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LIST OF APBREVIATIONS.

adenosine triphoaphate

oxtinction

lactato dehydrogenase (HeCelelels27.)
igoclitrate dehydrogenase (FeCelele.ledle)
phosphogluconate dehydrogenase (BeCelelsledds)
succinate dehydrogenase (B.Cele3.99.1.)
ribonucleic acid

deoxyribonucleic acid

2eamine=2( hydroxymethyl )=1 13-propanediol

WAL, NAD*, NADI. 8 nicotinemide adenine dinucleotide, oxidised; reduced.

WADP, NAD}?% NADPH, : nicotinamide adenine dinucleotide phosphate, oxidised,

reduced.



PIILE
ACKNOWLEDGEMENTS
LIST OF ABBREVIATIONS
CONTINTS
INTRODUCTLION
MATERTAY, AND NiTHODS
RESULIS
avestigation of Centrifugation Techniquaes
Invegtigation of Enzyme HMeasurements
Invesgtigation of the Lowry Protein Method
Engyme Acvivitieg of the Human Thyroid Gland - Main sexies
Fazyme Activities of the Human Cervix Utexi
‘Enzyme Activities of the Humen Mamwary Glaud
Comparison of the Enzyme Activities of Human Thywrold, Uterine
Cervical and WMammary Tissue
The Mucleic iAcid series of Human Thywrold Gland
DESCUBSION
Validity of Comparisons between Tissue Samples, comparing

Homal with lathological Condiliblons

Location of Enzymes in the Subcellular Practions of Normal Tissues

Significance of Changes in Lactate Dehydrogenase Activity

Significance of Changes in Isocitrate Dehydrogenese Activity

Jignificance of Changes ln Phosphogluconate Dehydrogenase Activity

Lffects of Radiagtion on Carveinoms of the Cexviiw Ubewd

av



Comparison of the Three Inzyme Activities in the Three types of

Normal Picsue

The Nuecleic Acid sexies of Human Thyroid Gland

General Conclusions
SUMMARY

REFERENCES

AT S o R Bt

"
78
81

89



INTRODUCTION



In animal tissues the principal raw material for energy production
ig glucose, and it can Be cotabolised by three maln pathways, the Iubhden
Meyerhof Pathway of anmeroble glycolysim, the Citric Acid Cycle and the
Hexose Monophosphate Pathwaye It has been ostablished that,; in many
tumours of human and animsl origln, thege pathways ave frequently
deronged, ond, in parficular, anvevobic glycolysin is incrcaseds This
thesis vepresents an exploration of %his phenomenen in o spectrum of
human tumours, and @lao comparisgons with normal human tissues and
non-malignant lesions of these tlasuocs.

There is scanty lnformation in the literabure concerning the
relative importance of the three pathways in human tipsues, alithough
there is rataer more aboub animal tissues. Yost of the studlies which
have beon made compave the metabolism of normal tissue with that of
tumour tissue, without moking sny attemp®s to study other pathological
gonditions, which may in many cuases precede the appearance of o
tumoure

This study has estimated one engyme from each of the three
pathways mentioned above. Dach of the enzymes is linked in ite
tunetion o a pyridine unucleotide coenzyme and can be conveniently
measuraed wnder similar conditions. The effect of radiation on
human cancexr bas aglso been shbudied by measurement of the three
eNLyNase It was bhoped that this might yield wesulis leading to
knowledge of the alberation of cell metabolism induced by radiation.

I’rom the measurements of the three enzymes in varlous pathological
conditions of three types of human tissue, it was hoped that infomnztion
concerning the relative operation of each pathway in the different

tiesues could be gained.



SURVEY OF T ° LTTURATURE ON CARBOHYDRAT™ LUTABOLISHN TN TUMOUR TISSUR.,

Sineo Werburg (1930) found thabt sneorobic glycolysis wes vaised in
tumonr cells, attontion has been focusced on the carbohydraite meiabollism
and energy production of tumour colls compared with normal collce

Theoe two processes have been studled dn verious ways, by

oxperdimonte on intoet enimals with induced neoplosms ueing radiocaoctive
teacer technigues, by similar cozxporiments on tissue homogongtes, tissue
plicony or on tissue culture preparationsy by histoochemical,
aspecirophotometrical and manomebileal measurcment of ey enzymes in tho
wotabolic pathwayde

Wach mothod hoa its advenbages and disadventogose Results obtaoined
uging radicactive mehabolites aro rendeored less conclusive by the varlety
of conversions to which thoe atoms of the compound ave subjectod.
Conclusions drown from experiments on animels with induced neoplasms
cannot be applied 4o neoplacms of humen tisenes without some veservation.
Tissue culture preparations would seem to give conditlons epproximabing
mest cleosely to thooe in the intaet aniwmal, but it i not possible o
say that the cells bolng grown jn vitro behave as did the original living
gells from which the preparabion vias grovie Ingymo preparstiono
obtained from humen blesues ave also nol idonl, as the various treatments
appliod to the tissue, in oxder to extract the onzyme, alter dragbtically
the conditions under vhich the metebolic pathwoys functione

Histochemlstry on frozen tissue sections probably provides the nesrost
approach to in wilvo conditionsy but ap yet the techniques availsble do

not glve the precision in onzyme eostimations that is possible with



estinations in tissue extractsos

The three enzymes studied in the present worly, lLactate dehydrogensso
(BeCololale®7s)y Tmocitrate dohydrogonane(lleCelelelolfe)y and
Phosphogluconate dehydrogenase(B.Colelelesdds) occur in three differont
pathways of carbohydrate meltabolism and energy production.

The final enzyme of anaerobic glycolysis is lactate dehydrogensme,
which catalyses the oxidation of pyruvic acid 4o lactic acld in the
presence of RBADH.  This conversion from 1 mole of glucose 4o ¢ molos
of laoctic acid supplies onergy in the form of 2 moles of ATP, This
vepresents a small energy yield, but has the advantage that the raw
material for the reaction, glucose, in supplied to the tissues by the
bloodsatream, and the waste product, lactlc soid, is removed by the
bloodstream for furthor metabolism by the liver.  Therefore, this
reaction supplies o ready source of energy in the bissues. rom theee
facts 1t would seem likely that a tissuve with a high energy requivement
would have increased lactate dehydrogonese activity. There iz ample
evidence in the literature for lactic acid accunulation in tumcurs.

( de Roetth, 1957, and McBeth and Bekesi, 1962)

Inocltrate dehydrogenase iz one of the enzymes of aerobic glycolysis
via the citric acid cgycle which can be measured spectrophotometrically.
It catalyses the oxidation of isocitric acid to oxalosuccinic acid in
the presence of NADP$9 The catabolism of 1 mole of pyruvic acld to
carbon dioxlde and water supplies 1% moles of ATV,

One oi the engymes of the Hexose Monophosphate Pathway is

phosphogluconate dehydrogenase, which catlalyscs the oxidative



deoarboxylation of 6~phomphogluconic éﬁ:!.d to ribulose-S~phosphate
in the presence of FAbP*. 1 mole of gluooas can be converted
stolohimetrioally to 6 moles of oarbon dioxide by this pathway,
or it can be converted into triome phosphate and metabolised via
the cltric aold oyole unfer aerobic conditionms The Hexose
Honophoaphate Pathway does not operate %o any extent in the
1iver but acocounts for 1074 of the glyeolytis sotivity of muscle.
Menmo, Sugiura and Wroblewski (1958) reported that incressed
serum lactate dehydrozenase asotivity followed the introduction of
tranaplantable neoplasns in mice and ratmy and postulated that it
oame Trom the tumourm. Burgess and Sylveen (1962,1963) found
inoressed laotate dehydrogensse activity in central and pexipheral
Tluid obtained from molid mammary tumours and Ihrlioh-Landsohuts
ascites tumours in mioe; oompared with normal peritonesl Fluid,
aogompaniad with Anorsamed serum lactate dehydrogenase sotivity.
They ooncluded that a large part of the elevation arose from
leskage of lactate dehydrogenaso from the tumours. d4di Simone,
Lorenzulii and Saple (1962) reported incrensed loctate dehydrogensse
aotivity in the cytoplasmle fractien of »st Shay hepatomss Desreased
lactate dehydrogenase aotivities in the supernatant fractions of rat
Novikoff hepstoms were found by Boxer and Shonk (1960), which finding
was confirmed by Veber and Morris (1981, 1963) who alsc stated that
lactate dehydrogenase sotivity showed no correlation with the growth
rate of exparimentally induced tumoux's in rat liver.



Reen and Hugeins{1960) found groatly inoreased lachate
debydrogenase activity in three typesn of oxperimental memmer;
cancors in mlce.  Weber, Banerjee, Lovine and Ashore (1961)
found o significant increase in loctato dehydrogonese oetivilty in
ohicken choricsllantoic membrone after the sppearance of tumours
caused by Rous Sarcows VITUS.

Histochemigal rosulis have confixmed the genersl picbure of
increased lactate dehydrogenane contenbe Moriy, Hiysjl, Vuwate
aad Negasuna (1962) found increased lachabte dehydrogenose conbent
in experinental corcinomes of heugber choek pouch and Thlery aund
Willighagen (1L964) showed en inorease in lacisbe dehydrogenane
content in experimentsl cervical ceuncers in the mouses

In conbrast with the large amount of information on animel
blesues theore is vexy 1ittle informatlon on lasiate dehydrogenase
acbivity in humen tispues. MoBeth and Bekesi (1962) using
reapiratory technlgues fovnd increased anacrobic glycolysis in
various humen tumounrs when compared with norxmal timsue Lrom the
sawe patiente

Amog, Alboum, end Antopol (1964) found o significent increase
in lactate debydrogenase acbivity in adenocarcinoma of the colon,
compered with uninvolved tissue of origin from the sawme patlent.
Shonk and Boxer (1964) and Shoak, Roven, Majima ond Boxer(1964)
have establisghed patierns of glycolytic enzymes in the supernstand
fractions of various normal humen tinsues snd aiin b0 establish
patterng in pathological conditions. Goldman, Kaplea and Hall

(1964) have reported incroased luotate dehydrogenvse activity



o

in the supernstani fractions of huwman nsoplasms compared with
uninvolved ticsue of ovigine
Lgocitrate dehydrogenase has geldom been studied in the
supernatant fractions of cells although some work has been done
on mitochondrial preparations.  Shepherd (1950, 1961} reporbed
that isocitrate dehydvogenase occours in the mitochondrial frsction
of »at, mousc, robbit and human liver.
More recently Tremblay end learse (1960), working on sections
of human thyroid glands, reported increased isgocitrate dehydrogenase
setivity, especially in the mitochondria. This oeccurred in thyrotoxic,
adenonabous and Haghimobo glands where cells rich in mitochondria were
found.  Thiery snd Wwillighagen (1964) found increased isocibrate
dehydrogenagse activity in murine experimental cervical cancerse
Phosphogluconate dehydrogenase activity has 21s0 been studied o

some extent in ewxperimental animals with induced ncoplasma. sbrahean,

-

lirsch and Chedkoff (19%1) found thet the Hexose Sonophosphate

P

J, 1,

Yatbway was increased . lactebing mammsry glond ol thne wmetb, which
ropult wac conlirmed by Glock and McLean (1954) who found increased
phosphoglticorete dehydrogenase activity in lactating rat memmary pgland
and in lymphatic tigsue in zenersl . Weber, Banerjee, Levine e
iAshmore (1961) showed that there was a non-~significunt increasse in
phosphogluconute dehydrogenase activity in the supernatant fracbion

of tumours of chicken choricallenioic membrane infected with Rous
Sarcoma virus. deber and Morris (1963) found that phosphogluconate
dehydrogenase activity showed no correlation with growth rate of

experimentally induced hepatomes in the rat,



Chayen et ale (1962) found histochenmically that phosphogluconate
dehydroponese wes ralsed in proliferating cells of any types one
exemple belng liver cells regenersting alfter stervation, confirming
the findings of Fiteh and Chaikoff (1960), othor oxemples belng
malignency induced by dimebhyl-amincazo-bonzone, end regenoration
in the livers whowe malignancy did not ocoure Rees and Huzgins (1960)
found thot in pozmal end abnowmal moamesry tissuwe in micey lactate
dehydrogenase asotivity per ge wot weight wan greater than isociirate
denydrvogenase which was In turn greateor than phosphoglueonaie
dehydrogenase activity, oxceph for lactetlng btissue in whioch the
activity of phosphogluconate dehydrogenase achiviiy exceeded thabt of
igocitrate dehydrogensac.  SHoott, Morris, Reiskin and Pakoskey (1962)
reported that phosphogluconate dehydvogonnse seemed to be linked more
closely 4o hyperplasla than neoplasip in the artificial induction of
bumours in hamster chook pouche All these findings have stimulated
interest in the overall glucose mebtabolism of the living organisme
Evidenge has been collected by Boyd, Clapp and Finnegen (1962) %o
show that in human cancer patients, the handling of glucose is
~ abpormaly bthis impeivment moy be linked to the abllily of tumour
tissue o talke up essential wetabolites from surrounding normel
timsue, which theory has boeen put forward by Shrivastave and
Quastel (1962,

The tissves studied were humen thyrold gland, mamary gland and
corvix vwieri. The enzymen were estimeted with reespect to wet weight

of the tissue studied and protein conbent of the fraction ih which



they were estimated. The enzymes were measured in the particulate
fractiong of the tissues from which suflicicnt amounts were obtained.

A gneller scries of egtimations was also carrvied out on thyroid
tissue in which DNA content was also measured, to give some idea of
the relative cellnlarity of the types of thyroid tissue studieds

Thyroid tissue and breast tilssue gave a varieby of leslons
capable of investigation and offered an opporbunity to compare benign
and malignant lesions of diffevent types. Cervical samples .ore
ecasily obtainable and offered a chance to gtudy the effects of
radialion on the protein and cazyme conbent of a human tumouxr.

It was hoped that this approsch might lead to information
reparding the metabolic beh-viour of human neoplasms, and other
pathological conditions, and might reveal abnormalilties of enzyme

content which could be explcited clinically.

e
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Tipowos wore colloebod from the opevating theatyre diresetly inte
leo-cold dletilled watew,  They were wanhed frxee of hlocd in distilled
water aund thoroughly deied on nboorheut tisouec.  Masmapy and
eervical samplen vewve alno wai@heée £ tho material had $o be stored

y €
bofore wsey it was frozen and stored ol =20 .

NUMBER ARD TYPE OF SPLGTNENG .

Somples of Thyrodd tissue vere obteined fron pablents undergolng
operatiens for removal of varions lepionse Those were divided into
two sardes; o Mailn sowrdes in vhich the ensymes wore estimoted with
reference 0 protein antenﬁ and wobt welght of tissuo usoed, cnd @

Maslole Acld sorles lu which the ensymes were esblmeted with veferance

0 DHA Phosphorus ao wall as protoeln coutent and wel welght of tissue.
Thoya were elevaen spmples of normel tissue in the Maim sepden. of which
peven wore romoved along with an adononns threo along with o caroinomn,
and one along with o Hﬁwﬁhlm coll adonomae  The soven oomaples of
noraed tisoue wsed in the Juolede Aoid seprien wope romoved postemorben
from patieonto with no thyroid cbnovmalitye  Thoys woro ton samplen

of adonown in the Madn serdes end five in the Hucledce Acld sopieny

ell romoved ourgicnilys.  Since potionts sulfering from thyrotoxiconis
wndarwent verying treatmonto prior to supgery; o lorvgoew cevies of
twonty cemples wen Invenbtigabtede  Thewo were Uivo thyrotoxic oumples

in the Nuoleic Acld cevions

The Fiftoon eomplon of nowmal corviy worc obialund durdng



operative procedures for the repair of a prolapped uterus. A portion
of the amputated cervix was eu’b parallel 4o the inferior surface in
ouch & way as to laclude as much of the epithelial layer and as little
of the wderlylng fibrous tissue os possibla. Although on naked eye
oxomination the tlesue appoarod normel in all casesy; In several
ingtences microscopic ocxemination rovealed varylng dogreos of
epithelialisation and inflammatory changee Twenty-three carcinoma
blopsy specimens were obteined during the first insertion of o radium
implonte - Tn thirteen of these cases a second bilopsy specimen was
obtained during the second insortion of radiume A goecond hiopsy was
not available either vhere the btumour was extensively invasive, for
in these ceses the patients received only one insertiony or where theo
tumouy was too ewall o permilt o second blopsmye Five samples of
normel breest wore obtained from patients being operated on for the
vemoval of & oyst or a Pilbroadenomse Tn the five cases of chronic
moatitis studiod » representative portion of the oxcised breast wos
progesncdes Five samplos of fibroadenoms were glso situdied, ond

five specimenis of brosst carcinoma of vanious types.

In 21l thyroid tisesuo series other than normal and careinoms no
semplo wolighing less than 3g. was useds The smallest vamples in the
noxmel and cercinoms serion weighed 0.39g. and 0.55g. veopectively.

In the normal corviz group the enallest smaple welghed 0.35gey in

the pre~radiation carclnoms series 0.045g., and in the post-rediation

careinoms sories 0.015g
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Only in the normel breant sexlop was o tlogue gample welghlng
less then 1.8 g, uned. The omellest somple of the noxmal sories

walighed 0.98 g.

PREPARATION OF PTGSULS,

The tlsoues were prepared in such o way s to yleld three fractlonos-
1) PFroction Ml - sedimenting between 5008 ond 5,000g, for 20 min.

2) Precbion M2 - sedimenting botween 5,0008 end 35,000z for 1 hr.
3) Supernatant = 35,0008, for 1 hr.

Thyxodd tisswe wag ninced and homogenised in five volumes lee=cold
0,250 puocrose solution in an M.8.E. Blondor for 3 mine. ot the meaximum
specd possiblo.

Cervical ond memmaxy btistues were sliced to & thicknesg of 10 « 40
nicrons on & freezing microtome with carbon dioxide an freezing agenb,
and homogeniged in o suitehle volumo of dce-cold Q.25 microbe.

