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The thesis consists of two separate studies on two
enzymes which have potentially useful applications in the
bilochemical study of various human diseases.

In Part 1, the activity of the ensyme, isocitrate
dehydyogenase, in aerum of patients with diseases involving
the liver or biliary tract, was studied and compared with
established biochemical tests of liver functlon, in order to
assess its application to the differential diasgnosis of
Jaundice. Particular attention was paid to results on
patients with obstruective Jaundice as previcus authors have
reached differing conclusions of thoe ultimate usefulnoss of
this enzyme, due to the equivocal results shown in these case

Very high values woere found in severe, acute breakdown
of liver cells. These coincided with large increases in
activity of two other enzymes used in the diagnoasls of acute
hepatic damage - serum glutamic~oxalacetic transaminase and
gerum glutamic-pyruvic transaminase. The serum lsocitrate
dehydrogenase was extremely sensitive in detecting liver cell
damage, even at a subeclinilcal level, and was comparable and
perhaps slightly superior to the serum transaminases in this
respect, whilile all three enzymes were very much more
sensitive than other conventional tests of liver function.

In chronic liver damage, variable values for serum
isocitrate dehydrogenase were found, with only small to
moderate inereases which could not be related to the clinical

state of the patlient. Higher valuves were found in biliary



cirrhosis thean in portal cixrhosis. The enzmyme results
were significantly correlated with the transaminase results,
but not with the other liver function Lesis.

In obstruetive Jaundice, the enzyme wis elevated in
tho serum of over 50% of the cases, and particularly high
values were asscciated with secondary invoelvement of the
liver in malignant cases, and acute inflammation of the
biliary tract in benign obstructive Jjaundico. The enzyme
could not be used to differentiate malignant from non-
malignaut cagses, and was not related 0o the severity or
duration of the blliary retention. In these cases, the
ehzyme waé not closgely roelated to gserum transamiha&e values.

It was concluded that the enzyme did not offer great
advantages in the differential diagnosis of jaundice due 0
the abnormal wvalues which may be found in obstructive
Jaundice. However, it was an easlly estimated enzyme, very
sensitive for detecting and assessing acute damage to liver
cells, and could be a useful adjunct or alternative to the
serum transaminases,

Part 2 involved the study of the engyme, B-glucuronidase
in variocous biological material taken Trom patlents with
carcinoma of the cervix uteri.

Biopsy specimens of cervical carcinoma were obtained and
fractionated by homogenisation and differential centrifugatio
into three cytoplasmic fractions - mitochondria, microsomes

and soluble supernatant, BeGlucuronidase activity was



meaémw@d in eaeh Tyaction and the results compared with
gpecimens of non-malignant ceorviz treated im the same way.
The aectivity of tho ovarcinoms spoclimoens was found to0 bo
conaslderably highor %haﬁ monamali@mamﬁ specimons in the
majority of Cases. Incroasces in B-glucuronidase potivity
wore wmainly in the goluble supornatant fraction and not in
particle enpyme, ovon bhough ithe enzywme hoad previocusly been
deacribod ap located malinly wivhin oytoplasmic particloes,
There was no corvelatien with the enzyme activity and dogroee
of malignancy of the cervical lesions.

Bamples of ecoerviegal caroinoma wewe Lakeon betforoe and
aftor t@@aﬁmen@ of the lesion by irvvadistion from radium
implantes, ami their Beglucureonidase activiiy comparod,.
Thewro was net 2 unlform change in ensyme activity following
radlation due $o large uncxplained incroases and deereases
boing obagorvod.

The excretion of f-glucuronidase in urine of pabicenits
wvith cerxvical carxcinoma recelving radiotherapy was followved
over the full course of troatwmenti. Pronounced incroases
in excyretion of the onaymo Foellowlng radium treatment were
obasorved in the majoridty of patients studied, and the pattsern
of feglucuronidase exceretion could be rxelated o tho ensyme
activity of the stiscuo belng irvedliatod,. Thero was 0lso
inorocase:- in Beglucuronidese activity of the serum in stheso
patienta, and the resulte indicatod that radiation of +tho
logdon cauvged mobilipation of the onsyme into the pabilent's

glroulavdon, whioh was thon cloaved by ¢the kidnoys into the us



THE APPLELCATION OF BIOCHEMICAL METHODS INVOLVING BENZYME

ABSBAYS IN THE STUDY OF CERTALN PATHOLOGXCAL CONDITIONS.

SEUDLES WITH TSOCITRATE DEHYDROGENASE AND B-GLUCURONIDASE,

Nl

Thesis submitited for the degiree of Ph.D.

in the

Paculty of Scilence, University of Glasgow

by

C. Watts, B.Sc. (Liv.), A.R.I.C.

Department of Pathological Biochemistry, August, 196%

Western Inflrmary, Univeraity of Glasgow.




-dde

ACKNOWLEDGEMIENTS ,

Thé aunthor wouid 1ike td express his sincere gratitude
to Dr. K.B. Hendry for his interest and advice during the
preparation of this ﬁhé@is, aﬁd for the excellent faciiities
provided for the practical investigations; He expresses his
thanks to Professor J.N. Davidson and Professor H.N. Munro
for %heir advice aﬁ various stages of the ﬁcrk; ﬁe is
indebted to Df. D.M. Gbldbérg for arranging the supply of
tissue specimens} his advié@ on various medical aspects of
the work, and his interest 1in the preparation of ithe
manuscript. Many of the tissue fractionation procedures
were carvvied ouit conjointly with Dr. Goldberg and Miss H.A.
Ayre. His thanks ave due to the technical staff of this
department Ffor thelr assistance in performing some of the
routine tests of liver functiong Mr. G. Donald for his advice
and facililties in the preparation and photography of the
Mgures; to the nuvsing staff and patients in various wards
of the Western Infirmary for their co-operation in the
collection of specimoens, and finally, his appreciation to

Mrs. C. Watts For her help in the ityping of the manuscript.



i e R

TABLE OF CONTENTS .

TITLE
ACKNOWLEDGEMENTS .
CONTIHNTS
ABBREVIATIONS

STATISTICAL CALCULATIONS

GEWERAL INTRODUCTION

PARE 1, STUDLES ON ISOCITTRATE DEHYDROGENASE IN HEPATIC

DISEASE,
INTRODUCTION
Serum lsocitrate dehydrogenase dn liver diseaase
(a) Acute damege to liver cells
{b) Chronic liver damage
(e) Malignant discase in the livewr
(d) Obstructive jaundice
Outiine of the investigation
MATERIAL AND METHODS
RESULTS
Methodology
Serum isocitrate dehydrogenase in liver disease
(a) Acute hepatitis
(b)) Drug-induced jaundice
{(¢) Cirrhosis
(d) Liver cancew

(e) Obstructive Jaundice

page
i
id
iid
vii
viii
1

7

27
a7
30
33
36
36



-~ ivun

Serum btransaminase results
Serum alkaline phosphatase results

Compardson between serum isocitrate dehydrogenase
and serum transaminase results

Comparison between serum isoccitrate dehydrogenase,
alkaline phosphatase and other liver function tests

DISCUSSION
Methedology
Serum isocitrate dehydrogenase ini-
Acute hepatitis
Drug=~induced Jjaundice
Cirrhosis
Obstructive Jaundice

Comparison between serum isocsciltrate dehydrogenase.
and serum transaminases

Comparison between sorum isccitrate dehydrogenase
and otherxr tests of liver function

Conclusions

PART 2, STUDIES ON B-GLUCURONIDASE TN CERVICAL CANCER,

INTRODUCTION
Physiologlcal function of P-glucuronidase
Distributlion of p-glucuronidase
Intracellular localisation of peglucuronidase
B=CGlucuronidase in cancer tissues
P-Glucuronidase in cervical cavcinoma
Tissue Peglucuronidase and radiation

Urinary excvetion of Beglucuronidase by cancen
patients

page
La
b8
51

97

93

100
102
104
106
109
111
11k
117



e

page
Qutline of the present investigation 118

MATERIAL AND METHODRS 120
Tissue specimens i21
Urine collections 122
Tissue Ffractionation : - 12k
Estimation of Be-glucuronidase in tissues and serum 129
Estimation of Leglucuronidase in urine 129

RESULAS 132
Mothodology 133
peGlucuronidase activity of normal cervical tissue 137
BeGlucuronidase activity of cervical carcinoma 143
Compayrison of normal cexvix with c¢ervical carcinoma 145
Distribution of cybtoplasmle f-~glucuronidase in 148
corvical carcinoma
B=Glucuronidase and degree of malignancy of 154
cexvical carcinomn
Effect of radiation on tissue P-glucuronidase 158
Urine g-glucuronidase foellowing »radiotherapy 159
Serum P-glucuronidase following radiotherapy 167
Comparidson bhetween tissue and urine studies in 173
patients with cexvical carcinoma

DISCUSSTION 176
f=Glucuronldase 1in cervical tissue 177
The nature of increased f-glucuronidase in 178
cervical carclinoma

Intracellular distribution of PB-glucuronidase 180
in cexrvical tigsue A



o T

page

Tissue Peglucuronidase and severity of the 187

malignant losion

Effect of radiation upon tissue B-glucuronidase 188

Bxcretion of P-glucuronidase in urine of 190

patients veceiving radiotherapy

Conclusions ' 195
SUMMARY ' | 198

REFERENCES | ' 205



DHP -
EDTA
EeWetla
I.U,
KA

NADP, NADPHQ
S-OT
S=GRPT
8=-1ICD

Tris

IieBoa

wvile

ABDREVIATIONS ,

2:4 dinitrophenyl-
ethyvlenedliaminetetra-acetic acld
g. wat weilght of tissue
International Unite
King=-Armotrong

nicotinamide adenine dinucleotide,
oxidised and reduced forms

serum glutamic-oxalacetic transaminase
(L-aspartates:2-oxoglutarate aminotransferase)

serum glutamic-pyruvic transaminase
(Lealanine:2-oxoglutarate aminotransferase)

serum ilsocitrate dehydrogenase
(L=isocitrate:NADP oxidoreductase -
decarboxylating)

2eomino-2(hydroxymnethyl)=propane-1,3 diol

not significant



wydide

STATLISTICAL CALCULATIONS,

In both Parts 1 and 2, the Mean and Standard Deviation

($.D.) on a group of resulis were calculated by the formuloe:-

\/sxgﬁ (ﬁﬁ)g

I

8x

Mean X = ?? D =

nel

wvhere x = individual wvalues, and n = number of observations

in the group.

Student's t Test of Significance between groups of

unpaired samples was applied by the formulas-

sx’~ (gx)* + sy®- (sy)”

X - v/nx 2
t o= y‘/ % 9y where & = ,nx _— m'V
23 \/n,+wn; n_¢ m - 2
8 Un_+ n ne n - 2
‘ S 4 : : x Y re

% and § are the means of the two groups,; and n, and ny are

the numbey of samples in each group.
Degrees of Freedom = n, -+ nyw P

In groups with palved samples, a t value was obtained

from the differences of the paired sawmples by the fovmulai-

2 ng" (%)2
6!:!3: n

t = (% - 0) Vn where S
)

#* = the difference between paired samples, % the mean

n « 1

difference, and n the number 0f paired samples,
Degrees of Freedom = n = 1

P values corresponding to the t values were obtained
by refevence to Documenta Gelgy Scientific Tables (1962).

Reasults were consldered significantly different when P was



laess than 0.05;

Correlation Coefficlents (r) between two groups of

results werxe obtained from the formulas-—

o2 o 2(x'v')? % -‘g(x'v')z
sx%= (8x)° sy“- (8y)
n n

where 8(x'y?') = 8(x x y) - $x x Sy
n

The significance of a correlation coefficient was

given by the formulas-
b ow BT = 2
Ji - e

where n = number of paldred resulits, and n - 2 = Degrees of

Freedom (Iishexr, 1954)
P values corwvesponding to t weire obtalned from the Student

+ tables.




GENERAL INTRODUCTION,
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TEnesymes are organlice catalyests produced in, or thirough,
the agency of living cells of both animals and plantsa”
(Chambers Encyclopaedia, 195%), Investigations which
eventually led to this definition were initiated in the
19t¢h Century by Théhard, Schwann, Kitzing, Pasteur and others.
Their studies on the Termentation of sugars by yeasts led to
the concept of biological catalysts, present in living cells,
w@ich courld promote a wide range of mnaturally occurring
chemical reactions. Further worlk showed that these
substances could be extracted in an acitive form from cells
(Hu@hner, 1897). Parallel studies on the digestion of food
in the stomach led to the cbncluaion that this was also a
process governed by enzymes (Schwann, 1836; Bexrnard, 1856).

