field that the hormonal principle eliclted by the parathyroid
gland is protein in nature (Ross and Wood, 1942). Aalthough some

proteins are known to be soluble in such solvents, their number

L

are few,
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Qur results do tend, howévar, to substantiate a rather startling
report by Raoul et, al. (1955) who found in their work with
parathyrold gland preparations, that all of the caleium
mobilizing sactivity was extractable with either bolling absolute
ethyl alcohol, or by & mixture of ethyl aleohol snd diethyl ether
at -40°C. No more direct substantiation of their work has, to
our knowledge, been reported. It is to be emphaaized that since
in our work we did not assay the aleochol ether supernate for
biological activity, we do not clalm to have extracted the
caleium mobilizing principle from the extraoct, but merely report
a decrease of this aetivity in the treated preparation.

In evaluating the pepsin-inamotivation experiments, we feel
that the data prove conclusively the efficaocy of this procedure
in destroying the calcium mobilizing principle in the extrast.
Similarly, the sbility of this treated preparation to catalyze
a reduction in absorption of TPNH at 340 mu cennot be denied.

The oritical nature of these results is evident. We have taken
a biologically active parathyrold gland preparation which has
shown to unquestlionably possess the abllity to affect the ultra-
violet absorption of reduced coenzyme II at 340 mu under our
experimental conditions, end have destroyed its calcium
mobilizling abllity, 1If, as indicated by Neuman snd his associates]

(1956), a correlation astually exlisted between the caleiun

mobilizing ability of the active preparstion and its effect on
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the ultra-viclet absorption of TPNH at 340 mu, then we would
expect the destruction of blologleal activity upon pepsin
digestion to be accompanied by a reduction in the ability of the
preparation to affect the ultra=-violet absorption of the reduced
coenzyme II., Not only did such a situation not obtain, but
there was obgerved an actual inoresse in the ability of the extract
to affect the absorption of TPNH., Furthermore, the pepsin itself
was shown not to affect the ultra-violet absorption of the
reduced coenzyme II. The inactivation procedure did not involve
any manipuletion of the extraoct whioh could likely cause & loss
of any component of the extract, as, for example, dialysis or
extraction. The conclusion seems inescapable that some blologi-
oally inactive degradation product of the pepsin digestion is
affecting the absorbance of TPNH. Dialysis of the pepsin
inectivated extraot against distilled water markedly reduced the
preparxation's ability to affect the absorption of the coenzyme,

ile treatment with ethanol-ether virtually eliminated it. These
esults are simllar to those observed when active extraect was
ubjected to dialysis and extraction, It would appsar that the
moeity involved is similar in both the active and the pepsin
fLnactivated extracts, belng produced in the inactivated prepatation
ks a result of the pepsin digestion, The fact that the moelty

nvolved is & degradaticn product of pepsin digestion, and elso
ts ability to pass through a cellophane dlalyzing membrane, would
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tend to preclude the material from being a protein or an extremel#
large polypeptide., The molecule involved also must possess some
fat soluble grouping as indicated by its solubility in the
alcohol-ether,

These experimental date would seem to render untenable the
position that & direct association exists between the capacity
of Lilly's parathyroid extraet - "Injectlon Parathyrold, U.S.P." =
to mobilize serum oalecium, and catalyze a decrease in absorption
of TPNH at 340 mu, These findings asssume signiflcance in the
light of current thought on the mechanism of aotion of parathyroid
hormone,

48 stated previously, Neumen et, al., {1956) had found that

a "dramatic inoreaese” in eitrate output from the sponglosal

L2

circulation of the femur of intact dogs occured following parenter
al administration of parathyroid gland extrsot (Lilly). This
was accompanied, of course, by & rise in serum caleium in the
animal. These workers then observed that the parathyrold extraot
"destroyed the chromophoric group" of TPNH in vitro at 340 mu,
and rendered 1t "practically non-absorbent”, This was interpreted
89 giving evidence of a parathyroid controlled "blocking® of
coenzymne II-linked reasctions in vivo. Isocitrie dehydrogenase

is a coenzyme II-dependent enzyme, but exhibits very low activity
in mature bone (Dixon and Perkins, 1952, and Neuman et, al.,, 1956)