To zemove the cell debris and the muclei, the homnogensle wap spun
% 500z for 30 mine in on MeSeE. Minor contwifuge ot 4%  In the cose
of breast tiseue, this step algo separated out the fabt from the tismme,
gince it floated on the top and could be 1ifted off in the form of an
intact pellet. The vngedinented layer wos tranasforred as quantitatively
as possible, avoiding nuclepxr contamination, cnd then spun at $,000g
for 20 mine in an M.S.L. Superspeed "17" centeifvge at 46, to bring
dovm fyraction Ml vwhich is predominanily mitochondris, The ungedimented
layer wos then spun ab 35,000g for 60 mine. in an M.S5.5e. Supergpeed 17V
centrifuge ab 469 0 bying dovn fxection M2 vhich is predominantly

microsomese The sediments of M1 and M2 were woshed by remspending



in o large velume of 0.250 sucronme, by sucking up and down 1in o ?ég%eux
pipetto, They wexe then spun sagein to wvecover the particle frocbions.
Thege were suspended in o known volume of ice-cold distilled water
(about 3 ml. )oolenleted eccording o yleld, and ruptured in an M.S.E.
Ultrasondo Diointegrator,; for 90 nec. ot 40. in the cage of i o
coagnlum of mpbtured mitochondriel membrenesn which fowned duxing the
proceon wes discarded and the two preporations wers reddy L£or asnoy.
For the purposes of caloulabiony the yield of panticles is teken
an 100%, and the volume of the supcrnetent fraetlon is btekon Lo be the
volume of dlluent sucrose. The thzee fractions vere stored in ice
overnlgnt and the engymes asgayed btho following dey ond protein

aspayed the doy afiter.

TLS6UE, NUGLEIC_AGTD ESTTMATTON.

Reanentae,
018 Potonsivn Chlowide
08N Perchlorie Aoid
0,28 Powechlovie Aeid
1% (w/v) Potessium Lcotobe in Ethenel(shsolute)
Lthenol(absolute)
Chloxofoxm AeRe
Diethyl Bther (Ancesthetic grade)
0,60 Pobassium Hydroxide
The tissues wexe collected;, chilled waghed end weighed, as bheforae.

They were minced and homogenised in 10 volumes potassium chloride fox



five minutes et the maximum epeed possibles A sample of {the homogenate
vas spun at 35,000g as bofore, to provide a supernatent fraction for
eNBYNO SNSHY .

The remainder of the homogenate wag trested sccording to the
methods of Fleck and Manro (1962), Hallinan, Fleck and Munvo (1963),
and Hutchizon and Muanvo (1961).  All procedires were carrvlod out atb

40 unless othorwisne statede

1)  Removpl of Acid Soluble Swbsbancops

4 mls of the homogenato were pipetted into each of niz cemterifuge
tubes contoining 2 ml. 046N porchloric sclds The six tubes wore
abtopperad and mixed and allowved to stend in ice for 10 min. after which
time they were eentrifuged for 10 mine and the supeornetant layors were
discordeds The procipitates vere washed twice with 0.28 pewrchloric

acid and drxained by inverting over absorbent tissucs.

la) Lipid Exbractions
The precipitates of tubes 3 and 4 were extrachbed wilh,
1) 5 mle 1% potassivm acetato in ethanol
2) 5 mls 32l ethanol-chloxofowm mizxbture)
) extraoted at room
3) 5 mle 331 ethanol-ether mixture )
temperaburoe.
4) 5 ml. othen
and the exbracts were made up to 20 ml. with ethow, for lipid

phosphorus eatimatlons

2)  Poxbial Alkaline Hydvolysiss to remdew RNA acid soluble while

ONA remaing acid precipitebles

To the mixz procipliatos, 2 ml. distillod water and 2 mls 0.6N



potessiun hydroxide wore addod. Afber polubilisation the btubes were
placed in a waber bath ob 3799 At the end of one houw, tuben 1 and 2
were removed for the esbimntion of RVA and Probteln, and tubes 3 and 4
were romoved for the estimation of DNA Phoophorus. AL the end of
eightoen hours, tubes 5 and 6 were wremoved Ffor the estimation of INA

and Proteine

3)  Separatlon of RiA.

a) To tubes L and 2 which were cooled in ice, 5 mle. 0.6N perchloric
seid were added. 10 min. later they wers centrifuged for
10 mine. The precipitate wan washed ftwice with b mle Q.2N
perchloric aclde The supernatant and washingn were transferred
to o 50 ml. monsuring cylinder, and made up Ho the mark with
2 mle Q.0 perchloric seid and distilled water. These solutlonn
contained the RNA fraction in 0.1H perchloric acid.

b) Tubes 5 and 6 were treated in the same way as btubes 1 and 2, butb

the supernatants were discarded.

4)  Solubilisobion of DifA.

To the precipitates in tubes 3, 44 5 and 6, 2.5 ml. distilled vater
and 2.5 mle 0.6l potaspivm hydroxzide were added, and the dubos were placed
In a water bath at BTQ for five hours. The solutions were itransiorred
to 50 ml. meapuring oylinders.

a) The 1ipid extvected semples, btubes 3 and 4, were medo up to 20 ml.
with digtilled wabter prior to phosphorus estimation. These
cylinders containsd the lipid free DNA Praction.

b) The solutions 5 and 6, wore made up to 50 ml. with 6 ml. 0.6

potassiuvm hydvoxide and distilled water. Theme solubtions
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conteined the IVA fraotlon inm 0.1V potassium hydroxido.

These processen are explained move olearly in a flow diogrem (Fig. 1)e

PHOSPHORUS BESTIMATION,

Pringiplos-

The method used is & modification of thet published by Allen (L940).
The‘phOﬁphorua containing mubestances were digested with acid o
liberate the phosphorus ln inovganic foxme Thils wap converted to a
prhosphonolybdic compler which was reduged to a blue pigment, tho
reducing agent vsed being diffevent fwom the originels The Dlue
colovr vas then estimated spectrophotometrleally.

Reapontss—-
10 Sulphurie Acld

803% (w/v) Ammonium Molybdato, (NHZ)6’M° «4H,0,

7024
1% Amidol iec. 1% (w/v) 2:4-Diamino-phenol Hydwochloride dissolved
in 20% (w/v) Soddwn Metabioulphite in distilled watery +he mixbure
belng filtered before use. This solution was steble in the daxlk
ab 4ﬁ foxr nbout 10 doyo.

Hydrogen Fovomide, 100 volumos,
Blondords-

The standard used was anhydrous Potessium dihydrogen phosphate.

5 mle of the two fractions, Lipid Phosphorus and DNA Phogphovus
vere plpetted imto microkjoldahl flasks, each ecstimation belng carried

out in duplicato. The £ifth flack contained disitilled wator for o

reagont blanke Yo ocach flapk wore added one glasse bead and o few



&

carborundun gtonaﬁl(niﬁric acid washed)s 0.6 mle. of LOW sulphuric
acld were sdded to each flask and the mixtures were digested over s
low flame untll thick white fumers pppesereds 'The flosks were cooled
and %o'eaoh was added onough hydrogen peroxilde to bleach the residues
from digewtions The mixbtures were bthen digesioed untll the second
cloud of white fumes appearode The flesks were covoled and to each
were ndded 10,83 ml. distilled watory 0.5 ml. amwmonium molybdatbe,

and 1 ml. amidol sglutiono The solutions were read at 640 mpyalter
atanding 10 min. al room ltemperabure.

RVA EBSTIUATION

LOUNL, and LI L0 e
h LER TR

The extinotlon of The filtored RWA solution was read ol 2601@39
whero sn expinetion of 1.00 is equivalent 1o 3518 Pge vwhole mratb

Liver RWA per ml.

LACTATE DEHYDROGENASE ESTTMATION

Princinlag=

Laetote debydrogenase was estimebted according o the mebhod of
Neilands (L957), whereby the change in extinebion at 340 mpy due o
the conversion of NAD' to WADH is measureds

Reapentbnge

o e - . - . .
Q.02 NAD" (freshly prepared) (.F.boehringer & Sochne, WBH,Mennbein,
0a48M Sodium Lactate Gormanye

OolM Glycine Bulffew; pH 10.0
The original method was formulated for use with purified snzyme
solutions dn o volume of 2 wls Az the enzyme solution used in the

present study was o oruds wmizture, and the volume of the assay mixture



wag ) ml., bthe extra volume was made up with buffer solution.

The godiun loctate wolution in the owriginal wmethod was made u? o
96 wl. which gave a tinel molarity of 0.5M. In the present situdy the
volume used was 100 ml.  Therefore the solutilon wos 0.48M.

Yothods-

Measurements wexe corriod oul in a Hilger Watts spectrophotometer
with o thormostatlcally controlled carvriage (259ﬁ})o The reasition
toole place in 3 ml. quariz ouﬁaﬁt@a with a 1 cne Llight patho  The
control cell contained 0,1 ml.NAD™ solubtion amd 248 mls buffer
solution. Tho test coll coutained 0sL ml.WAD' molubtion, 0.1 ml. sodium
lactote and 2.7 ml. Mulfer solutions The enzyme solublion was blown
into the control and washed into the test coll, csch cuvette beling
atirred after the addition of the ensyme solutlon, 'The extinciion atb
340 m wan read each minute for 10 min. The enzyme sgolutlon was
diluted to give a wreading of not greater than 0.20 por min. 1 unii
of enzyme activity is equivalent to a change of 0.01 in exiinction
per mine. per ml. of enzyme solution in 3 ml. off reaction mizburc.
Unites=

The Molar Bxtinction Coefficient of NADH is 6.22 x: 103 (Horecker aud
o's] mpmole Jn 1 mle has on Be of 6e22 x 10"3 Kornherg,1948)

oo 1 mumole in 3 ml. has an B of 6,22 E*}QT;

23
) 2::07 % 10

oo 1 Be unit = o change of 0.0l per min per ml. enzyme golutlon at 2500

[ 000:] SEUSSE, - ]
2,07 x 10~

= 483 mpmoles NADR formed /mine Jul. of ensyme solution ob 25°

L]
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ISOCITRATE DEHYDROGENASE LHTIMATION .

Principloge

Isocitrate dehydrogenase was eatimated according to the mothod of
Plaut and Sung (1954) in which the ochange in extinction at 340 mLg due
to the conversion of NADPY to NADPU is measureds
Reagentbui-

0. 00154 HADPY godium palby (Freshly prepared) C.l.Boebringer & Soehnes

0,081 dl=Igocitiie Acid, trisodium selt.

0,09 VManganese Sulphate(A.dl.)

0.1M Trig-HCL Buffer, pH T4 (2-amino~2(hydroxymethyl )-L:3~propancdiol ).

The oviginal method wos esitablished for the assay of purified enszyme
solutionss In the prescnt study the volume of buffer solution in the
reaction mixbure was incrsased alt the expense of distilled watere

As for lactaie debydrogonasce. 'The conirxol cell conbalned 0.2 mle
Napp” solution, 0.l ml. manganese sulphate solubion, and 2,60 mle
buffer solutions The best cell contained 0.2 ml. NADP' molubtion, 0.1 mle
manganese sulphate solutiony 0.05 ml. sodium isocitrate solution and
255 ml., huffer solubion.

As for lactate dehydrogenase, the Molar Mxbinetion Coefficient of
NADPH being 6.22 x 103.(Horecker and Kornbergs1948)

oo 1 Te unit = 4,83 mpmol e VADPH formed per mine per ml. of onzyme

.0
solutdon ab 25
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PHOSPHOGLUCONATE NEHYDROCENASE BSTIMATION,

Erincipless

Phogphogluconato dehydrogenase was csbimated according to the
mothod of Horecker and Jmyralotis (1948), in which the change in
extinetion ot 340 mpy, due Lo the converslon of NADP' o WADPH ism
moasureds

As in the imocityate dehydrogenase method, the rescitlion mixture
gontained more buffer molubtion at the expense of distillod watere

Heagentag=—

0.00154 WADP  yas bofore.

O 291 6-~Phosphogluconic acid, trisodiuvm salt.

0,02l Megoesium Chloxride,

0.,025M Glycylglycine-Nall Bulfew, pH T.4.

As for laotabe dehydrogenase. The comtrol cell conbalined 0.2 ml.
mognesium chloride solutiony 0.2 L. NADP" solution and 2.4 mle buffer
solubions The test coll contained 0.2 mbo NADE wmolubion, 0s2 mle
megnesilum chloride solution, 0.2 ml. sodium 6-phosphogluconate solution
and 2.2 ml. buffer solubion.

Juring the ostimation of the enzyme aolivity of fthe particulate
oall fractions, cerlein of the reaction mixbtures, coubrol and testb,
become turhid and therefove unsuitable for use. In theme cases the
actlvity was determined using the Tris buffer prepared for iscoitrate
dehydrogenase estlwations A comparison of results obbained with the

two bulffer smolutions will be made in the Results gection.



Unites=
As for Lactate Dehydrogenasc. The final reaction mixture had o
volume of 249 mle o°¢ 1 Ee unit o 4,67 mumoles NADPH formed pew

. " . 0o
mine. pew ml. of enzyme gsolubion at 25 .

FROTETN BSTIMATTON o

Principlege

The method used was that of Lowry, Rosebrough, Fexr and Randall,
(1951) in which the Polin method for the esbtimetion of tyrosine is
made more sengitive by the adaition of an alkaline coppexr resgent.

Reagentsi-

25 (v/v) Sodiuvm Carbonate (anhydrous) in 0.1N Sodlum Hydwvoxide.
1% Copper Sulphate (w/v) (CuSOA.ﬁﬁgO)

27

o5

(w/v) Sodivm Textrate (cm(on)camma)z.zﬁgc.
Folin~Clocelteen phenol reagent, diluted to give a LN solubion.
The worlting copper solution was made up just before use, by
the addition of 1 wl. of a mixture of equal pavts of copper sulphate
golution and sodiuvm tartrate solution to 49 ml. sodium carbonate
solution. In the original method, the copper sulphate and the
godivm tartrabe were made up in the one solution, bui this wap

Found to be unstablo.

Standordye

The probein used was crystalline bovine serum albnmin ( Armonr
Pharmaceutical Co. Eagbbourne)
Mothedss

The solution to he esbimated was dilubed to glve a protein

concentration of 25 - 300 pgsper mle To L ml. of the diluted solution
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‘i?&ﬁ added 5 wl, of the workine covner solubion spd this miwbure was left
for 10 mine. ot room tomporainre. O wle 0f the di Tued pheaol reagens
for 10 mine. at voom tomperabures CaH mle of the dilugod phenol. weagent
vere added and the mixdure was shakon immediately, within le2 sece  Aftem
30 min. glanding ab room fouperatuve, the exbtlnction of the solublion wap

read ot 625 1t

SUCCINATE | PEMTOROGENANE ESHTMATION (E.C.1.3.99.1.) g '
Yrineiples=

. The method ueed whs o nodifigation of that of Jawdobszhy end Glick,
{1956) in which thoe succinate dehydrogennse roduces neo~tobzasolivm
chiomide to a pﬁ.rik plgrent vhich con bo meesured by its onbinotion.
Roaconhnise

055 (w/v) noowtotvezoliun ehloride (L. Iight and Go. Ldd.)

Q.67 Sbronson's Phosphate Buffer, i 7.7, conbaining 5434 = 10"41‘?:1

Meoodiun Bthylenodioninototraccotato
0811 Sodium Sueccinabe in 0.67M phoosphate buffer
0.4 fodium Malonate in Q.67 phosphate buffer

3231 Caxbon Tetvachloride (A.R.) 1 Acohone (Lob. grede)

Hethodas~

The reavtion mixture contained, 2 wl. buffer solution,; L ml.
neowsetvonoliwm chloride, 1 mle sodium succineto end 1 ml. onpymo polubion.
The gonbnol tubo conbained sodinm molonate in the plagce of godium
ancoinatc. Uhe resction was sbarbed by the addition of the engyne
golublon and the tubep weye ilncubalbed in thoe doxk ab 3‘?5’ for 60 mins The
solutions were then extrectied with the carbon tobraghloride aand acetone
mixbuve, The ovganic layer wes peparated by centyrifugebion and ibse

oxbinetion was vead in en 8.F. 600 gpectrophotometer at 520 M



against a blank of the organic mixture.
Unitase

TTERE TV S

The unit of activity is 0.00L B/hw./mg. protein.

ESTIMATTON OF DA

Principloge

The method used was a modificption of that of Cordotti(l952) in which
the DNA was bydrolysed by acid and tho fragments produced were catimated
by the extinetion of the colouxed product formed by thelr reaction with
indole.

Hoagonlbugm

0.04% {w/v) Indole (Labs. grade)

Hydeochlowic Acldy epecific gravity L.18,(AR.)

Chlowoform (AoRe)

Methods-:

The reaction mixture contailned 2 ml. of test solution, 1 ml.
hydrochlorlc acld, and 1 ml. indole solutiones The coanbrol {ube
conmbained distilled woter in place of the test solutlions The tubes
wore sltoppexred and placed in a boiling wabter bath for 10 mine. The
solutions were then oxbracted with 40 ml. ohloxrofoim, and the agqueouns
loyer was separated by centzifugstion. The extinction of the yellow
pigment in the aquecus layer wes read at 490 e
Standards-~

The standard used was a solution of the sodiuvm salt of

Daoxyribomucleic Acid, highly polymerised.(Sigma Chemical Coe)



CALCULATIONS o

The ensyme acbivities were expressed in Inlernational Unitse por
go wet weight, per wg. protein, and in the case of the Thyroid glend
Nuclelo Acld serles; per mg. DNA Phorphoruge.

The mesns of the activities of sach fraction of each series were

caloulated, also the standard devietlon.