From these early beginnings, the study of enzyme
activities in biologilcal materials progressed rapidly, and
hes oculminated in the last three decades in the recognition
and description of individual ensgymes which mediate in the
various steps of intermediary wmetabolism in living tissues.

It was inevitable that these enzyme studies should bhe
extended to pathological processes as well as normal
physioclogical ones. Farly work in this direction was
concerned mainly with digestive enzymes, and the first
important diagnogtic enzyme assay $0 emerge was the estimation
of amylase in the urine for the diagnosis of acute
pancreatitis (Wohlgemuth, 1910). Studies on fermentation

indicated that enzymes were involved in the formetion and
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hydrolysis of sugar phosphates, and this led to Robison
(1923) f£inding high conéanﬁraﬁicns of an enzyme in growing
bone which hydrolysed glucose~phosphate; he called this
enzyme alkaline phosphatase. Subsequent "dinvestigations
were then direeﬁed to studying the activity of thils enzyvme
in the serum of patients with various bome diseases (Kay,
1929).

Since the birth of clinical enzymology, the number
and complexity of enmvmes being used as routine clinical
diagnostic tests, or as research tools, in the study of
pathological conditions has increased enormously. The
subject has grown to such an exbtent that textbooks have
heen written entirely devoted o this one aspect of clinical
bi@chemiatry (Abderhalden and Oesper, 1961; King, 1965).
Xn a recent attempt to assess the extent vo which ensymes
ware heing used by clindcal biochemiats} mainly in the
British Isles, no less than 46 enzsymes were being utilised
for routine or research purposes (Gowenlock, 1965).

The activity of enzymes may be measured for clinical
purposes in the‘patient's serum, urine, cerebrospinal fluid.
digestive juices, abnormal body fluids or tissue biopsy
gpecimens., ﬁy far the majarity of diagnostic enzmymes are
determined in blood sezrum, Bodansky (1962) has listed 33
serum enzymes which have bheen reported o have diagnostlc
potentialities; the most widely used and well-sstablishoed

of these ave acid and alkaline phosphatase, amylase,
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cholinesterase, glutamic-onalacetlec transaminase and
glutanicepyruvic tTransaminasc.

Enzymes are infrequenitly m@asured in urine, the only
cstablished ones being amylase and, pogsibly, uropepsin.
Varlous ongyme activities have been neasured in coerebroe
apinal filuid (Delank, 19633 Melligk and Bassett, 1964), and
1n abnormil body fluilds, e.g. malignant and bendgn effusions
(Brauer, Vest and Zimmerman, 1963).,

The investigation into enzyme activities in specilmens
of tissue from normal and pathological material i1s 8till in
its dnfancy. Histochemistry, which involves the localisation
of engymes within tissues by staining of histological |
preparations, has progregsed forwvard to include many enzymes.
Regulétsg Trom these technigues, however, must be viewed with
éauﬁion as many factors, o.g. permeabllity of the sissue to
the enzvme substrate, tissue autolysgis,. or naturally occurring
agtivators ox inhibitors, may influence results in an
unpredictable way. It 4ds only recently that results of
detailed investigetions into the quantitative m@éaurement
of ensymes in various human Ltissues have appeared, €.%.
Shonk, Koven, Majima and Boxer, 1964, Little work has
been carried out on the diatribuﬁionlof enzyiHies among intrae
cellular components - nucleus, mitochondrilia, milcrosomes and
cell sap = in normal and diseased human tlssues.

The elinical use of enzymes covers a broad spectrum of

disease states, but thexre are two fields of human disease
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which have attracted a vast amount of investigations on
‘mény different eNZYMEs . \Firatly. there are diseases
involving %he liver. . Hepatic cells are a vich source of
many enzaymes due o their diverse metabolic capabillties,
and, consequently, damage to these cells in liver disease
has led to studies on the appearence of abnormal émounts
of these enzymes in the blood stream of jaundiced patients
{Baron, 19673). Secondly, ensymology has emerged as one of
the foremost instruments in the search for the cause,
diagnosis, prognosis and cure of the numerous forms of
CAnNCer. The concept that malignent cells show changes in
their metabolism compared with normal cells has been
proposed by Warburg (1956), and wmany investigations since
then have indicated that neoplastic cells can have
pronounced differences from normal cells in various enwyvme
activities. This subject has been extensively reviewed
by Douglas (1963). Besideﬁ studies on enzymes in malignant
tissues, intensive investigations have been, and are being,
undertaken into their activities in other biological
material from cancer patients, e.g. serum, blood cells,
urine, e@r@bfdﬁpiﬂ&l fluld and other body fluids, These
studies are directed mainly towards assessing the enzyme
as aldiagnag@ic and prognostic ald, and its use as an index
of the progressién of the dilisease during treatment.

The present invéstigation consists of two separatce

studies, each one being an example of the clinical use of
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an eéenzyme in the two fields of human discase mentioned
above.

In Part 1, the activity of the onzyme, isocitrate
dehydrogenase, has boeen studied in the serum of jaundiced
patients, in order to assess dts potential as a diagnostic
aid in the diffevential diagnosis of jaundice.

Part 2 consistas of a study into the P-glucuronidase
activity of tlssue specimens, urine and gserum o0f pationts
with caxrcinoma of the cervix uteri, some of wh%ﬁreceived
vadiotherapy, again with a view to assessing its diagnostic

or prognostic applications,



PART 1.

STUDIES ON ISOCITRATE DEHYDROGENASE IN HEPATIC DISHEASE.

INTRODUCTION,
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Many biochemical tests have been devised for assessing
the functioning and integrity of the liver in patients with
suspected hepatic disease. Some of these tests have
involved the determination of the activity of enzymes
present in venous blood. Three of these enzymes have
become established as useful tools for the differential
giagnosis of jaundice. Pirstly, serum alkaline phosphatase
(BsC. 3.1.3.1.) has become one of the standard tests For
diagnosing Jjaundlce due t0 obstyruction of the biliary tract.
Gutman, Olson, Gutman and Flood (1940) found raised values
for this enzyme in 98% of patients with obstructive jaundice.
A value of over 30 King-Armstrong (K~A) units/100 ml. for
the alkaline phosphatase in a Jjaundiced patient is one of
the surest guides of an obstruction to the flow of bile.

Two other enzgymes, serum glutamic-oxalacetic trans-
aminase (S-GOT, E.C., 2.6,1.1.,) and serum glutamic-pyruvic
transaminase (SnGPT, E.C. 2.6.1.2.), have now become widely
used as sensitive indices of acute hepatocellular necrosis
(Wréﬁlewski. 1958; Agvress, 1959). Very high values are
found in conditions causing acute breakdown of liver cells,
eigi: infectious hepatitis, homologous serum Jjaundice, and
toxié liver damage caused by chemicals (Molander, Sheppard
and Payne, 1957; Wrdblewski and LabDue, 1956a,b).  The
determination of these two enzymes also has a prognostic
and epidemi@ogieal value in acute hepatitis (Wréﬁlewski,

Jervis and LaDue, 19563 Goldberg and Riddell Campbell, 1962).
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Both the 8=~GOT and S-GPT may be raised to varying degrees
in chronic liver damage and obstructive jaundice (Molander
et _al., 1957; Chinsky, Wolff and Sherry, 1957), but not to

high wvalues found with acute liver cell damage.

Isocilitrate Dehydrogenase.

The activities of other enzymes in the serum of
Jaundiced patients have been studied by many investigators.
One of theseﬂia igocitrate dehydrogenase (B.C, 1.1.1.42.),
This is one of the enzymes concerned in the aerobic break-
down of carbohydrate in the citric acid cycle, and catalyses

the reactioni=-

m&) P
ledisocitrate + NADP Ty R-0oxoglutarate -+ NADPH? + CO

Mn )
(Colowick and Kaplan, 1955). It is widely distributed in

2

anlmal tissues and found in high concentrations in heart,
liver, kidney and adrenal glands, moderate amounts in ovary
and intestine, and smaller amcunts Iin muscle, brain, lung,
testis and épleen (Adler, Buler, Glinther and Plass, 1939).
1t also has measurable activity in sera taken from
appafantly healthy people (Wolfson and Williams-Ashman,

1957a).

Serum Isocitrate Dehvdrosenase (S»ICD) in Liver Diseasge.

Values of S-ICD t0 be found with most types of hepatic

disease have been described.
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a) Acute Damage to Liver Cells,

White (1958) stated that the highest concentrations
of the enzyme in mouse tissues were to be Ffound in liver
cells, Liver homeogenates from rats have also been found
to have the highest isocitrate dehydrogenase activity with
30% more activity than the next highest tissue- heart -
which, in turn, was very much more active than othexr »rat
tissues (Nachlas. Davidson, Goldberg and Seligman, 1963).
These facts are reflected in human disease where greatly
abnormal amounts of isocitrate dehydrogenase in serum are
found in conditions causing acute damage and breakdown of
liver cells. Wolfson and Williams~Ashman (1957b) showed
that very high values for 5~ICDH were obtained in acute
hepatitis, e.g. infectious hepatitis and howmologous serum
jaundice. Since then, all other authors reporting on
$5-1CD have stated that the highest levels of activity were
encountered in these conditions. Sterkel, Spencer,
Wolfson and Williams~-Ashman (1958) stated that in cases of
infectious hepatitis, high S8~ICD values of approximately
15 times the normal mean were found within 10 days following
the onset o0of Jjaundice; these returned to normal values
approximately 10 days later. Okumera and Spellberg (1960)
investigated 20 patients with acute hepatitis, 12 due to
infectious hepatitis, 6 with homologous serum jaundice and
two with toxic hepatitis due to the drug, iproniazid. They

stated that the highest 85-ICD values were to be seen early
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in the disease, but that the S~-ICD had no direct relation-
ship to the patient's clinical condition or to the duration
of the illness. There was no corvelation with the S8=ICD
and other tests indicating hepatocelliular damage. Bell,
Shaldon and Baron (1962) showed that in 48 cases of
infectious hepatitis all had raised $-ICD values at some
stage of the diseasc. In general, peak values occurred
5«10 days after onset of symptoms and usually returned to
normal by the third to fourth week of illness.

In somevinstances the $-ICD has been compared with one
or both of the serum transaminases in acute hepatitis.,
Sterkel et al. (1958) indicated that S~GPT showed similar
changes to S-~IC)), the rises in S-GPT activity often being
of greater magnitude than those of S-ICh. Kerppola,
Nikkild and Pitkédnen (1959) showed that $-ICD mirrored the
S«GOT in acute liver cell damage. Hargreaves, Janota and
Smith (1961) showed an incidence of abnormal values of 85%
for S-ICD and both transaminases in acute hepatitis. They
demonstrated that the 35-ICD tended to return to normal
rather more guickly than the transaminases. Dodansky,
Schwartz, Krugman, Giles and Jacobs (1960) undertoock a
sequential study of S-ICD activity in children submitted to
inoculation with viral hepatitis and compared the results
with S-GOT. They found that in 9 cases which developed
clinical evidence of hopatitis, 8 showed elevations in

S5=1CD and 5-G0T on the same day. They expressed the rise
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in enzyme activity as Maximal activity recorded and showed
Upper limit of normal

that the S=G0T rose correspondingly higheyx than the S~-ICD.
The above ratio for $-~ICD varied from 1li-~38, while for S-GOT
the corresponding values were 16-50. The authors concluded
that the $-G0T was to be preferred to the S—XCD. Pranken,
Brauns, Storck and Kazmier (1960) claimed that the S-ICD
was not so significantly raised as the transaminases in
acute hepatitis. Cohen, Potters and Bowers (1961) stated
that $-ICD was wraised on average to 16 times the upper
limit of normal and that the S-GPT was a slightly more
sensitive dndicator of acute hepatic damage than the S-ICD
and $-GOT, these last two being comparable in sensitivity.
Bell et al. (1962) showed that in acute liver damage
caused by hepatotoxic drugs, the 5-ICD was elevated in many
cases hefore the 5-GOT and both enzymes showed abnormal
results before the other standard tests of liver function.
They concluded that the S~ICH was é very sensitive’test for

detecting liver damage caused by drugs.

©) Chronic Liver Damage,

Variable S-~ICD values are found in chronic diseases of
the liver. Wolfson, Spencer, Sterkel and VWilliams-~-Ashman
(1958) stated that normal S-~ICD activities were usually
found in poxrtal cirrhosis. Okumera and Spellberg (1960)

found normal or slightly elevated values (up to twice the



-13-

* upper limit of normal) in a group of 18 patients with portal
cirrhosis., Two cases of hepatic coma had normal values.

