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QREFIGH X
THROMLCDION

sne of the sbriking affects of the injsctlon of the
papntiyrold homone s the elevebion of the pomun olbsabe
(1ouroun, 1053). The origin of this eitrete 1p 56111 open
to guestion, but son srise from one of threw possibllitles,
“pst, the oxidstlion of eltrabs by the ovgenisn is hinderod o
inbdbived, secondly, the production of clivate ls socolovubed,
and Shirdly, storshouses of elbrabe, malnly bone, eve being
dipuolvads ALl three peesiblliities huve boan slibop direstly
ap ipdivostly invesblpgabod and to debe none cun be tabogorie
cally emoluded Cfron thdnking and agearchs

Thst the hownone acte by Inaibltiug the ubillsatlon
of elbrnde by tie opgenies was Cived glven credencs by Housen
and Blo cowworkors (1990), who otutod Shat bhe parethyrold
norsone detrensed the obility of redused Srdposshopyridine
suelectlds to cbeserb Light ot 30 millisievons i3 ¥ibtre. ey
poabulobed that this wan perbaps whisl was aleo ccourrling ia
vive. Sinee 1T 1o koown thet the pyrldine nuclsotiden sre
ioblmaboly luvolvod In the olbelc acld oycle and serbobypdroke
mobebollsm, it 15 rondily sesn that noy indopfovence with them
could enally lead to an socuwmulation of eltrate in the orgonlom.
Thet Le, Ghe poretiyreld horsone, by blogking oxidatlon cyclon,

would promote sold soewsdebion fron glycolysls. Unfortunsbely,




2
no excorimental evidence wes ziven o this hypobhosip, Heloheod
{1550) oxbended these lnvesbligetions snd indeed wrs abls to ghow
on in yitro destrustion of the ablility of reducsd bdolphosphopypie
dine macleotide to sbsord light ob 340 mus Cwor o © howr period
the Jestrachion was gbout 15 par canb. However, ho demonstrebed
that this effoet was no% dup o the solelum mobilising sctivity

of tho hormons pr pepreation Hetsuss s pepain digest of the howmons
physlclogleally incetive, incronsed the effoct from 2 to 3 Gines.

Sther ovidouse fn support of this ilnndbition theory
swas obboloed by Leskin and snged {(19506) W%m found thed £ollowe
ing % eadnlpietration ol hormons, vosplestlon in bons slicss
was morcedly roduced dosplite the sddlblon of dsxbPose, pypuvobs,
and sone of the di- snd tricerboxylile soid intormediebes of the
eibpic weld oyclss They were cble Ho sbhow o depresgalon of the
sugeinile debydrogenasoe Wﬂ@iﬁlm‘

A somewhot sindlary abudy, this time wibh kidnoy wlto-
cuopdria, wos und.rbakes by voluos sad Stesnboei (1507) e They,
howevory used vitesin D oshdeh L covwn o have soas of e smng
motabolls senlfeobatlons as the pavsthyrodd hormono. In Sheir
work they ineubasted the sibodhondpd: with and wlthout vitemin D
and verdeus Byebs cycle subatrebes and found thab thoe witauin
bed an inadbitory effect on olbpebe and Llsoslbrele oxidnbions
They alsc demonstrebed bus suny offect on glubanwlbe oxidublon,

s 2
pato-hydroxyoubyrobe, snd pypuvede in the prosenvs of oxnlacow

bot none on the oxddablion of alphawsotogluberabe, suoce
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tobe. Thoy noted thot only the tpiphoeshopyridise nuolooblide
aysbono wore alfacbods

Melucn ot a2l {1590 next invesbigelad the elffoeot of
gibenin D uwpon the ongmo gsystoms of laorupted alteshimdrles
Thoy Pound no affoct on agoniboss, TPU lsccltrie dehydrogenocse,
I leoeitrle delydropennse, TP eybochrons O roductase, e
eytochomo O poductuse, ond oyprddine nuwelactids Srenalypdropuisae
agblvitios, eyt thoey studicd the 2ffoet of the vit'oln wn
ridney mltochondyle prepared in bwo Alffepend woyn. 08 prop-
pppbion wus obbained fros Isstonde suerose ond tho other from
nypsrdonie sucropso, Hboshondrla propered Ly these wolbods
difler from suoh othor in bobh structure end gaxﬁéwézaﬁilﬁﬁ;%
They found fhat kdldnoy sitoshuvadele from hyportonde gacrioss
ware nors affoeted by vitoaia D than kldney nltothonivia prow
pepad fron lgobonle suerond. Jobh Sypoes of sdbcchondria roe
gulbod in o lover pabte of oxidedlon of clirabe In tho progence
of vitonin De Tho conolusion woas draun thad vibosin D Infiie
onped the sidnoy sibtoshonderiad structure and pormeabiliityes
Pupther evidones fop thie postulate vos obfalned by the uas of
mitoehondriel swolllisg aponts whlicoh rowverpsd blw vitesdn elflect,

Mxon and Forking {(1,53) tesbad tho levels of some of
the enzymas of Ltho eltrie sold ayole In bono to mes 1D the rise
Ain serunm olbrebto did come from this storobotise of elbinbo,
Lerge dosse of parebhyrold hoymone ware given to boad anluglco

and the lovels of cilropencse, wommdlbose, and Iscelirle dobyw-




b
drogennge in the bone of tredted animals were compared to the
levels of control aninal bone, They found no difference in the
ongyme levels of bong betwean the treated and untreated snimals,

The third possibilivy that the produetion of ecitrase
in the organism is accelersted would ocbtain if earbohydrate
. mataboliam were shunted into the citrie acid eycle pathuny a¢
& fapber yute than in normel metabolism, Blanchet (1952) demone
strated the hypoglysemic effect of parathyroid extract, IThe
peremt degrease in blood glueose was direetly relsted to the
USP units of parathyroid hormone administered, Olmer and Peillas
{1936) reported that high Woeod levels of glucoss in diabetic
patients were significantly lowarsd following injections of
papathyroid hormone. Hotario and Meduri {1956) showed that
guines pigs treated for twenty days with ons, two, and four units
of parathyroid hormone daily showed at the two lower doses, lower
blood muger and ingreased glycogen deposita, but ot the highest
dose & pmarwaiwhémm in the glycozon depositas and little
change in the blood sugar. Barbleri and Martinovti (1955)
demonstrated thet short treatment of guinea pigs with parathyroid
extract coused in the islets of langerhans 2 slight incrense in
the numbexr of alphascells; prolonged tresatment caused a decrease
in these cells and s marked incresse in beta-cells, Thus, it
would m that the parathyroid hormone doss indeed have en
effect on carbohydrete metabolism,

Another piece of evidence which supports either the




3
theary of accelerated production or inhibition of ecitrates was
presented by lek .» (1959). He incubated bone slices, obtatned
{rom normal animals and animals that had received doses of
parathyroid hormone, in the presencs of pymm-a*ev‘. Analyses
were then made of the labsled eitrate after a3 30 minute ineus
betion, Ho found thros times the amount of labeled citrate in |
the bone obtained from the animals which had received the hormone
then in the bone from the ¢ontrol animals, Since the incubation
time was relatively amall, this must mean that the increase in
citrate arose from either an scceleration of citrate production
or an inhibition of the oxidation of the labeled ciurate pro-
duged. The rise in bome citrate could not have boen due to a
diassolution of the bone mineral,

nont of the Freblem ﬂ
The parpose of this thesis is to determine whether
the parathyrold hormone has an in yitro effeet on some of the
ensyme systems which are imown to be involved in the metabolie
fate and production of citric aecid, ‘

Some individual ensymes, related to eitric ascid a:z#i
w%0 metabolism, and which require TFN in their systems,
will be studled and the parathyroid affeet on them will be dee
ternined. The oxidation of substrates by kidney homogenates,
and kidney mitochondris prepored and treated in various ways
will also be studied ond the offect of paprathyroid hormone on
- them will be determined,
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If an offoct on an enyyms system could be domonstrased,
this might well lzad to a non-biological assay far the hormons,
Another consequence of the demonstration of such an offect
wonld pathaps be to elucidate the loel of the physiclogleal
action of the hormone in its role as s metabolic regulator,




CHAPTER IX
EXPERIMERTAL

The reader is referrad to the Appendix for the
chemicals and preparation of reagents,

Since the experimontsl work is divided into two
major phases, spectrophotometric and nmanometrle, the spegific
methods and procedures will be given with each experimental
section, It is hoped that this progedure will facilitate
the reader in following the sourse of this research,

studied are ensymes relatad to glycolysis end citric asoid
oxidation and which require TFN in their systems. The enwymic
activitics will be followed in the Hodel DU Bockman spostyo-
photometer at room tomperature by cbserving the changs in light
absowrption at 340 millimiorons dus to the formation of TPHH.