Crf e
— , R . Al G5 o 30
Meen n = SE Standard Devisbion v « -Qf%jfiflm“
n

where ® = each value in the series and n = the nuber of values.
Student's t-toast was applled to the results obtained from nowmal
and abnormal {issues. The formulae used were glven ing "lects from
Meures®y, M.J.Moxvoney, Peaguin Bookn Lide,(1962), Harmondsworth,
Middlegexzs When both sets of vemulls were obtaeined from the one net

of patients, the following formulee were useds

2 era
.2 By il w . B \/ 0 e 1
S gy CETEmS - }L G sy s w&wrm&
. w3

where x = the differencen hetween the two zesulis for each patient, and
% = the mean of the "x valuod.
Vhen the noxmal and abnormal results wers obtained fyom two sets

of patients, the following formulao wore useds

e, 2 ; o 2
32 . Bk = 2)" 4 9(y = ¥) . v /n x n
notnt -2 §/n + n

vhere the My* values belong to the mocond set of vesulis, and n' is the
number of rosults in the second sebe

Tho "P" values sorresponding to the "t" valuea found wewo obtained



from the "Cambridge Blementary Sitatistical Tables"y; D.V.Lindley and
JaGePoliiller, Cambridge University Press,(1961). Results woere
considorod to be significant when the “P" values wore less than 0+05e
The tiesue preporation , the measurement of the protein
congentrations, end the estimation of the nucleic aclds weve carried

out in conjunction with Dwe D. M. Goldbexrg.

an



RESULTS



In the presentation of the results, the firet section deals with
the validity of the cell fractionmation procedures usede It will be
shovmn that the methods used produces e supernatant fraction Trom which
particles eontaining-appraciabla enéyma activity bavo been eliminated,
an ML fraction which is predominantly mitechondriel in nature and an 142
fraction, vhich im predominantly microsomal.

Technical considerations are described in the saecond section and
deal with the effects of dilution on the enzyme activitiesy difficulties
assoclated with storage of material, measurement of particulate PGDH
and measurcment of protein concentrations

The studies on thyroid tissue aro then described. Here, there
are two sets of results; the mojority of the resulits were obtained
without nuclelc acld anslysis of the timsue and aro described as the

Main seriegs. In a smaller number of tests, the amounts of the

micleic acids in the tlesues were measured and the engyme activities
woere reloted to DNA content as a measure of cell number.

HResults for the Main series of thyrold tissue experiments are

presented in sectlons deseribing the supernatant Lraction, the
mitochondrial (ML) fraction and the microsomal (42) fraction, obtained
from normal, byperplastic, and malignant thyrold tismue. Following
these results ars those obtained Lrom samples of cervix uteri. Those

are divided into two paris, namely (a) a comparison between the

supernatant fractions of the normal and carcinoms series, and (b) a
comparison between each of the three subcellular fractions of twpour

cells from the cervix uteri, before and after radiation. The renults



obtained from the supernatant fraction of human mammary glend are then
described, from series of normal menmavy tissue, hyperplastic tissuec
and tumour of the gland.

The results obtained from the Nuclele Acid series of thyroid

tissue studies arc then presented in the following sections (a) a
report of the enzyme activitiss of the tissues, which is divided

into tvio parte, 1) a comparimon of the enzyme activities of the
thyrotoxic and adencmstous tlssue with those of normal thyroid tissue,
2) a comparison of the Main eond Nucleic Acid series of nomnal, adenoma,
and thyrotoxic tissue, (b) the RNA, (o) the DNA, (d) the phospholipid
and (e) the protein content of the three types of tissue and (f) the

RNA to DA phoephorus ratic of these tiseuesn.

INVESTIGATION OF CRNTRIFUGATION TECHNIOUIRS.

In order to demonstrate the adequacy of the cell fraeﬁionétion
techniques used, the following studies were made; (a) electron
microscopy of the particles sedimented, (b) an examination of the
Supernatant fraction obltained, in order to see whether any particles
bound enzymes were atill presont, (¢) a test to detexmine the amognt of
supernatant activity lost in the preparation of the particulate fractions,
and (d) a gbudy of the distribution of aucainate'dehydraganaﬂe activity
in the particulate fractions of the tissues, as a measure of the

contanination of the microsomal fraction.

(2) Ilectron Microscopy of the Particulate Fractiong.

samples of the nucleayr pellet, the Ml fraction snd the M2 fraction



of a thyrotoxic thyroid gland were examined under the electron microscope.
The nmuclear frochion wag found to Le free of mitochondriz, bubt contained
gomd fragments of the endoplasmic reticulum. The ML fraction was found
to be predominantly mitochondria and the M2 fraction predominantly
microsomes. The lysosomes were apread between the two particulate

fracticns. (Figures 2,3.)

(b) Bnzyme Activiby of those Papbilcles that remain Unsedimented aftor

Centrifugaiion at 35,000 for 1 hr.

Owing to limitations of apparatus, the maximum centrifugal force
used was 35,000z for 1 hwe In order to determine whebher suy partloulate
enzyme acbivliy remained in the supernatent fraction so obtained; samples
of the supernatant fractlon Irom two thyrotoxic glands were spun atb
105,000 for 1 hr. in another deparimeni. With one of these glands,
a2 small poriion only of the supsernatent fraclion was spun to obtain
a comparison with the 35,000g supernatent fraction. In the other gland,
all except a small portion of the supewvnstant fraction was spun in order
to obtain the sediment as quantitatively as possible. The precipitato
obtained was gelatinous In consistency and red in colours

The wesulis are shown in Table 1. In the first gland there was no
appreciable difference in enzyme activiity of the supernstant fraction
after spimning, nor was there any difference in probtein concentration.

In the second gland, about 1% of the total supernatent activity and
shout 2.5% of the supernatant fraction protein appeared in the pellet.

These findings confirmed that centrifugation at 35,000g for 1 hre

is a satisfactory way of preparing a supernstant fraction from human

f W
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Figure 2. A sample of tho M1l fraction of a human thyrotoxic thyroid gland,
X 22,000. The fraction consists predominantly of mitochondria. Very few
microEomes are present, but an occasional lysosome may be identified. This

field shows a nuoleus at the upper left corner, but it was the only one of

several examined to show nuolear contamination.



%

»

«

%

Figure 3* A sample of the M2 fraction of a human thyrotoxio thyroid gland,
X 22,090* The fraction consists predominantly or mlorosomes. Occasional

mitochondria may be seen, as may a very few dense bodies, which could be small
lys8o some s*



TABLE 1. BRRECT OF O NPRIPUGATION AT 105,000¢ ON THE SUPTRNATANT

FRACTIONS OF THYROTOALG THYROTD GLANIS.

Original Supernabant 105,000 Supernatant 105,000z Pellet
Fraction Fraction
LI 8210 8210
IDH 1360 : 1360
PODH 1340 | 1270
Protein 99 | 29
1.0 1970 30
IoH 1200 12
PG 1260 14
Protein 102 205

Enzyme activities oxpressed in mumoles subsirate transformed/min./g. wet
weight of tissue.

Protein concentrations expressed in mg./g. wet weight of tissue.



tipsnes, whose enzyme ond protein content is essentially the same

as that of more wigorously prepared cell sep.

(o) tmentitative Removel of Unsedimented Loyens.

In oxdex t0 separsbe the supernatent fraction clesmly, some
fluid was left above the parbicle layer after cenbtrifugings The
particles were then waghed with sucrose. In one gpecimen of
carcinoma of coxvix, the enzyme activities of the sucrose used for
washing the two particulate fractions were estimatede ILach
volume of winging sucrose contained 3% of the total supernatent
fraction activity. Within the limlts of accuracy of the method,
this activity was negligible.

() Succinate Dehydrogenase Egbimations

o i Y, Hey e A * 3 3
(a) Suceinate Dehydrogenase BebimatioNe wosome fraction contained

appreciable numbers of mitochondcia, S0H wes egtimated in the
M1l and M2 fractions of the thyrobtoxic thyrold glemd unsged for
electron microscopy. The particulete metexrisl Had been deep
frozen immedistely ofter vemoval of samples for elecizon
microscopy, which caused some xrupbture of the particles. The
estimation was not wholly succesgful in the Ml fxraction, as
the wveactlon appeared to teke plece on fragments of the
mitochondyial membrenes and the pink colour proved difficult
to extract. Howeven, énylicéﬁian of results gave good
agreenent, notwithatending the amount of dye that could not
be extrectod; 1.0¢9 41 and 39 E unils por mge. protein. In
the M2 fraction the fragments of membreons again appeared to

be the locus of the reaction, but these weve finer fragments,



then those of the Ml fraction, and the pink colour proved moxe
easily extracteble. Duplicstion of wesultis was not so good
with this fraction, the two resulis being, 149 and 98 I unite
per mge. proteine However, the activity of the M2 fraction was
much greater than that of the Ml fraction. This finding
suggests elther thet the M2 frection conteined mitochondria,
vhich conflicts with the regulbts of elecizon microscopy, ox that
S occurs in the M2 fraction of humen thyrotoxic thyroid glandse.
oDH was also estimated on semples of particulate fractions
which had been dlgrupted ultrasonically in the noimal way fox
engyne assoye Theme preparsbions were, therafore, free of
fragmented membranes, through coagulation(see Material and
Methods section)e The activity found was too small to measure
quantitatively, but the M1 fraction showed gresbter activity then

the M2 fracbione

INVESTIGATION OF ENZYME MEASUREMENTS.

In order to evaluate the acouracy of the methods used fox
the estimation of enzyme activity in the tissue frections,
various tests were carried oube Thome showed, (a) that the
methods used gave reproducible resuliss (b) that altevation of
the dilution medium made no difference o the aclivities recorded,
(¢) that sligh®t inecouracies were introduced by the different
dilubion factors required by the dlfferent tissue semples, (d)
that the alterabion of the buffer solution used in the measurement
of the particulate PGIH &id nol affect the enzyme activities, and

(o) that the alteration in the activities of the enzymes ceused



by storage of the supernatant fraction atb -20° were small enougl )%;

e
=

to make the stovage for one week, necessary in the Nucleic fHoid

gerics of thyroid ftimsuce, permissibles.

(a) Duplication of Resulise

At the beginning of this sbudy, certoin engyme assays were
carvied out in duplicate, where material pexmititede The resulis
{see Teble 3.) obtained gave good agveement, in meny cases within
2.5%. The greatest divergence found was 10%, end thercafter,

pingle estimations only were carrled out.

(b) Bffect of Differing Dilution Medie on Enzyme Resultsoe.

Engyme activities wore estimated on o gemple of thyrotoxic
tissue mmd o gemple of bresst cencer(¥able 2.). The supernatant
fractiong wexe diluted prior to epbtimation in a variety of medils,
nemely, the gppropriate buffer solution, sucrose, distilled woter,
and 0.15 pobtassium chlorides The enzmyme activities obtalned

were essentislly the geame in all the media, and sucrose was chosens

(c) Effect of Varying Dilubion Factors on Engzyme Results.

Inzyme activities of verious types of tissue were estimated
on differing dilutions of the supernatent fraction; where material
and time permitted. Vhere possible the asseys were carried oub
in duplicate (Table 3.)s In most of the semples studied, the
actbivity correcied for dilution, was greater in the more dilute
solutions, but in two samples the opposite effect was recorded.
However, the valueg obtained from the most dilvte solution varied
from 90% to 125/ of the esbimate obitained from the mosh

concentrated solution. This wveriability was considered to lie



PABLE 2, BRI OF pIPPRING DILUTION MEDTA ON THZYMHE RESULTS.

THYROTOXIC  LDH

GLAND g

PG
BREAGTY Lid
CANCIHR Ing
BAMPLE PEOII

Bufier Solution suecrose Distilled water  Poltassium
240 246 252 258
40 42 44 40
28 34 32 30
44 be R 48
A6 53 47 56
11 15 10 10

Eagyme ectivities expressed as extinction units per ml. of supernatont

froctione



PABLE Je BT OF VARYING DILUTTON FACTORS O ENZYME RESULLS.

DILUTEON FAGTORS o
1710 1/15 1720 1730 1/40 1/50

ERZYME  TIasUl

3]
\
LWy
St
~
—J

LI Phyrotoxic I 180) 152)
180) 140)
Thyrotoxic IT T 82) 92)  90)
88) 84) 92)  96)
Hashimoto 242 279 202 280
Breast cancer 59) 66)
60) 70)
Ceprvical cancer 124 134 1238 155
IDH  Thyrotoxic I 37) 39) 42) 42
36) 40) 42)
Haghimoto 16 T3 68
Broast cancer 47) 50;
50) 54
Cervical cancer 40 40 a5 42
PODH  Thyrotoxic I 27) 27) 32) 33
27) 29) 35)
Normel thyroid 78) 83 92
73)
Cervical cancer 35 3T 44 34

Inzyme activities arc expressed as extinetion units per ml. of

supernatant fraction at 259,  maplicate resulte are indicated by bracketsa



within the limits of acouracy of the expeorimenitaol procedure.

(4) Bgbimetion of PGDH in the Particulate Fragtionse

As wap nobted in the WMaterial and Methods secblon, the additlion
of the particulate fractions to the weaction mixture wsed for the
estimation of PGDH, caused turbldity, making the meessurement of the
reaction rate impogsiblee This turbldily was eliminsted by uwsing
tris buffor in the place of glyoylglycine bhuffexve The tzin buifer
uged in the IDH wmethod proved sulisble fox this purpose. Tn oxder
to confizm that this substitubion wes velid; ten samples of the
supernatent fraction of various Htissues were teken from stovege ab
=20° ond estimeted for PODH activity using both buffer golutlions.
The ™" value found when the two sete of resulbe were compsered wag
1,13 ( ? less them 29%). This experiment was ropeated using the
tris buffer diluted 1/4 80 that the molarity would coxrrespond to
that of the glyeylglycine buffer. The "t" value found in this
case wag 0,006 (¥ less them 25%). The dlluted tris buffoxr was,
therefore, substituted for the glyceylglycine buffer in the estimation

of particulate PGDH.

(o) Effeet of Stomage ob ~20° on ihe Ineyme Activitieg of the

Supexnatant Fraction of Mumen Thyrvoid Gland.

The enzyme activitiesn of the gupernetent fraction of the tissue

samples in the Nucleiec Acld geries were meesuwved when the other

estimations wewe complete. The supernatant fractione were,
therefore, stored ab -20° for one week. Ineufficient meterisl was
avellable for gtudying the effects of storage on the engyme activitles

in these specimens. However, enzyme activities were determined on



other samples of supermatant fraction of thywoid gland, which had
been prepared in the Mein serien, ond stored ob nggg Where excess
material was avallable, for periocds of time ranging from two months
to a year. The ongyme activities after siorage were expressed as
a percentage of the oviginel activity. The mesan percentage LDH

activity ofter storage wes 92% of the iaitial value. The mean

percentege IDH activity after storoge was 04% end the mesn percentage

PGDH activity wes 66k, It is unlikely that nborege for one weel
would heve o greater effect on the ongyme activities thean the

changes obgexrved over the 2 » 12 month periods oxemincds

INVESTIGATION OF THE LOWHY PROTEIN METHOD.

Various aspects of the Lowry method of protein estimation
were congidered, these being 1) at which wavelength the colour
should be read to give the best range of proteln concentrations,
2) the effect of perchloric acid, used in the preparation of the

RNA frection in the Nucleic Acid serieg, on the measurement of

protein and 3) the sbability of the copper veagent.

1) Measurement of Colour.
The measurement of the blue complex was cerried out at 625 mp

in order to extend the vange of the estimation to 300uge. per ml.

2) Measurement of Protein in 0.1N Perchloric Acid Solution.

The protein concentrations found when the standard protein
solutions were dissolved in 0.1V perchloric acid were ebout 6%
lower than the true concentrationse. This difference wvas

congldered to he negligible.



3) Stebilidy of Covper Reszent,

It was found th&t,én pbending, this veagent showed formation of
blue oxrystals after one dey, snd one month later o xed precipitate
appeoreds A standard proteln solution was estimaied at dlffevent
times woing the seme copper wveagenb (Guﬂ@a / Bodium Torivate) ‘
diluted to give s working solution each time. The concentration
of the protein eppeared to dscremse, veaching 87% of tho initial
valve in 34 doys, (Figure 4, Experiment 1.)

This experiment was modifled to eliminate the possibility of
deterioration of the protein selution es a couse of the above affect.
The copper sulphate and the podium tartrate solutions were mede up
separately. The combined weagent was made up periodically during
one month, by mizing equal perts of the two molutionse. AL the end
of this time, & protein solution wes estimated using difforent
working copper solutions obtained by dilution of the copper reagenis
of varying‘age&e The protein concentration given by the 31 day-old
reagont was 85% of the concenitrzation given by the freshly mede
copper weagent. (Pigure 4, Experiment 2.)

& third experimont was carried outbt to verify that different
copper reagents freshly prepeved would glve comparable results.

This was found to be the case (Table 4.). Thexeafier, the
working copper solubtion used for the estimatlon of protein was

obtained by dilution of a freshly maede copper reegentb.



A 3 2 [ H 2 ) i

0 4 8 12 16 20 24 28 32

days
Figure 4. Effect of Age on Copper Reagent of Lowry Protein Estimation.

z Experiment I. Average of 9 estimations

e Experiment II, Average of 2 estimations




TABLE 4o
AT INGHTTONE

OBPALMCH USTHG TRESHLY SADE COPPIHR HEAGHRNES

IN_ T

BOTTHATTON O WO PROTTGIN SOLUTTONS

Copper Reagent

Average xbincelbion

Bxtinetion Reodings

PROTEIV X 1
2
3
PROVEIN LT 4

04339
0,356

0. 358

06360

0,364

OO 34{)5 OC 3359
0356, 04372,

Oe 3729 50‘3469

0,368, 0,353

063745 0.3564

0.342
06342

0356



ENZYHE ACTIVERIES TN THE HUMAN THYROID GLAND « MATH SERIES,

The enzyme results of the human thyrold glend are diwvided into
three sections dealing wibth, 1) the supernabont frection, 2) the
mitochondrial (Ml)fraction and 3) the microsomal (M2) fraction.