In 10 cases in the series of Kerppola et_al. (1959),
I showed abnormal S$~ICD values and all of these were stated
to be in the 'active' phase of the disease, characterised
by c¢onsiderable jaundice and inflammatory changes in the
liver. Cohen et _al., (1961) supported this by stating that
the majority of 19 'active' cases had ralsed S~-ICD wvalues
which agreed with the clinical impression of the activity
of the condition, whilst 5 'dinactive' cases showed normal
5-ICD values. Opposed to this, Sterkel et al. (1958)
found 5 raised S-ICD values in 27 results on 19 patients
with portal cirrhosis and stated that there was no relation-
ship between the S-ICD, S~GPT and the degree of hyper-
hilirubinaemié or clinical evidemnce of activity of the
cirrhotic process. I'ranken et al, (1960) stated that the
S~ICD was variable in cirrhosis and not related to the
clinical state of the patient. Bell et al., (1962) found
the 8~-ICD elevated to varying degrees in 28 of 39 cases
and divided these into compensated and decompensated
patients, defining a 'decompensated' case as one with a
serum bilirubin above 2.0 mg./100 ml. and a serum albumin
of less than 3.0 g./100 nl. They found that no correlation
existed between the S~ICD and degree of compensation of the
patient, nor with the severity of the cirrhosis as Jjudged

by the presence of ascites or hepatic coma.
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A S Muﬁ :
There are few ineddeneces of the S-ICD being compared

with transaminases in chronic liver damage. Hargreaves et al.
(1961) found abnormal values for S~ICD and S-GPT in 50%

of casesg comparced with 65% for S-GOT. Cohen et _al. (1961)
claimed that the S$-GOT and S«GPT gave essentially the same

results as S=ICD in thelr 'active' and 'inactive' cascs.

c) Malignant Diseanse in the Liver.

In patients with neoplastic diseases, increases in
S«1ICD activity have been associated with secondary involvement
of the liver (Wolfson and Williams-Ashman, 195%7b), Yhite
(1958) showed that 13 cases of metastatic cancer with no
hepatic secondaries had normal $-ICD values, while 4 patients
with metastatic invasion of the liver all had high S-~ICD
values - up t0 three times normal. Sterkel et al. (1958)
stated that elevations of S5~ICD in an individual with
malignancy appeared to indicate liver metastases. Cohen
et _al., (1961) found raised S-ICD values in 70% of cases with
carcinoma of the liver, compared with abnormal transaminase
values in 64% of the cases. They stated that ithe $-ICD
approached the alkaline phosphatase in sensitivity as an
index of liver metastases. Tan, Cohen, West and Zimmerman
(1963) in a very large series of metastatic liver cases
(284 patients), found that the $~ICD was railsed in the
majority of cases up to twice the upper limit of normal, and

above this in 20% of the cases. The S$-ICH was elevated in
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a higher proportion of cases than were the transaminases,

d) Obstructive Jaundice.

Conflicting reports have been published ccncerping the
significance of S5=-ICD in obstructive jJjaundice. Wolfson
et _al. (1958) claimed that the $~ICD was seldom raised in
exfra-hepatio obstruction of the biliary tract. Sterkel
et al. (1958) claimed that the enzyme could be used to
differentiate between intra-hepatic jaundice and extra-
hepatic obstructive Jaundice, basing this on 12 $~ICDh
determinations on 6 caaeé of extra-hepatic obstruction,
three benign and three malignant, which showed normal S-ICD
values, The $-GPT showed 5 abnormal results in 12
determinations and they claimed that the S~ICD would yvield
more specific information than the 8~GPI in the differential
diagnosis of intra-~ and extra-hepatic jaundice. Bell et al.
(1962) supported this statement, saying that S-ICD was
normal in 19 of 20 cases of uncomplicated obstructive
Jaundice of short duration, whereas the S-G0T was raised in
20% of these cases. They stated, however, that long-
standing obstruction leading to liver cell dawmage resulted
in raised $-ICD wvalues up to three times the upper limit
of normal.,.

In opposition to this, Cohen et al. (1961) found raised
values in 4 of 6 cases of extra-hepatic obstruction, the

average of the 6 cases giving a rise in $S=ICD of 1.6 times
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the upper 1imit of normal. Kerppola et _al., (1959) found
normal S$-ICD in 7 cases of cholelithiasds, but stated that
increased S~ICD in obstructive jJjaundice pointed to malignant
disease. Okuners and Spellberg (1960) found S-ICD values
ranging from 2-4,5 times normal in 4 of 5 cases of malignant
obstructive Jjaundice, these casces being classed separately
from those with liver metastases., In data presented by
Saad, Steigman and Dubin (1963), only one case out of 12
with benign obstructive jaundice, and only 4 of 19 malignant
cases had normal $-ICD values. Norberg (1961) noted & 36%
incidence of increased S-=ICH values in patients with symptoms
of acute cholecystitis, with or without accoumpanying
Jaundice., Okumera and Spellberg (1960) showed high S-JCD
in two out of 17 cases of acute and chronic cholecystitis,
Hargreaves et al, (1961) claimed that the S-ICD was raised
in 30% of 25 cases of obstructive jaundice, while the S~GPT
was raised in 60% and the $=GOT in 80%, but their series
included 6 cases with biliary cirrhosis. Bell et _al. (1962)
found raised S-ICD values in 21 of 27 cases of biliary
cirrhosis,

It is of interest to nove that Okumera and Spellberg
(1960) reported that three cases of extra-hepatic neonatal
jaundice (two wit@ atresia of the common bile duct, and one
caused by a choledochal cyst) had S-ICD values 1l.%-5% times
normal., The &§-1ICD fell to normal 5 days after surglcal

removal of the oyst and relief of the obstyruction. Komiya



(1963), studying $-ICD in infancy and childhood, found that
10 of 13 cases of common bile duct atresia and one case of
choledochal c¢yst had moderate elevations of S=ICD.

Wolfson and VWilliams-Ashman (1957b) stated that an increase
in S$=ICD activity followed bile duct ligation in rats, and
Okumera and Spellberg (1960) found moderate elevations
after ligation of one hepatié duct in dogs and also

following an experimental hiliary fistula.

Outline of the Present Investigation,

This present work was undexrtaken to assess the rdle
that 8=-ICD can play in the diagnosis of hepatic disease,
and compare the results, wherever possible, wilith the two
serum transaminasces, alkaline phosphatase and other
biochemical tests of liver function. $~ICD was determined
in a large group of patients with various diseases affecting
the hepatic and biliary systemnm. Particular attention was
pald to cases of extra-hepatic blliary obstruction in the
hope of clarifying the S$-ICD results which are found in this
condition, gsince the overall status of the enzyme as a test
in the differential diagnosis of jaundice depends to a
large extent upon its response to biliary retention as

opposed to liver cell damage.
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All serum S5~ICD and otherx enzyme analyses were
estimated on unhaemolysed serum specimens. The analyses
were carried out with minimal delay after withdrawal of
the specimen, but material that could not be handled
immediately was stored at «20° and the analysls completed
in less than two weeks. The serum could be kept at -20°
for this period with minimal loss of $-ICD, transaminase

and alkaline phosphatase activity.

Estidmation of Isocitrate Dehvdrogenase in Serunm,

The enzyme was estimated in serum by the colorimetric
method described by Bell and Baron (1960), which depends
upon measurement of the coloured DNP-hydrazone of 0-~-0X0-
glutaric acid in alkaline solution,

Reagents j -

1, 0.1M=-Tris buffer, pH 7.5
2. Buffered substrate. 1L.845g. of dl-trisodium isocitrie
aclid were dissolved in 70ml, tris buffer, 15ml. N-NaOH
added and the solution stood overnight. The pH was
adjusted to 7.5 with N-HCl and the volume made to 100ml.
with tris buffer; the solution was stored at -209

3. 0.013M-NADP., 10mg. of NADP (Boehringer) dissolved in
lnl. of 0.l5M-NaCl. This was made up fresh for each
batch of analyses.

4, 0,03M-Manganese chloride., 0.597g. of MnClz.MH

20

dissolved in 100ml. of 0.15M-NaCl.
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5e¢ 0,19M~EDTA, 7.1g. of the disodium salt of BDTA

dissolved in 100ml. water.

6. 0,001M~DNP~-hydrazine. 19.8mg. dissolved in 100ml. N-IHC1

7+ 044N-NaOH

8, g~oxoglutaric acid standawrd. A stock solution was made

by dissolving 70mg. o-oxoglutaric acid (B.D.H.) in 100ml.

water. This was made up fresh every two weeks.

Procedure:-

The following reagents were pipetted into {test tubes

placed in a 37° water bath:

Serum test ~ O0.3ml. of 0.l5M=-NaCl, O.,1lml. of O.OsﬂrMn012,
O.5ml. of buffered substrate, O.lml. of 0.013M~
NADP .

Serum control - O.4ml. of 0.15M-NaCl, then as the serum test
but minus the NADP.

NADP blank - 1.0ml. of O.i5M-NaCl, O.lml. of MnCl C.lml,

2'
of 0.0L3M-NADP.
The reagents were allowed to eguilibrate to 370, then

0.2ml. serum was added to serum test and control, and

incubated for exactly 60 minutes. The enzyme reaction was

stopped by adding 1 ml. of 0.19M-EDTA to complex the Mn"',

followed immediately by 1 ml. of 0.001lM-~-DNP-hydrazine, The
tubes were shaken and left at room temp. for 20 minutes.

Ten ml. of 0.,4N-NaOH were then added to each tube, left for
15 minutes, and serum test read against control av 3901Wl

on a Unicam SP600 spectrophotometer. The NADP blank was



read against a reagent blank and the extinction subtracted
from each test reading.

A calibration curve was made from different dilutions

of the stock a-~oxoglutarate solution. O¢lml, of 0,03M~
Mn01?1 1 mi, of O0410M-EDTA and 1 mls of 0.001M-DNP-hydrazine

were added to 1 ml: volumes of the diluted standards, the
tubes left for 20 minubtes, 1l0ml: of 0.4N-NaOl added and the
extinction read against a reagent blank at 390 qp. A new
calibration curve was made for each new batch of DNP-
hyvdrazine and NaQl solutions.

A unit of $-ICD activity was eipreéged as the formation
of 1 mpmole of anexeglﬁtarate/min./mle at 37°. Enzyme units/

mliserum were obtained from the calibration curve by the

equation pg. a-oxoglutarate x 3 x 1000 = S-ICD units/ml,
S 146 x 60 .

These units may be converted to I.U./litre by dividing by
a factor of 3 to allow for the change in reaction rate at

28° instead of 379,

Estimation of Transaminases in Serum.

S5«GOT was measured by the method of Cabaud, Leeper and
Wrdblewski (1956). and S-GPT by that of Wréblewski and
Cabaud (1957). These standard methods involve measuring

the coloured DNP-hydrazone of pyruvate, which is formed

directly by'the enzyme S-GPT from the reactioni-

I‘*—A
l-alanine + O-oxoglutarate - pyruvate + glutamate



and dindirectly in the estimation of 5-GO0T from the reaction:-
aspartate + o-oxoglutarate ;:i oxalacetate + glutamate.

The oxalacetate is converted to pyruvate by aniline citrate.

These methods involve the precipitation of proteins to stop

the enzyme reaction and the pyruvate DNP-hydrazone being

extraéted into toluene before colorimetric assay.

A unit of transaminase activity is defined as that
amount of enzyme in 1 mil. of serum which forms 1 P of
pyruvic acid in 20 minutes at 250 under the test conditions.
To convert these units to I.U./lifr@, they should be

multiplied by 0.57,

Estimation of Alkaline Phosphatase in Serum.

This was estimated using the standard method first
described by King, Haslewood, Delory and Beall (1942). It
involves the coloryimetric determination of phenol liberated
by the enzyme from sodiuwm phenyl phosphate.

A unit of enzyme activity i1s defined as that amount
of enzyme contained in 100ml. of serum which will liberate
1 mge of phenol in 15 minutes at 370 under the test
conditions. These units must be multiplied by 7.1 to convert

them to T.U./litre (King and Campbell, 1961).