The metabollism of glucose-6-phosphate via the "Hexose Monophosphate
Shunt® 1s also dependent upon a coenzyme II-linked enzyme, namely,
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glucose~8~phosphate dehydrogensse. 4 "blocking” of the hexose
monophosphate shunt reactions could channel glucoae.matﬁbolism
into the Krebs cyole, and since in bone the enzyme of the Krebs
eyele conocerned with the further metsbolism of citrate, isoeltric
dehydrogenase, 18 "lacking" (Neuman, 1956) a plleup of citrate
could result, This proposed bloeking of coenzyme II linked
reactions by hormonal action is the "intrigulngblochemical
mechanism® referred to by Neumsn and his assoclates (1956) by
whieh a "parathyroid controlled citrate gradient malntains a steady
but supersaeturated level of ionized caloium in the serunm,"
Indeed, Strates, Neuman and Levinskas (1957) consider this to be
an "established corollary® to their concept of bone mineralization
All of this, however, 18 aepparently based on the initial assumption
that the salelum mobilizing prinociple of Lilly's commerciel
parsthyroid gland extract affects the absorbance of TPNH at 340 mu
Our exparimeﬂts. again, would seem to render such a position
untensble,

In coneclusion, then, although a parathyroid controlled
cellular mechanism may very well exist for maintaining a calclum
ion gradient between blood and bone, and although this mediation
may well involve partieipation of oitric acid in some manner, the
postulation of suoh a theory on the basis of the ability of the
caleium mobilizing principle of Lilly's commercial parathyroid
gland extraot to destroy the chromophoric group of TPNH in vitro,
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seems extremely premature and not in agreement with our experi-

mental results.
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CHAPTER V

SULIMARY

"Injection Parathyroid, U,.S.P.", an active parathyroid
gland extract commercially available from the Eli Lilly
Compeny, was found to definitely affect the ultra-violet
absorption of reduced coenzyme II at 340'mn.

Dialysls of this active commerciael extract sgainst
distilled water resulted in a virtual elimination of the
caloium mobilizing abllity of the preparation snd in a
marked decrease in the ability of the preparation to affeot
the absorbance of TPNH at 340 mu. (Spectrophotometrie Effect)

Treatment of the aotive extrset with ethancl-diethyl
ether resulted in s merked reduction of blologlesl asctivity
and s similar marked reduction in spectrophotometric effect.

Inactivation of the oalcium mobilizing prinociple of the
active extract through treatment with formaldehyde resulted
in a virtusl elimination of the spectrophotometric effect of
this preparation.

Pepsin inaotivation of the caleclum mobilizing prineiple
of the comuereial extraoct resulted in an increased ability of
the preparation to affect the absorption of TPNH at 340 mu,
This 1s not to be expected if a correlation existed between

the caloium mobilizing potency of the extraet and its
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spectrophotometriec effect.

Both dielysis of the pepsin inactivated extract sgsinst
distilled water and its extraction with ethanol-ether re-
sulted in a decressed spectrophotometric effect,

Under our experimental conditions, no correlation was
observed to exist between the oalelum mobilizing prineciple
of the commercial extrmet and the abllity of the extract to
decrease the absorption of TPHH at 340 mu.

Analysis of our experimental results seem to indicate
that the material responsible for affecting the ultra-violet
absorption of reduced coenzyme II at 340 mu is a dlalyzsable,
biologically inactive molety, whioh possesses some degree of
solubllity in typical fat solvents.