The classes of thyroid tissue studied were, normel thyroid,thyrotoxic
thyrold, adenoma, carcinoma end Hashimoto's dioease. In each
gection the resgults are expressed in tabular foym, as the meon of
each series 4 the standerd deviation. The results related to
weight of tissue are tabulated on different pages from those related
to protein content. The wresulis for eoch of the abnommal groups
are compared with the nomal group using Student's t-teste The
results of the t-tegt arc reported both in the text and in tables.
One sample of Iltwthle cell adenoma was algo studied, but the

resulis recorded were so unlike those of the other gemples of
adenoma of thywoid, that they :are reported separately.

The precentage activity of each enzyme in each fvaction is
alao veporled, the combined activities of all three aubcellﬁlar
fractions being taken as 100%.

The ronge of weights of tissues used in eceach geries is slaso
reported in table foxm, in order t¢ give mome Indication of the

representative nature of the sppecimense

1) Supemmatant Prection. (Tables 5=9)

in all the tigsues studied, LDH ascbivity ip greater than IDH
acbivity which is greater in tuyn than PGDH activity. The activity
of the H¥ethle Cell adenoms is spimilar te the meon of the cancinome

serien, except for highor IDH activily.(Tables 5,7.)



a8

IDH activity s mignificantly higher than noxmal, st the 5% level
in the thyrotoxie sories, ot the 0.)% level in the carcinome and
Hashimoto sexiesy but is not significantly different in the adenoma
series, vhen the results are expressed ln uwniis per g. webt weighte
Vhen the LDH ac?iviﬁiea ore expressed in units per mge. protein, there
is o significant increasc sbove noxmal, ob the 0.1% level in the
thyrotoxic@ carcinome end Hashinotc seriesy while in the adenoma
sewies thexe is no significant differcnce (Tables 6,8.)s In the
thyroid qarcinoma serien, there was one sample of gplleroidal cell
carcinona, which had & vexy high LD activitys 43370 mumoles
énbatxate transformed per mine per go wobt weight of tissuce
Histologically 1t was ¢lagsed as very mulignante.

IDH activity In unibts per g. wet welight, is gignificantly
higher then normal, at the 0.1 level in the carcinomwn series, ab
the 0.2% level in the Hashimoto series, end at the 5% level in the
thyrotoxic end adenoma series. The Hidrthle Cell adenoms vesult is
about 5 times the normmael mean. Vhen the regulis are expressed in
unibtes per mg. protein, IDH activity is not significently fifferent
from noxmel in the thyvotoxic and adenowms series, butl is
slegnificantly higher in the cayxcinome series and the Hashimoto
geries, ab the 0.1% level. The Hirthle Coll adenome result is
about 12 times the nommnal mean.(Tahles 5,6,7,8.)

PGIH activity expressed as unibs per g. wet welght is
slgnificently higher then normal, al the 0.1% level in the thyrotoxie
gerien, ab the %% level in the carcinoma series,,ond at the 2% level

in the Hashimoto series, but is not sigoiflcantly different fron



normal in the adenomo seriese Vhen the resulis ave expressed ag
units per mge pioﬁein, there is a gignificant lncrease abdve normal,
at the 0.1% level in the thyroboxic and cercinoms sevies, and at the
2% level in the Hoshimobto series, but there is no significant
difference in the adenomes series (Tables 6484).

The meen percentage of LOH appearing in the supernetant fraction
of the normel, thyrotoxic end adenoma geries is so close to 100%,
thet the difference could lie within the acouragy of the methods
uged (Toble 9+.)s The mean percentese of IDH activity appearing in
. the supernatant fyaction ig lower than that of LDH in a1l the tissues
studied (Table 9.), end this is due meinly to apprecisble activity
in the ML fraction ( seo Tables 9414,19.). The mean percentage
supernatant froction activity decreases in the tissue sewies in the
folloﬁing onder; noxmels thyrotoxic, adenoma, Hashimolo, carcinoms
and Hitethle Cell adenoma. Thus, in the ssuple of Hivrthle Cell
adenoma the supernatent activity is only 53% of the totel measured
activity. The mean percentage of PG activily occurxing in the
supernatont fraction is agein lease than that of LDH (Table 9.).
In deacyeaging oxder of supernatent activity, the tissues sre an
followns Hashimoto, thyroboxle, adenoma, Hiwthle Cell adenoms

and carcinome



TABLE 5. BR2YMIE ACPIVITILG TN THE SUPERNATANT IFRACTION OI' HUMAN

THYROLD GLANDS - MATN SERTES.

mamoles substrate ﬁr&nsfomed/min./g. wet welight of tissue, at 250.

NUMBER
OF SANPLIS LDH IDH PGDI
NORMAL 11 6130 4 3050 880 1 340 300 4+ 130
TOXIC 20 9050 + 3710 1500 4 880 960 + 790
ADENOVA 10 6900 + 4590 1290 4 900 580 + 660
CARGINOMA 5 26003130 259 480 920 4 480
HASHINOTO 4 0100 + 2400 2260 4 950 580 4+ 230
HURTHLE CELL 1 20600 4300 790

ADENOMA

Results expmsmed as Mean i Standard Deviation.
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TABLE 17 . ENZYME ACTIVITIES TN THE SUPERNATANT FRACTION OF HUMAN

THYROTD GLANDS = MATN SERIES.

mpmoles subsirate transformed/min. /mg. protein ai 25",

NUMBER

OF SAMPLIS L. DN PGDH
HomAL 11 66.3 £ 28.5 B4 £ 3.6 3.2 4 1.8
TOXIC 20 101 4 59 1647 £ 13.2 10,1 4 6.0
ADENOMA 10 83.1 4 37e2 15.5 4 1246 7¢9 + 1149
CARCTHOMA 5 326 £ 24 3532135 1L 43
HASHTHOTO 4 226 4 31,0 56.1 4 18.4 1440 s 2.3
HURTHLE CELL 1 488 100 4.0
ADENOMA

Results oxpressed as Mean i Standard Deviations
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ADENOMA,

Resultls expressed as Hean

4 Jtandard Deviation.

TABLE 9. BUZYME ACTIVICIES TN THE BSUPERUATANT PRACTION OF HUMAN
THYROLD GLANDS ~ MATH SEBRIWS,
% of tonl measured activity in cyboplasm.
NUMBER

O SAMPLES LDH o PGDI
HORMAL 5 990 4 0.8 9647 4 249 90.7 4 9ed
TOXLC 20 99:0 4 0.6 9346 4 29 9547 4 Aal
ADENOMA 10 9901 # 1.1 0360 4 342 e 4 360
CARCTHNOMA 4 98.8 877 83.6
HASHIMOTO 4 o815 9245 0643
H‘(}RTHL}B CELL 1 08.7 53.0 87.6



2) Ml Praction of Humen Thyroid Glend. (Tables 10 ~ 14)

In this fraction the order of the enzgyme activitles is ogein
veried, IDH activity becoming more impoxtent. In the noxmal series
no consistent pattern emerges, but in the other series, the patiern
TDH > LDH » PCDH is predominant.

I activity is not significantly difforent from normel in any
of the tissues studied. ¥To LIH aectivity was detected in the Nl
fraction of the Hilrthle Cell adenomsa (Tebles 11,13e)

IDH activity expressed as unite per g. web weight is
significantly higher them noxmal, at the 0.1 level in the adenoms
geries and at the 55 level in the carcinoma series ( the meon being
about 10 times the normel mean ) bub is not significanily different
in the thyrotoxic and Hashimoto seriess The Hxthle Cell adenoma
result is about 150 times the normel meen. IDH activity, expressed
ag units per mg. protein is significently highex then normal, at the
0.1% lovel in the esxcinoms series ( the mean being about 8 Limes
the noxmal meen ),end abt the 1% level in the thyrotoxlic, adonoma end
Hosghinoto serxiege The Hrthle Coll sdenoma wesult io about 40times
the normal mean (Tables 10,11,12,13.)

PGIH activity expressed ag uniic per ge web wvelght, is
gignificently higher then normal, at the 0.1% level in the adenoma
serles, bubt ig not pignificantly diffewent from normel in the
thyrotoxic, carcinome and Hashimoto series. VWhen ths resulis are
expresgsed as units per mg. proteln, PEUH activity is significantly
higher then normel, at the 6.1% level in the thyrotoxic series, bub
ig not significently different from normal in the adenoma, Hashimoto

and carcinoma series (Tables 11,13.).



TABLE 10, ENZYME ACTIVITIRS OF THE ML FRACTION OF HUMAN THYROID

GLANDS - MATH SERIES.

mmoles substrate 'tramformea/mﬁ.n./g. wet weight of tismsue, at 2{30.,

NUMBER
OF SAVPLES LD TDH PGIH
NORMAL 5 18 4 15 23 4 25 8.9 + 844
TOXIC 20 35 4 31 58 4. 54 20 + 23
ADENONA 9 26 4 17 82 4 52 3 1 30
CARGINOMA A a 222 51
HASHIMOTO 4 43.5 113 17
HURTHLE CBLL 1 0 3600 17
ADENOMA

Results exzpressed as Mean + Standerd Doviaetion.
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TABLE 12, ENZYME ACTTVITIES OF THE N1 FRACTION OF HUMAN THYROID

GLANDS = MATN SERIES.

munoles substrate tramformed/m:’m. / nge protein at 250.

NUMBER
OF SAMPLES LDH DN PGDH
NORMAL 8 508 4 304 4aB 4 3 led 4 1.9
TOXIC 20 8eT 4 443 15 + 97 5¢6 + 79
ADENOMA 9 Ge3d 2 244 20 4 13 2.6 + 1.5
CARGTHOMA 4 30 32 740
HASHIMOTO 4 7o 18.9 2.3
RURTHLE CELL 1 0 200 6e3

ADENOMA

Results expressed as Mean  Standerd Doviation.
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TABLE 14 ENZYME ACPIVITIES OF THE I, FRACTION OF HUMAW THYROII
GLANDS - MATN SERTES.
% of total measured activity.
NUMBER

OF SAMPLES LDH IDd PGDH
BORVAL 5 O¢3 ;i‘_ 0.2 2-) _‘i-'_ 2.3 643 :_ij_ 7'4
TOXXG 20 Oud 4 0a2 30 4 2.8 2ed 4 249
ADENOMA 5 005 + 005 4.8 o 2.7 2.6 ol 217
CARCINOMA 4 0eT 8.0 6.0
HABHINMOTO 4 0.5 3.9 20

n

BURTHLE CELL 1 0 4544 12.4
ADENOMA,

Results expressed as Mean 4

Standard Deviatlions



4.4

3) M2 Fraction of Humen Thyroid Glends.(Tables 15 = 19)

Like the M1 fraction, this fraction shows alteration in the
pattern of enzyme activities, TDH activity becoming more important.

In the normel sewxies, no consigtent pattern emerges, but in the other
series the patitern 1DHy LDy PGDH is predominant. |

LDH activity expressed as unils per g. wel weight is not
sisnificantly diftrercat from normal in any of the tissues studied,
but the result obtained from the sample of Hrthle Cell adenoma is
about T times the normal mean. However, when the results are
expresged dn vnits per mge protein, there is a significant increase,
at the Y» level in tho thyrotoxic series a.d the Hilrzhle Cell adenoms
resuld is about 4 times the nowmal mean.(Tables 15,16,17,18.)

INH activity expressed in units per g. wel welght ig significantly
higher then normeal at the 55 level in the thyrotoxic, carcinoma and
Haghimoto series, bult is not significantly different from noxmal in
the adenoma serigs. The result for the Hlpthle Cell adenoma is aboud
13 times the normal menn. vhen tne date arve expressed per mge. probein,
I activity is significantly higher than normal, at the 0.1 level in
tne thyrotoxic series, at the 2+ level in th. adcnoms and cercincma
sericas, and at the 5 level in the Hashimoto series. The result
obtained from the Hixrthle Cell adenoma is about 6 times the normal wean
(Tables 15506,17,18.)0

PG activity is not significantly diffevent {rom normal in any
of Lhe tissues studied elther in units per g. wet weight orx in units
per mge. protein. No PGIH activity was detecled in the k2 fraction

of tne Hilrthle Cell adenoms (Tables 15,16,17,18.)



TABLE 15. BNZYME ACTTIVITIESG OF THE M2 FRACTILON OF HUMAN THYROTD

GLANDS = VATW SHRINS.

mpmoles substrate 'transfo:z’mad/min- / &e wet wolght of tissuey atb 250.

WUMBER
OF SAMPIES Ll o PCDH
HORMAL 6 40 + 43 10 4 Ted 17 4 23
TOXIC 20 60 + 53 46 + 3 15 4 14
ADENOMA 10 27 4 21 27 4 21 849 # 6a5
- CARCINOMA, 4 184 121, 93
HASHIMOTO 4 135 103 12,6
[
HURTHLE CELL 1 280 129 0

ADENOMA

Regults expressed as Mean 4 Standard Deviatione
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TABLI 3.7 L)

DNZYME ACTIVITILS O THE M2 FRAGITION OF HUMAN THYROID

GLANDS = MAIN SERIES.

'} ] s Q
mamoles substrate tronaformed/min. /ug. provein at 25 .

NORHMAL

TOKIC

ADENOMA

CARCINWOMA

HASHIMOTO

NUMBER
OF SAMPLES

6

10

At

t
HURTHLE CRLL 1

L DENOMA

Repulte expressed as Meawn ¢ Standard Soviatione

Lo

1440

31

I

2.9 + 149

1z

PG

37 3 4eT

5.1 3 5.1

23
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TABIE 19. BNZAYME ACTIVITTES OF THi M2 FRACTION OFF HUMAN PHYROLD

GLANDS - MAIN SERTINS.

% of total measured activity.

UMBER
OF SAMPLES LB TiH PEIN
NORMAL 6 066 + 045 0e8 + 0e7 5¢1 4 Ged
TOXIC 20 0e6 4 143 205 4 1a5 1.8 4 2.6
ADENOMA 10 0.6 £ 0.7 2.8 4 1.8 146 4 0.9
CARCINMA 4 0.6 4e3 10.7
HASHIHOTO 4 049 3.7 1.7
HURTHLE CELL, 1 103 1.6 0

ADENOMA,

Results expressed as Mean i Stendaxd Doviation.



TABLIE 20, RANGE OF LIBIGHTS OF SAMPLES OF HUMAN THYROID

GLANDS - MATH BERIES.

Numbewr

of samples Weight 1n g
NORMAL 11 0e39 = 5.15
TOXIC 2 4.0 =~ 2244
ADENOMA 10 3004 = 1549
CARCINOMA 5 0u55 = 1642
HASHTHMOTO 4 3495 = 1243
HURTHLE CBLL 1 3402

ADENOMA



Protein Content of the Human Thyroid Gland.

The protein content of the supernatant fraction of noxmal thyroid
tissue is 106 4 53 mg. per g. webl weight of tlssue, of thyrotoxic
tissue ip 104 4 26 mg. per g. wet woight ond of adenomatous tissue is
9T + 4L mnge por go wet weighte The protein contents of the supernatant
fractions of the cawcinoma and Hashimoto series are significantly
different from nommel at the 1% and 0.5% levels rospectively, the
values being 5T.9 4 149 and 40.6 & 10.3 mg. per g. wob welghi.

The concentratliors of protein in the ML fractions of human thyroid
tisoues ave ap follows; noxmal 4.4 4 1T, thyroioxic 3.5 4 1.7,
adenomatous 3.8 4+ 2.0, cavcinomatous 6.5 4 249 and Hasghlmoto 56 4 269
mnge pey g. wab weight of tissue, none of the pathological tissue series
having values signifiecantly different frbm noxmal.

In the M2 frachion of thyrold glend the protein content of normal
tismie 45 4o8 & 3.5 mg. per g. wot woight and of thyvotoxic tissve is
Jed 4 led mge per go wot weight. This value .Ls signiflcantly lower
then normal at the 5% level. None of the obther meries have values
differing from normel, the results being, in the adenoms scries 3e4 4 1e9
mge per g. wobt welght of timsue, in the carcinoms series 8.0 4 1.7 mg. pew

ge wet welght and in the Hashinoto series H.0 i+ 2ed mge per go wat wolght.
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T2, ACTIVITTGS TN THE BUMAN CRRYVIK Ui,

The enpyme regults of the humen cervix uteri arxe divided into
sections deeling with, 1) a comparison belween the supernatant fractions
of the normal and carcincmatous cervix uteri, there bhelng inadequate
pacticulate materiol for emalysis in noymal cervical tigsue, and 2) o
comparigon of the samples of cexcinoma of cerviw taken from patients
before and after radiabione This section 1s divided into bthree party
describing the effects of radiation on, 2a) the supcrnatant fracbion,
¢b) the M1l fraclion and 2¢) the #2 fraction. The series of carcinoms
specimens wilh which the normal series is comparved is larger than thal
with which the biopsies taken after radiation ave compareds This is
due to the focl that ccrtain of the patients receiving radiation did
not have a second biopasy taken.

Phe resuibs are again expressed as the mean of gach group + the
gtandard deviation, and the resulits wvelated fto the welght of the tissue
sumple are tubuloated on different poges Lrom those relabted to protein
conbent. Since the amounts of this tisme available weve very omell
a list of the weighte of tis.ue spemples uged i aguin present.d, in
order $0 gilve some estimate cof the size of samplcs on which the
conclusions are based.

1) Supernatant Feaction of the Wommal and Carcinoma Series. (Tubles 2L = 24)

The enzyme pattern of the supernsitant fraction of these two series
is the same vs that of the thyroid gland, dl.e. LIH X IDH ¥ PG, excepting
four samples of carcinoma which have bthe patbtern LDH ) PGDH ) TDH.  These

patterns ave the same when the resulis are expressed either in units per g



wet weight or per mg. protein (Tables 21, 23).