Other biochemical tests of liver function were estimated
by standard routine methods,. Serum bilirubin was measured

by the method of Malloy and Bvelyn (1937), thymol turbidity
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and flocculation as described by Maclagan (1944) and =zinc

sulphate turbidity by the method of Kunkel (1947).
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Mothedology of Isocitrate Dehyvdrogmenase Hstimation,

Bell and Baron (1960), in their original publication
on the colorimetric measurement of 5-ICD, undertook a
detailed investigation into the effects of various reachbion
conditions, e.g. kinetics of the w»eaction with time and
temperature, substrate and coenzyvme concentrations, metal
ion cofactory requirements, and guantities of test material
(serum) used.

In the present investigation, it wes felt necessary to
check on the reproducibllity of the method by performing
duplicate analyses and also varying the amount of serum
and incubation time, in order to cope with specimens with
high S-YXCD activity.

A number of specimens were analysed in duplicate at
the commencement of the idnvestigation and results on 10
sera covering a wide range of enzyme activity are shown in
Table 1. Very good repredu@ibiliﬁy ocourred over the
whole range of actilvity studied.

Specimens with moderate to high activities were also
measured using reduced amounts of serumi results are shown
in Table 1 where it can be seen that reproducible results
wore again obtained.,

High activity specimens were also analysed by varyving
the incubation time and 1% is shown by the data in Table 1
that the reaction ls linear with time over the 60 minute

incubation period.
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TABLE 1.

DATA ON THIN ESTIMATION OF S8-1I0D T0 SHOV THE REPRODUCIBYLITY

OF THE METHOD, AND VARIATION IN REACTION CONDITIONS.

Part As- 8~I0D pesults of duplicate analyses,

Specimen Serum Incubation S=-ICD units/mi.
time Analysis Analvels

ml e min. no.l no .3

1. 0.2 60 b 5
2 . L1} @ 8 8
3. 1] ] i2 13
L, " i 13 R
5. T o 15 15
6. W f _ 25 26
7 o 1] 1] 30 30
8. W it 33 3@
9. G.1 " 55 53
10, o 30 100 102

Paxt Bie $-ICD results using different aliqueis of serum,

ml, of serum

el 0.1 0.05
1i. . 60 21 a2 20
7o o " 30 32 32
iz. - 30 Lé k& 48

Part Ci- $-1ICDH results ugsing differont incubation tilmeg,

Incubation vime(min.)

60 30 15
8. 0.2 e 13 34 35
lg. 13 o 1!5.7* L%é 48
19, " . 52* 5@ Bl

i‘s(').jl.ml. gerum usoed.
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Determination of a Normal Range for Serum Igocitrate

Dohvdrogenase.,.

Blood samples taken from 40 healthy people, aged from
20-80 vears, were used to determine a normal range for S5-ICD
activity. They included laboratory workers, medical
students and pre~operative specimens taken from apparently
healthy people admitted for minor surgery, e.g. repalr of
hernia. These gave a normal range of approximately 3=10
uniﬁs/ml. (mean 6.0, S.D. 1.7), wvhich agrees almost exactly

with the range quoted by Bell et al. (1962).

LSOCITRATE DEHYDROGENASE TN HEPATIC DISKASE,

B8=-1I0D activities in cases of various hepato-biliary
diseases are clasgsified in Pig. 1. Bach point represents
one S-ICD determination on a single case. The distribution
of H-=ICD values found in the various groups ids shown in
Table 2 where abnormal values are expressed as multiples of
the upper limit of normal - 10 units/ml.

&) Acute Hepatitis.

The patients were all suffering from infectious
hepatitis and all had high values ranging from 33~224 units/
mbi. Specimens wexre obtained within 14 days of the onset of
symptoms except in two cases which gave S~-ICD values of 104
units/ml. at 22 deys in one case, and 54 units/ml,. at 27

days in tho othewx.



PIGURE. 1,

S~XCD VALUES TN DITFERENT TYPES OF HEPATO-BILIARY DISEASIE,

S-ICD
units/mi.
300
200 A ’ .
1004 z
80+
60O .
o . ) : .;.
40- : *
’ . . -
201 X ; : :
: ’ 4
D% 4 %
Acute igc;t:lcgc;d Portal Biliary Liver Obstruct,

Hepatitis Jaundice ' Cirrhosis ° Cirrhosis ° Cancer Jaundice

The normal range for $~ICDH of 3«10 units/ml. is shown by
the shaded aresa.
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TABLE 2,

DISTRIBUNION OF S-1GD RESULYS IN VARTOUS HEPATIC DISEASES.,

Cases with

Cases with ralsed H=10CD

with acute
inflammation

Pigures in parenthesis demnote total no. of cases in each group.

norual 5-T0D ‘
1-=1fn  LB=2x 2=3x -4z  Dbx
upper liwmlt of normal

Unita/ml . 3-10 11=1% 16-20 21-30 31-40 240
hcute {(13) 0 0 0 0 2 i1
hepatitis ‘
Portal (25) 7 11 b 2 0 1
cirrhosig
Biliary (7) 1 0 i b 1 0
civrhogis
Obstructive  (%3) 9 15 12 i 3 7
Jaundice
Subdivided
intos-
Malignant (1) 6] 3 2 3 1 2
with liven
secondaries
Malignant (1h) 5 b 4 1 0 0
without livew
gecondaxyries
Non-malignant (20) l 8 5 3 0 0
without acute
infliammation
Non-malignant (8) 0 O 1 0 2 5

——
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b) Drus-Induced Jauadice,

There were three cases of Jaundice attributed to the
drug chlorpromazine, one due to promazine, and one case of
poisoning by a phénalic disinfectant ('Sanizal').
Biochemical data on these cases are shown im Table Se
The specimen on the first case (M.K.) wes taken three weecks
after commencing chlorpromazine thevapy (50mg. t.4.d.); the
second {M.M.) was obtained 7 days after a single injection
of 50ng. chlorpromazine, and the third (H.G.) following a
two week period of treatment with the drug.

The specimen frowm patient R.N. was taken when jaundice
was noticed approximately 10 days following e dose of
Promazine. Subsequent laparotomy showed no mechanical
obastruction in the biliary twac%. but liver hiopsy produced
histology consiegtent with obstructive jJjaundice.

The Jjaundlce caused by ph@nclga poisoning in patient
JeWe was found by ha@maﬁplegy and subsequent post mortem
to be haemolytic. Liver morphology and histology was‘
described as normal. The high alkaline phosphatase was
probably due to the patient also having extemnsive bone
Tyractures. The raised 8-ICD in this case doos not appear,
therefore, o be associated with liver damage or biliary
retention,.

The two highest S-ICD wvalues in this group (188 and 50
units/ml.) were found in two cases of liver necrosis

cavaced by a hypersensitivity reactlion to p~aminosalicylie




-31-

TABLYE 3.

S=-LCD VALUES AND OTHER BIOCHEMICAL DATA ON

DRUG~INDUCED JAUNDICE CASES.

Case Serum Alk. TL/IF  ZnS0, $-GOT  $-GPL  $=ICD
bil. phos. Turbd .
(0.2~ b4=12 ~0-2/0 3=12  5=50 0-50 3-10 )
1.7
mg e  KeA units units units/ml;
unitsdb

M. % ¥ 6.8 2l 0/0 5 - 204 25
MeM, 6.3 64 1/0 10 - 6h 18
z-i.c;r.* 2.7 15 0/0 3 76 165 16
R.N.T 6.8 i 1/0 2 - - 13
J .w.q 20.8 35 1/0 3 - - 23

Noyrmal range shown in parenthesls.
% Chlorpromazine jaundice
t Promazine Jaundice

9 Phencl-induced Jaundice
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acid. One of these cases was investigated in detail,

This was a man, aged 20, who developed acute liver failure
28 days after starting on 1l2g,., p-aminosalicylic acid daily.
He was severely ill for two weelks, but eventually made a
slow recovery.,. Biochemical tests showing the course of the
acute hepatic upset are shown in’Table L, As can be seen,
the patient became jaundiced and showed ample evidence of
severe liver damage. The fturbidity and flocculation tests
were grossly abnormal and this was reflected by the changes
in serum proteins where there was an increase in the
globulins (mainly Y globulin) giving an inverse albumin/
globulin ratio, The alkaline phosphatase showed a high
value indicative of biliary obstruction. The transaminases,
however, reached valiues found only with acute hepatocellular
damage, indicating extensive liver cell damage. The S«XICD
was also considerably raised, this fitting in very well with
the other biochemical findings.

Once the patient had fully recovered, it was decided to
confirm the dlagnosis of a hypersensitivity reaction by
giving a challenge dose of p-aminosalicylic acid,. This
offered the opportunity for investigating, biochemically,
the occurence of possible hepatocellular damage.

The patient was given a 3g. dose of p-aminosalicylic
acid and serial blood samples were withdrawn at time
intervals shown in Table 5. There was an increase in the

actdivities of S~ICDH and S=GPT to abnormal values, and the



TABLE b,

BXOCHEMICAL DATA ON A CASE OF LIVER DAMAGH

CAUSED BY p-AMINOSALYCYL IO ACID,

Blli- TT/TF* Znﬁ@h Proteins Alk. S=G0T S«GPT S«ICD

rubin Turbe. Alb./Glob. phos.
g ¢ o unite units g eSh KA units/ml.
unitsdh

Normal Q.2
Range 1.7 0=2/0 35=12 3.9=/1.7 bhei2 B 50 0=~50 3=10

5¢5 340
DaysT
28 25 2/0 9 FJb/2.0 34 - o -
33 8.3 /1 8 hk,0/2.6 53 32 728 %0
4o 1.8  10/+8 28 3.5/4.2 23 21 500 18
16 0.5 5/+3 27  K.5/3.7 16 b2 186 5
54 0.% 6/+3 15 5.0/24.7 it 20 Ll -
76 Ok /0 14 Bat/3a7 0 21 24 -
158 0.5 2/0. 9 h.,8/2.3 v 13 16 5

’kThymol turbidity/thymol flocculation

1‘Days after commencing p-aminosalicylic acld therapy
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TABLE 5.

BIOCHEMICAL DATA ON LIVIR CULL DAMAGE IPOLIOWING A TEST

DOSE OF p=-AMINOSALICYLIC ACID,

Time* Serum Alkaline 5=GOT  $-GPT  $=ICD
bilirubin phosphatase
(0217 .22 5=50 0-50 3~10 )
ME o 9 KA, qnita% units/ml,

0 hours 10.5 7 13 16 5
2 . - 7 21 18 5
6 " - 5 25 16 6
12 N - 6 6 10 5
24 " Ot 5 11 14 7
2 days C.7 6 ha ha 14
4 " - 6 38 58 1
yooow 0.6 6 25 59 il
7" - 6 32 34 U
g " 0.6 6 22 31 7

Abnormal wvalues are underlined.

¥71ime following the administration of a 3g. dose of
p-aminosalicylic acid.
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$=-G0T also seemed to show a slight rise, although never

to abnormal values, Two other enzvmes not reported here -
sorbitol dehydrogenase and adenosine deaminase ~ also
produced abnormal values over this period (Watts and
Griffiths, 1964). The serum bilirubin showed no evidence
of subclinical jaundice and the alkaline phosphatase did
not increase, But the response of the énzymes coincided
with symptoms of general malalse and liver ténderness and
were believed to be conclusive evidence of subclinical

liver cell damage.

¢) 8=-ICDH in Cirrhosis.

Twenty-five cases of portal cirrhosis showed variable
S-1ICD results. Seven cases (28%) had a normal value, the
majority of the abnormal results were only minimal rises
(below 15 units/ml.), while only three cases gave values
above 20 units/ml., Bell et al. (1962) defined a
decompensated case of cirrhosis as one with a serum
bilirubin greater than 2.0mg./100ml. and a serum albumin
less than 3.0g./100ml., and attempted to correlate the $-ICD
with the degree of compensation as assessed by these
criteria. In the present series, the 5~ICD wvalues were

not related to the compensation of the patient.

d) Biliary Civrhosis.,

All these cases weore diagnosed with the aid of liver
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biopsy. Only one of the 7 cases had a normal S-ICD, and
subsequent specimens taken from that case produced $-ICD

values of 15 and 12 uniis/ml.

e) Malignant Invasion of the Liver.

Fifteen cases of invasive cancer of the liver all
gave raised $-ICD values ranging from 12-57 units/ml.
These includeﬁ 11 cages with liver mevastases from different
primaries, two reticulosarcomas and one lymphadenoma., One

case of primary liver hepatoma had an S-ICD of 47 units/ml.