EREE Y Sih LHILEISRER RASD
The first ensyme studied was isocitric dehydrogenase.,
This suzyme is intimately involved in the ¢itric aeld oxidation
eyele in two places, It requires TPE for its first reaction
and the two reactions it catalyses aret

a) 1lsocitrate & TP «—> Oxalsuccinate « TPHH

Hase
b} Ozalsucecinate <« glpha«Kstoglutarate ¢ mﬁ
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The ensyme was not commercially available and there
fore was prepered by the method of Siebert et al (1957),
Ono-half gram of acetons powder of pig heart
ogenized with 12,5 ml of 0,01M phosphate
buffer Wm&inmg 0.001M Varsene, pH 7,4L. The homow
geniser was & glass.made student preparation, Homoe
geaization was sontimued for 10 minutes st 0-5%C, In
all subsequent cperations the temparature wes never
allowsd to go above 5%, After homogenisation the
mixture wes stixred for en additional 10 minutes. At
the ond of thia time the homogenate was transferred to

| a plastic centrifuge tube and gentrifuged in the Intere

stirring to the pale yellow supernatant,

netional Refrigerated centrifuge for 15 minutes at o
foree of 24,000 x gravity. The sediment wie discarded,
The supernatant wag clear and pale yellow,
added 1,3 grams of M.ﬁm chloride, slowly and with
stirring, Then, agsin slowly and with atipring, 22 ml
of saturated ammoniun sulfate solution containing
C.001 M Versene werc added, The mixture was allowed %o
stand 30 minutes end then it waa centyrifuged for 20
minutes at 24,000 x grevity, The precipitate was dise
carded, 37 ml of saturated armonium sulfate solution
containing 0,001 Versene were added slowly and sdth

To it wos

The mixture

was allowed to stand for 15 mimutes, At this point the
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mixture was divided into three gentrifuge tubea, The
mixture was centrifuged for 45 minutes at 24,000 x
gravity. The precipitate contained the 1miw&c dow
hydrogenase, Two tubes were drained of the mam
natant and cuickly stored in the frosser conpartment of
the refrigerator. The precipitate in the third tube
wag taken up with 1 ml of 0.01M phosphate bulfer cone
taining 0.,001H Versene, pH 7.4« This enzyme solution
was sssayed immwdiately,

The assay syetem wes that of Siebert et al (1957).
S8ilica cells of 1 om contained 1,00 ml of 0.1M Tris uffer
containing 0,001M Verseno, 0.2ml of 0,02 nagnesium sulfate,
0u2 ml of 0,00L54 TPN, 0.5 ml of 0,08M dl-isocitrate, 1,00 ml
of 0,1 per cent gelatin containing 0,01X Tris and 0,001 M
Vorsene, and C,0L to 0,05 ml of ensyme solution. Yater was
added to make a final volums of 3.0 ml, The resction was
inftiated by the addition of substrete, Controls contained an
axtye alicuot of water in place of substrate, After the addition
of sudbstrate, the contents of the cells wore mixed once by
invarsion and readings were taken at 1/2 mimute intervals.

The results are plotted on Figure I and the data
appear in Tsble XXVIII in the Appendix, The activity of the
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sngyme ie proportional to the concentration. This is apparemt
by a comperison of the time it takes to reach equilibrium end
by the rate of the linear portions of the curves.

Experiment 2,

The sngyme preparation from experiment 1 wans frosen,
stoyred in the freaser compartment of the refrigerator, thawed
two days later, and ressssyed., The results of this sxperiment
appear in Table XXIX in the Appendix, From Figure II it san be
soen that the sctivity is etill proportional to the ensyme
congentration, Also, the gnsyme does not appear to heve lost
any activity on freesing and thewing.

In this experiment the effect of 0.1 ml of Lilly's
Papathyroid Extraet (expiration datve: August 1, 1958; Lot No.
5078+678089) was determined on 0,02 m)l of enzyme solution,
The enayme prepsration @a the seme one used in experiment 2,
All the gonditions were identical with those of experiment 2,
with the exception of the blank which contained 0.1 ml of hor
The data appear in Teble XXX in the Appendix. The data for the
0,02 a1l enzyme activity of experiment 2 and the 0,02 ml ensyme
activity in the presence of 0.1 ml perathyrold extract of
exporisent 3} are plotted on Figure I,

There appears to be a slight inhibition of the isocitrid

RONG o
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b ¥ 3
dehydrogenase by the parathyroid extraoct, Thls is spparent not
by the rates of the two separute reactions, becauss they seem to
be almost identical, but in the final attainment of emilibriunm,

She prwipiwms in aln. ths tubes Irom the experi-
wert in which lsocitric dehydrogennse wes prepared ware eombined
with the aid of 3 ml of 0.01H phoaphate buffer gontaining ©,001M
Versene., This solutlon was quickly frosen and lyophilimed, The
total weight of the dry powder wee 127 mge. Protein was deters
mined by the nethod of warburg and Christian {1957). The
engyme proparation was found to contein a total of 2,8, mgs.
protein,

Expariment 4.

An enzyme solution was prepared which contained 9.25
ngos of lyophiliged isvecitric dehydrogensase prepuration per nl
of solution and this was assayed to see if the enzymic activity
still remained. OU.1 ml and C.2 ml of solution were assayed;
otherwise all conditions were identicnl with the previous exper-
iments, The results, given in Table ZXXI in the Appendix, are
plotted on Figure IV,

ﬂﬂﬁw&ty wis encountered with the solubility of the
parathyroid extract at pH 7.hs Melius (1957) found that grad
ient dialysis of the parathyroid sxtract agsinst a Q1M
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phosphate buffer led to a partition of activity between the
soluble portion of the reotein and the protein that precipitated
during the dialysis, Thus, it was poasible to dlalyse the
extract, have parsthyroid ectivity ressining in solution, and
at the ssme time eliminate the turbidisty which formerly hine
dared the spectrophotometric studies. The dislysis procedure
was a8 follows:

10 ml of Lilly's Porethyroid Extract {expiree
tion date: August 1, 1958; Lot No. 5078.678089) wae
dislyned against one liter of O.1M phosphate Duffer,
pH 7.4, for 3 hours in the deepfresze, The solution
outside the dizlysie tube was comtinually mixed with
a magnetic stirrer. The bulffer wis changed 5t the
end of 3 hours ond dialysis was continued overnight
for an additional 1€ hours, The procipitate whigh
formed was ramoved by centwrifugation in the Intere
nationsl Refrigerated centrifuge at a force of 20,000
x gravity for 15 minutes and at 0°C, The supermatant
was pale yoellow and weeg at a pH of 7.4e In the sube
seqguent experimants this hormone preparation will be
refarred to as Buffered Hormone.

fxperimert 5.

Becauge the hormone wes now in & phosphate buffer, it
was convenlent to change the assay system for i{soeitric dehydprow
gensoa, The method now used was that of Colowlick and Kaplan
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(1957)« B8ilica cells contsined 2,6 ml of 0.1¥ phosphate buffer,
pi Teliy Uad ml of OL0015M TPH, C,1 nl of O,1H magnesium chloride,
Csl ml of 0,08H dleigocitric ueld, and C.1 2l of enzyme solution,
When bufiered hormons wes added to the cells an eculwalent
amount of phosphate buffer wes omitted, The engyme solution
contained 13.7 mgo. of lyophilisod isocitric dehydrogencae
praparation per wl of 0.1M phosphate buffer, pH 7.4 Table I
gives the experimontal results of the effeet of two concentrie
tions of buffered hormone on 0,1 ml of enzyme solution,

There appears to be a alight increase in the rate of
reagtion of isocitric dehydrogensse by the 1,0 nml of Wmuffered
hormone. However, 2,5 ml of buffered hormone has no effest,

Expegimont 6,

In this experiment the ensyme concentration was
increased znd the hormone concentration was degreased. The
sngymo solution was the same ns that in experiment 5., The
data are given in Table iIXII in the Appendix and are plotted
on Figure V. lHere it appesrs that the hormome is inhibiting
the engymlic reaction in the linear portion of the curve.

Experiment 7.

Thiz experiment was perforned to tost a constant hore
mone concentration with different ensyme concentrations, A
new ensyme sclution was prepared which contained 11,1 mgs. of
lyophilized isocitrie dohydrogenase preparation per ml of 0.,1R
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phosphate bulfer, pH 7.hes All othor conditlions were ldentical
with those of axperiment 6. Ths results are given in Table II,

It seems that the constant hormone concemtration
activates the engymic resction atithe lower concentrations of
engymas At the higher goncentrstion of engyme there is no

apprecizble effget of hormone,

dehydrogenase. It is & part of the pentose oxidation shunt,
During the enzymic process, TPH {g converted to TPHH, The
reaction it cataiyzes iss _ |
D-glucose-Oephosphate ¢ TPN Héwmmﬁmﬁmlmm
TPHH

The engyme used wast (Sigma) Zwichenferment, crude, 200
Eornberg unite por gram, Lot No, 116138, A solution of enzyme
waes prepared by dissolving 11l mga, in 2 ml of Q.1 per cent
sodiwe bicarbonate, pH 7wk

The contents of the cells for the glucose-bephosphate
dehydrogenase assay are given in Table I, The data, Table
XXXIXX in the Appendix, plotted on ¥Figure VI are corrected for
protein and hormone concentratlion at zexroc time,

There scems to be a slight inhibition of the enzyme
system by the buffered hormone.,




740
Fad
1040

Gk

G230
093
e 310
Jelis 7

Owlli7

Dyl

G b0a

Uabtil

0500




¢ 1% {Conkrd}

vationd Leusily

U2 ml hLneye ved wl insyoae
, I & owllin Ul wil Cwilth 0.5 w
buffered howsong ulfered homens buffored hoy

b P b ﬂ:}f{r ;»;/‘é:}'?{a} Ve A0

2a0 G009 Jell2 S 0T




Y
L"}

phegphate
vy il Talp

Glusona-O-plosphate

solublor
Tngye polublieon
daboy

%

N0

WA e

tadt

z

A0 d

b

e

PR T A s
’5.3 », VN w»‘i‘wwdéz;ﬁ&

-y

el
Lab

R
R O ]




0500 |

OPTICAL DENSITY

| A | N l 1 l R J

—0—0-

: N
'&r:’ .5 ol

4 6
MINUTES

PIGURE VI

Sl SATE R
# KR v i
Fcaid OUE

oy o
3

Gal "ifszwgz, —_——— 5 il
—"""' el ml Gnmyme with
bulforad Dormolio.