Certain of the carcinoms specinens wers classed histologically
as bheing move malignant than others, but these differences were nob
linked wish higher enzyme activities in all cuses. Ona very
maligrant specimen had a very high LDH activity but another specimen
with even higher LIH activity was classed as only moderately malignante

then the carcinoma seiies was divided into two groups, those with
a second specimen after irradlation and those without, the two sevies
wore found o differ. then the resulis were exprééa@d as units pen
&e wet welght, the IDH activity ond the PGDH aectivity were significently
higher at the 2% lovel in the group which had a socond specimen taken,
and were umvally more advanced carcinomas, although some very malignant
samples also did not have a second bilopsy takon. The normal sories
was compared throughout with the combined group in order o obiain
a comparpison with the full range of carcinoma of cervixe

LDH setivity in the carcilnoms series is significantly higher than
normel, at the 0.1% level when the vesulie are exprossed as uniis por
go wot welght and at tho 0.2% level when the results arve expressed as
uaits per mg. protein. The results show a very high variance (Tables 22,
24)

IDH activity and PGDH activity in the carvcinoms series are
algnificantly higher bthan normal, ab bthe 0.1% level whon the results
are expressed elther in unites per g. wet welght or in units per mge
érotein (Tables 22, 24).

The protein conbent of the supernatant fraction of noxmal cervix



TABLE 21. ENZYIE ACTIVITIES IN THE SUPERHATANT TRACTION OF HUMAN

CERVIX UTHRT .

mpmoles substrate tramformed/min./ gs wet wolght of tissue, at 2550,

NUMBER
OF SAMPLES LDH TOH PEIH

NORMAL 15 2900 4 1690 690 220 210 & 140

CARCINOMA 23 6860 4+ 7780 1820 4 1050 1120 4 560

lenults expressed as Mean 4+ Stendord Rovietion.
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TABLE 23 Mz ACTIVIRIES 0 T8 SUPERNATANT PRAGERON OF HULIAL

AT

e

).

CRIYIR UTERT.

sty HTET L o

Y
mpoles subotsate trensformed/mine /g, protein at 257

NUNBIR .
O SAMPLES LG NI PEI

NORMAL, 1% 102 & 43 PAeG 4 90T  11.2 & 6ol

GARGIRIONMA, 23 140 4 125 36T & 1764 2040 4 2269

L

Reealsn oxmprossed os Mean ¢ Standord Doviatioi

et
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uteri is 2860 1 Te5 mg. per g vet welight of btlssue and of carcinoms
of cervix uteri is 46.3 4 34.2 mg. per g. wet welght, which velue is

significantly higher than normal at the 5% level.



2a) Dffects of Rediation on the Superpatent Fragtion of Cercinoms of

the Human Cervixz Uteri (Tsbles 25, 26).

The supernatant fraction enzyme patterns of the posi-radiation
carcinoms sexies fall into two groupss 10 having LDH > IDH > PGHI and
4 having LDG > PGDH > IDH.  VWhichever pattern occurs, does so when
the results are expressed either in units per g. wet weight or per
WEe pProteine

LDH activity is significontly lower afier radiation, at the
5% levely wher the resulbts are expressed either in units per g. wetb
welght or per mg. protoin (Tables 21, 22). IDH activity is
significently lower after radiation, at the 1% level, when the results
are oxpressed in uniits per g. wot woight, but there is wno significant
difference when the resulis are expressed per mg. protein (Tables 21, 22).
PGDH activilty is significantly lower after radiation, at the 0.1% level
when the resulis are expressed in units per g. webt weight, but there is
no gignificont difference vwhen the wresults sre expressed in units per
mge protein (Tebles 25, 26).

The protein content of the supernatont froction of cervical tissue
is lowered significantly at the 2% level after vadiabion from a mean
value of 59,9 mge. por g. woet welght to a mean value of 32.9 mg. per ge
wot weighte The percentage pvotein content of the supernatent fraction
of the total protein of the thres fractions ls significantly lowered at

tho 5% level afier radiation, from T7.2% b0 6T.1%.

46



TABLE 23, COMPARISON OF ENZYME ACTIVITIES IV THn SUPERNAPAND PRACDPIONS

O CARCINOMA OF HUMAN CwRVIX UPERI BEFORE AND AFTER TREATMENT

BY RADIATION.

mpmoles substrate %ranaformed/min./g. wel weight of tissue at 250.

KIESALT RANGE v P

IDH  Before Radialtion 9180 1600-32100
2e5 £0.05

After Radiation 3420 575-1.0400

IDH  Beforve Redistion 2220 A14=3930
. 3613 £0.01

After Radliation 1170 125-4670

PGDH  Before Rediation 1330 336-2290
5e45 £0.001

AfPter Radiation 746 266-3730

14 pairs of samples were processeds



TABLE 26, QoMPARTSON OF ¥

WA ACTIVIRINS T8 THE SUPERIINEART FRaOGTIONTD

OF GARGINOMA OF NMUIAN CERVIZ UORRT BEWORS AND AFTER TREATHIT

DY BADFATTON,

.

. R
m}malm cuhgtrate Sronsformod/mine/m. protein av 25

HEAL RATGH g ¥
LB Before Redlation 166 AG-531
2086 £ 0,05
AfSop Tadistion 5 A0=203
TiH Before Hoddlstion AGW 5 1305=044F
Lod] /0025
Aftew Rediation a3 TeTeUTel
POIH Before Radlation 2022 Balimd Ca’f
040 o
Afteyr Radiation 434 GoCmi,.5

14 paivs of somples were procesnade
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Bb) Lffect of Radiation on the Ml Praction of Human Cervix Uteri.(Tables 27,28.)

In the pre-radiation carcinomsa series, 1 out of T ssmples hag the
enwyme pattera LU PGOH >IDHe.  In the other samples LIH is the most
active engyme , but in two specimens no IDH activity was detected, and
in these and in one other specimen no PGDI activity was detected. These
patterng occur when the resulls are expressed either in units per ge. welb
welght ox per mge. proteine

In the posteradiabtion carcinoma sevies, 1 out of 7 samples has the
pattern LDH Y PGDH » IDH and this specimen bhefore radiztion had the more
uasual pattern of LDH» IDH » PGDH. 4 out of the T gsamples had no
detectable I sctivity end 5 had no detectoble PGIH activity.

LUH activity is significantly incresged sfter madiation at the 5
level vhen the results arve expxeaéed in units per g. webt weight, but
there is no significant difference betwéen the two groups when the
resulis are expressed in units per mg. protein (Tubles 27928.).

There is no significant diffexrence between the two groups in IDH
or PGDH activity when the repults ave expressed either in units per
g. web welght or per mg. protein (Tables 27, 264).

There is no significant difference in the protein content of the
KL fraction after radistion, mean values 8.7, and 9.6 mg. per g. uet
welght of tissue, but theve is a slgnificant increasse at the 14 level
in the percentage of the total cytoplasmic protein occurring in the

M1 fraction, from 12.45 to 18.2%.



TABLE 27, COMPARTSON OF BNZYMI ACTIVITINS TN Tl M1 FPRACTION OF

CARCINOMA OF HUMAN CERVIX UTERS DEFORE AND APTER

TREATMENT BY RADIATION.

mamoles subsbrate transformed/min./g. wet weight of tiseue at 250,

LI Before Radiation

After Radiation

Iy Before Radlistion

After Rediation

PO Before Radlation

Aftey Radilaetion

T pairs of rvesulits were obtained.

MEAN

29
109

1846
Ge3

13.1

107

RANGE

51,184

52=215

Omb84 6
Q=222

CmBlel
0= 6o 7

#® A significant INCRUASE is indicated.

2062

1.84

0.29

P

,_io.()ﬁ':;“

025



TARLE 28. COMPARISON OF HNZYME ACTIVIVIES IN THE M1 FRACTION OF

CARCINOMA OF HUMAN CERVIX UTERI BEFORN AND APTER

TREATMENT BY RADIATTION,

i . R o
mamoles substrate transformed/min. /mg. protein at 25 .

WIRALT RANGE b
LDH Before Radiation 12.1 JaOwlTed
1.02
After Radistion 1440 6ebm2Tel
IDH Before Radiation Led} Ow5e8
1.18
After Radiation 05 Owie9
PGOH Before Radiabtion 1.4 Owl e T
1.24
After Radiation 1.4 Q=546

T pairs of results were obltained.

»

wra



3@3 TPPoant nf Rodiatinn an dha M9 Meantdon af noos Bomsrde hond Tahloa 20, 10},
Be) DEfoes of Rodistion on the 12 Fraction of Dumon Gowviz Usopd Tablos 29, 30)

In the pre-radiation eavelnomn peries, 4 owi of T seuples have the
engyme patbeorn LU * PEUE > T3HE, 1 has THL * POIH ° LI, and 2 have
LI » X1 > PGYH.

in the y@étw@aﬁi&%iﬁn carginong serles, 4 ont of T samples hovoe the
engyme patbtern LIK PEHH  XIH ond 3 of these bhad this patitorn hefors
vediation oloo. Tho othew thxweo somples hod no detectoble IDH ox
PO aobivitye These ynatteorns ococur both vhen the rosulis are
.eﬁyressed in voles per ge wob welght or pew wg. probeine.

Thoro i no sigpificant diffovonco botuceon the two series in auny
of the engymee studiod whon the rosulis are expressed either as unlits
por g. web welght or per mge. protein (Tablos 29, 30).

Woither the probein contend (meon velves 8.9 and 8.3 mg. por ge wod
veight of %issue) now the percentauge prodein content (11.4% and 14.5%)

of the M2 frogblon is allered by radiablon.



TABLE 29. CONPARTSON OF BHZAME ACTIVITING TN IS M2 fRACTION OF

CARGINOIA OF HUVAN GERVIX UHIRL DRPOHS A0 AFIGR

TREATLENT DY RADIATION,

, ? hd ke i o ‘e 0
mmolen wubstrato spanafornod/min. /g wot voight of tisome ob 25 .

NIERATY RAWGH 4 B
IR Before Radiabtion 154 132 ¢
Oe ? : -
ATtor Radintion 106 20286
inH BeXoro Radlotion 2940 Qw151
Afbop Radintion 106 Qw5660 126  <0.85
PEH Defore Rediodiown 1Ge3 Qw3deld
' Qs ffbl -
Afbor Dedladicn 2463 Owidd

7 palra of rooults wore obbainede



TABLE 30

I

PGDT

g s

OOMPARTEON OF Lhia?f‘ﬁ’“?ﬂ

xzzi,m'zmli.ma subsdrato &

Befora Rediotion

ARSor Radiabion

Before Hadintion

ARteor Badiation

Boforo Hadiation

Afvor Hadlotion

ACTIVID IS

TR 12 FRAGTION oF

FREATNT Y RATBTATTON,

VAT

319
12»{5 '

dodd
1.0

243
243

1 pelies of rosulis were obioinoeds

425355

84) 2"‘19-8

0-10.2

(=39

Omafle

OV HUPAN CVRVAR UTRQE DUFONS AND ATIHR

095

101

renaformod/min. fng. protoin at 25%



TABLE 31, RANGE OF WIS OF SAMPrNS OF HUMAN GERVIX UTUHL.

Humbor
of gonples Voleht in ge
NGRRAY, 15 0,35 = 7261
CARGINOMA | 23 0e045 = 2450
Before Radiotion
CARGINONA 14 G015 = 1,67

After Radinbion



ENZYME ACTTIVIPIES OF THE SUPERNATANT FRACTION OF HUMAN MAMMARY GLANDS.

Adoquate amounts of particulate material could not he obtained
from the huwan mommary gland specimens, and therefore, results for the
supernatant fraction only are presenteds The types of timsue studied
were normal breasb, chronic mastitis (a hyperplastic condibtion),
fibroadenoma and Carcinoma. The results aye reporited in tabular form
as before,; helng rolated to weight of {issue and protein content of the
supernatant fraction and expressed as the mean of each group 4 the
gtandard deviatione The range of weights of the tissue samples ia
also listeds in order to give some index of the representative nature
of the apecimens.

The supernatant enzyme pattern is the same as that of thyroid
gland (LDH > IDH > PGDH ) in all the breast samples sbtudied except for
two samples of chronic mestitls, in which the pattern is LDH PGDH IDH.

LDH activity is signlficantly higher than normal in the csreinoma
serlee at the 5f level when the results are expressed in units per g
wat welght, but is not significantly different when the results are
expressed in units per mg. protein. There is no significant difference
from normel in the LI activity of either the fibroadenoma or the
chronic mastitis series (Tables 335350)0

IDH sctivity ie significantly higher than normal at the 2% level
in the chronic mastitis series, when the results are expressed in
units per mg. probtein, but there ig no significant difference whon the
resulis are epxremssed per g. welb welight. I activity is significantly
higher than novrmal in the carcinoma serles, at the 1 level both when
the results ave expressed in units per g. web weight o per mg. protein.

There is no significant difference from normel in the £ibroadenoma
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TABLE 34, BNAYHE AGTIVITIDS TN G0 sUPrau/PANT PRAGTION OF

HUVAN MATRIARY CGLANDS,

. . O
Iﬁfﬁmﬁ}lt&&l substrato ‘%f&lﬁﬂf@iﬁfﬂ@éfmiﬂn/mg‘o protein at 25 .

NUMBER

OF GATPLAS Lo Tl PGV
TORMATL 5 46 Bae% 10 4 6 203 2, led
s 5 69 2 10 28 4 12 28 4 37
FLBROADENOMA 5 8% x 48 21 2 14 2e3 % Lo9
CAREIHONA, 5 115 + T4 41 4 16 ToO 2 203

Ronulss expressed as Mean 5 Standaxd Dovlotione



TABLE 35,

o~

sureroad °3% Jod SeTLTATAOR U0 4nC DPOTIIED SUOTLRTNOLRS

. - i S3TNEST TTUWIOR JO uwesy ,
GO°C & daeus - = o .
GOT X SHINSOI TEWIOUQE JO UReN ‘

X , . VEONI DNV S
—rve % e [ "y [ ] - L] » e
0ct 100 LLe¢ ool TG0 26°¢ cz°c> Gg'I ¢+ 6 1 TYION
. _ - oS . - . Y € 4c VHONRIYOB ST
o G2*¢ 09°1 G20y 16°1 ¢+ ¢C A TYINON
SILIISYH DIBQEHD
- €z2°0, 6G°T Tie 20°07  2h5%2 - - £€g°0 ¢+ ¢ A TYIEON
% d % A I 2 29 g 4 SETAYES
HEDd HAZ HIT . GG ¥EernN

*SIRVID RUVIINYR HVINH J4C

U LEYLYNEOANS GEE NI SETEIAILOV GHRZRE J0 NCSIZVIRCOD

&
=1
&
<Z
oy



geriea (Tables 33535 )

PGOH activity expressed in units per g. wet weight is not
significently different from normal in either the fibroadenoma or the
chronlic masbitis series; bolh when the rosulis are expressed in unite
per go weol weighlt and per mge. probtein. PGDH activity is significantly
higher than normal in the carvcinome serios, at the 5% level when the
repults are expressed in unlis per g. wot woight and at the 1% level
when the results are expressed in unils per mg. protein (Tables 33535.).

The protein contente pew g. wot weilght of the supernatant f{racitious
of the fibroadenoms and csrcinoms series are not significantly different
From normal,; but that of the ochronic mustitis series is significantly
lower at the 14 level, the values belng, normal breast 219 4 2.5 mge
per g. wet weight of tissue, fibroadenoms 22.1 4 4.9, carcinoms

2led 4 14.9 and chronic magtitis 154 4 3+2 mg. per go wel woighte



TABLE 36 RANGE OF WEIGHTS OF SAMPLES OF HUMAN MAMMARY TISSUR.

NORMAL

CHRONIC MASTITIS

FIBROADENOMA

CARCGINOMA,

Number
of samples

A %3]

L%

Weight in g

Q' 58 b 5-03

1082 - 8.76

4eB4 = 10.5

2940 - 14.6



COMPARISON OF THE BNZYME ACTIVITIES OF THL SUPERVATANT FRACTIONS OF

HUMAN THYROID, UTERING CERVICAL AND MAWMMARY TTSSUE.

In this secbtion the repulis repordted in detaill for the supernastant
fractions of esch tissue are suwmarised and compared in Tables 37, 38,
and 39.  The particulate fraction data are too incompletey; and have
too glight an activity Go ﬁeri% this treatment.

The least active of the fthree nommal tissuves studied is breast
tissue. Bxpressing the msan activities per g. wet weight of the
other two noxmel tissues as a percentsgo of the mean activity of
normal breast tissue for each engyme, we find for novmal cervix
uberi and thyroid gland activitilen for LMY of 230% and 490%, for
TIDH of 300% and 380%. and for PGDH of 410% and 590% vespectivelys

An alternative method of comparison which includes the abnormal
tissues as well ae the nommal tissues was foxmulated, the mean of
each abnormal type beivg expressed as a percentage of the mean of
the normol series of that tissue. LBH activity shows o cleaw
increase in the cavecinoma and Hashimoto series of thyroid tigsue.

In cervicel tisswue & clesr increase is again obvious in the

carcinoma serles and a decrease after rodiation is evident.e 1In
breast tigsue she carcinome series only has much higher activity
than the normel sories. IDH and PG activities show the same

overall pattern as LDH activity.
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THI WUCLIIC ACID SERIES OF IUMAN THYROTD GLANDS.

The normal thyeoid tissue controls for this series were obtaiuved
poet-mortem, and the pathologlical samples at operaltion. Tae resulits
arve divided into various smecbions dealing with (a) enzyme activities,
(b) RNA content, (c¢) DNA phosphorus content, (&) 1ipid phosphorus
content, {e) protein content and (£) the RNA to DNA phosphorus rabio
of the tissues studieds

In section (a), the resulte are further divided into two paris,
namely, 1) the comparison between the supernatant frachions of the
normal thyroid and the adenoma and thyrotoxic serics, and 2) the

comparison between the two series, l.e. the Muecleic Acld Serles,

and the Maiw Series of cach btype of bissue. The tables ave drawn

up according to the same format as that usod in the preceding sections.

Section (b) deseribes the results obtained for the RNWA content
of the three types of {tlasues

In section (¢), the DNA phosphorus content of the thyroid btissues
is reported and an evaluation of the Cerioblti method of DNA estimaiion
in thyroid tissue iz mades

Section (d) reports the results of the esbimation of the lipid
extracted phosphorus of the tissues which is a measure of their
phospholipid contente

The protein contents of the timsues recorded in seobtion (e¢) are
presented in two forme, Tfirstly the resulits are related Lo the weight
of the tissue sample, snd secondly to the DA content of the tisaue

gamples This provides an interesting contrast between protein content



per unit weight of tissue and protein conbent per coll.