£) 8-ICDH in Obstructive Jaundice.,

All analyvses in this group were carried out on pre-
operative blood specimens. In no case was there clinical,
biochemical or operative eovidence of concomitant liver cell
injury, although in the majority of cases liver biopsy
specimens were not taken to confirm this. In those cases
where biopsy specimens were obtained, the histology was
compatible with uncomplicated biliary obstruction. Fiftye
three cases were investigated, 0f these, only 9 (17%) had
normal S-ICD activity. Fifteen cases (28%) had minimal
increases (up to 1.5 times the upper limit¢ of normal),

19 cases (36%) had moderate increases ranging from 16~30
units/ml., and the remainder (19%) had high values up to
52 units/ml.

Cases of obstructive jaundice were divided into & groups



as shown in Table 2 (p.29):-

1., Malignant obstructive Jjaundice with metastatic spread

to the liver. These cases were classified with the liver

cancer c¢ases in Fig. 1. They were diagnosed at operation
and/or post mortem,

2, Malignant obgtruction with no evidence of liver

metastases., Again the diagnosis was made at operation or

autopsy.

3. A non-malignant, non-inflammatory group -~ comprising

cholelithiasis and chronic cholecystitis with little or no
evidence of an acute inflammatory process occurring at the
time of blood withdrawal, when applying the criteria stated
below,

4o Non-malignant obstruction accompanied by acute

inflampation at or near the time of blood withdrawal. The

criteria for inclusion in this group were,apebative o
pathological evidence of acute inflammation of the gall
bladder or biliary tract, or pyrexia overx 100°F or
pronounced leucocytosls assoclated with jaundice when no
other cause was apparent when the blood specimen was taken.
The distribution of 8-ICD values in these groups is
shown in Table 2.'and statistical analysis of the data is
presented in Table 6, It can be seen from the latter
Table that secondary invasion of the liver in malignant
obatructive Jjaundice gave aignificahtly higher S$«ICD values,

but this was not invariably so as there was some overlap




TABLE 6.,

SERUM ISOCIETRATE DUHYDROGENASE

IN _OBSTRUCTIVE JAUNDIGE,

S=ICD units/ml.

Group No.of Mean + S.D. 3 b
cases
Malignant with 11 27 & Lhe7
liver secondaries \\\
J.244 £0,005
Malignant without 14 13 &4 6.8
liver secondaries \\\
0.928 INeSe
Non-mallgnant without 20 15 & 5.8
acute inflammation \\\
7938 <£0.,001
Non-malignant with 8 b2 + 12.3

acute inflammation

i
b

values were obtalned by applying the Student t test
etween the means of the various groups.



between groups 1 and 2 (Table 2). There was ﬁa significant
" difference between 8-¥CD values Ffound in uncsomplicated
malign&ntland non-malignant cases (groups 2 and 3), and the
spread of results was similar in the two groups. Although
the group with acute inflammation was swmall compared with
the non-inflammatory group, the $-ICD values in the former
group showed a high degree of significance from éhosa ol
the latter (P <0.001). As can he saen from Table 2 (p.29)
there was very little OVGrlap between these groups, only
‘one case from the inflammatory group having an S~ICD as low
as 20 units/ml. and falling within the range of the non-
inflannatory giroup. It should be mentioned that three
cases weﬁe not included in either of these groups as their
ciasaification was eguivocal. Twe had very high S-ICD
values (47 and 52 units/mi.) and aise showed some evilidence
of acute inflammation, but not sufficient to satisfy the
criteria forxr inclusion in the inflammatory group. When
the blood specilimens were taken, both had pyrexia just below
100°w and one also had a sliight neutrophilia. There was
no evidence of an acute inflammatory process at operation
14 days later in ome case and 5 days later in the other.
The third case had an S~ICD of 8 units/ml., and although
there was no clinical evidence of inflammation when the
blood specimen was taken, pus was found in the biliary

tract at operation 8 days later.
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Pige. 2 shows serial analyses of $-I0D, transaminases
and alkaline phosphatase on one of the cases in the none
inflammatory group. This man had an operation for mild
obstructive Jaundice which proved to be due to multiple
adhesions surrounding the gall bladder, There was no
evidence of acute inflammation. He developed, post-
operatively, an infection associated with jaundlce which
persisted for 8 days. The S-ICD showed a very pronounced
rige %o 58 units/ml., whercas the transaminases, whilst
giving a sharp increase, roemained within the range generally
seen in obestruciive Jaundice (both below 400 units/ml.).
The alkaline phosphatase was also greatly elevated. The
turbidity tests and serum proteins remained normal. It
seems likely that this wman developed a post-operative
cholangitis.

Table 7 shows the $-ICD results on the non~inflammatory
henign cases and malignant obstrucitive Jjaundice cases with
no liver metastases divided on the baslg of duration of
symptoms. The onget of symptoms was taken in its widest
senge, d.e. the fivrst indication of abdominal or biliary
upset, however wvague or non-gpecidfic. It seems obvious
that the S5-ICD results were distributed idrrespective of
duration of symptoms.

In gome of these cases, the $-~-ICDH was determined
post-operatively after successful surgical relief of the

biliary obstiruction. The $=-ICD returned t0 normal fairly
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FIGURE 2,

SERUM ENZYMES XN A CASK O POST~-OPERATIVE JAUNDICH
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TABLE 7.,

G=ICD_ IN OBSTRUCTIVE JAUNDICE CASES UWITH

VARY ING DURATION OI* SYMPTOMS,

units/ml.
Group No.of S TCD Mean
cases range

Patients with svuptoms orf % 5«29 1h
1 week or legs duration

Patlients with symptoms 9 11-16 14
of 2«93 weeks duvration

Patients wilith symptoms 11 5e229 14
of 1=3 months duration

Patients with a long past 9 I 244 13

histeory of biliary upset
or abdominal sympitoms

Cases included are those with malignant obstruction without
liver metastases and non-malignant without acute inflammation.
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gquickly in those cases which showed a raised pre-operative

S5-10D,

SERUM _TRANSAMINASE RESULTS.

In wmany of the patients studied, either one or both
of the transaminases were measured. The distribution of
results for the S«G0T and $~-GPT are shown in Tables 8 and 9.

It can be seen that, as expected, both transaminases

produced very high vealuee in acute hepatitis with all values

well above 400 units/ml. The S-GPT usually showed greater

increases than the S=-GOT (Fig. 3, p.h9).

There was a wide scatter of vesults for both trans-
aminases in portal cirrhosis. The 8S-GPT was normal in 60%
of cases and the S-GOT in 40%. Blevations in activity
were in general only moderate and values for both S-GOT
and S5-GPT were usually well below 200 units/mi., except in
two cases which produced S-GO0T reaults of 204 and 212
units/ml, These results in no way correlated with the
clinical status of the patient.

In obstructive jaundice, the results were again very
variable and were scattered falrly uniformly over the range
0~400 units/ml. A normal S$-GPY was found in 13% of the
cases and normal S$-GOT in 21%. There was a random
distribution of abnormal results in the &4 groups of extra-
hepatic biliary obstruction, Statistical analysis of these

results 1s shown in Table 10 for the S8-0GPT and Table 11 for
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TABLL B,

DISTRIBUTION OF S-GPT RESULTS IN VARTOUS HEPATIC DISTASES,

Cases with Cases with raised S=-GPT
normal S-GPT
=153 15=2x 2=3x 3=hx L=8x )Y8x

upper limit of mnormal

Units/ml. 0-50 51w 76~ 101~ 151- 201~ Y40O
75 100 150 200 Loo

Acute (13) 0 0 0 0 0 0 13
hepatitis
Portal (20) 12 2 2 3 1 0 0
cizrrhosis
Biliary (7) 1 0 i 1 2 2 )
clrrhosgis
Obstructive (39) 5 4 "y 8 5 10 0
JjJaundice
Subdivided
intoi-
Maldignant (9) 1 3 0 3 1 1 0
with liver
secondaries
Malignant (10) i 0 1 2 0 3 0
without liver
secondaries
Nonemalignant{(13) 0 1 5 3 1 3 0

without acute
inflammation

Non-malignant(7) 0 0 1 0 3 3 0
with acute
inflammation

Figures in parenthesis denote total no, of cases in each group.
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DISTRIBUTION OF $-GOT RVSULTS IN VARIOUS HEPATIC DISUASES,

Cages with

normal Sm(GOT

rases with waised S-GOT

1=18% 1LE5-2% 2«3x vﬁ—éx he8sx Y8x
upper limit of normal
Units/ml, 5§50 Ble 76w 101~ 151= 201~ 2400
75 100 150 200 Loo

Acute {(13) 0 0 0 0 0 0 13
hepatisis
Portal (21) 8 I 2 I 1 2 O
cirrhosis
Biliary (7) 0 0 i 2 2 2 0
cirrhosis
Obstructive (28) 6 5 3 6 L b 0
Jaundice
Subdivided
inkgs-
Malignant (6) 2 0 i 1 i i 0
with liver
secondarios
Malignans (3) 2 2 0 1 1 2 0
without liver
zecondaries
Non-malignant{9) 2 2 2 2 i 0 0
without acute
inflammation
Non-malignant(5) 0 1 0 2 1 1 0
with acube )
inflammation

Plgures dn parenthesis denote total no,

of cases in sach group.
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TABLE 10,

SERUM GLUTAMIC PYRUVIC TRANSAMINASE IN OBSTRUCTIVE JAUNDICE,

$=GPT units/ml.

Group No.of Mean + S.0. i
cases
Malignant with 9 112 4 87
liver secondaries \\\
0.6493
Malignant without 10 143 &+ 191
liver secondaries \\\
0.188
Non-malignant without 13 135 & 71
acute inflammation \\\
2.108

Non-malignant with 7 231 £ 125
acute inflammation

L values were obtained by applying the Student t test
between the means of the various groups.

I

NeBoe

YeBoe

NeB e
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TADLE 11,

SERUM GLUTAMIC  OXALAGCETTIC TRANSAMINASE IN ORSTRUCTIVI JAUNDICE.

S=GOT units/ml,

Group No.of Mean & S.1. t E
cases
Malignant with 6 126 &+ 104
liver secondaries \\\
0377 Ne3e
Malignant without 8 124 & 99
liver secondaries \\\
0.957 The G »
Non-—malignant without 9 88 + 49
acute inflammation \\\
10700 NeSe
Non-malignant with 5 165 & 124

acute inflammation



the S=G0T., No signirficant difference could be detected
bhetweon the groups for elther 0f the stransaminases,. The
5-GPT, however, just missed significance at the 5% level
betweoen the non-inflammatory and inflamwmatory groups and
a difference may well have ghown up with & greater number
of inflammatory casess

Pige 3 shows the ratio of 5~-G01T to S-GPT in patlients
who had edther one or both of the transaminasoes vailsed
above normal. It shows clearly the diagnostic advantage
of this ratioc over the absolute values for the transaminases
in chyronic liver damage where it lg almost invariably
greatey than 1.0. Only one of 13 cases showed a ratlo logs
than this (0.92). It can be seen that in the majority of
cases of other ¢tyvpes of hepatlc disease, the S-GPT was

uaually higher than the 8-GO0T.

ALKALINE PHOSPHATASE RESULTS,

Sorum alkaline phosphbatase was determined in all the
patients studied, aﬁd the results obtained ave shown in
Table 12, In all but two of the cases with acute and
chronic liver gell damage, the alkaline phosphatase was
below 30 Ke-A units/100ml. One case of viral hepatitis
had an alkaline phosphatase of 42 K-A units/100ml., and
one case of portal cirrhosis had a value of 54 K-A units/
100mi. In billiaxy ocirrhosis, the alkaline phosphatase

tended to be higher, with & out of 6 cases having values
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PYGURE 3.

RATIO OF $-GOT TO S-GPT IN VARIOUS HEPATO-BILIARY
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TABLL 12,

DISTRIBUTION OF SERUM ALKALTINE PHOSPHATASE RESULTS

IN VARIOUS HEPATIC NDISEASES,

Cases with Cases with raised alk. phos.
normal all,
phosphatase 1l-15x 15=-2x 2«9x% 3-bx Shx

upper limit of normal

KedA units/100ml. hat2 13-18 19-24 28.736 97-48 748
Acute (12) 1 6 i 0 1 0
hepatitis

Portal (25) 10 9 2 3 0 1
clirrhosis

Biliary (6) i i 0 1 0 3
clirrhosis

Obstructive  (53) 3 3 5 26 A 12
Jaundice

Subdivided

intog~

Malignant (11) 0 0 0 4 1 6
with liver )

secondaries

Malignant (1l4) 0 0 2 8 2 2
without liver

"secondaries

Non-malignant (20) 1 i 3 i2 0 3
without acute

inflammation

Non-malignant (8) 2 2 0 2 1 1

with acute
inflammation

IMgures in parenthesils denote total no. of cases in each group.




above 30 K-A units/100ml., and three of thesge 4 had very
high values of 80, 90, and 104 K-A units/100mi.