3l
A e




25
Exporiment 9.

The engyme solution was too concantratod so it wag
diluted 1 % 5 with 0,1 por cont sodium blcarbonate buffer,

vl 7.4« Throe concentrotions of engyme weres assayed along
with the same three which comtained C,5 =) of Wuffered horu
The dats given in Table TXXIV in the Appendix and plotted on
Figure VII ware also corrected for protein and hormone concen-
tration st sero time,

The hormone again sppears to inhibit the ensyme
aotivity, lHowever, since the inhibition is of the same nagnie-
tude at all three enzyme congcentrations, it would soem that thie
is not a truoe inhibislion but a manifestation of some
unacoountables factor,

Mo ietnis Henyarorens ae
The third TIN requiring eansyme studied was Se-phosphoe
gluconic dehydrogensse, This engyne is aleo part of the pentoss
oxidation stunt. The rebation it catalyses las
%phmﬁhaglmam + TP <> Depibulose~S~phosphate & TPHH
Any blocking of ite mechapiem could sasily lead to an acCumue
lation of citeric acid fyom glycolysis. |
The enzyme wag cbtained commereially from Sigma, It
wae very erudej Lot No. 47-073, An snsyme solution was prepared
by dissolving 4 mgs, of the powiswed prepsration in 2 ml of 0.1
per cent sodium bicarbonate, pH 7.k The snxyme solution was
clear,
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The experimentel procedure and recgents vere the seme
#e that for the glucose-bephosphate dehydrogenase system excepb
for ensyms and gubstrate. Two conocentrations of snwyme werse
followed spectrophotonetydenlly along with the sanetwe concenw
trations which contained Q.4 ml of buffered hormone in the
systen. The results of this experiment, corrected for protein
and hormone congentration at serv time, ... given in Teble IV,

It appears that tuffered hormone iz inhibiting the
G-phosphogluconic dehydrogonase systen, but as with the glucose-
bwphosphate dehydrogenase, the inhibition is of & constant
nature for the two lovels of wmsyme concentration,

It was deeided that perhaps the systems studied
speotrophotometyioslly were too restricted to show any grose
effoet of parathyroild hormone on them, Therafors, efforts were
turned towards multieonsyme systems, If the hormone acted on
many individusl enzyme systems only in a small way, there was
the possibility that by studying the smulti-engyme systens &
wmarked effect of perathyroid hormone would obtain,

The ralti-enzyme systess studied were rat kidnay
homogenates and rst kidney mitochondria., Because of the ture
bidity of such preparations, they could not be studied spedtro-
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photometyrionlly. The course of the engymic reagtions was
followed by determining the oxygen uptake in a Verbwrg appore
atug,

varburg {lasks wore calibrated with mercwy by the
method of Umbrelt ob =l (1957). Hanomwbers were colibrated
with waters 4 sicroaster type manometer calibratoy was used.
Brodie¥s solution iy aeid fuchsin as the dye éﬁm unad for the
menometer fluld. All wifers, substratoes, and gofactors wape
pipetted into the noin compartment of the Werburg vessels. All
snmynes were pipetbed into the sidearms, A 10 per cent alkell
golution vaes yjut in the center cups of the vessels to abaord
any carbon dioxide produced duping mespirstion. A 2 om square
plece of filter poper weon folded ageordion fashion and 1% was
insarted in the center well %0 aid in the absorption of carbon
dioxide. Bafore the papers were inserted, however, the rims of
the canter cups were covered with a thin ¢ovat of lamolin to
prevent the alkali fyon spilling over into the mein compartment,
Hanometer to flask joints were alaev greased with lanolin to
maioe alyr tight ceals, The flasks were then eonnagted to the
manomoters, inserted into the bath, snd equilibrated for a feow
aimtos with the stopcocks opens Ths stopcocks were closed
and eguilibration was continued for another few minutes, The
contents of the sidearms vwore then tripped into the main oome
partmants of the vessels &t 15 second intervals. The flauks
wore equilidbrated a short while and then readings were taken,
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The various equilibretion times will be given with cach saries
of sxperiments,

Unless otherwise indicated, ell valuwes given in the
tables will represent decrenses in pressure, that is, oxygen
uptakes Furthermors, all values will be corrested for flask
and manometier constants, barowmetric pressure changes, and wvapor
ressure changes,

The temperature of the Varburg bdath was meintained at
30%C throughout ell deteminstions, Flasks wers shaken at a
rats of 100 oscillations per mimute,

The procedures, data, and figures for nitrogen, phose
phorus, and cytoshrome U standardisetions appear in the Appendix,

For the purpose of evaluation of the various effects
of papvathyroid hormone preparations on the enzyms systema, it
was arbitrarily decided that a difference of wore than 5 per
gent in the oxygen uptake of the ensyme in the absenoe of hore
mone and ensyme in the presence of hormone would constitute an
sffect, The means of the determinations at the terminetion of
oach experiment were the values used, For example, if the oxye
gon uptake of a hypothetical system at the end of 30 minutas
ware 100 microliters and the oxygen uptake of the same system
in the presence of hormone were 50 miceroliters at the end of
30 minutes, the pergentage difference betwosn them would be
20/100 x 100 & ', Since this i3 over 5 per cent, the hormone
would be nald to inhibit this hypothetical snsyme systenm,




White albino rate of the Spragueelaowley type were
killed with ether, The kidneys were cuickly resoved, trimmed
of fat and their protective membrene, weighed,minced with a
sharp scalpel, and then homogenised with 9 volumes of O,25M
sucrose solution in & Porter-Zlvehjem homogeniser for 3 minutes.
The temperature was maintained at 0-8%C, & pw&im of the homow
Zonate was heated for 15 ninutes in & bauim water bawa in
order to inactivate sll snxymea, The bolled homogenate was
used ap the cuntrol,

Expeoriment 1l,

The method of Umbreit (1957) was used for the first
exparinent, When citrate was used aos substrate there was no
respiration by the kidney homogenate, snd thersfore, fumarate
and pyruvate were used to initiste respirations The hormone
preparetion was untreated Lilly's Farathyroid Extract {expire
ation date: August 1, 1959; Lot No. lLL6+706177). The contents
of bha flapks are given in Table V,

Flasks were equilibrated 3 mouts with the stopcocks
open and 3 minutes with them ¢losed, The homogenates wers
tipped into the main compartments at 15 seeond intervals and
equilibration wes continued for ancther 7 minutes, The firet
readings wers taken as sero time, The valuos in Tadle VI
represent the means of duplicate determinations.

It appears that the untrsated hormone sxtract is
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aotivating the respiration of kidney homogenate.

12,
Experiment 1l was repeated and this time, for the
parpose of an inactive hormone eontrol, the effeet of pepsin
digested parathyroid hormone wag 8lsc determined, The hormone
was inactiveted by pepsin as follows:
Seven ml of Lilly's Parathyroid Zxtract {exple
retion dates August 1, 19593 Lot Hoe 1146w706177),

P LeOy wore adjusted to pH 2,0 with 2H hydroshloric

aoid, The adjusted axtract wos then insvhated wikh

2 ugs, of crystalline pepsin for 17 hours at 379C,

AS the end of incubation, the pH wee adjusted %o &

with 28 sodiun hpdrexide to destroy say residual

pepsin &ﬂt&ﬂﬁ!’g Five ainutes later the pi was
readjustod $0 4.0 with 2N hydrochlorie aoid, This
mterial will be referred to as pepsin inastivated
hoymone, When not in use it was kept frosen in the
freoncy compartment of the refrigerator,

Anothier kitney homogenate was prepared with 0,25M
saerose solution s previously desoribed, The conditions of
the expariment wers identical with those of axperiment 11
except that equilibration times were 'amm. These were
4 minutes with the stopoocks open and L mimutes with the stope
cocks alosed, Zero readings were then taken 9 minutes after the
homogenate wea tripped into the main compartment. The respi-
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ration date appear in Table VII, Agein the values represent
the mean of duplicate determinations,
Both the pepsin digested hormone &nd untreated hormone
extract are inhiditing the respiration.

ment 13

Experiment 12 was ropeated with 0.2 ml of active and
popsin inactivated hormone. A new kidney homogenats was pro-
pared in C,25 sucrose solution, All cordibions, inclwiing
squilibration times, wore identieal with those in experiment
12y The data is given in Teble XXXV in the Appendix and the
values ropresent the mean of duplicate determinations, Figure
YIII is a plot of the data,

The inhibitions of both horaone preparations at this
concentration ie nost striking, It is interesting to note thst
pepsin inactivated hormone decresssd respiretion by apmroximetely
80 per ocert and aetive hormone extrect deoreased it by approxie
mately 50 per cent, '

to see if any offeuts of horwmone could he oBtained on the

spagialised anwyms system in the mitoshondria, It was thought
that the mitochondria would oxidise cltrete if it weye the only
substrate available for oxidation,
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Kidnoy mitochondria were prepared from 0,254 suorose
solution ss deseribed by Schneider (1948), and Sohneider and
Hogoboom (1950}, as followmy
The 0.25M sugrose kidney homogenate was comtrifuged
for X0 sdmates at 2000 rep.me (head 840) in the Ine
ternetional Refwigerated cwrtrifuge set at 0°C, The
supeynatant wos saved and stored in the refrigerator,
The sediment was remuapended in 2.5 m) of 0,25 sucrose
solution per original 10 ml of howogenate and it was
rehomogenised for 2 minutes and centrifuged as before,
The supernatant from this fraction was also saved,
The sediment was recuspended a seeond time, homogen-
s.:ed, and amriﬁmé« The supernatant from this
fraction and the two previous ones were combined and
then centrifuged for 10 minutes at 9200 r.p.m, (head
296) and at 0°C. The pellet of mitochondria was
washed with 2,5 ml of suorcse solution per original
10 ml of homogenste and the ritochondria were resedi-
nented by centrifugstion, The pellet wos washed once
more and the mitochondria were collected again by
centrifugation at 9200 r.psws The final pellet was
taken up with 2,5 ml of 0,254 sugrose solution per
10 ml of original homogonate. A portion was heated
for 15 minwtes in & boiling water bath to inactivate
the susymes,




Experiment li.