Any postulate regarding the mechanism of action of the
parathyroid hormone based on the aebllity of the caleiunm
nobilizing prineiple of Lilly's commercisl parathyroid glan&
extract to deorease the absorption of TPNH at 340 mu would

appear to be untenable in view of our experimental findings.
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TECHNI. UE OF PARATHYROIDECTOMY BY CAUTERIZATION

The following technique was used routinely to parae
tyroidectomize female albino rats weighing 120-30 granms,

Ether was used as the anesthetlio during the operation, which
was carried out in the hood to facllitate removal of ether
vapors., The animal was anesthetized in en ether jar and removed
when, after rolling the animel over on 1ts back, it ceased
struggling to right itself, After removal from the jar the
anlmsl was placed on its back on a wooden board approximately 5
inehes by ten inches, and secured by placing wide adhesive tape
over each limb, A rubber band was placed about the incisor
tooth in such a mamner as to make the neck of the animal slightly
taut, the incisor becoming the apex of a triangle formed by it
and two nails imbedded in the béard about two inches above the
head of the animal, A smell piece of cotton wes made damp to the
touoh with ether and placed close to, but not in contact with the
nose of the snimal, BEther was kept at hand and periodiecally
during the operstion wes edded to the cotton, no more than five
drops at a time, If, during the course of the operation, the
animal developed pronounced ataxic type breathing, the cotton
plug was removed irom the nose erea until breathing returned to
normal. If, however, respirastory difficulties characterized by

a wheezing or gasping sound developed, and did not cease after e
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minute or two, the cotton plug was repleced and the operation
completed as rapidly as possible. After the animal had been
secured on the opereting board, an inolsion was made aslong the
midline of the nesk from the cephaliec boarder of the sternum to
the mandible, Similar incisions are made through the various
subcutaneous layers of conneotive tissue, hemogstats were used as
needed to hold the cut tissue to one slde, Care was taken to
avold damage to the submaxillery salivary glands situated
bilaterally to this midline inecision. 4ny damage to these glands
resulted in profuse bleeding., It was found convenient to feel
for the trachea with a finger before making the ineclision, and
then cutting along what was felt to be the midline of the trachea.
In this way the initiel inelsion sometimes separated the glands
present right away., Onee the muscle layer covering the trachea
had been exposed, 1t was gently separated at the midline through
use of a sharp probe or scalpel. The muscle flaps were retalned
by hemostats, and the exposed traechea cautiously freed of fascia.
A muscle was noted lying sdjacent to each lobe of the thyro-
parathyrold apparatus. This was separated by blunt disection,
Once this muscle had been retracted, it was usually possible to
observe the parathyrold gland as a noticeable lighter-colored,
bulbular projection located at the upper lateral edge of the
thyroid., Identification was greastly faollitated through use of
a 2.75X bincoular loupe (iagni-Focuser). The parathyrcld was
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then cauterized with the eye tip of a osutery pencil. To insure
complete removal, it was found best to cauterize the geﬁeral
area where the parathyroids were located, If the parathyroid
glands could not be located, csuterizstion in the usual area
generally proved effective, Care had to be taken not to use too
hot an eye tip, since this would burn into the traches, or destroy
some other vital strueture., Insertion of a blunt probe under the
trachea, which was used to gently 1ift the thyro~parathyroid
epraratus, proved helpful Iin allowlng the operator to better
distinguish and ceuterize the parathyroid gland mass.

Immediately after oaﬁterizaticn, all 1limb restraints were re-
moved, and the wound was olosed with from two to three wound
clips. The animal revived in a minute or two following a return
to 1its cage. If the animal developed a pronounced gasping or
wheezing which did not subside within 15 minutes, it was

destroyed.
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C/RDXsC PUNCTURE TECHNIGUE

The following method was used routinely in obtaining
blood for serum cslcium analysis.