The enzyme had normal activity in only 6% of
obgtructive jaundice cases. Twenty=-two cases (42%) had
values below 230 K~4 units/100ml.; 11 of these, howevewr,
were betwoen 25 and 30 K-A units/100mli. In considering
the differeént types of obstructive Jaundice, it 1s clear
that the presence of liver gecondaries gave, 1in general,
highexr alkaline phogphatase values than in the other groups.
This i1s shown in Table 173 vwhere statdstical analysis
beotweon the groups gave a significant difference between
malignant cases with secondary liver involvement and those
without liver metastases (P <0.02). Mdve off the cases
with liver secondaries had extremely high values ranging

from 63=-152 KeA unite/100ml.

COMPARILSON OF S-FTC) RESULTS WITH SERUM TRANSAMINASES,

S=~ICD values could bhe compared with one or both of
the transaminases when these enzymes were determined im the
same blood specimeni this applied in the majoridty of cases.

Acute Hepatitls.

S«-LCH was compared with both S-G0T and S-GPT in the 13
cases of wviral hepatitis. In all of them, high S-ICD
values were invarlebly accompanied by high transaminase: .
activitics. It can be seen from fig. 4, however, that the

correlation for S-ICD with vespect to S-GPT - 0.49 (»<0.,02),
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TABLE 19,

SERUM ALKALINE PHOSPHATASE IN OBSTRUCTIVE JAUNDICU,

KeA units/100ml.,

Group ‘ No.of  Mean & S.D.

: £
cases
Malignant with 11 67 x 39
liver secondaries '\\\
2.736 <0.02
Malignant without 1h 35 & 15
liver secondaries ‘\\\
: 00378 NeBo
Non-—malignant without 20 33 % 15
acute inflammation \\\
0.391 N8

Non-malignant with 8 30 & 25
acute inflammation

values wewre obtained by applying the Student ¢t test

L
between the means of the various groups.
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PIGURE 4,

RELATIONSHIP OF S-~-ICH AND SERUM TRANSAMINASES

IN ACUTE HEPATITIS.
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and with respect to S-GOT, 0,55 (P <0.005), was low.

On the other hand, Fig. 5 shows how the 5~ICD can
mirror the transaminase results. These sequential enzyme
values were obtained from a young girl who had a severe
attack of viral hepatitis with a very slow recovery period.
The response of the S~XICD and transaminases was almost
identical. The first specimen was obviously taken early
in the developement of liver damage, as the peaks of enzyme
activity had not been reached. The initial rise and fall
of S«ICD was very silwmilar to that of the transaminases, and
this ds also shown very clearly in the period 20-~30 days,
when there was a secondary rise in enzyme values due t6 the
premature ambulation of the patient, All the enzymes wero
markedly elevated after 70 days and indicated the probable
onset of chronic liver damage.

The extent to which each engyme rises may be expressed

by the ratic - M = maximum activity measured after Bodansky
upper linit of normal

et _al, (1962). This was determined for S-ICD, S=GPT and
$-GOT in all the infectious hepatitis cases. The
comparative rise in S5«ICD activity was then compared with
that of S-GPT and $-GOT; this is shown in Pig. 6 and
illustrates the fact that in all but two cases, both serum
transaminases produced a higher regsponse than the S-~ICD,
In the other two cases of acute hepatocellular damage,
caused by p-aminosalicylic acid, high $-~ICD values again

goincided witﬁ high transaminase résults; this 1s shown for
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PIGURE 5.

SERUM ENZYMBES IN A CASE OF SEVERIS INFECTIOUS HEPATITIS,
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FIGURE 6,

COMPARISON BEPWELN THE RISE YIN S-TCD AND TRANSAMINASE

ACTIVITIES TN ACUTE HEPATITIS.
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one of the cases in Table 4 (p. 33). The 8~ICD fell back
to normal values much sooner than the S-GPT; In the
subsequent experiment involving the test dose of p-amino-
salicylic acid, the $~ICD was probably slightly more
sensitive than the S5-GPT, and definitely more so than the
5=G0T, in reflecting the subclinical hepatic dysfunction
(Table 5, fa. 34) . In the other case, the very high $~ICD
value of 188 units/ml. corresponded to an S-GPT of only
10135 units/ml. and an S=GOT of 573 units/ml. Eight days
later, the S-ICD had fallen to 32 units/ml,, the S-GPT to

342 and the $=-G0T to 140 units/ml,

Portal Glrrhosis.

In chronic liver damage, cases showing raised $-GO0T or
S«GPT activities usually had an $-ICD above normal, the only
exceptions being two cases with minimal rises in serum
transaminases who had normal 5-ICD values. The correlation
between $~ICD and both transaminases is shown in PFig. 7.
Statistical analysis of the data showed that there was a
slightly c¢loser relationship between the S~-ICD and S$-GP1,
with a significant correlation coeffilcient of 0.79 (P €0.001),
than between the S-ICD and S-G0T with a significant
coefficient of 0,65 (PH(O.OOﬁ). None of these enzyvmes
were related, however, to the clinical state of the patient.

It should be noted that the ratio of S$«-GOT to S~GPT

was greater than 1,0 in all but one case, and gave a more
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RELATTONSHIP OF S-IGD AND SERUM TRANSAMINASIS
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consilstent pattern than the wide variability of the

individual S-ICD and transaminase values.

Biliary Cirrhogis.

The S5-ICD was closely related t0o both transaminases in
all 7 cases of biliavry cirrhosis. This is shown in Fig. 8,
which includes two sets of results from one patient.
Statistical analysis gave very good correlation coefficients
of 0.93 (P £0.001) for 8-ICD with respect to S-GPT and 0,82

(P €0.02) for S-ICD with respect to S-GOT.

Obstructive Jaundice.

The B5=-ICD could be correlated with the S-GPT in 20
cases of benign biliary obstruetion; 7 of these were in the
acute inflammatory group. In the malignant cases, the $-ICD
and S-GPT were both estimated in 19 cases - 9 with liver
metastases and 10 without. The correlation between the
two enzymes is shown in Pig. 9, and, as can be seen, is not
very pronounced. In the cases of uncomplicated obstructive
jJaundice (the non-inflammatory benign group and malignant
obstruction without liver metastases), the correlation
coefficlent for S=-ICD and $-GPT was 0.43 (P 0,05).

In the non-mallignant group, the higher S-ICD wvalues
assoclated with acute inflammation were reflected by the
S«GPT in only two cases. In addition, no significant

difference could be shown statistically between the S-~-GPT
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PIGURE 9,

RELATITONSHYP OF 8-1TCHD AND S-GPT VALULS

IN OBSTRUCTIVE JAUNDECHE,
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results obtained from the inflammatory and non-inflammatory
groups (Table 10, p.46), whereas the S$~ICD values in theso
two groups showed high significance (Table 6, p.38).

In the malignant cases, 1t can be seon from Fig. 9
that S-ICD tends to give comparatively higher results than
the $-GPT when there is secondary dinvolvement of the liver.
There was not sufficient cases, however, to show a
statistically significant difference between the regression
coefficlients for the two groups as shown under the malignant
cases in Pig. 9.

There were fewer cases in which the $~ICD and S$«GOT
could be correlated; these were 14 non-mallgnant cases
(5 with acute inflammation) and 14 malignant cases, 6 of
which had liver metastases. The 8-~GO0T and S~ICD results
on these cases are shown in I'lg. 10. There were
insufficient results to show a significant correlation
between the two enzymes, but it can be seen that these
results mirror those found for the 5«ICD and S«~GPT shown in

Figo 9.

S~-TCD RESULTS COMPARLED WITH ALKALINE PHOSPHATASE AND OTHER

TESTS OF-L;VER FUNCTION.

a) Alkaline Phosphatase.,

There was little point in considering these two
enzymes in relationship to each other except in cases of

obstructive jaundice, where the alkaline phosphatase might
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be oonsidered as a possible index of severity of biliary
retention, This is dllustrated in Pig. 11 and shows that
there is no correlation between the two enzymes, Although
hoth engymes showed abnormal values in all cases with liver
metastases, the alkaline phosphatase tended to give greater
iricreages in activity than the S-ICD, Acute inflammation
in the benign group did neot affect alkaline phosphatase
values in the same way as 1t did the activity of 8-~ICD

(cf. Table 6, p.38and Table 13, p.52).

b) Serum Bilirubin,.

In the cases of acute and chronic liver damage there
was ne correlation between the 8«ICD values and degree of
hyperbilirubinaemia, In obstructive jaundice, the
concentration of serum bilirubin may also be consideved as

ancther index of degreo of blliary retention. Fig. 12

.shows that there is no corrvelation between 5~ICD and

bilirubin in the uncomplicated cases of extra-hepatic
obstruction,

¢) Thymol Turbidity and Flocculation Tests, and Zinc Sulphate

Turbidity Test.

These teats of liver cell integrity depend upon
quantity and quality of proteins produced by the hepatic
cell and passed into the blcod stream. They show up damage
to liver cells when abnormal amounts of protein enter the
girvoculation and causge turbidity when serum is added to

coertain buffered solutions. Consequently, these tests
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FYCGURE 131,

COMPARISON OF S-TCD AND ALKALINE PHOSPHATASE RESULTS

IN CASES WITH UNCOMPLICATED OBSTRUCTIVE JAUNDICE.,
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PLGURE 12,

COMPARLSON OF S«ICD AND SERUM BILIRUBIN RESULTS XN
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usually show abnormal values in conditions causing
dysfunction of hepatic cells,

Bleven of the 13 cases of infectilous hepatitis showed
abnormalities in one or both of the turbidity tests on the
blood gpecimen taken for S-ICD estimation. However, the
degree of upset of these tests was in no way related to the
5=-T0D value obtained, This also applied to the cases of
chronic liver damago. Whereas the S5-1CD showed variable
results in portal cirrhosis and 28% of the cases had novmal
values, all but one of the 25 cases had upset in the protein
turbidity tests. The 8-XICD was not, therefore, related to
these indices of liver cell damage. This is also
illustrated in Table 4 (p-33) concerning the patient with
hepatocellular damage from p-aminosalicylic acid, where it
can be scoen that the maximal response of the $~ICDh, S-GPT
and S-GOT preceded that of the turbidity tests and upset in
seyum proteins, which remained at abnormsl concentrations
for a long period after the enzymes had returned to normal.

By definition of obsitructive jaundice without
biochemical evidence of hepatocellular complications, all
the cases in the obstructive Jjaundice group had noirmal
turbidity tests, and they could not, therefore, be compared

with S-ICD results.
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PART 1.

DISCUSSTION,
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In putting forward any new test of liver functilon,
enzymic or otherwise, two factors are of pirime importance
for the test to be of real use as a diagnostic tool, a)
that it should have specificity for cevitain types off liver
dysfunctlon, i.e. it can be used in the differential
diagnosis of Jjaundice, and b) the test should preferably
be sensitive so that early dlagnosis of the liver upset
can be obtained.

The set of liver function tests now normally employed
in wmost clinical chemistry laboratories have been selected
primarily for the above reasons. These tests consist of
the determination of serum bilirubin for the diagnosis of
Jaundice, gross or subclinical, and for following the
progression of the Jaundicey protein precipitation tests,
e thymol turbidity and flocculatiqn tests and zinc
sulphate turbidity tests, which reflect changes in quantity
and quality éf plasma proteins which o¢ccur with chronic or
acute liver éell damage} alkalinq vhosphatase because of
its apecificity in differentiating between intra- and extrae-
hepatic jaundice.

These tests are not 100% specific for a particular
condition; this applies to the majority of biochemical tests
in eclinical use. Thus, increases in serum bilirubin can
occux without damage to the liver or interference with
biliary excretion, e.g. haemolytic Jaundice due o excessive

breskdown of red blood cellsy the turbidity and flocceulation
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tegts may be abnormal in other:ccnditions gausing changes
in plasma proteins withouit damage to liver cells, e.g.
Hashimwoto's disease, loung-~standing infections; alkaline

- phosphatase, which may be raised in any tsype of liver
condition, budt with a value above 30 K<A units/100ml, in

a jaundlced patient ﬁiagnosticbof obstruction in the bhiliary
tract, can show high values also in certain bone diseases,
e.gs. FPaget's disease-or bone metastases. However, ‘in the
Jeundiced patient, the composite application of these tests
can give a useful index of the probable type of liver

- pathology except in domplicated oé atfpical cases,

Adjuncts to these basic tests are the estimation of
gserum btransaminases, S-G07T and $-GPT, which have become
widely used as tests of lLliver functilon,. Thelr importance
arises mainly from their great sensitivity in detecting
acute necrosis of liver cells. This may be gross asg in
viral ox drug-induced hepatitis where 100% diagnostic values
for both transamlinases will be Ffound, or minimal where these
enzynmes can be used for detecting hepatic damage before the
onset of Jaundice, or abnoirmalities in turbidity tests, orx
clinical symptonms, The value of the transaminases in the
differential diagnosis of Jaundice is diminished somewhat
becauge the enzymes are excreted into the bile and
consequently raised values are seen in obstructive Jaundice,
In addition, variable values may be oncountered in chronic

liver damage.