In section (f)9 the mean BNA to DNA phosphorus ratio for each
tissue is reported, in order to debermine whether the RNA content
per cell of thyrotoxic tissue is higher than it is in noxmal {tisauc.

(&) Enzyme Resulis. 1) Supernatant Fraction of the Thyrotoxic and Adenomn

Series compared with the Noxmal Sexies (Tables 40-45).

The eunzyme pattern LDH > IDH » PGIH obsecrved in the Mpin series

occurs again in the Nuclelie Acid seriese

There is no sgignificant difference hetween the normal and adenoms
gsevien in any of tho enzymes measured, when the resulbs are oxpressed
in units per g. wet weight or per mge. protein or per mg. DNA phosphoruse

In thyrotoxic tissue LDH activity is significantly higher then
normal, at the 2% level when the resulls are exprossed as units per
g wel weight and at the 1% level with the results as uniis per mg.
protein. IVH activity is significantly higher than normel at tho 29
level when the results are expressed in unils per ge. wet weight, hub
there is no significant difference vhen the results are expressed as
units per mg. protein.  PGII activity is significantly higher than
normel at the 0.1% level when the resulis are expressed per g. web
welght and at the 1% level when they are ezpressed per mg. probein.
There is no significent difference fyom normal in any of the enzyme
activities in thyrolexic tissue when the octivitioen are expressed por

mge. DNA phosphorus,



LABER . 40, BNZYG ACTTVINIES TW THE SUPTRNATANT TRACTION OF

HUMAN THYROTD GLANDS = NUCLIIC ACTD SERITSG.

o y ;. ra 0
manoles aubsteato transformed/min./g. wob weight of tissus, at 25 .

NUMBER

OF SAMPLES LAl 0 PG
NORMAL 5 5990 4 680 1170 4 430 A70 4 110
PORLO 5 11600 3 1400 1840 4 330 1270 4 370
ADENOMA 5 4420 4 112 170 + 280 340 4 90

Resulte expressed as Meon g Standard Daviation.



TABLE AY »

SLnSed TRUICU IO Wesy
0O X 84 10%ed ToUMouqy 20 ugen

- &2°0 6&*1 - - E6°0 - - 76°0 ¢ +& VrOEROY A TTYNE0R

g%  1es*c  GL°¥ T 2ot it 8T 8C*0  0G°F €+¢ OI¥OL A "IVImQE
=% d ;] 19 g 2 2% g % SFIIYS
E19d HIL BT 0 TETOY

CSEIEES IOV OTHTIONN ~ SQUVED CICHLIHL

EVARE 40 HOIIDVES MWoVREHANS EHe NI SEILIATIOV FIA7HE 40 NOBI¥VE0D



TABLE 42. INZYME ACTIVITIDS TN THE SUPERNATANT FRACTION OF

HUMAN THYROLD GLARDS = NUCLEIC ACLD SERIES.

mpmoles substrate '{;:?anraf'omned/min./mg. protein ot 250.

NUMBER
OF SAVPLES LY LD PODH
WORMAL 5 6762 + 25,6 13.1 & 8.2 5a1 4 007
TOXLE 5 108 4 2143 17.,4 4 1266 1162 4 462
ADENOMA 5 | 4360 & 1de5 TaT & 503 363 4, 1.4

Resulte expresped ap Moan 4 Standard Devietblone
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TABLE 44. ENZYE ACTIVITING TN THE SUPERUATANT FRAGTION OF

HUMAN THYROID GLANDS - NUCLIIC ACTD SERTES.

mprmoles substrato transformed/min. /mz. DA Phosphorus ab 255@.

NUMBIR

OF SAPLES LI THH PGDH
NORMAL 5 32200 4 22600 5750 4 4250 2240 4 1240
TOXILC 5 38200 4 4550 6030 4+ 2810 3880 4 1120
ADENOMA 5 24500 5 2800 4250 4 1150 1870 & 330

4

Resulte exprossed am Mean 4 Standord Doviation.
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(a) Lozyme Results. 2) Comparison botween the Main and Nucleic fcid serien

of nommal, adenomatous and thyrotoxic thyroid tissue
(Tavles 46, 47).
In the normal thyrolid glend there is no significant diffevrence
in LDH ox IDH activity botween the two series.  lHowever, when the
PG activity is expressed in units per g. webt weight, there ig a
significant diffevence at the 1% level between the two sericm, the

Mucleic Acid series having the: higher volues. There is no significand

difforence when the wresulis are coxpressed as unite per mg. protein.
There is no signilicant difference hetween the two thyrotoxic
groups in any of the enzymesz studicd.
There is a significant difference at the 5% level between the

two adenoma sories in LDH sotivity, the Nucleic Acid series having the

lover values, vhen the results are expressed in unlts per mg. protein,
but there is no significant difference when the results are expressed
in units per g. wel weight. There is algo o significont difference
in TOH activity at the 1% levely hoth when the results arve expressed

per g. wel welght and per mg. protelny the Nuclelc Aclid series again

having the lower values. There is no significant difference in

PADH activity between the two adenomsa groups.
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(b) Eobimation of RNA in the Human Thyroid Gland.

The RUA content of the tismue fraciions was cotimabed as
described in the Maltewrigl and Methods sechion, and a spectrum
was plotted for each fraction obtainede The minivium absorpbion
vas found to lie between 235 mp and 242 mp, vhich indicated (Fleck
'and'ﬁegg (1965)) that theve was a cerbain amount of protein
contanination (Figure 5). The protein content of the tissue
ractions was determined by the Lowey mebhod, and the tissuo RNA
extracts gave values ranging from 16 = 40 pge per mle A corrécticn
wag applied to the extinction at 260 i in order o compensate Tom
that due 4o the protein. The correction factor applied to each
solution was given by ¥leck and Beggm (1965) and is equivalent %o
an exvinction of 000017.pqr pge protelin per ml. of molutione.

ThQ‘RNA content of normel thyroid tigsue la 0.92 1+ 0.22 1mge
per g. webt welight of tissue. The RHA content of adenomsn tissue
is 0.68 4 0.15 mg. per g. wot woight of tissue, which value is
not significantly different from thet of the noxmal series.  The
RWA content of thyrotoxic btissue ls L.60 4+ 0.23 mg. por g. welb
welght of tisau@, which value is significantly higher then normal

at the 0.1% levele

(c) Betimation of DNA in the Human Thyroid Glande

In prelininery experiments, DNA estimntions were caxried oul
using the colorimetrie method of Ceriotti (1952). Together with
each batceh of test solublons sbonderd solutions and a xpeagent blanlk

4

were runy and the amount of INA in the test solutions was calculated

by reference o the exbtinction of the standaxrd, the phosphorus content
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Figure 5. Spectrum of RNA fraction of Normal Thyroid Tissue.



of which had been previously delermined.

Several features of the cobimabtion were consideved to be
unsebiefactory. These were, firsitly the poor reproduciblliity
shown by the duplicsie analyses of the test material and the
standard (Toble 48) and secondly the difference betwsen the
spectrum of the test maberinl and the steanderd (Migure 6). This
difference was best expressed by conéid&ring the ratio E490/E460.
In solutions obtained from the standaed DA the ratio gove values
betwoeen 2.13 and 2.47, whereas in the solutions obtained from the
normel tissue fractions the ratio gave values between 1.40 and 1.63.

It was thought that thewe might bo & certain amount of colouw
produced during the Ceriotiti reaction by the interaction of the
tigsue conalituents with the hydwochlowic acids  An aseid blank
wag thervefore carried out for each test solubtion to be estimated,
and consisted of the test solution, disgtilled water in the place
of the Indole solubion and hydvochloric acid. Yhen the vesults
obtained for the acid blank were subbtracbod from those of the
Coriotti reactiony it was found that although the actual values
were lower the wratio E490/E460 wags higher, giving values Tor normal
tigsue of 1.TO0 = 1.7, for adenoms tissue of 145l = 1.80 and for
thyrotoxic tissue of 2,02 =~ 2:124

Another modification was introduced in which the stage of
partial alkaline hydrolysis was extended to 18 houws go thal as
much as posaible of the tissue protein would be eliminated from
the INA fraction. This brought about a sharpening of the peek

due to PNA and a lessening of the subsidlary peak, thus improving . -



TABLE 48, EXTINGTIONS OBTATNED FROM DUPLTICATE ANALYSES OF THE

CHRIOTTE REACTION ON VARTOUS MATIRIALS.

Tissuoe Fraction 1 0.135 0.160

Tissue Praction 2 0,126 00144

Tissue FMraction 3 0,141 ‘ 0.219

Tisasue Veaobion 4 0,137 0,221

Standard Calf 0,209 0,212 0,113 0,148
Thymus DEA 0.155 0a 147 0.151 0,116

0.170 0.224

Thyroid Tissue 0.198 0. 216 0.227 06217
DEA 0.180 0,202 Vo220 0.231

0,221 0.1.84
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the.aatuaiuﬁélﬁé obtained, and the ratio m499/$45Q§(Figﬁgg 7)5 “;;,
For normal tiseme Ghe ratio gove values betveen 1.75 and i;ﬂﬁ; |
Then bobh modilfications were applied to normal tissue the ratio
gmva-valuea between 1.83 and 1.97 and in adonomo tissue 1.89 =~ 2.16-i‘3

These two modifications were applied to all subsequent analysg%-'
on the preliminery series ond the results obtained in the tissue |
fractions were acceplable, although they did not shov the high
degree of veproducibility which was possible with the phosphorusn
estinmationse

The ponsiblility that the poor duplicstion of estimabions
carecied out on the standaxd solutlion might be due to lncomplete
hydrol&siﬂ was investigated by treating the standard solution in
various ways. bhese bdings the complete procedurp for tissue
preparation, the tissue prepération afber the sitage of RNA seporaiion,
and bydrolysis by hot pexchloric acides The exbtinction at 490 ﬁp.iﬁ
the Cexiotti reaction was measured and the resulis gave an inberesting
pictures The standard solution which had been hydrolysed by ithe
perchloric acld gave nmuch higher velues than the others, but when the
reachbions were repeabed on the following day on the gomo solutlong,
the values obtained were quite diffewent (Table 49). In oxrdexr 1o
verify one or obthex of the two sets of results, the complete experiment -
was vepeated, but the results obbained were scatiered over & very wide
range, and the duplicate estimates on the same solubtlons were not
acceptable (Toble 49)

It was then thought thet bthe highly polymerised DHA stondaxd
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TABLE 49, SEREOS, OF. VARYING TRUATIANTS ON THE BXEINCIION PRODUCTD

BY THE CERTOTTT RUAGTION ON CALF THYMUS DNA.

Doy 1 Doy 2 Doy 3

Complete Timsue Preparation 0,197 0.165 0.264
Procedura 0.187 0,220 0,226

1 Hour Alkaline Uydrolysin 0.168 0,168 06246
00202 00 260 00 255

18 Hours Alkaline Hydzolysis 0,199 0,182 0. 247
06 205 00245 0,273

. Digestion by hot Perchloric fcid  0.330 0199 00 247

0. 344 0,212 0.230



might not be sultable for estimation by this micromethod, and that a
standard solubtion derived from the tissue itsell might be more
guitable. A large portion of thyroid gland was prgcessed in the
novmal way to give a concentrated THA fraction. This solution was
gtandardised againat phosphorus with perfectly satisfactory resulta,
but again poox duplication was obbained using the Ceriotti method
(Table 48).

- Various other oxperiments were algo carried out o try to
improve the duplication of the method. These proved, Tirstly that
the poor results were not caused by deterioration of the reagenta,
socondly thaet varying smounts of Llight did not affect the resulis,
and thirdly that different me?hcds of washing the reaction tubes
did not produce any improvement in the duplication of wesults.

The INA contont of the tissues in the Wucleic Acid series
was therofore eastimated by the phosphorus content of the tissuesn
after lipid extractione

The DA Phesphorus content of nosmmal thyroid tissue is 00230 4
0,063 mg. per g. web weight of tissue. The INA Phosphorus content
of adenoms tissue i 0.179 + 0.040 mg. per g. wet weight of tissue,
which value is not significantly differcnt from that of the normal
geries, The UNA Phosphorus content of thyrotoxic tissue is 04385 4
0.064 mg. per g. wet weight of tissuve, which result is significanily

higher than normal at the 1% level,



() Bstimation of Lipid Phosphorus in Human Thyroid Glandg,

The 1ipid phosphorus content of normal thyroid tissue is 0.225 4
0,055 mge per go welb weilght of tissue. The lipid phosphorus contont
of adenoma tissue is 1.T1 + 0.039 ng. per g. wel weight of tlseue,
which is not significently Aifferent from normale. 'The 1lipid
phosphorus content of thyrotoxic tissue is 0.385 1 0.064 mg. por ge

wet welght of tissue, which is significantly higher than normal at

the 0.2% levol.

(o) BEstimation of Total Protein in Human Thyroid Glands.
. The total protein conbent of each sample was obtained by the

addition of the protein content of the RNA fracbion of tubes 1 and 2
to the protein content of the DNA fraction of tubes 1 and 2. The
total protein content of novmal thyroid tissue is 140 + 16 mg. per ge
wol weighit of tissue. The btotal protein content of adenoma tissue is
115 4+ 28 mge per go wet woight of tissue, and of thyrotoxic tissue is
114 4. 22 nge per go vet weight of tlmsue, neither of vhich resulin is
significantly differvent fvom normal.

The total protein content of each tissue sample was expressed
per mg. DNA phospherus. The mean protein content of the normal
tissue is 647 mg. por mg. DA phosphorus, of adenoma bissue is 640 ug.
per mge. INA phosphorus and of thyrotoxic tissue is 37T mg. per mg. DNA
phosphorus.
(£) RNA/DNA Retio.

Assuming that the phosphorus content of thyroid bissue TA im 10%,
the RWA/DNA ratios of the bissues were caloulated and the mesn for each
geriey obtaineds thesoe are, for normal tissue 0.46, for adenoms tilssue

0.42 and for thyrotoxic tissue 0.59.



HISCUSSION



The main findings of this survey can be very briefly stated. The
enzymes studied, lactate dehydrogenase, Lsocitrate dehydrogonase and
phosphogluconate dehydrogenasce were found to be located predominantly
in the supernatant fraction of both thyroid and cervicsl cancer tlssuc.
‘The three enzymes were elevated in the supernatant fructions of all
the tissves studied in the case of malignant, bubt not in the case of
henlgn neoplasis, by reference to contyrol tissue sampless  The
enzyme acbivitlies were also increassed in hyperplasia but not to such a
degree ag in the caveinoms specimense

The discussion of these resulbs will be presented in a series of
sectiong, firelly, the validity of comparing pathological and normal
tissues, secondly, the location of the enzyme sctivities in the
gubeellulay fractions and thirdly the significance of changes in

enzyme achbivity under pathological conditions.

VALIDITY OF COMPARISONS BEMEEN TISSUR SAMPLES, COMPARING WORMAYL, WITIL

PATHOLOGICAL CONDITIONS.

In this investigation, we were faced with a comparison belween
normal aundpathological tissues. This could either be done by
comparing nomal and abnormel tissues taken from & seriesn of patients,
or by compsying normal tissue from one set of patients with abnormal
tissue taken from a diffevent set of potients.e A discussion of the
relatbive merits of each approach follows.

1) Samples of Normal aond Abnorxmel Tissue from the Same Palient.

During sirgical removael of thyroid carcinoms and adenoma and breast

fibroadenoma, portions of normal tissue Trom the same patient were taken,

which were large enough for analysis. It was not possible, however, to

WS



obtain nowmal tissue Lrom patients with condibions involving the whole
#land, such ag thyrotoxie&sis snd chronic mastitis.

If such paived specimong from one patient ave obitained viclogical
variatbion between patients is eliminated, but two unknown factovrs are
introduced, Moratly, it is possible that tThe reduction of functional
tissue brovght about by the growth of a neoplaesm will couse compensatory
hypertrophy of the unaffected tissue in order to meet the needs of the
hody, e.ges in the case of thyrold glond, by increased horxmone production.
This problem does not arise with breast btissue as none of the samples
wera removed from actively seoreting tissue.  Secondly, it is possible
that the metabolism of the tumour tismsue causes some alberation in that
of the host tissue (Boyd et al, 1962).

The theory of Zhrivasbtave and Questel (1962) concerning the
glucoase metabolism of noxmal and cancer tissue is interesting in this
context. Theay suggested that the high rate of glycolysis in tunour
%1saugs causes o slight depletion of glucome in the surrounding tissues
and gince it is kuown that glucose is vequired by nowmal tissue in the
uptake of certain nutrients, e.ge. amino acids, this would cause a flow
of nutrient subsbtance from the normal tissue to the tumour.

The findings of “hite (1958a) suggest that tumour tissues can have
effects on far distant parvts of the body, e.g. mugcle wasting in order
To provide protein for the growbth of the Lunour. Increases in dietary
protein in patients with cancer who had high serum lactate denydrogenase
actlvities were followed by a decrease in the activities of the enzyme
(White 1958b). Kabakow et al. (1962), correlabting thomse and other facte
(v, 1959) suggested that the lowered nutritional state caused by the

metabolism of the fumour might causae release of enzymes from normal colls



by altering their pexmeability. ALl the effects mentioned sbove night
well oococur in the poritlon of remeining functionsl blssue, causing it to

differ from normal tlssuc.

2)  Somples of Normel and Abnoziel Tissue from Different Patients.

iy

In view ol the factors mentioned sbove true "nowmal" tissue cen
only be obtained from patients with no pathologicsl condition whatever.
Since this is rarely possible in colinical practice, material unaffected
by the changes oceurring in the lesions being studied, was useds
Seroples of "nowzmal" cervical tissue obtained from patients undergoing
operative prooedureé for the »epair of o prolapsed uterus, while not
pbriotly normal, fall into this categoxy.