The animal 1s anesthetized with ether and placed on the
operating board in the sane manner as desoribed sbove., The
puncture is nade utilizing a one c¢o6. Luer type syrings, with &
25 or 26 gusge needle., 4 larger needle is not advisable as it
may Seriously demage the heart. The needle is8 inserted at s
point slightly lateral to the point of meximum palpitation as
determined by touch, If the animal is prepared in the same
manner for easch cardiac puncture, it is often possible to ™hit*
the heart even though some diffioulty is encountered in feeling
the point of maximum palpitation, If the heart is missed in the
initiel puncture attempt, one should uot probe around with the
needle, but apply gentle lateral pressure to each side to see if
the impulse of the heart ocan be felt on the needle., This willi
aid in Jjudging the site of the next attempt, It is felt that
for a beginner, it would be of greest benefit to insert the needle
into the anlmal, then destroy the animal with ether and observe
the in situ location of the heart in relation to the position of
the needle, This serves as an invaluable orientation. 4 number
of rats withstood six successful heart puncbures with no
noticeable 11l effects, and, in general, this method parmitted
rapld removal of 0.5 ce. of blood from the rat with very few




fatallties,
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CALOIWM AZIALYSIS OF SERUMN ZTHOD OF N TEL30N AND PAONIALL (1955)
The reagente and naterials used wers prepared exsotly as
deseribed by retelson nnd Penniall (19855). The following 18 a
dotsiled acoount of the technique shown to give reproducible
regults when using this method for serum csleium snalysis,
One ml, of water is pleced in & ground glass stoppered
12 ml, capaeity, centrifuge cone, To thls is added 50 lambda of
serum, using & 50 lambds uioropipette. The mioroplpetting seeumed
to be the souree of most of the inltlal trouble encoundersed in
obtalning reproducible results., The followling procedure wes
found to be seoceptrble, The mioropipetie is attached to a
tuberoulin syringe by means of asome rigid atteohment, such as a
plastie nozzle or a thiock walled pressure tublng, about 3/4 inch
in length., It should be poeasible to control the pipette using
the syringe =nd only one hand. The nmioropipetting 1s inserted
into the sample, snd the sample 1s drawn up to point a bit above
Bhe 50 lambda mark. This sauple 1z then discarded, The slze
b the semple will almost alvays be large enough to permit this

vith & 50 lambde (or less) pipette. The pipetts is reinserted
nto the sample »nd again sample is drawn up to o point alightly
bove the mark. The outside nozzle of the mieroplpette is wiped
b with Xleenex, and in this way the aanple is usually drawn dow

Lo the mark by eapillary setion,
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The sample 1s then ejected into the water in the centrifuge
cone. The mixture in the centrifuge cone is used to rinse the
mleropipette twise, The miocropipette 1s finally rinsed twioce
with distilled water, the rinse being ejected intc the centrifuge
cone, This procedure assures removal of all the serum from the
walls of the micropipette. Pipetting of = second serum sa:iple
18 sccomplished in the same manner as Just described, beginning
with the rinse of the mioropipette with the serum sample., after
use, the micropipetts is cleaned with detergent, distilled
water, concentrsted nitric aeid, and again with distilled water.,
It is not necessary to dry the pipette 1f the above procedure

i8 used, To the cones containing the scrum and water, 2 mls.

of Triethanol amine, snd then 6 mls, of .lizarine~Octanol
reagent are added, It was found convenienbt to add these
reagents by burette for speed and sgeuracy. The tightly
stoppered centrifuge cones are place on the shaking msehine and
shaken for 20 minutes, Following this, the cones are centrifuged
for five minutes at 2000 rpm, at the oclinical centrifuge. If
¢loudy supernates are obtained, the cones are re-centrifuged for
&noﬁher five minutes, It is important, however, that all the
cones in a ruan are centrifuged for the same period of time., The
supernate 1s drawn off using a 5 ml. graduated pipette controlled
by mouth suetion, About 6 mls, oan usually be drawn off, but a

minimum of 4 mls. are requirec for the colorimeter tubes, The
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color developed in the supernates is memsured at the Klett-
Summerson colorimeter, using a number 56 filter (560 mu).
This method involves « modifiecation of the original Hatelson
and Penniall technique in that 50 lambda of sample are utilized,
instead of 20 as suggested by these workers, and 6 mls., of the
alizarin~octancl reagent are used instead of the originsl 3 nls.
after use, the cones are cleaned with deterzent, distilled
water, acetone, dilute nitric aclid, and distilled woter. The
colorimeter tubes are cleaned with detergent, distilled water,
dilute nitric aold, and agsin with distilled water.