The active and inaotive mitochondris were then
assayed using eitrate as substrate, Cofastors, listed in
Table VII, were added to the flasks, Equilibration was for 3
minutes with the atopcocks open and 3 minubes with thewm closed,
The mitochondria and hoxokinase in the sidearms were tripped st
15 second intervals into the main compertments and sero readings
ware taken after a fival snuilibretion of L more minutes,

There was no respiration by the mitochondria vhen
gitrate wis used as substrata,

Sxporiment 15.
Sugeinate was thon tried as substrate for the mito-

chondria, All the conditions were the same as vhen citrate was
used, The results of this experimont are given in Table IX,
The values represent the means of duplicate determinations.

It seens that the agtive hormone does not affeet the
respiration of kidney driz prepared from isotonie
pugrose., The inhibition of reaspiretion by pepsin inactivated
hormone 1o still presant,

Experiment 16,
An attompt wis made to determine the type of Inhibie

tion vhich was being oxhilbited by the popsin insetivated hore

mons on succinate oxidation by kidney mitochondris, At the same
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tine 1t was declded to test the aetive hormone mxtract agein,

4 fresh preparation of kidney mitochondris wes proe-
rared fyom isotonie sucroso sclution., The mitochondris were
assayed at 3 concentrations of succinate (20, 40, end 20 miero~
noles), Two concentrations of pepsin inaectivated horronms {C.1
ml and 0.2 ml) and two concentrations of aetive hormone (C.) ml
and 0.2 ml) wers alec assayved with the three concentrations of
gubstrate, The mitochondrial concentration wos the same in all
flasks, All other conditions were ldentical with those of
exporiment 15, The excess substrate end hormonss wore added
in place of water, The means of the duplicate deterninmations
are given in Tables ZiXVI to XL in the Appendizx.

The values of the means at 5 mimates were plotted by
the method of Linewsaver and Purk (1934). Figure IX shows that
pepsin is inhibiting the engyme system, It appears thet the
inhibimcn is of theo uncompetitive type. In this type of
inhibition, it is essumed that ome still has

E » 5= > B8 >P & E

but that

28 ¢ 1 €<—>» ESI
{ins et ive)

The data for the sotive hormone is inconclusive, At
the concentration of 0,1 ml hormone there is virtuslly no efiect
on respiretion at all levels of substrate concentration. xeept
for the effect of the (.2 ml hormone concentration on the
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highest concentration of suceinate, the hormone does not scenm
to affect the respiration of kidney mitoghondria prepared fron
izotonic sucroge,

chondria prepared from hypertonic sucrose, Ziegler and Linnae
(1958} reported that mitochondris prepared from hypertonic
suerose wore morpholorically intact and thot the oxidation
of certain substretes of the eitric acid cycle, mainly eitrate,
could not be studied by conventional manometric technicues,
vecsuse they wers inacessidble to their respective dehydrogene
ases in the intaet mitochondria, However, when the mitochonw
dris were sonically irradiated, all the substrates of the eyele
wore oxidized by the disrupted mitochondris, Since the necesw
gary squipment for sonic irradiation was not avallable to the
author, it wap thought that disruption of the intact nito-
chondrias could be obtained by lyophilization and then re-soluw
tion of the mitochondriz in hypotonic medis. The next sories of
oxperiments was undertaken with this goal in mind,

It was also believed that the pepsin insctivated
hormone was not a valid comtrol for sn imactive hormone. It
15 trus the pepsin disgested lwrmone is physiologlecally insective,
but the final product of digestion is in reelity not a nodified
hormone but a host of amall peptides. Therefore, the hormone




wes inactivated by two other means both modified the hormone
but the Lasie protein nuclous remained intact, The two methods
oi inactivation were oxidation and treatment with formaldehyde,

pare sitochondria {rom O.88M suecrose solution, It is as follows:

b5

The method of Hogeboom et al (l048) was used to pree

A 10 per cent kidney homogenate was prepared in
0e88H suorese solution with a FortereElvohjon homoe
geniger, ilomogenization wes continued for 3 minutes,
The honogenate was centrifuged in the Internationel
Refyigerated centrifuge for 10 minutes at 600 x groe
vity end (”C. The supernatant wez saved, The sedi-
ment was resuspended in 2,5 ml of O.82H micrvse Mlua-
tion per 10 m) of original homogenate and it was
rehomogenised for 3 minutes, Ths seecond homopenate
was centyifuged &gam for 10 minutes at 600 x gravity.
The supernatants from both centrifugations were
combined snd centerifuged 3 times for 1U minutes at
600 x gravity. Gagh time the supernatant was saved,
The sitochondria was collected from the supernatant
by centrifugation at 23,000 x gravity for 20 minutes,
The mitochondrial pellet wss washed 3 times with 0.08M
susrose solution, After each washing the mitochondris
wore resedimented by centrifugstion for 20 minutes at
23,000 x gy The final pellet wos taken up with
3 ml of water and it was cuickly frogen and lyog)hi.Mde
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It woas hoped that when the dry powder was taken up
into hypotonic solution {or assay that the mitoe
chondris would disrupt and relsase their onsymes. This
preperation will be referred to zs lyophiliged mitow ‘
chondria preparesd from hypertonic sucrose,

Oxidized parathyroid hornome was ﬁ&nparuﬁ by & modie
fication of the method of Hasmussen {(1958), He reported thot
oxidized parathyroild hormone was physiologically inactive and
that the full activity could be restored by reduetion with
cyateine, Rasmussen (1958) used a highly purified and active
parathyroid hormone in his studies, leichert (1958) demone
strated that the Lilly's Parathyroid Gxtract was also physioe
logically innctivated vhen oxidized by the same procedure. The
oxidation of the hormone ls as follows:

0,06 ml of 30 per cent hydrogen peroxide was added

to a4 5 ml vial of Lilly's Parathyrold Zxtract

{expiration date: May 1, 1960; Lot No. 2008.723416),

The solution was allowed to stand for 30 mimuites at

room temperaturo. At the end of 30 minutes the solutiog

wae gquickly Irosen and lyophilised. The dry powler was
th# reconatituted to 5 nl with water, This preparation
of hormone is raeferred to as lyophlilized oxidized
hommone in subsequent experiments.
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In order to deternine if oxidation changed any
gharsieteristics of the parathyroid horamome, the ultraviolot
gpeotrunm of oxidized hormone was goupared with that of the
active hornmonc, 0,2 mdl of oxidised lyophilised und reconstie
tuted hormone was diluted to 3 ml with 0,0001W hydrochloric
acld. Similarily, an aliouot of lyophilized and regonstituted
active hormone was diluted with the same acid solution. The
spectrum of sach was deternmdined using I nl of the acid as
blank, Then using the active hormone @s blank, the apeetyum
of the oxidiged hormone was determined., This scgond procedure
wes in reality messuring the differsnces in the spectrums of the
two hormonas, The spettrums of active and oxidizoed hormones
are shown in Fimmws 2 and the plot of the differences in the
spectyums is in Figure XI.

Figure X demonstrates that the oxidised hormone
speetun eroases that of the sctive in two places, This is
evidence that some group, most probably tyrosine, has underw
gone change during oxidotion. Figure XI dmamtrﬁmﬁ the
appeoranee of & maximunm st 240 millimiorons in the apeetyrum
of the oxidized hormone almost cuantitatively ecual to the
deereape &t 270 millimierons., This is further evidence that
2 group on the parathyroid hormone had undergons change during
oxidation.

Formaldehyde inactivated psrathyroid hormone was
propared by a nodified procedure of the method of Shetlar et
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al {1956) pivon balow:

Ce05 ml of 37 por cent fornaldehydo was added to a

5 ml vial of Lilly*s Parathyroid Extraet {explration

dates May 1, 1l960; Lot :%m., 2098723416}, The s0lum

tion wae allowed o stiond 2t room temperature for

100 hours, At the end of this time the contents of

the vial weres ouickly frozen and lyophilized, The

dry vowdler wes reconstituted to the original volume
with 5 ml of water, The material did not dissolve

oven upon the addition of s smell amount of O N

hydrochloric aeids A fine suspension was prepared

by manunl homogenisation in 2 tapered glass honlw
genizor, This preparation is referved to as lyophis.
lized formeldehyde hormone,

Since the formaldehyde treated hormone and oxidised
hormone ware lyophilized, = vial of Lilly's Perathyroid Exe
tract {expiration date: Moy 1, 19603 lot No, 2098-723416) wes
also lyophilised ond reconstituted to the original volume with
5 nl of water. This step wes takon to insure that the same
volatile compounds were removed upon lyephilimation,

Zxparinent 17.

An enzyme solution was prepared fyrom the lyophilisged
08811 suerose mitochondria. This solution contained 270 nicrow
grams nitrogen por 0.2 mle The firat substrate tested was
gitrate; the contents of the manometyric vessels are given in




51
Table i
The equilibration times were 3 mimtes with the stop-
cocits opon, 3 minutes with the stococks elosed, and 7 minutes
after the enzyme solution and hexokinase ware tripped into the
nain couportment.
Apain citrate was unable to initiste respiration.

Experiment 18.

in this experiment suceinate waa tried ss substrate
for the smsyme solutlion., ALl conditions, othorwise, were iden-
ticel with those of euperiment i17. The results of this exparie
ment are given in Table XI,

There appears £o be an inhibition of respiration by
iyophilized active, Yormaldehyde, and oxidiged hormones, The
inhibition by the lyophilized {ormaldehyde hormone is much morse
pronounced then that of the aetive or oxidiszed horuones.