In assessing the role of $-ICD in the diagnosis of
different tyvpes of hepatic dilsease, the resulits to be found
in the three maldn types of hepatic dysfunction, i.e. acute
damage to liver parenchyma, chronic disease of the liver,
and obstructive Jaundice, must be studied 1in detail and the
results compared with the information obtained from other
liver function tests. It is obvious from previous
publications that the enzyme should be compared closely
with the transaminases, as their relea as liver function

tests will bhe very similar,

MIETHODOLOGY .

When considering a new analysis for introduction as a
routine diagnostic test in clinilical chemistry, it must be a
method which will give reliable, reproducible results
without presenting too many or severe practical problems.
It is also desirable with onzymatic procedures that the
conditions of analysis should be strictly adhered to and a
check made against results obtained by other workers using
the same piocedure. It is quite possible for an enzyme
method to gilve varylng results from different establishments
using the same procedure, due, perhaps, to differences in
source oy preparation of substrate or coenzyvmes, or
apparatus uged in the analyais.,

The colorimetric determination of S=ICI, as described

by Bell and Baron (1960), was undertaken with no difficulty.
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Very reproducible resulits were obtained which were
comparable with Bell and Baron's orviginal data on duplicate
analyses, variatvions in incubation time, and volume of
serum used., This was also reflected in obbtaining an
almost didentical normal range as that quoted by lell et al,
(1962) using the same method., Besildes giving reliable
results, the procedure presented no analytlcal problems,
The reagents wewve very stable, including the enzyme substrate
when stored at 40, except for the NADP solution which was
made up Tresh for each batch of analyses. A calibration
curve using a-ozxoglutaric acid was easily counstruchted and
standards could be run along with tests as a check on
reagents.

Serum enzymes could be stored at 4° or -20° for at
least 14 days with negligible loss of S-ICD activity.
Wolfson and Willlams-Ashwan (1957a) stated that sera could
be stored safely for many days at 40. and Dodansky et al,
(1960) stated that S~ICD was stable in a deep~-freeze Ffor
21 davs. |

From a practical point of view, the estimation of $-ICD
by the colorimetric method is comparable, and in some ways,
better than that foir the transaminases. The method was
definitely superiox to the colorimetric method used in this
investigation Ffor both H-G0T and S-GPT, as the toluenec
extraction of the DNP-hydrazones was laborious and time-

consuming . Hovever, there are other improved methods for
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both transaminases which do not involve protein precipitvtation
and toluene extraction (Reitman and Frankel, 1957). The
5=-1TCD determination has advantages over these methods as

the calibration curve 1s more linear and easior to construct,
and very high enzyme activities are more acocurately

obtalned by the $=-ICD method using shorter incubation times
and reduced sample size, than by equivalent procedures with
the transaminase methods, Bodansky et _al. (1960} favoured
the 5-G0T in preference to the S~ICD, in part because the
8-G0T was stable in the deep~freeze up Lo one year, whoreas
the $-IL0D was stable Loy only 21 days. This, however, is
not a valid practical consideration as it is unusual and
unlikely that perieds of three weeks should elapse between
withdrawal and analysis of the specimen.

It can be stated from the outset, therefore, that when
conasidering the S5«ICD as a biochemiocal test of liver Tfunction,
and particularly when comparing 1t with the serum trang-
aminases, the practical estimation of the enzyme presents no
problems, and, if anything, is somewhat superior to the

trangsaminases in thils respect.

ILSOCITRATYE DEHYDROGENASE TN ACUTE HEPATITIS,

The highest 8-10D values recorded in thils investigation
all fell within this group and this confirms the findings
of previous authors, e.g. Merten and Selbach (1961) who

found that acute hepatitis produced S-ICD values far in
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excess of those found in other disease gtates. In the
infectious hepatitis group studied here, 9 of the 13 results
were above 100 units/ml. The U4 lower ones, under 60
units/ml. (Fig. 1, p.28) were probably due to the S-ICDH
having reached its peak pricr to the blood specimen being
taken, and the activity was probably falling back to normal.
The initial rise of this enzyme takes place early in the
disease, often before the onset of jaundice (Okumera and
Spellberg, 1960), and tends to fall faidrly rapidly back to
normal values. Bell et a}.;(lg;éze) stated that the $-ICD
returned to normal usually 3-4 wecks after the onset of
symptois.,

S«1CD in infectious hepatitis gives very much the
same information as the 5-GO0T and S8-GPT. High values for
one enzyme always coidncided with high values for the others,
As can be seen from the case which showed fluctuations din
enzyme activity over a long period (Fig. 5, p.55), all throe
engymes produced very similar resulis. Sterkel et al.
(1958) vremarked on the similarity of the behaviour of $~ICD
and $-GPT in acute hepatitis; Kerppola ot al. (1959)
commented on $-ICD and 8-GOT, and Cohen ¢t al. (1961) paired
the S5-ICH and 5=GOT with having the same degree of
sensitivity for reflecting acute hepatocellular damage,
while the 85-GPT was slightly superior to both of these.

Prom Fig. 4 (p.SB). it ds clear that there is not a

good correlation between the S$-ICH and both transaminases




on direct comparison of results. This can be explained

by the fact that it has been reported that the fall from
the inditial pesk of S-ICD activity tends to be somcewhat
sharper than for the transaminases (Hargreaves et al., 1961
Cohen ot al., 1961). It is probable, therefore, that in the
cases of dinfectious hepatitis, the 5-ICD activity may be in
decline while the transgaminases may stlill be rising, or
falling at comparatively slower rates. In these
circumstances, a direct compaxison between these enzymes

on isoclated specilmens would be expected to give only é
moderate or poor correlation.

Bodansky et al. {(1960), in their study of S~ICH and
H5«G0T in experimentally induced viral hepatitis, commented
on the superiority of 8-G0T over $-ICD because it rose to
higher values. This has been shown in the present work
(Fig. 6, Pe56), where in all but Htwo cases, both trans—
aminases showed higher dncreases in activity than the S-ICD,
However, this is not a good way of expressing the sensitivity
o an enzyne. The dmportant factor in assessing the
comparative sonaitivity is to consider the time at which
the enryme starts to show detectable abnormal values in
relation to symptoms and other tests of pathélogical upset,
and not so much the abseclute peak wvalue eventually reached.
Thus, Bodansky et al. (1960) Found that in 8 of 9 cases, the
S~-ICD and S$-~GOT becamoe elevated on the same day during the

developement of hepatitis. Okumera and Spellberg (1960)




ffound in one of thelr cases that the S8-ICD wreached its peak
activity before S-GOT,

Bell et al. (1962), commaenting on the usefulness of
S«IChH in detecting acute liver damage caugsed by hepatotoxic
drugs, found that elevations in S-ICHD activity occurred in
many cases before elevations in S-G0T activity, and both
enzymos showed superlior sensitivity over the commonly used
liver function tests. The results on the patient with liver
damage caused by p-aminosalicylic acid support: these Ffindings.
The $~-ICDH and both transaminases showed very high values
during the initial Llivei upset; the S-ICD fell to normal
values more quickly than the S8«GPT and possibly the 5«GOT
(1"able &, p«33). However, when using these enzymes to
detect minimal liver cell damage following the test dose of
p~aminosalicylic acid (Table 5, p.34), the S-~ICD was the
enzyme to show the first abmnormal values and it was slightly
more sensitive than the transaminases.

From these facts, it can be concluded that, while the
transaminases produce,in most cases,values higher than the
5-ICD in acute hepatitis, the sensibivity of these engymes
in detecting and following the course of acute hepatic
damage is very similér, and although the results obtained
from S-ICD estimations do net show any definite advantages,
they are very comparable and in no way inferior to those of

the transaminases.
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SERUM ISOCITERATE DEHYDROGENASE TN DRUG-INDUCED JAUNDICE,

The widely-used drug, chlorpromazine, is known to
produce hepatic. dysfunction, with or without jaundice, in
a small percentage of patients taking the drug (sherlock,
1058 ), The jaundice has been classed as cholangiolitic
due to intrahepatic cholegtasls giving high &a&lkaline
phosphatase values. Promazine has been stated to produce
a similar pleture (Valtzkin, 1957). Some repoirts have
indicated that there may be mild hepatocellular damage in
this condition; Zelman (1959) found increased transaminase
values with histological evidence of mild liver cell necrosis
in all of 9 patients. The S5«ICD results on the patients
with chlorpromazine and promazine Jaundice in this present
study, are in agreement with what would be expected from
the histoleglcal description of the lilver pathology.

The s-icn obviously does not have a diagnostic use in
these cases, but its importance in other drug~induced liver
conditions has been shown (p.32), and Bell et al. (1962).

In haemolytilc Jjaundice, normal S5-ICD values would be

expected, Bell et al. (1962) Ffound normal values in 10
cases of chronic haemolytic jaundice. They stated, however,

that high values might be Ffound in haemolytic crises and
this would explain the value of 23 units/ml., found in the
case of phenolic poisoning, where there was extensive

breakdown of red blood cells,
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SERUM ISOCITRATE DEHYDROGENASH IN CIRRHOSIS.

8-ICD values found iIn patients with portal cirrhosis
were, in all but one case, very much lower than those found
in acute hepatic damage. Twenty-edight percent of cases
had normal values, 64% had minimal increases (below 20
units/ml.) and of the remaining three cases, only one had a
high value of 54 units/ml, These results agree with
previously rsported data, of which VWolfson and Williams-
Ashman (1957b), Wolfson et al. (1938), and Sterkel et al.
(1958) all stated that the $-ICD tended to be normal in the
majority of cases of cirrhosis, and increases when
encountered, were only moderate, Okumera and Spellberg
(1960) found increases of up o0 two times normaly results
in this report are similar to their findings.

The variation in $-ICH wvalues in the cirrhotic patients
was not predictable, Kerppola et al. (1959) and Cohen
et _al. (1961) stated that raised $-ICH values were associated
with 'active'! phases of the disease, where there was active
breakdown ov regeneration of livoer cells. The former
authors used critevia of severity of jaundice and inflammatory
changes in the liver seen in needle bilopsy specimens. to
assess the degree of activity; the lattoer assessed thedir
cases by the degree of jaundice, ascites and upsect of liver
function tests, and histological evidence of active
regeneration, inflammation o necrosis of the liver tissue,

In the cases investigated here, no liver blopsy specimens
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were taken and, therefore, no histological dndication of
the activity of the civrhotic process in the liver could
be obtained, The case with the high S$~ICH value of 54
units/mi. had ample evidence of active cirrhosis, with a
bilirubin of 9.8mg./IOOml., high transaminase activities
and a very poor clinical condition. In the majority of
otheyr patients, however, $5=ICD values could not be
correlated with certaln indices of active cirrhosis,
There was no relationship between S-1ICD values and degree
of hjperbilirubinaemia or the clinical state of ithe patient.
This agrees with Sterkel et al. (1958), who Ffound no
relationship with S-ICD and the amount of jaundice ox
clinical evidence of activity, and Bell et al. (1962) who
found no correlation between S5-ICD and the presence of
jJaundice and ascites in their patients. I'ranken et al,
(1960) stated that there was no correlation between $-ICD
valueg and compensation of the patient; Bell et al, (1962)
agreaed with this, defining a decompensated case as one
with a bilirubin greater than 2.0mg./l100ml. and a serum
albumin less than 3.08./100ml. On invegtigating the
present series from this viewpoldnt, similar resulits were
obtained.