Itﬂwaa not possible o obtaln adequate amounte of the particulate
fractions of normal gervix ulerl,; whercas high ylelds were obtained
from specinens of carelnomo. This could have béen predicted from the
electron microscope findings of Luibel, Sanders and Ashworth (1960)
that the mitochondris of cawvecinoms cells of {the cervix uteri are more
numerous than those of novmal cells and lavger in ﬂizea

A comparison of the enzyme activities of the noxmal thyroid tissue
cbtained surglcally and post-moriteom showed that wsamples of the latter
type de.e. those in the Nucleic Aoid series, had signiflicantly higher
phosphogluconate dehydrogenase activitys L4 was thought originally
that this srose from difference in preparation of the Ligsue in both
geries. The possibility that the presence of chloride ions in the
homogenisation medium might couse Increased actbivity of the enzyme was
considered. However, in the Resulis section it was shown that dilution

of concentraited supernatant fractions in potassiuvm chloride or swuerose
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made no difforenco do the fivel eoblvitye.  Another possibility wes thos
the Increasad homogenieotion time mighd csuso pomo xap%uyé of puybielen
and inorsone the enzyne contons of the supsrnatont Lractions  Howovor,
ginco the activity of the partionlate freotlons of norxmnd thyroid wae
very soolly this lden wss discsprded.  Thoe differenco in phosphogluconate
dohydrogonase acbivity did nolb occur vhen compurisons wove mode hebtwsen
the two thyrobozle nnd cdenoms soxien and is thepafore wove likely

to be Linked with the difference in sourco of the nozmnl tissue, T%

iz not possible, however, %o docide whother the lower activity of the
asegloally removed spoclnens wes dua to the effects of the neoplaems

on the "noeonl® dlcsue op whether the higher sotiviity of the postemorion
speciuens ven duo o siterations in tho tlssue after the death of the
pabienta

Bome edditionn) probleme owise in Sismue sompling.  Cewtain of the
tinoue gamples veroe obtaoined of timas wsudtable for dsmodiote preparstion
and asseye  These wers shored theaeloro ob «20° Pop poriods up to ono
monthi.  Shonk ot al. (1964) reported thad such storsze of inbaect bissue
paaples weighing over 100 mg. does not have any ofCzolt on the actividy of
glycelytic ensymom.

Again, the sanples of careinomn of cexvin wore ﬂantaminaﬁ@ﬁ in
varying dogrees hy dleoed clote which proved difficuld o remove somplotolye
It was noted that the vasouleriby of the lesion, as govged by the golouvy
off the supernatent Traction, veried considerably wnd thore wes o tendency
for high protein concentraiion te be associoted with depth of eolouvy of

the supernotant Proachione



LOCATTON OF ENZYMES IN THE SUBCELLULAR FRACTIONS OF NORMAL TISSUKS.

1) Lactate Dehvdrogonsse.

D2 Tuve, Wattiaux and Boudhiun (1962) have veviecwed the
intracellular location of enzymes in animal Lizsuese In certain
tissues,; such as rat liver, lactate dehydrogenase appears %o be a
totolly cytoplasmic enzyme, whereas in others, such as the ascites
form of Novikoff hepatoma, its location is primarily wmlcrosomal.

The finding of lactalte dehydrogenase in particles ig considered
by some workers to bo an artefact ( Paigen and Wennor, 1962, Keck and
Choules, 1962). They found particoulate activity when the tissue
homogenates Qere prepared in a medivm of low Jonic strength, but this
activity did not occur when a solution of electrolyte was added %o
the medium.  Bonting, Pollack, Muehreke and Kark (1960) found 93.3%
of the lactate debydrogenase of human kidney in the supernatant
fraction. The valuen found in this study were not expressed as a
perceontage of the total homogenate activity, since the activity of
the nuclear fraction was not determined. This was found by Bonting
et gf}:{}“ga(l960) to be only 1% of the total sctivity of the human kidney
homogenate.

The work of fhis study shows that in normel thyrvoid tissue, 99%
of the cytoplasmic lactate dehydrogenase getivity is to be found in
the supernatant fractlon. The presence of true particulate activity
kR =) theraforég doubteda

2) Isocitrate Dehvdrogenssss

De Duve et 8ls(1962) described the intracellular location of



isocitrate dohydrogenase as being primarily cytoplasmic, but probably
also partly mitochondrial.  Shepherd (1961) reported that isocitrate
dehydrogensse was present in the mibochondrial fractlon of w»at, mouse,
robbit and humen livers Hogeboom and Schneider (1950) reported on
the intracellular location of isocitrute dehydrogenase in mouse liver.
They found 82% of the activity in the supernstant fraction, 3% in the
miclear fraction, 125 in the wmitochondrial fraction and 1% in the
microsomal fraction. The work of thie study shows the presence of
isocitrate dehydrogenazse in the mitochondria of cervical carcinomas
and in all types of thyroid tissue. T normal thyroid tissue, 975
of the cytoplasmic enzyme activity occurred in the supernatant
fractiong the remainder of the activity being associated meinly with

the M1l fractione

3) Phosphogluconate Bahydropenasnos

De Duve et ale(1962) described the location of phosphogluconate
dehydrogenase asg belng purely in the supernatant fraction of anlmal
t138UeR, In opposition to this view, Yamade and Shimazono (1961)
reported the presence of phosphogluconate dehydrogenase in the
particulate fyactions of guinea pig brain, but this enzyme had to be
separated from the particle membranes hefore the sotivity could bhe
measured, since the membrones appeared to reoxidise the NADPH formed,
thus making the measurement of the reactlon impossible.  They
concluded that this would explain the lack of activity found in
parbiculate fractions by obther workers. They did not draw any
conclusions, however, about the site of the enzyme,l.c. whether it

was present within the particles or adeorved on to the particle



gurface. In this study, definite activity has been found in the
particulate fractions of the tissues studied, using methods similar

to those of Yamada and Shimazono (1961), but with ultrasonic disruption
of the particles replacing solubllisation of the enzyme by Teiton, the
Ml and M2 fractionz of normal thyroid tissue containing respectively,
GA and 5,5 of the cyboplasmic activity. Coneequently this is more than

mere cowtominatione.

_SIGNIPICANGY OF CHANGES TN LACTATE DIEYEROGHNAST ACTIVITY,

This seotion will be divided into parts related to the changes in
the enzyme activities of pathologiczl thyroid, mammary and uberine
cervical ftissues compared with nomaal tissue controls. Tollowing
this thore will be a discussion of similar and contradictory findings
reported by other workerse

1) Thyroid Gland,

in the supernatant fraction there is an increasge In lactatbe
dohydrogenase activity in the thyrotoxic, Hashimoto and carcinoma
series, the last beling the wost active, but the adenoma series does
not differ significuntly from normal. The samnple of Hllrthle Cell
adenoms, also shows increesed sctivity.  The comparison of normal
thyroid with adenoma and carcinoma samples has also been made by
Goldman gg'g&&jl964), on 2 smaller geries of samples, and their
fiﬁdings are ln ggreement with those stated sbove.

In the M1 fraction there is no significant difference from
normsl in any of the btissues studied.

In the W2 fraction of the thyrotoxlec series there is an increasc

in enzyme activity compured with normul, dbul the other series show



a high vuriance and bhus the finding is likely to be of no valuee

2) Cerviz Uteri.

In the supernatant fraction, there 1g a significont increase in
lactate dehydrogenase activity in malignant tissue, which shows a
significant decreuse following radiation to values more sgimilar to
thoge of normel lissue. Thiery and Willighagen (1964) found a
gimilar increase in activity in experimentel cervical cancerg in the
mousey using nistochemical techniques.

In the ML fraction; there is a significant increase in lactate
dehydrogenase acbivity per g. wet weight of tissue, bubt not por mge
protein fol.owing radiaitione. This would indicate either an increase
in lactate dehydrogenase and a parallel increase in protein in the ML
fraction, or & decrease in the other tissuve consbtituents Tollowing
radiation.

dn increase in the mitochondwrial lactate dehydrogenase and
protein content could be explained by incrsased wbsorption of
protein on to the mitochondrial membrane after radiation, However,
in opposition to this Thomson and Rahmen (1962) found that radiation
pecmed to have little effect on the mitochondria of rat livers Also
from the findings of Pailgen and Vienner (1962) and Keck and Choules
(1962) previously reported in this seetion ( Page 65), it would seem
likely that if absorplion of lactate dehydrogenase were to take place
it would also occur in the M2 fraction. Howewer, no increase in
microgomal lactate dehydrogenase was found in this worke

Dapletion was found in the protein content of the supernatant
and M2 fractions following radiation, so that it would seem likely

that the spparvent rise in the lactate dehydrogenase of the ML fraction

Gl



1g due to loss of other tissue conagtituents.

3) Breasts
There iz no significant difference from normal in the supernstant
Lraction of the fibroadenoms or chronic nastiltis seriesy; but there is

a significant incresse in the carcinoms serien. Similar findings were

reported by Goldman et al.(1964).

4) Gomperison of the Results of this Study with those of other Yorkerge

Reen and Huggine (1960) found lactato dehydrogenase increased in
experimental mommary cancers in the rat, the cancer series being
compareod with o control series of‘pregnanﬁ or lagtating rats, depending
on the condition of the wats in the csncer series. In preliminary
studies comparing normal wmammary material Iron pregnant snmd lactating
animals, lactate dehydrogenase was found to be increased in lactabion.
Lectetion can be clapsed as hyperplasia of the acinar cellsy and the
state of the tissw during lactation is more similar to thyrotoxicosis
than it it to chronic mastitisg, since in that condition, the fibrous
tissue of the breast is byperplastic, there being only slight and
irregulay hype-plasie of the acinar fissue. IFrom this it Tollows
that there should he an increase in lactate dehydrogenase selivity
in thyrotoxicosis, but that this increose need not necessarily occur
in chronic ma-titise In the present study, increased activity wess
found in thyrotoxicosis, bul no increass was found in chronic maestitis.

Dow and Allen (1961) Ffound that the overall operation of the
Bmbden Meyerhof Pathway was increased in the hyperthyroid ratb.
Although thelr results camot be directly compared with those of the

pregent work, it is inberesting that increased lactatbte dehydrogenase



actlvity was found in the sewxies of thyrotoxic samples studied.

One sample of spheroidal cell coxcinona of thyroid was studied by
the present investigator,ond had a much higher lactate dehydrogename
activity than the other samples in the series. Histologically it
was classed as velng the most mwalignant semple studieds This bears
out reporte montioned by Shrivastave and Guastel (1962) that high
malignancy is assoclated with high lacltate dehydrogenase activity.
Lowevery; no such agreement between lactale dehydrogenase activiiy and
malignancy could be found in careinoms of the cervix uterd. This
coincides with the findings of de Roetth (1957).

It is interesting that the Hashimoto series of the present
investigations hes lactate dehydrogenese activity similar to that of
thyrotoxic sepries, when the results are expressed per g. wet weighi,
but is more like the carcinomz series both 1ln protein content aﬁd in
activity per mg. proteine The low protein coutent of Hashimoto and
carcinoma tissue may best he explained by the difference in the géll
type predominating in these two 1esions¢

STCGNIITCANC O CHANGES TN LSOCITRATE DELYLROGENASE ACTIVITY.

The discussion of the changes of isocitrate dehydrogenuse activity
in abnormal human bissuwes is organised along lines similar to those of
the preceding section.-

1) Thyroid Glande

There is an increase in isocitrate dehydrogenase activity in
the supernatant fraction of all the tigsue types studied, including
the sample of Hlirthle Cell adenoma.  Schussler and Inghar (1961)
found that addition of NADPH or isociitrate dehydrogonase to

homogenates of sheep thyroid gland produced an inecrease in organic



lodinations This is of intereet, since in the tissue with increased
organic lodination,i.e., thyrotoxic tissue, increased isocltrate
dehydrogenase achivity has been found in this study. Trembloy and
Pearse (1960), using histochemical bechniques, found increased
igoclirvate dehydrogenase activity in adenomay thywrotoxic and Hashimoto
thyroid glonds, but did not state clearly vhether this activity belonged
to the supernatant fraction or was limlted to the mitochondriale

Jn the Ml fraction, large differences in isocitrate dehydrogename
achivity were recorded. ‘The tissue types werey, in increasing order
of activity, normal, adenomwa, thyrobtoxlc, Hashimoto, carcinoms, and
Hrthle Cell adenonas Similar resulits were also found by Tremblay and
Pearse (1960) in adenoma, thyrotoxic and Hashimoto samples. They
located the high activity in Askenazy cells or in a similar type of cell
which they named a mitochondrionsrich cell. It ig interesting that
by far the highest asctivity wecomded in the preseut study ocourred in
the sample of Hilrthle Cell adencma, which is o tlssue type composed
of Askanazy cells.

In the MZ fraction, Lindings siwilar tc those of the ML fraction
sore recordeds  Dumont (1960) reported thut WilPH is necessary for
the deiudin&tiwn.cf iodotyrosine by an uaspecified microsomal ensyme,
so that increased evetivity of isocelirate dehydrogenase might be

eggential in tissue with increased thyroxine produciion.

2) Cervix Uteri.

In the supernatant fraction, there is & significant increase in
isocitrate dehydrogenene activity in malignancy and a significant
decrease following radiation.

In both particulate fractions there ils no significant difference

s



in isocitrate dehydrogenase activity before and after radiation.

) Breast

-
w LR

LS

In the supernatant fraction no significant difference was found
hetween noimal and fibroadenoma tissue, bub there wes a significant
increase in the carcinoma serien. In chronio mastitin there is &
pignificant increase in the enzyme activity when related to profeln
content, but thig is due to the decrewssod protein conbtent of the

supernatant fraction of this tissue compared with normal breast blssue.

4) Compsrison of the Regulls of thie Study with those of Other Yorkors.

Reos and Hugeins (1960)‘w0rking on experimental mampary cancers
in the rat,; found that between {the silates of pregnancy and lagtation
there was no signilficant difference in isocitrate &ehyﬁrogeﬁase pex
go welt welght of tisoue. If the analogy between lactation and
thyrotoxicosis can bo pursued, there should be no increase in isocitrate
dehydrogenase nobivity in thyrotoxicosis. In the present study,
however, an increase bhes been found, but this could well be explained
by the presence of Askanazy cells which are rich in isocibrate
dehydrogenase ( Tremblay end Pearse, 1960) and, therefore, the increased
isocitrate dehydrogenasse activity may not arise from the acinar cells
of the thyroid gland.

The work of Schussler and Ingber (L961) in sheep thyroid glands
did not prove which fractions of the cell contributed to the inoreased
organic lodination. Dumont (1960) found that an enzyme concerned in
the deiodination of ilodotyrosine was poltive in the microsomsl fraction

of thyroid tissue and thet this enszyme roquired the presence of NADPH '



which he considered 1o be the most efficient coenzyme for the binding
of iodine to protein in the thyroid homogenate. It im poesible that
increaged activitiy of the supornatant fractlion enzymes producing thia
coenzyme might be required for increased lodinatlion. This could bLe
another explanation for the fuct that lsociirate dehydrcgenase is
increased in thyrotoxic tissue.

The posibilibty of Llinking thesc two reports is provided by the
work of Baker and Fewburgh (1963) who suggested thal supernatant
fraooction lsocitrate dehydrogenase activity is linked with reductive
synthegis, whereas the mitochondrisl isocitrate dehydrogenase acﬁiviﬁy
is more likely fo be necessary Tor oxldative metabolisme. Bobth these
procesges could well be incressed in thyroid gland in the pathological
st&tea,‘eiﬁher in the funcetional tissue or in the Askanazy and
mitoohundrion-rich cellse

A with lactate dehydrogenasa, isociirate dehydrogenase activity
per mg. MIA phosphorus does not differ from that of normal tissue in
the adenoma or thyrotoxic thyrold gland. I% appears that the amount

of enzyme present in cach cell of these tissue types is constant.

STGNIFTCANCES OF CHANGES TN PHOSPHOGLUCONAT' DWHYDROGWN LW LCTTVITY,

The discussion of the activity of phosphogluconate dehydrogensse
follows the same foymat as that of the other two enzymes.

1) Thyroid Glands

In the supernsbtant fraction, phosphogluconate dehydrogenase
activity is not significantly different from normal in the adenoma
aoeries, but is increased in all other lesionse

In the Ml fraction thore is an apparent increase in activity



per g. wet weight in the adenoma series, and increased activity per mg.
protein in the thyrotoxic servies. Tese findings ave considered to
aﬂiée from the low sctivity and high veriance of the tissue groups
gtudied.

In the M2 froction Tthere is no significant diffewence from normal
in any of the groups studied.

Dow and Allen (1961) found, by measurements of lsobopically labelled
axpired carbon dioxide derived from labelled glucose metabolised by the
hyperthyroid rat, that the Hexose Monophosphate Pathway was suppresseds
This effect was thought to be due to lack of available WAD" . In the
thyrotoxle tissue studied in the present work no such suppression was
found. This can be explained by the excess of oxidised coenzyme gdded
1o the reacticn mixbure. A direct comparison cannot be made between
the results of Dow and Allen (1961) and those of the present study, since
prior to removal of the tissue, various clinical procedures had been

employed to counteract the metabolic effects of excess thyroxine.

2) Cervix Uterie

In the supernatant fraction there is a significent increase in
malignancy and o significant decrease afber radiatione Bounham and
Hbbs (1962) peported that incressed activity of phosphogluconstie
dehydrogenase in buman voginal fluld gave a good correlation wiih
cytological examination of gynaecological cuncer, mainly cancer of the
cerviz uteri. They also carried out measurements on supernatant
fractions of biopsy meterisl which also showed high activity. However,

uir, Centi and Williams (1964) repested this work om a larger series °

4



of patienis and found a large proportion of false positives which they
thought might be due Po hyperplasia of the cervical tissuoce
In the payticulate fractions there is no difference in activity

following radiatione

3) Broagte,

Tn the supernstant fraction there is a significant increase only
in the carcinons zeries.