Dxperinent 19. :
Fxperiment 12 was repeated with the reapiration being
allowed to proceed for 2 longor time, The values given in
Toble XII represent the means of duplicste determinations.
Again there is an inhibition of respiration by all
the preparations of lyophilised hormones, The formeldehyde
| hormone still inhibits wmore than the active or oxidized hormonus,

Experiment 20,
It was thought thet the eddition of tha small snount

%
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of hydroahloric acid to the insoluble lyophilised formmldehyde
treated W. in the attempt to solubilize it mpa was
contributing to the marked inhibition of mxmmﬁm by this
preparation, The vemainder of this preperation wes treated |
with 11 volumes of absolute ethyl alochol followed by 12 wolumes
of ether (Shetlar 1956). The precipitate was colledted by cen-
mmaﬁm and then dried over goncentrated sulfuric aeid in
a refrigerated desiceator for 4 days. Upon recmstitution with
water $0 the volume bofore precipitation, the dry powder still
did not dissolve, mmwmahmmwwm
syen constituency in & tapered glass homogen

Experigent 19 was yepeated with the modified lyophie
lised fosumldelyde treated horwone, In this experiment the
offoct of popein treated hormome wes also studied, ALl condi-
tions were identionl with thoge of M 19, sxeept that
8 now enmyme solution wes prepared from the lyophilised O, S
sucrose mitochondris, The new mayne sclution omtained £30
mm nitrogen per 0,2 ml, The rosults ore glven in
Table XIII. The valuss represent the memns of duplieste deter-
ainations,

The effegt of formaldshyde troated hormone now was
radically changeds It did not sffect the respimstion, lyophis
1ised asctive and oxidised hormonss still inhibited the
reapiration, Pepsin Mﬁinm hormonie, o8 it alweys had, slso
8111 inhibited respiretion,
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mxmwmwmumwm

Another enxyma wmam.m was turnod %0 in an offors

to oxidiae citrate, Slnoe aitochondria prepaved froa isotonic
sagrose solutlion aye Alresdy merphologisally changed {Zisgler
and Linmae 1958), it was shought thot Wy lyophilising & pree
paration of nitoohondria prepared ffum leotonic sueross an
oven greator modiflsation would be odtained when they were

Aloo, thors wers differences obasrved in the effecte
of the various parathyroid hormomes which sould ot be resdily
axplained, Thees variations could bde due to soms unsosauntable
factor in the medium in which Shoy were omrrieds An effort then
was made to remove tha mrotein naterial from eclution bty pro-
cipitation and vedisseclution in watayy Thus, the warisbles in
the carrier media gvuld be elininatad,

Bet kldney mitoshondria were prepored from 0.25M
sucrose solution as previously describeds Instesd of taking
up the final mitochondrisl pellet im 0,258 sucvose, the Linel
polleot was token up with wker, the preparation was then mickly
frogen snd lyophilised. i solution of enuyme was prepared from
a portion of the dry powder by dissolving in O.lX Phosphatoe
buffer, pH 7she It wie hoped that this procedure would disyupt
the mitochondiris and relesss its enayuwes inte solution and that
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mexmhmnmma They were

g8 Lollowst

Precipitated active horwmone.

The protein in one vial of Lilly*s Perethyroid
Extyect {expiration deter February 1, 1961} Lot
Nos 9139-7374M} wus presipitated with ethyl
gmxmmwmmawwnu
(1956} « -

The hovmons is one vial of Lilly's Parathyroid
Extruet (expization date: Febymary 1, 19613 Lot
Noe 929973744} was oxidined by the wethod of

Resmasoen {(1958). The exeess hydrogen paroxide

was renowved with casalase, The rrotein was
precipitated by the method of Shetlar et al
{19%6).

Precipitated formaldehyde treated hormone.

Ons viel of Lilly's Parathyroid Extract {expi.
retion dater Februsry 1, 1961; let No, 9159+
T370kb) was treated with formaldehyde as pree
viously &MM@ The protein material was
precipitated by the methed of Shetlar et ol
(1956)s

Presipitatod pepsin digested hormone.

One wvial of 1Lilly's Perathyroid Extract (expie




»
 ration dater Febwusry 1, 1968 Lot Nos 9159
T37hhk) was digested with pepsin as previously
sthanol and ether by the method of Shetlar et al
{1956} '

m wi.piw mwm wore mmma by eentriw
fugation in the Intemmationsl Cliniocsl wsme set at half
speed, Mmmﬁhad m&ﬁﬁhﬁﬂﬂummmﬂ
fugeds mmmmmamrwmm»ﬁmﬁ 3
furic aeid and & besker of m&ehmahlmac tar&dm ma
refrigerated mmm. All the mm precipitates wore
quantitatively collected in tared visls and weighed, The
mmt: and dmmim M the pma&pﬂa“a are ﬁ.m in

Table XIV,

Procipitated active hormone 32 yellowbrown

Precipitated formeldehyde m o
i o ved 32 .

Pregipitated oxidized hormone 36 .

Precipitated pepsin diposted
hormone pope 13 groyish-ahiite
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Solutions of hormone wero prepared which had a concene
tration of 6 mgs, of pregipitated material per sl of water,
Only the precipitated agtive hormone did not go readily intoe
solution,

 Because the mitochondris would probably be disrupted,

it wes thought not necessary to include hexckinase, glueose, ALP,
and suerose in the assay system, An engynms solution was prepared
from the lyophilised mitochondriaj 1t was found to eomtain 150
nicrograms of alteogen per 0,2 ml aliquot, The components of
the Warburg flssks are given in Table IV. E

The vesscls were equilibrated ) minutes §ith the stop-
coeks open and 3 minutes with the stopeocks closed, The ensyme
solution was tripped intc the main compartment and equilibretion
was Mhmd for & mizutes defore mero readings were taken,

There was no respiration when citrate was the sube

Experiment 22, |
In this experiment sugoinate was tried as substyate
for the ensyme solution, All other conditians were idemsiesl
with those of experiment 21, The results of duplicate deterw
ninations age given in Table XVI,

There appears to be only a alight effect of the pree
sipitated hormones on the respimetion of this enzyme systesm,
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It is interesting to mote that the pronounced sffe¢t of pepein
digestod hormoune on respiration has now 4;mm§

Experiment 23,

4 now prscipitated active hormonse was prepared as
proviously deseribed, The final dry preeipitate weighed 32
mgs. A 6 mgss precipitatc per ml of water was prepared and
mmm 22 wae repeated one woek later, |

The values in Teble IVII are corvected for the nitroe
gen gontent of the new ensyms solution o that & cosperison can
be made betwesn the aetivities of the ensyme solutioms of thie
| experimont and experinent 22,

There 18 no effest now of the precipitated hormones
on the oxygen uptake of the snuyme system, The snsyme has lost
approxinutely 50 per cont of {ts activity in ome weelk, |

InYixe and In Yiske Lifest of Hormo ' Kidney L

; TIREYES

Bpepinent b,

An oppOrtunity was presented %o obtain the kidneys
of rats vhish had received 500 USP unite of LillyYs Parathyroid
Bxtract (expirasion dates Pebewary 1, 19613 Lot No, 9259«
737444) one hour previous to saerifice. The kidneys from theso
rats were homogonated in 0,25M sucrose sclution, A homogmnate
wes also prepared from the kidneys of normal rets, A portion
of sach homogenate was heated in a boiling water bath for 1§
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nimtes in order to inactivete the enyymess The components of
the Uarburg vessels are given in Table XVIII.

Bquilibration times were 3 mimutegwith the astop-
eocke open, 3 mimutes with them closed, and b ;inuses after
# homogenate was tyipped into the mein compertment, The
results in Table XIX are the mesns of § determinetions, They
are all expressed as oxygen uptake per mg of homogenate nitrow
i T

| Respiration seens ¢o be greater by the treated ret
kidney Mmﬁu than by the normal mat kidney homogenate,
This 1is not mtm&ahmmmﬁ of mmmdm
(1956) that injestions of hermone into rats gsuses an inhi.
bition of the suceinie dehydrogenase of hm; However, in
this experizent kidneys were used, and also, the time of sacrie
fise of the animals sfter they received the dose of hormons
was much shorter than in leskin and fmgel's study,

vmmmnmﬂmwmﬁ@mwsﬁpmﬂ;ymﬁ

hormone on the respirvation of norsal rat kidney homogenate,

The presipitated harmones up to this poim had mot
been tested with kidney howogemstess Initisl work with une
treated active hormome and pepsin digested hormone on kidney
homogonates had shown an inhibition of respiration (experimems
312 and 13). Howsver, in that series of axperiments, pyruvete
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and fumarste had been used sa substrstes, It woe thought ade
visable then to see 1if the precipitated hormones exhibited an
effect on Lidney homogenstas respirstion when sucelvate wos the
substrato.

A ret kidney homogenate was prepared in 0,25 sucrose
solution: The nitrogen content wag 920 plercograms pepr Ou, ml
of homogenate, All conditions vere the same as in experime
25y The values given in Table Ii ars the mesns of duplicate
detersinationc,

Thore was no elfeet of the precipitated sctive, form-

aldehyde treated, and pepein hormones on kidney homogenate
respiration, 7The effeet of oxidized hormone waa inhibitory.

Aetive hormone bad shown a slight inhidbitory effect on
the respiration of kidney mitochondria prepured from isotonic
sucrose (oxpariment 16). Preeipitated oxidised hormone had
also shown a alight inhibitory effeot on kidney homogenato
respiretion (experiment 25) and on lyophilised mitochondria
prepared from isotonic sucrose {experiment 22), ILyophiliszed
oxidiged hormone wes also inhibitory on the respiwstion of
lyophilised mitochondyia prepared from hypertonic sucrose (oxe
periments 18, 19 and 20)., The next experiment was undertaken
to test lyophilized setive and oxidized hormomes on kidney
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mitcchondria prepored from lsotonic sucrose.

Rat kidney mitochondria were prepared from 0,254
sucrose solution by the method of Selmeider (1950). The nitrow
gen content of 0.2 m} of mitochondricl solution was 4LOO nmicro-
grame. The flaek components snd eouilibration times were the
sexe 48 those in experiment 24. The valuce givon in Table
iXI are the mesns of L determinztions,

Lyophilised active hormone hes no effect on the yesw
piration of mitochondpia and lvophilised oxidized hormone is
inhibitory.