Figure § indicates the linear relationship between the

concentration of serum ¢slclum and the corresponding colorineter

reading.
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FIGURE §
STANDARD CURVL FOR CALCIUM JALYSIS

4ll Points Are The Mean Of At Least Four Determinations.




TABLE 15
ULIRA-VIOLET ABSORPTION OF

ngelang@h

380 0.049
375 6.052
370 0.054
385 ~ 0.056
360 0,059
358 0.062
350 0,064
345 | 0,087
340 0,071
335 0.075
330 0.081
385 0,088
320 0.092
315 0.098
310 0.106
305 0.123
300 0,149
295 0,195
290 0.279
285 0.442
280 1.170
278 1.850
870 2,250
285 1,880
260 1,400
255 1.030
250 w 0.775
245 0,882
240 0,792
235 1.270
230 2.200
225 2,460

No change was observed in the specirum efter a 6 hour time
intervael., The data recorded were obtained using the tubs
arrangement listed on page 19, and are plotted in Figure 2,

page 20,




380 0,042 0.036

375 0.061 0.062
370 0,082 0,072
365 ' 0,104 0.094
360 0.126 0.114
365 0.150 0.133
350 0,165 0.148
345 0.176 0.188
340 0.180 0,162
335 0.176 0.159
330 0.167 0.150
325 0,153 0.137
320 0.136 0.122
315 0.117 0.108
310 0,191 0.092
305 0.086 0.083
300 0.077 0,080
295 0.07% 0.082
290 Q0.073 0,092
285 0.088 0.116
280 0.143 0.172
275 0.233 0.265
270 0,385 0.387
265 0.452 0,480
260 0.482 0.502
265 0,450 0.4587
280 0,380 0,392
245 0.300 0.301
240 0,239 0,239
235 0,213 0.209
230 0.223 0.286
225 0.269 0.515

The dsta recorded were obtained using the tube
arrangement outline of page 21, and are plotted in Figure 3,
page 22,




Wavelength

380
375
370
365
360
3556
350
345
340
338
330
335
320
315
310
305
300
295
290
288
280
275
270
265
260
255
250
245
240
235
230
225

The data recorded were obtained using the tube arrangement

outlined on page 21, and are plotted in Figure 4, page 24.
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IABLE 18
EFFECT OF V.RIOUS DOSE LEVELS OF PARATHYROID BXTRACT UPON THE
iH AT 340
Material Initlial Deorease In ibsorbance
Absordb With T {hours
Expt, 1 —t 2 > 3 2 . 6

002 0,008 0,013 0,022 0,030 0,038
010 0,017 0,025 0,038 0,047 0,063
013 0,028 0,044 0,063 0.085 0,109
025 0,048 0,080 0,124 0,172 0,219

TPHH~Control 0.433 0
TPNH-0,2 co. Extract 0.435 0
TPW’“Q»S 151 2 mr&@t 00433 0
TPNH~1.0 o0. Extract 0,430 0

Expt, 2

TPNH=Control 0,394 0,007 ~=ewe 0,019 0,030 0,038 0.044
TPNH~0,2 ce, Bxtract 0,396 0,01l =e=w- 0,038 0,050 0,065 0,079
TPNH=0,.5 oo, HBwtraot 0,382 0.016 we-w- 0,056 0,077 0,102 0,137
TPNH~1.0 @¢o. BExtract 0,402 0,020 ~ww~~ 0,083 0,140 0,191 0.230
Expt, 3

TPNH~Control 0.384 0,005 0,008 0,016 0,026 0.034 0,045

TPNH»0.2 ¢c, Extraot 0,383 0,010 0,017 0,031 0,045 0.058 0.071
TPNH=-0,5 oe¢. Extraet 0,380 0.015 0.028 0.051 0,070 0,095 0.118
TPNH»1,0 co, Extrast 0.385 0,022 0,048 0,081 0,130 0.181 0,225
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