Rees and Hugglns (1960) found increased phosphogluconate
dehydrogonase activity bebtween novmel mammary and carcinoma tissue
of pregnant rats, although the incresse found was not so great as that
in lactate dehydvogenase achblvity. In the present study the increase

wag Tound to be greater than that of luactabte dehydrogenase.

4) Comparison of the Results of thig Study with those of Obther Porkers.

Reeg and Huggins (1960)‘a130 found a greater increase in
phosphogluconate dehydrogenase achivity during lactation. Thié
finding of increased activity during lactation has also been reported
by Abraham, Hirsch and Chaikoff (1957) and (lock and MeLean (1954).
Chayen ob al.(1962) suggested that phosphogluconate debydrogena.se
activity is incressed in cell proliferation of any type, including
rageneration of liver cells after stavvation, this finding having been
previously reported by Pitch and Chaikoff (1960).  Scott ot ple (1962)
working on experimentsl bumours in hamster cheels pouch, suggested that
inereased phosphogluconate dehydrogenase activity was linked more with
hyperplasia than with neoplasis.

The increase found in the thyrotoxic series agrees well with the

hypothesis that incressed phosphogluconate dehydrogenese activity is
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agsocigted with hyperplagia ratherw than vith neoplasia. In fact the
activity found in the hyperplastic thyroid {tissue 1s very elmilar to,

and perhaps slightly greater then, that of the thywolid carcinomu series.
However, no such increase was found in th@_bhronic mastltis series.

ALY the hyperplasﬁic tigsues studled by the workers meantloned above

have been epithelisl, and it is, therefowe, possible that in chronic
magtivis,; where the fibroug tissue of the breast has becone hyperplastic,
that the seme considerations do not apply and that the same repulis need
not necesgarily be found.

Glock and McLean (1954) found th&ﬁ-phoaphoglﬁcunat@ dehy drogenase
activity was ilncreased in lymphatic tissue in general, It is pogsible
that this might explain the higher sctivity of the Hashimolo series,
gince this tissue is invaded by lymphocytes.

As with the two other enzymes studied; theve is no significent
difference in phosphogluconate dehydrogenase activity per mge DNA
phosphorus in the three tissue types studied. Therefore, the
conagentration of the enzyme in thyroid tissue ls related to the number

of cells per unit weight of tissuc.

REPECTS O RADIATION ON CANCER OF THE CERVIX UTKRT.

In her review of the biochemical effects of io.dising radiabions,
Holmes (1957) reported that depletion of tissue protein and of certain
enzymes occuryred following radiation of normal tigsues. The glycolytic
enzymen Jdid not show this depletion zs a whole. IuBois, Raymond and
Hietbrink (1962) reported that phosphogluconate dehydrogenase achiviby
is lowered by 25, in the livers of pormal rabs following radiatione

Neithex of these repovts included information on the effects of
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radiation on neoplastic tlgsuos,

The sctivity of lactate dehydrogenase in the supernatant fraction
of caxcinoma of the cervix uteri is reduced following radiation to values
gimilar to those of normal cervical tissue, both when the resulis are
expreased per g. wet wedght of tissue and per mg. protein.

Taocitrate dehydvogenase and phosphogluconate dehydrogenase
activities arve reduced gsubseguent to wadisbtion when the results ave
expressed per g. wel welght, but not per mge. proteine This indicutes
that these two ensymes ave depleted in the same proportion as the othewr
tisene proteins, whercas the lactate dehydrogenase is deplebed more than
the tissuve proteins. This agrees with & . finding that the activities
of isocitrate dehyurogenase and phosphogluconate dehydrogenase following
radiationy though roduced, are sbill much higher than those of normal
tlgsuege

The activities of the enzymes in the pardlculate fractions were 0%
reduced following radiationy indeed, the lactate dehydrogenase activity
wag increaseds  The significance of thig finding has been previously

discussed in this section.(see Page 68)

COMPARISON OI° THi: THRI BRNZYMIS ACTIVITING IN il THREE TYPRS Ol KORMAL TISSUL,.

The practice of messuring different enszymes under a standard seb
of conditions so that their relative activities can be compared has
been advocated by Shonk end Boxer (1964). In this atudy, isocitvabe
dehydrogenase and phosgphogluconate dehydrogenase have been meagured
under the same conditions of pH and tempersture in cationic buffer

solutions. Such similarity of conditions has been recognised by Shoulk



and Boxer (1964) as giving results from which the emounts of enzymes
present can be compareds. Lactabe dehydrogenase hag also been
neagured under the ssme conditions of tempersture as the other two
enzymes, but the pll was different. However, the reaction measured
at p 10 is the reverse of the reaction that takes place ab pH 7
(Neilands, 1955}, and the resulis for lactate dehydrogenase can,
therefore, be compared with those of the other two enzymes.

In all the normel tissuwes the activity of lactate dehydrogenase
is much greater than that of'isoaitr&te dehydrogenase, which is in
turn about three times as gveal as thal of phosphogluconate
dehydrogenase. The relative activities of the three enzymes in
normal tissues arve much less variable than in pathological tlssues.

Of the thrvee normel tissues gtudied, thyrold tissue wag the mosi
octbives This could well veflect the fact that this tissue is
metabolically very active and under congtent pituitery stimulation.
Cewvicel tipsue is the next most active, being mainly epithelial and,
therefore, in a state of consbtant wenewal. Of the three breast tissue
is the least active, being in a non-funcitional sbtete in all the patients

axamninede

S NUCLEIC ACID SPRIES OF THYROTD GLAND.

1) Engzyme Activibies.

The enzyme activities per g. webt wejighlt and per mg. protein

followed exactly the pabtiern found in the Malin scries. Howevewr, the

results rew mg. DA phosphorus sheowed no difference from normal in the

adenoma, ok thyrotoxlo series. This indicates that the amounts of the



enzymes in thyroid tisgsue are welated to the cellularity of the tissue
rather then to its funcbional stabe.

The comparison between the normal tissues in the lMain gerieg and

in the Nuclelc Acid series has already been described in this sectione
(see Page 63) ‘then a comparxison wag made between the two thyrotoxic
series, no sipnificant difference was found in the sclivities of the
engymes, whatever way they were expressed. VWhen a comparison was
made of thé two groups of adenoma tissue, significant differences in
lactate dehydrogenase and isocitrate dehydropgensse activities weve

found, but not in phosphogluconate dehydrogenase activity. These

differences can be explained by the high variance of the Main peries

and the low wveriance of the Nucleile Acid series, ond merely weflect

the greater variability of adenoma tissue compared with the other

two types of tissue studied in the Nucleic Acid seriegs

2) RNA Conbentes

The RVA content of adenoma tissuc ig nob significantly different
from that of normal bissue, but the RNA content of thyrotoxic tiassue

is mueh highers

3) DNA Content.s

Again no significant difference exists between normal and adenoms
tissuey bul there is in the thyrotoxic seyiese The thyrotoxic {tissue
hag less storage of colloid and the cell size is smaller than normal,
both factors wccounting for the increased DML content ( as measured by

the DNA phosphorus).

4) BHA / INA Rabio.

RNA din living cells is closely comnected with protein synthesis,



increase in RNA refleciing an incresse in proteln synthesis (Brachet;l955).
The increase in KNA found in the thyrotoxic tissue could be due to the
increased number of cells per unit weight. in order to test this
hypothesig, the ratio of HNA/DNA was determined for each tissue somple,

and the mean value of the ratio was calculasted for each tissue series.
Thyrotoxic tissue showed a much higher wratlo than noxmal or adenoma

thsuue. Thig indicates s true increase in INa per cell and can be

related to the increased thyroglobulin production in bthyrotoxic tissuce

5) Lipid Phosphorus Gontent.

S

The lipid phosphorus content of normal end adenomsa tissue is very
gimilar to thoe A phosphorua content, bub in thyrotoxic btissue it is
somevhat higher, i.c. there is more phogpholipid in the thyrotoxic
cell than there is in the normal cell.

Since phospholipid occurs in various cell sbtructures,; e.g. the cell
membrane, the mitochondria, and the endoplasmic reticulum, it is not
possible to decide wheywe the incresse found in thyrotoxic tissue

originates.

6) Protein Contonts

The protein concentrations of the three tissue types were {ound to
be very similar, therefore, the storage of colloid by the normal thywoid
tlgoue does not eppear to affect the protein conceabration of the bLisoue
when it is expressed per unit weight of tissuc, Ify, however, the
protein content of cach tigsue sample is expressed per mg. UNA phosphorus,
in oxder to give a measure of the protein content pexr cell, the protein
concentration of thyrotoxic tissue was found to be about two thirds of

that of normal snd adenomatous tissue, again reflecting the lack of



stored colloid in thyrotoxic tissue.

GEMERAL CORNCLUSTONS o

The object of this work wes to determine the activities of shree
enzymes in the particle-Ifree supernstant fraction of verious noxmal sund
pathological humaen tissues, and in the particulate fracltions where such
were available in adequate amounts, in order to see vhether there were
any striking differences in engyme content associated with sny one lesion
of a partlcoular tissue, or with any condition of the types of tissue

studieds

[

The activities of all three engymes were found to be incressod in
21l the pathological states gtudied, excepling certain benign lesions,
end this incresse in enzyme activiity is considered to reflect abnommal
metabolic activity in the tissue in gueption.

In mammary tisguwe there is increased activity of all three cnzymes
in the cancer series, but there is ne sigunificant diffevence Trom normal
in the fibroadenoma or the chronic masbitis series. An increase in
activity in the chronic mastitis series would have been congistent with
the fact thait the tissue is hyperplastic, but possibly hyperplesia of
fibrous tissue does not present the same enzymic picture as hyperplasia
of epithelial tissue.

Jn the thyroid tissue, the activities of lactate dehydrogenase and
phogphogluconate dehydrogenase are increased in the supexrnatant fraction
of all the lesions studied except adenows of thyrold, but the increasesn
are not specific to any one condition. The activity of isocitratbe

dehydrogenase is increased in all the pathological types of bhyroid



tissue, possibly due to the presence of Askanazy cells, which are rich
in this engzyme, especislly in the mitochondyial fractione In the
thyroid gland, the measurcment of the nucleic acid content of normal,
adenomatous and thywotoxic tissue makes the interpretation of the
resgults more cleato. Thyrotoxic tlmsue has increased protein production
and less protein storage compared with nommal tissuve. Tt also has mowe
cells per unit weight of tissue,; and these cells are of a smeller size.
The adenomatous tissue does not differ Lrom normal tissue in any of
these valueg. The amount of the regpiratory enzymes, wrelated to DNA
content, ia not significantly different from normsl in the adenomatoun
snd thyrotoxic tlusue, indicating that the smounts of enzyme present in
these tissues are relabted to the gellulaxity of the tissues. The work
of Rees and Hugging (1960) has praesented an enzymic picture of lactation
in rats which shows thet the asctivities of lacltate debydrogenase and
phosphogluconate dehydrogensse are raised, whereas bthe activity of
iscecitrate dehydrogenase is note from the point of view of this study,
thyrotoxicosin can be likened to lactation, since both are brought about
by hyperplasia of secretory cellss In thyrotoxicosis the activiities of
lactate dehydrogenase and phosphogluconate dehydrogenase are increaseds
50 also is the activity of isocitrate dehydrogenuse, but this ls
possibly due to the presence of Askemasny cella, snd may not arise from
the acinar ocellss

The clarification of the resullts obtsined from thyroid itissue
brought about by the measurement of DNA content shows that it would be
of value to measure the nuecleic acld content of all tissues heing
studied enzywically. However, IDNA content hy itsell would not provide

& good bagis of comparison of nowmal with tumour tissue, since the



concer cells, which are more wapidly dividing, do not attain the full
cytoplasmic volume of normal cells, also the INA content of tumours
does not give a measure of their cellulariiy, due to the presence of
cells with several nuclei. Therefore, comparisons based on enzyme
activities related to weight and protein content are also helpful.

In uterine cervical tissue, the increase in activiiy of all three
engymes vecorded in the supernatent fraction of the cancer series 1o
effeotively xeversed by radistione

In revieving the whole body of evidence from this study and Irom
tha litératuxe it seems thel measurement of the acbtivity of 2 single
engyme does not glve an index of the true activity of a pathway in vivo
unless the ensyme is rate-liniting with respect to that pathway, bub
gives some idea of the potential acbivity of the reaction measurede
In this gtudy,the three enzymes were measured under similar conditions,
which makes o comparison of thelr reletive activities possibley
servtainly with respect 1o isocitrate dehycrogenase and phosphogluconate
dehydrogenase. Howover, the activities of these bwo enzymes were
increased similarly in the supernatant fraction of all the lesions
studied, and no information concerning the wvelative operation of the
Citric Acid Cycle and the Hexose Monophosphate Pathway could be
gleaned {rom thelr activibties. Indeed, none of the enzymes studied
shows increased activity specific to either neo.lasia or hyperplasia.
To obbain = truer comparison of the metabolic activities of pathological
and normal cells, the activities, welated to unit weight, protein
content and DHA content, of rate~liniting enzymes measured under
similar conditions without the addition of cofactors would be

NeCOHSATY o
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This study on human malignant and hyperplastic tissues thus
supplements the picture that emerges from the published worlk on
experinental animals. The increase in ‘en:;f.yme activity in the
malignant cell is algo present in the hyperplaciic cell, as shown
particularly in the geries of resulis on thyroid tissue reported in
this worke. Consequently, the thegis of a specific increase in
respivatory enzymes in malignant tis.ue is not supported by thig

worke
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SUNMARY o
N8,

Three enzymes of carbohydrate metabolism, lactate dehydrogensse,
( NaD-dependent ), isocitrate debydrogenase ( NADFP-dependent ), and
phosphogluconate dehydrogensse ( NADP~dependent )} have been estimnied
in nommal ond pathologlcal samples of three types of humasn tissuve,
namely thyroid gland, mammary gland and cervix uterl. The enzymes
have been measurced in the particle«f{ree supernatent fractions of
these tissues and in the particulate fractions where these were
avallable in adequate amountss In thyroid tissue of all types and
in carcinoma ol the cervix vteri, the locabion of the enzymes was
meinly in the supernatant fraction, lactate dehydrogenase being
found exclusively in the supernatant fraction in the cape of normul
thyroild tissue. In the supernatant fractions of most of the tissue
samples lactate derydrogenase activity was greater than isocibrate
dg;ydrogenuse aclivity which was greater in turn then phosphogluconute
dehydrogenase activityo

A comparison of the three normal tissues sbudied, with respect

Lo the activities of all the enzymes studied, indicated that thyroid

-

tissue

»;

vas Lhe mosgt active, followed by uterine cervical tis uve, and
nammary tlssue wasg the least active of the three tissues studicde

with regerd to chunges in enzyme activity in the thyroid gland
as o resull of the onset of pathological lesiong, two series of

studiecs were made. Pirat, there wag the lain series, in which the

cunzyme activities were related to the weipht of the tissue sample
analysed and to the protein content of the subcellalar {ractionse

Fifty-one samples of surgically removed thyroid tissue were studied,
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comprising 11 samples of normal tissue, 10 samples ol adenomgious
tissue, 20 sanples of thyrotoxic tissue, 5 pamples of carcinoma of
thyroid, 4 semples of Hashimoto's disease and 1 sample of Hitrthle

Cell adenomas  Secondly,there was the Nuclelc Acld serles, in

which the engyme activities were related to the DL content of the
Llssue panples as well as to weight and probeir contente. Miteen
saumples of &hyxsgd bigoue were studied, 5 norxmal tissue ssnples,
samples of adenoma of thyroid and H samples from cases of
toyroboxicosis, Iin the supernatant frechbion of the various
pothological types of Lhyroid bissue, dsocitrate de'.ydrogenase

tivity wes ir.creased, and lactate dehydrogenase :nd phosphogluconate
dchydrogenase wetilvities were increased in 211 lesgioug other thon
adenona of thyecold. In the particulate fractions, lactate
denydeogenase and phosphogluconate dehydrogenase activities were not

signdifilcantly different from normsal, Lub isocitrate dehydrogerase

activity was ebrikingly incmeased in all the patholo ical conditions

(\

sbudied, cespecially in the sample of Hllethle Cell adenoma.  When

the engyme results of Lhe Nugleie Acid series were related to DA

content, no gignificant Jdifference from normal Lissue wag found in
the thyroboxic and ddenoms series wibth respect to any of the enzym
atudied, In thyrotoxicosis the RUA content of the tigsue was
increaged, aloo bthe DI conbtent and the RNA/INS ralio.,  The
phospholipid content was also increased, bul the probtein conbtent
pes cull was decreasced.

Fifteen somples of nommal cervical tigsue wer. gtudied and

i

compared with 23 samples of caxcinoma of cervix vieri, of which



14 somples were compared with biopsieg vemoved fol3ozlng drradiation
of the ftumoui. The cngzyme activities of the supernatant fraction
were found Lo be increased in the cancer series and to be decreasged
Lol lowing radiation to vwluué similar to those of normal tissue.
Phere was no signilicant decyease in bhe engyme activities of the
parbicuiate {woctions following wadiation.

Twenty savples of mammary mabterial weve analysed, comprising

AW

ganples of normal tissue, 5 sunples ol fibroadenoma, 5 gsamples of
tigsue from pationts with chronic masbtitis and 5 samples of

reinoma. In the supernatant fraction the activities of all three
cngymes were increased only in the cancer sewries, there being no
incroage in aﬁy ol the. engyme acbivities in tho two benigu lesions
studiede.

hig investigabtion thus indicatbes that dincreased acltivity of

respiratony ensymces occurs in a variety of tissues with the onsct
of malimency, bub thal {this also tskes place in some nqnmm&ligdant
lesions such as hyperplasia, and is thus nonespocific. On the olhewr
hand bonign neoplasia fails to raisge scbivity, as in the cuses of
adenons, of thyyoid end {dibrosdenoms of breast. Thus there is
evidence from the present ovestlgations thoat chenges in enzyme
activily caused by tumour trensformation éf cells are not peculiaw

to the neoplastic procoss.

8o
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