Quidation of Yrt

This oxporiment was perforned to investigate the effact
of active hormonoe extract, treated in no way, on the oxidation
of verious substrates by morphologloally intact mitochondria,

RBat kidney mitochondria were prepared from O.88 U
sucross solution by the method of Hogoboom ot al (1948}, The
finsl mitochondrial pellet was taken up in 0.88 ¥ smuercss solue
tion. The nitrogen content of 0,1 ml of mitochondrie suspension
wis 130 micrograms, The flask components are given in Table
iXils The finnl suerose gongentration was O 5. Under thase
conditions the mitochondria are structurslly steble during the
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assay {Ziegler and Limnae 1958),

Eomilibration tises were 3 minutes with the stopeoeks
open, 3 minutes with them closed, end 4 minutes after the mito-
chondria and hexckinase were tripped into the main compartment,
The oxygen uptake was detormined in tyiplicate for all substrates
in the presence of hormone snd for every mitochondriz determi-
nations The values in Tables XXIIX %o XIXIV are the means of
the triplicate determinations,

The substrates malate, alpha-ketoglutarate, and
glutamato failed to produce respirotion. The active hormone
extract had no effect on fumerate and citrate oxidation and
it appeared to activate the oxidation of pyruvate ond suceinats,
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CHAFTER IIX
DISGUSSION AND SUMMARY

From recent studies M porathyroid hormone effedts
on the whole organism, and of the effects of vitamin U on the
whole organiss and on the particulate metter of cells, there
wore bits of evidence which led one to believe that perhaps the
hormone would show some offect on speoific enzyme systoms removed
from the influence of the w@w organism, Attenpte were made to
clarify this issue, The results of this particular reseerch,
howevar, are inconclusive and on that basis, this hypothesis
still remiins unproven,

Both indiividual ensyme systems and mlti-ensyme sys- |
tems were used, The multieensyme preperstions inoluded rat
kidney homogenates, rat kidney mitochondria obtained from is0-
tenle sucrose and hypertonic sucrose, and rat kidney mitochone
dria obtained from isotomic and hypertonic suerose and then
lyophilized. |

The efflect of aetive and insotive hormones vas deter-
mined on the various snzyme systems, Active harmone preparations
ineluded untreated hormone extract, diaslysed hormone extract,
lyephilized hormone extract, and hormone precipitated fyom a
homone extract. Ina¢tive hoarmone preparstions included a
popsin-digested hormone extrast, & pepsinedigested hormone
extract precipitated with ethanol snd ether, harmone
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oxidized or treated with fomuldehyde and then lyophilised, and
hormone extracts oxidized or trested with formldehyde and then
presipltated from solution with ethanol and ethers

It is difficult to assess the remults of the effects
of sctive hormone on isocitrie dehydrogenase, glucos@ebephose
phate dehydrogenase, and Gephosphogluconic dehydrogensse, becsuse
8ll the effects observed were nearly of the same magnitude in
all three ensyme systeme and at the different soncentrations of
the same ongyme, A poseible explanstion for this is thet the
horuone may have been affegting some component eommon %o all
three ensyme systems, The most plausible component would either
be TPH or TPHH, That this ia not unlikely, was shown by Reichert
{1958) who, in & purely in vitro system of hormone and TPNH, was
able to demomstrate s swall effect of parathyroid hormone on the

benoy of TPNH over & period of 6 hours.

The parathyroid extract, commereislly obtained, showed
a dofinite inhibition of the respiration of kidney homogens!
the thres times it wos tested when fumereate and pyruvatie were
used as substrates, When pepsineinactivated hormone was used
a8 & oontyrol-inactive hormone, there was a more pronounced inhiw
bition, The parathyroid extrset had only slight varisble
effects on the respiration of homogenstoes and of kidney mitoe
p vhen sucpinate was used as the substrate, Fepaine
insctiveted hormone still inhibited markedly in both these in.
stances,
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Iyophilised active and oxidised hormone prepayations
alsc inhibited the resplmation of lyophilised mitochondris pree
pared {vom hypertonic sugrose when succoinate was the substrate.
The lyophilised oxidised hormop: always appesred to inhibit core,
than the active hormone preparation. Lyophilised oxidized hore
mone also inhibited the respiration of mitochondyia prepored irom
isotonic suerose while lyophilized asotive hormone had no effect.

with the excoption of oxidized hormome, which inhie
bit g, the precipitated Lhormone preparations had no effeet on
the respiration of kiduey homogenates and lyophilised mitochonw
dria shen sueeinate wie ths pubstrste, It then seems plausidble
that some gomponent, originally in the hormone medium ae & cone
taminant or introduced in the provess of insctivation of the
various hormones, wes producing the inhibltory effects of the
othey bormone preparetions.

For exawple, the marked inhibitory sffeots of pepsine
insetivated hormone may well have besn due %o the presenge of
exoess chloride ion, During the digestion of the ho
drochdoric seid was used w adjust and readjust the pH of the
gsolution. When pepsineinagtivated hormone wes jrecipitated
from the modiwe in vhich 4t was digested and then taken up into
distilled water the inhibitory effects of thin preparation dise
appenred, The evidenge polnts in this direction, also, with
the formeldehyderinactivated hormone, Because it was not sole
uble after lyophilization and reconstitution with water, 2 smell

oL 5 hy*'
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apount of hydrochloric aeid wes sdded in an attempt te msolubi.
iiwe it. This preparstion also marikedly inhibited respiration.
When the hormone was pree¢ipitated and removed from the medium
and retested, the imhibition disappeared,

The inhibitory effects of the oxidised hormone pre-
parations cannot be rationalized at this times The resder
mist be cautioned, however, that an oifect was arbitrepily
aseartained if respiration in the presence of hormone differed
by more than 5 per cent from that of the ensyms system in the
absence of hormone., The affegts, therefore, may hawve only been
a matter of which value was chosan to evaluste the resulte,

All attompts to oxidise citrate proved fruitless
except when amitochondria prepared from hypertonic suorose were
useds The respiration, though, wn‘ very small and the active
payathyroid extraet had no effeet on it. This diffieulty in
the oxidation of eitrate by homogenates and mitsochondrial mree
parations is not native to this resesrch., Ziegler end Limmse
(19%8) found that in the study of mitochondrialebound pyridince
proteing, the activities of the snsymes were highly variable,
and that they were a function of the damage sustained by the
mitochondria during preparetion, Speeificelly with the oxide.
tion of eitrate, they demunstrated that fresh mitochondria mnd
mitoshondyria frozen and then thawed did not oxidise eitrate,
Only when the sitochondrie were sonically disrupted did the
oxidation of citrate proceed. Thus, in the present study, it
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ies most probuble that a disruption of the mitochondria was
never obtalined. '

Aother problew whiech vmwway had some bearing on
the study was the purity of the hormone oxtraots It was not
conveniont o practical %o initiste a Durther puwrification of
+10 hormones Thet remains a problom in itselfs The parathy-
roid extract, coumercially available, contains approximetely
6 milligrams of protein materlal and 100 USP unite of rarathy-
roid setivity per miliiliter. Thiz iz approximetely 16 USP
units per nilligrom of protein. HRasmuseen {(1957) purified a
erude parathorwone B preparation by means of zonal eleotroe
phoresis on polyvinyl chloride and obtained a highly active
component of approximately 200 unite of setivicy per milligran
of protein. More recembly, Munson (1959) purified the commer-
elally avellable extract by & new method using cellulose columns
and he slso obtained a hormons preparstion with shout 200 unite
of activity per milligran of proteins Applying s new mothed of
axtraction from Hresh glands and veing the new purification
progedure, the sume worker obtuined a produet wiieh had greager
than 500 unite of setivity per milligram of protein.

1t would sems then thot further work on the problem zs
& whole mugt either awsit 2 readily aveilable hormone prepamtion
of high purity o more conerete evidence for the direet effect
of parathyroid hormone on speeific ensyme systams,




85

h g Mﬁ.m‘i, Lay and Darblnebtl, Ley 1;:‘;;, ‘*&*w&ﬁ‘wxﬁaw Larnong
and Islots of Lengerhiens”, 2ol Sole Lodey 10y 31

§31zm‘&zmb, Le Jap 3358 "he Lf0set of Pevalhyrcld ztregt on
Faogphorus Betebollen in the Liwvarp?, Besterts Thosls,
Loyols Universltys Chlongos I111inols.

amms, Je Bep 1025, "Mhe Ixtractlon of o Papethyrold Hopmons
hieh Wil1l Frovend o Sontpol ¥ “*M;wtwia Totany ond

¢ fegulctas tho Level of Blood Celeium®, J, Blol»

(3. é}) 3y 395

Solowlek, Se Fep ond Hoplony Me Oup 1057 "Froceduras fop
D% smidastion of Fypidd *’, < f&wmmm *E."“*“* mwm%mm
hy isoclbric Delydroganasot, L AR :

I1e Avcdamic Pross, Yew &!’m*k*

i al L,.,zaz;.,g de Vag folsor, S ond O ambm::, as 19 ﬂ}f, fYitanin
fad c1tpete Oxidstion, Pod or Ll S

Dg iagn, e ;ﬁ pnd ﬁ%ﬁ&a&mm&, Ley 3»}.,)"? an In Vitro Zffech
af Vi@;m in D oon Cldrste Oxidetlion ?;w Mﬁmy mmmmmiw,

Seloness 120, 250,

Mxony Te Fep and ﬁwﬁa&m, Ha i Hay 1953, Yrapabiyreld snd Done
Citrogonase™y [ 2y di0s 139

Plakoy Ce iley 0 *mbhamw, M; 1985, "ihe wm;;*& ;ztm@ lotboi-
minubion of Fhosphoraa™, Je Diols Chans, 25, 375,

Hogeboonmy G ey Solinoldor, U, c Tep ond Padlode, U Gey y}%&ﬁg
"Cytodogleal Studies of lon uzmi&a .z,msm:am I. Isolabion
af Inbsolb *%wm&my fron Dot Llver; Dome Bloghanlesd
E}mm phise of ¢ immmxﬁm mn& mum‘ia meg&ic Farticadabe
Naverdal®, Je Glol. Cheg

Lwiﬁi&i“ﬁ* A}Q ivagg [P%e m‘,ﬁlt e ﬁw l*‘ﬁ)’ R}}QW ta%ﬁmm&-&l o
Bone ﬂammmm APbap Parathyrold | :m“wﬁ‘ » D Be fw

Apehie Polies 22 290e
1

Loken s De Cap 1007, "Comvarslon of ryruveloel~0
in Bone Blices", Unpubllshoed Debi.

o Oitrobe




i,

LY¥ieureany He ?Q ﬂﬁ@ HBotlty Ge Jas }.3%3* Influsnes of Parow
Thyrold mﬁm& on Gitrie Acld of the Sarum®, IX0Gs H0Gs

tﬁﬁ&’%?%

Idnowenver, e, and Davic D s 19 3y "Deberminstion of inmyne
Dissoclatlon Qenstants™s Je Aue Shome S0Qes 56y 0834

2 1957 “studles on thoe rurlfication of the Paroe
Tiyrold ammmw“ Goctornl %mmm&im, Loyola Univop
siby, Chlcago, Iilinois.

.ﬂaman, Fu Ly w.w» » Thuplliontlion of Pavebhyrold sxbraok®,
o Zp0Ges 30 29k

ﬁm%ﬁlﬁ@ﬂg Si\ # 1{'}%? ¥
-  : % Cs

amma

Ny Yo Pep "immmm, e o4 f&w&, Ve Bey ,..mmm, Ba Jup ond
33 Stelunos Vey 1350y "Un the Loonanlams of scbion of Perue
s S08es 185 3003,

Hoborlo, ., snd Uoadurd, Dy, :;ww, Frarathyrold m«mm e
i:wm:hwezmm rmawum s Lpghe Bols Hodes 131, 370

Okoor, J., and Follleg, Je ey ‘&mw "Hur LYsobion s‘z;g*pfam
gﬁ@ﬁimﬁ@ de Lrexby *w%, pornbiyrodion®, iregse Hode, |
i»i’&iﬂ

votbary Yo Rep 1941, "Studics on the usdhanlen of Uydrogen
"“mxzmwﬁ in fodmed maauw* 11, Cyanlde Inhibition of
Gytodharoase O ﬁ%ﬁuﬁtﬁ.@n“. Je Biode Chouey 130 A3«

Homvaaneny ey 157, ¥ mmwmwwm ?W&m%&m of Parg~
thormons 0%, Ja M Sey & dia

%&Qm@ﬁﬂ“g da A Hhom

Basmassong ey 3950, "iffooh of Oxidotion and nmmu&mx ms@n
tw Y,smli%mml cebivity of Fapethyrold lHovmons™s 8 108

120, 1337,

Bolonorby Lae Sep I8, l*‘m:,», n ¥Titeo @ffeoct of mm%iwmiﬁ
Jland “xbroet wma tha Ultes «%M% Lhporptlon of sdusad
ﬁmmffw I1% UYpsterte Thasis, Ilovolu &ﬂi‘@‘:ﬁ‘ﬁifwﬁ?’g Ghleapn.
I3linoin.

Rolohiorby Ly Hey Jrey 1959, Jevsonnl fomcunleations




Sehaaeldar, M, 1950, "Iantreoelluder Mebribusion of SABYIOB .
IIX. Tha wxmmmn af oot ngwic aeid by %‘%:. f&ivm Fp 4510

tiong®, de o %ﬁ; éz » 2594
Sabnelder, day snd Hogoboowy Oe Hep 1950, "’Iﬁ*&%”@i& Liudoy
cdgtvdbubion of Insymess. I, Fupthspy Studiss on tho
Hetributlon of Cytoohromo C in feb Liver &wwwm Lo,

de Biole Chome, 123, 123,

}Wﬁlitﬁ’ Ha Bep do ““‘é‘i‘ﬁ, Fa ,&tg \J‘Q‘al w&g wﬁﬂl’@iw”i,«;}ﬁtg Cie Ly
,m mwﬁmbmm e f*” Tiey },uap e Iffeebs of Poree
thyrold Horsone on Serws Glycoprobeing end s@xmmwmm
L%.agma and on ths Eidney of the Jat", lndoc rinelary, O
13 '

w;l‘uba.m‘h% Uep Dubug, Jey dnraor, Ge Gy and 419&&&, e Uw Sag
157, "The vepereblon Qsi’* Taveltrio sepdrogunass Leon

Horellien fet srb™y Je Shole Chome, 220 G05.

Thoorsily Hep ol Akosoon, fwy I9LY, "Studize on Cytoshrons Cs
Ii. Zho Jptleal meiw of rure O ”‘ytm«w%@ £ and Sone
af Ite Dovivabtlvos¥y, o ife GO0 508, “&' 1832,

»%1»4§;}3?“°i”§21 mp w;; ﬁﬁm&, Ba ‘hm o Shoallar, 34 Py “j}?;
byrdie 2 2 aos, “ux*mw sublisihing Cowy Hinnsge

»«waww eg ond Chirdablon, ey 1107,
UlbrasViolet Absorpbion’, Bethods in Ing
w’mwc’wais PIOBB, Yow Torks

Sheglory D ley wnd Linmos, Ae Gaey 1350, "Studios on the Slooe
txw Tronsport &yﬁtmﬁ x;mz., %s’:emmﬁrml Stracture
mﬁ Jehiydng gons i%ﬁ ;mm&w m faz}lw boed Hitosnondria®,

W




ARPURULE

5
i




vaistle, seney U140 per cont corpocted Lor molstures

Lot Hos BieG3e A Cevll solublon wes proparsd by dlee
BOLVing OFe] wisy 0 10 nl wabovs

Alpho- Watogluberie sold (Callifomle roundeblon for Dlophesdonl

Aeusoupeh) OfFs Lot Ho, L7U0D. 4 0.0 sclubilon of the
sodiw: sald wee propupod by dlasolviag an epuropilete

pmoant of cold in Uil sodiun hydiozido,

Aminonepthosuifonie celd (Hubheson Colomen snd Bodl) Teehnlcals

e seld wag votryatoellisod as Dollowsy hest 100 wd walop
E¢‘§ﬁﬁ$ and dissolve in 4t 150 svems of sodius bisulfits
nd 30 gross of sodius sulfite. Vo this solotlon wdd 15
grems of Lho orude sulfcale wodd end stir unblil ell bub

the oeorphous Lopuriiy bwe dlsgelyeds  Fllier the hot

golublon throwgh o lavge pepor, ool the filtrate under
the tap, end odd to 4% 10 wi of congonbrobed hydrochlorie
seld. PFilteor with the sld of suction, wash wibh shoub
W0 mi of weber, and finelly with alechiod until the weshe-
iage are golovlosss Dy o pred¢ipitote In olr wilth the

lsast poesible exposure to 1ipht, powder, and trenslor o

& broen bobtles The color yasgent fop phomborus doborw

miunsbions is prepzrod by dlgsolving U5 prana of the




poarystallized maboriel In 199 wl of 15 par pont sodium
Blgulfite nnd 9 s} of 20 per cent godium sulfite. The
golublion 1o ket in ¢ beown bobile cnd prepared fregh
gvayy Sy woaokt.

Smnenlus molybdabesii o (HMopok) lesgent. lot Ho. Ball3s The
sonive noelybdate eclor rosgent Loy phosphorus debornlingw
tiong wop prepoprad by dllubing 2% greme to 200 nl with
wonbory adding 300 wl of 1UH sulfuric seldy, and alluting
to 1 1iter wibth wobors

Ampsoniur: sulfete (Doker) Resgente Lot Mow GUTES. A sabuprated
solutlon of mwnonlos galfots wes prepored by sdding sxouas
selt bo I 1ibar of watier cnd ellowing the nixturse %o soul~
librate to 2°C in the refrigorotor,

firedlets poludions Prepoyosd by dlesolving 23 prans of sudlian
shlorida, 5 geoms of acdlum dholoads, and 100 =ge. of
a0ld fuchsin in 500 =l of wabter. |

Cabalase (Blgoe) Lyoshilized, from boel Mwvew, [0«50 ailllagulroe
lemts  of godium pevborates Conbrol 50164

Cytochpome ¢ (Sigme) Pros bosd beardy free of mpooolum pulfats
and sodlum ohlovdde, idssay 100 por oent coproctod for 2
poy cont wabsr and based oo o moledular welpht of 16,570,
Propapod solubliong were standurdisod.

Deztrose (Nalllinckrodd) Analyblosl laeagent. Contercl Gl

sielyeis tublag (Viaking Compeny) 14/32 fnoh dismebors

vigestion mixturs for nibroged Giopainitions. Contalng 00




o
mEss varourle oxide, 25 grass potassiom sulfasbe, and 100
vl of gsonconteniod sulfuvrie celd por Jliber of sclulions
Syl alechod, oboolube {(Uld. Induabtrisl Choxdenl) Conpeny)
YeBale
Sty {(Helllookrodt) ansdybicel dongsnbe. Controel GO,
Poraeldeliydey 37 por cond (Sellinckroedt) Ansiybloal llaagonty
Control ACD.

Pushsing seld { Her Laddon) Yotel dys sontand ¥ por conk.
gentrol 139

Momerle seld {(Mabthogon) oeoebleal. The weld war reopyebellized
paioe frow wotor, & W golubisn of the podlum salbt wes
propsred by diesclving en approprlabe amount of the recry-
sbeilized neld in U.lp sodius hydroxides

valigin £§Q&v£ﬁﬁwﬁwi Hoehsaiesl Company: Control JT750s

Slucoscwdmpiiosphote (S4gee) Berlum gall, wgpy@%$M%%aiy‘?ﬁgﬁg
Lot Zos 310w20. The sodium aslb wue prepored by Gipe
polving 130 zge. of the borlum pelb in 2 sl of webopr snd
then o8ding 55 mpse of sodlun sulfobe. The sdxture wes
shakon for IV wmloubes, allowsd Lo stend for 10 ndaubesy
snd thoen 1t woas eondrlfuged to posovs the bariuws sulfioto,.
Tha gapornedent wes siphonsd Off o usod fUF LLUG0HGwl-
phingphnte delydropinoss 88078

el wjellubonie seld {dastuan lodeik) Combrol Y00. The sodiunm
galt wap prepared by dlssolving sa sppropriebs mesound of

e aeld in G40 sodlum hydroxidas




dexoxinnse {Ligoa) Cmudo, bype 17, Drom yooohy 50,000 N,
unlbe por gran ob 290 Lot Yos 00-015. Cive sge. pow
wd solubions wore nlways ppropupods

dpdeoehlorde aold, 37 per cont {Ualliasirodt) Analytlocd
Heagontes Conbrol GPYs

dydrogen paroxidey 30 pod eant {Bakorg) Heageats Lot Ho. 31ll,

di~Isocitrie neld laebtone (Osiifornio Foundotlion for Bloolumale
ocul Uessepen} 08¢. Lot No. 120703« The lootono wes oo
vorted Lo 0o sodlum selt of isoelirde wold by houbing
dn Ul.l¥ sodlum hydeoxide In o Bolling wabor bath fop 1o
minutog.

Lanolin, sobydrous (Hellinokyrodl) UeBels

dl-finlle seld (Nathoson) Yochulesl. The sl d wos peopysbole
lizged twloe from webore The sodlun salb was propered by
dlasolving sn gpprovsiate ssounb of W precrystalilined
andd in .00 sodlus hydeoxida,

Eagnoslum ehloridestilsU (Mallinckrodt) Anslybieul isagenbe

Gonbrcl GMZ,

Hepourie oxlde {(¥nllinokwodb) Uslede Conbrol kel

Hangesege salfotoellisd (Hallinekredd) anclytlesl ldcagsnt
Control G192

Hoselopts Resgents Soabasinod LW greus potaseluwn iodide, 00U
Ereme moreuric lodide, smd 130 grece sodiam hydroxlds pop
Jiter of solubions After proparcblon,e the solubion wen

sllowed Lo sbond Lo tus doys and thon 40 wes [llborsd




thvu glans Lilbap papode

Hitrogon stonderd, Contained L7190 grass of mmonius sullete
(drisd in o deeloeator) and O =l of econcanbrobed sule
farde ueld {as & praosopvetlyo b opor idtor of stugs solue-
tlons

Fopabthyrold sxtreet (L111yfs} 100 950 wilts per ml. Lot mune
boop and oxplrcblon debes cro given sith sooh propapstion
uHade

Popain (Armour nnd Coumpany) Grystelline, porcias opipglne. Lot
B J00edihe

Oephiosphogloconete {(Sigw) Bariwn selt. Lot Hos 17000 he
sodlue seit waw prepored by dlssolving 35«7 vgse of he
berive snlt In 2 wl of wabsr end then cdding 35 wgse of
sodduwnm pulfabo. The mlxburs wee shelen for 10 miautes,
allowed %o stand 10 minubes more, mnd $hen 1t was contrie
fugod o rosovs by berdum sldloboe.  The supoermcband wep
siphonsd off sad ubed as the substrabe for Sephosphogiue
conia dehydroginnso,

Pig heurt (Vortiulngbon Mechasies) Copporstion) feebtons nowdsr.
Lot Boe 2HPED.

soboagsius fareiepanide {Memclk) Rongont. Lot Ho. REET0.

Fobngslun fodide {(Hallinekrodt) analyblesl Nosgenty Sondrel
% 4

Fobesslun phosphele, monobusle (Dol and Adonson) Neapont.

Lot Ho. #0063,




¥
#

Potasolan sulfete {Paitsr) Anplytion) Heagonts Lob Uos 013095,

Jodivs bloarbonabe {Saker snd Adumson) Reagonbs Lot Ho, DELT.

Sodiun Disnllfite (lallinekrodt) Analyblesl Jlosgenbt. Conbrol
Akithp

Sodius ehloride (Hallinckrodt) Anslyilenl soagonb, Uonbrol Al

Sodiue eholesbe{ieres) doluble axbract of sx-gell. Lot Hos
LE297e

Sodium eléretoris0 (Mellincupodd) inulyblocl osgonb. Oontrod
Gh&w

Soediun hydresulilte {(Valllnekrod) 2nalytiesd lesgonbds, Conbrul
UGy

Soedlum hypdroxide (Dakor) Bsagent. Lob Soe 9375,

Sediws phosphetey dibasle (Helliotirods) inalytionl deagont
Conbprol Bl

Sodium phoppbhatey moncbesie (Ballinekrodt) snelybleal jesgoonb
Sonbredl BDRs

Sodlus sueclnsteslil.0 (Matbeson Coloemen and Dell) Pravtiesl

Sofium sudfite (Hellloeirodt) Anslyticsl Dosgeats Sonbwol D

Mandard phosphicrus svlublone  iveparsd by dlosolving 0,439
grasg of dry moncbeale pobesslum phosphsfe Lu 1 3iter of
wabape L #mall smount of chilorafom: was sdded ng pPropniw
vebive, This ﬁﬂﬁuﬁiﬁﬁ‘ﬂﬁmﬁﬁiﬁﬁﬁ'ﬁal.wgﬁ, of phosphomis In
L0 mle A woradng stoodnrd wan pisspared by dluting & =l
wf the stoer solublon o LU ml wlth 30 por sont Grdehlopo-

noabie aold,




.',; J

Suarcose {(¥allineirodd! Anclytionl Hesgonds. Conbrol 208,
mm«a asld, conpontrebted (Baiksr and waf%m& =1 B “%Mﬁ 1

iee Low

%rim{zmamam w0l (Helllovekrod®) inslytlesl Hesgont. Conteel
ciee

RIS {trihporoxyuethyl sulocmothenc) {(Sigea) igma 79 Bloghomi«
ool Deffer and rplmery Steoderds Lot Hoe TOP=0Le

TR ( bripbopohiopyrddine micliootide) iw fonn] Honosudium aalb,
frop yonet DRE, assay 95 per cunt besed on iaféigﬁg Lot o
Lo7wiiowlie

Vorssne {(digcdlws ethylene dismine bstreosbaleeiiy0) (Pighur)
fongonbe Lot Uo, 7711034

Watars Ulstllled waber wao redistilled from wn ell gleass pyrex
apporatun and sborsd in & syrex botble, Thls doubly dise
bAiled wobary wos used In tho preparstlon of oll rosgents.

smzmwm TR %wwm by ¢ sellfleahion of %m
mat¥hod ’wf‘ Habsleon {19571, The sbtandard curve wsmzmw

mathod mﬂﬁ not Linsay owvesr the rong: toateds The m@ sty
roagent was prepepad by s d100urond wothiod and soodings wedwe
tuben wibh She Eleoti-Summerson golopimadsr weing bhe gresn £il-
tor instead of Sho bluo, Unknowos wors resd diveotly frowm
Plawe 3:1:5; The veluss roprossnt the moane of telplicats detaye

minebionss Ths dote Lor thw sbanderd nitpegsn curvs L8 glvon




-

N
o
o)

150

100

0
@

T

COLORIMETER READINGS

I B | ! [ M

- MICROGRAMS NITROGEN

.40 80 120 160

S
O X111

BITROGRH GPANDARD OURVE




L
Ll

in Pablas XLILIT.

Unbneaas sve Sllubad wiltnh dioostlon s ;mw:s and waboy
go thel 1 nl of €1lused meborl 1 conbelned Uei ul of mmamw
rdxbure and spproxinstely one~tenth of ths oaediglned mmaowny
For exanple, O 5l of kidnsy hosogenabe wes ¢llubod with 5wl
of dipostion sixbure snd L0 ml of wobop in 4 10 =l voelumsebric
Clask, One wml of thle saberisl waz teken for nlfrogon daborw
minations Iuplicsbteo uniovomne ware dilutsd cnd duolleunbe nibw
rogosas wore dotorained on ownch dllubion.

gsstion was ceredsd on I 4 sand Lobh on s bot
plete for ab least 3 hours. Jhan bleok purtiolog wors peossnd
in ths dlueotion btubes, 2 drups of 30 per cond hydrogen Dolw
oxide worae pdded bo ell fubes ond thwe Qlgoeblon was gondlimiod
£ ot loast wnothep im@m - gestion war parforasd in tubos
sulibrabod with & 10 ml soroteh mevic 8o that the oclor dowalope
ment could be eerrded oub directly in the digestion tuboss
hls olintmbod my tranfereing of sonplog,

Inoegonle phoeshioreg was detorminsd by $hs m@%ﬁﬁ of

#lake M Subberow (1925).  Onkooams wors posd Alve TV
the standapd cuwrvoe {(Pigure XXIX). The dabe for triplicats

dedorelantions of phosphopus syo glven in Table XLIV.

w&w&w g ¢ hes s charenctoristle abgoroblon speebius




|

20

300

250}

1 ]
5 O 5

NIGv3¥ YH313IWIH0T0D

© 200

S

| 40
MICROGRAMS PHOSPHORUS ' 1

30

10

4 » ;;-5 .

Lo

4

 vroums x31r |
PHOSPHONGS STANDARD CURVE




97
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