On the other hand, 1f the serum itransaminases are taken
as indices of the activity of cirrhosis (Wrdblewski and
LabDue, 1956; Baron, 196M). then the S$=ICD must also reflect

activity, as results ef these enzymes were significantly
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correlated (Pig. 7, pP.58), and, in the main, abnormal values
for the transaminases coincided with ralsed S-ICD values.,
Cohen et _al. (1961) stated that $-ICD, $-~GOT and S$-GPT were
all elevated in their 'active! cases. Sterkel et al, (1958)
found 5 abnormal 5-I0D values in 27 estimations on 19
patients, compared with one slightly elevated S5-GPT result
in 20 estimations on 12 cases, and stated that S-GPT, along
with S-~ICD, was not related to biochemlical and clinical
evidence of active cilrrhosis, Hargreaves et _al. (1961)
gquoted an incidence of abnormal resulits gimilar Tor all
three ensymes in cirrhosis, but did not gsplit their cases
into 'active' and 'inactive'! types,

5-ICH determinations in povital cirrhosis appear,
therefore, to give a picture similar to that produced by
the transaminascs, with variable increases which are in
some cases unspecific in nature. However, the transaminases
do have a diagnostic advantage over the $-ICD in chronic
liver damage. ﬁréﬁlewski and Labue (1956) found that in
cases of portal cirrhosis which showed abnormal transaminaso
valuea, the S-0G0T was always higher than the S-GPT, Thus,
the ratio S$-GOT/S-GPT would always be greater than 1,0,
They suggesgsted that this fact might be of use in the
diagneosis: of chronic liver damage. Baron (1964) has
refuted this by saying that the ratio has not been proved
to have a diagnostic value.. In the casces presented. here,

whieh showed abnormal values for the transaminases, the S=GOT



was higher than the S-GPT in 11 of 15 cases (¥Fig. 3, p.49),
the other two cases producing values of 1.0 and 0.92 for the
S=GOT/5-GPT ratio. Therefore, although the transaminases
can produce variable wesults, this ratio would appear te be
a more specific indicator of chronlc liver damage than the
absolute values of elther 8-G0T, H-GPT or S-ICD.

It is not unreasonable to expect the 5-ICD to show
variable and unpredictable results in a liver condition
ﬂu&h ag portal cirrhosis where damage to, and regeneration
of liver cells, and the progiress of the disease, may
fluctnate and make a true assegsment of the changes taking
place inside the diseased organ at a particular time very

difficult.

SERUM TBOCTTRATE DEHYDROGENASYE IN OBSTRUCTIVE JAUNDICH.

The esctivity of S$~-ICD in patients with extra-hepatic
biliary obgstyuction, vhatever the cause, is important, as
the overall status of this enzyme as a useful factor in
the differential diagnosis of Jaundice stands or falls by
its ability to distinguish Jjauudice due to extra-hepatic
causes from intracellular liver damage. in 1058, Sterkel
et al., suggested that the 8-ICD could be used to diff@fantiate
between intra- and extra-hepatic jaundice, and Baron (1963)
stated that S-ICD had advantages over the transaminases
because of normali values seen in obstiructive jaundice.

This has been veilterated by the same author (1964) in a



textbook in which he states that S-ICD is generally normal
in biliary obstruction. There are, however, authors who
have found variably raidsed activities in obstructive
jaundice (Hargreaves et al., 1961l; Cohen et al,, 1961;
Saad et _al., 1963).

In assessing S-ICD in acute and chronic liver cell
damage, and comnparing the results with serum transaminases,
it has been found that the S-ICD is semnsitive and comparable
with the transaminases as an indicatoi of acute hepato-
cellulayr damageo. In chronic liver damage, the S=ICD has
little oy no diagnostic use, wherecas the transaminases, with
the S=-GOT/S-GPT ratio, have, S5«GOT and S$-GPT also have the
disadvantage of producing variable increases in obstructive
Jaundice and, therefore, the $-ICD would be useful as an
adjunct to these enzymesg if it produced more specific
results in this pathology.

The S-ICD wesults found in this present seriles off
ohstructive jaundice cases, however, do not support Baron's
contention (1964) that the 8«ICD gives essentially normal
values with obstruction, In consildering all the cases
which had proven extfa-hepatic biliary retention, only 17%
produced normal S-ICD values (rable 2, p.29). Admittedly,
abnormal values in some of the cases could be explained by
secondary complications, e.g. the presence of liver
metastases in malignant obstruction and acute inflammation

in benign cases, but there still remained a high proporition
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of cases, which could be clagsified only as 'typical’
obstructive Jjaundice, i.e. uncomplicated by involvement of
liver cell damage, in which the S«TC1 showed some increase.
In many cases this was only minimal and values above 20

units/ml. were infrequently encountered.

Uncomplicated Obstructive Jaundice.

These cases consisted of 1k with malignant obstruction
and 20 with benign blliary retention caused by stone in the
bile duct, with or without chronic cholecystitis. The
cases were all proven at operation and had no concomitant
evidence of liver cell damage, e.g. clinically, there was
no evidence of hepatomegaly or chronic liver damage, and
biochemical tests of liver funcition gave a picture of
obgtructive jaundiee'with. usually, a ralsed alkaline
Phosphatase and, in every case, normal thymol turbidity and
floceculation and zinc sulphate turbldity tests. Marther-
more, the serum transaminases, where estimated, always fell
within the accepted range for obstructive jaundice, no
values for eithor S-G0T or $-GPT above 400 units/ml. being
found, Cases which showed adverse liver morphology at
operation were excluded from this group.

It can be seen from Table 6 (p.38) that there was not a
statistlcal difference between the S-ICD results obtained
from the malignant and non-malignant groups, and the

distribution of S-ICD values in the two groups was very




similar (Table 2, p.29). Okumera and Spellberg (1960)
found only two abnormal S-ICD values in 17 cases of acute
and chronic cholecystitis, but I ocut of 5 cases with
malignant obgtruction had raised S5-ICD values; Kerppola

et als (1959) claimed that the $-ICD could be used to
differentiate malignant from non-malignant obstructive
Jaundice; but they based thils on only a small numbex of
cases. It is obvious from the present results that no such
distinction can be made.

Considering the malignant and non~-malignant cases
together, there were only 9 of the 34 cases (26%) which had
normal S-ICD values. . Twelve casea (35%) had minimal rises
(below 1% units/ml.), a further 26% had moderate elevations
(15-20 units/ml.), and 4 cases (13%) had higher values, but
all were below 30 units/ml, These resulis support data
ﬁut foward by Cohen et _als (1961) who found 4 of 6 cases of

ad

obstructive jaundice with railsed S<I(CD valueaﬁ‘Saad et al,

(1963) who found only 6 normal results in 21 S-ICD
estimations on uncomplicated malignant and non-malignant
obstructive cases. Hargreaves ¢t _al, (196%) quoted an
indidence of 730% for abnormal S-ICD values in their
obstructive jaundice group,; but Bell et al. (1962) pointed
out that these cases included biliary cirrhosis which would
produce raised values. However, in this present work; cases

of biliary cirrhosis have been treated separately. Bell
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et al. (1962) claimed that the S8=-ICD would be normal in

cases of obstructive jaundice uncomplicated by liver cell
damage . It must be stated that they classified their 19
cases in this way with the aid of livexr biopsay. This was
not possible in the present study except in a few isolated
cases where liver materlal was taken at operation and
histology was compatible with biliary retention, However,
Bell et _al. (1962) also stated that they found normal S$-ICD
values in obstructive Jjaundice cases only when they were of
short duration, and that long-term obstruction leading to
liver cell damage produced raised $S-ICD wvalues up to 30
units/ml. They did not define, however, what constituted
short and long-term duration of biliary retention. It can
be seen in this study (Table 7, p.tt2) that the duration of
symptoms did not appear to influence the distribution of
S=ICD values,. The %ime of onset of symptoms was taken
with a liberal view, is.0. in each case, the duration was
timed from the first indication of jaundice, where stated,
or abdominal symptoms, however vague or non-specifice.
Whilst it must be accepted that liver cell damage can, and
probably does, occur with prolonged biliary retention, this
cannot be put forwvard as the reason for increases in S«ICD
activity in these cases, particularly as there was no other
evidence, clinical or biochemical, for the existﬁnce of
conconmidtant liver cell injury. It should also be noted

here that the S5=-ICD could not be related to the severity
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of the obstruction when using the serum bilirubin and
alkaline phosphatase as independent indices of this (Fig.
11 and 12, p.65,66).

If what Bell et al., (1962) say is true, that the S-ICD
will be normal in uncomplicated short-term obstructive
jaundice, then these present 'results can be explained only
by the fact that liver cell damage occurs to some extent in
the majority of cases of obstructive jaundice and is not
related to the duration or severity of the obstruction.
This may be soe, but can be ascertained only to any extent
by knowing the state of the liver parenchyma in each case,
and this would involve obtaining liver b@opsy materiale.
Since the S=-ICD is being considered as a potential test for
the differential diagnosis of Jjaundice, the results must be
able to be intevpreted withoeout having to resort to this
technique. It would appear from these vresults that
abnormal 5-1CD values (b@low 30 unita/ml.) may be expected
in uncomplicated obstructive jaundice, and the ensyme will
not necessarily yield‘specifia information as to severity,
cause or liver cell complications of the obstructive lesion.

The increases in 5-ICD in these cases were poorly
corrvelated with the transaminases. There was a significant
correlation between the $-ICD and S-GPT (v = 0.43, P €0.035),
but this wes much lower than that found in acute and chronic
hepatltlies cases. This could be explained by the fact that

in acute hepatitis, both ensymes are vreflecting active liver
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coell damage; in chronilec hepatlce upset they ayre probably
responding to changes in the liver at the cellular level,
whereas din 5b@true%iV@ Jaundice, it is likely that the
engyme increases could be due, in parét, to interference with
th@ir billlary excrebloi. There 1s evidence that the
transamlinases are excrobed into the bilile (Reichavﬁo 1959),
and Wolfson and Williasms-Ashman {(1957b) stated. that 8-ICD
was dncreased after bhile duct ligaition in the rat, and
Okumera and Spoellberg (L960) observed moderate elevations
followlng ligation of one of the hepatic ducts in the dog.
L3 could well be that removal of S=I0D via the biliary

tract dg dindependent of the processes affecting transaminase
romoval, and, thevefore, a good correlatlon between these
enzymes in bililary rebentlon would not be expected.

Howe#@r. this hypothaoesile is noet gupported by the wresults
chhained in Hiliary cirvhosis, where the 5-LC)H showed the
highest correlation with bobh %ransaminases (Fig. 8, p. 60).
The values foxr S-G0T and 5-GPT are usually higher in biliary
than in portal civrhosils (Molander et _al., 1957). This
counld be due to the compoasite effect of liver cell damage
plug billiary vetention giving high transaminase values, but
it ds dldfficult to explain why the S«I0D should follow the
transaminases 0 closely when there is such a poor

corvelation in extra~hepatic obastruetion,
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Obstruptive Jaundice Associated with Liver Cancerx.

The presence of metastatic liver involvement in casés
of obstructlve Jaundice due to malignant lesions, tended to
give higher S-ICD values (Table 2, pP.29) which were
slgnificantly different from the non-metastatic mallgnant
‘cases (P <€0.005, Table 6, p.38). There was, however, some
overlap between the twoe groups, and the $-ICD was not
definitive in separating them, Previous authoirs have
commented on gecondary involvement of the liveir in neoplastic
‘diseasge causing raised 5-ICH values (White, 1958; Xerppola
et al., 1959). Sterkel et _al. (19358) concluded that S-ICD
could e useful for detecting livey metastases in malignancy.
Others have found S-ICD raidsed in a high proportion of cases
of liver cancerj Cohen et al. (1961) veported an incidence
of 70%; Bell et _al., (1962) found raised values in 19 of 273
cases, and Tan e _al. (1963) found increases in S-ICD in the
majority of 289 patientes with liver metastases, although
only 20% had values above 20 units/ml, All the cases
reported here had vraised values with over 50% above 20 units/
ml. However, QOkumera and Spellberg (1960) repoxted that the
rigse in 5~1CD was governed by the extent of liver involvewment,
as normal S-ICD values weve fpund in cases where there were
minimal small metastatic lesions in the liver, Although 1t
was not possible to grade the present cases according to the
oentent of motastatic deposits in the liver, none of them

could be gaid to have minimal lesions, and three of the cases,



which were reported as having huge liver secondaries, had
high S-ICD values (28, 32 and 57 units/ml.).

The S~ICD seems to respond in a more specific way to
"metasbtatic liver involvement in obstructidve jaundlce than does
the S=GOT and S-GPT, No significant differences could be
seen between the transaminase resulté in the metastatic and
non-metastatic groups (Tables 10 and 11, p.h6,47), and Pig.

9 shows that S5=1ICD gives comparatively higher values in the
metastatic group, whereas the 5~GPT does not. These facts
agree with those of Tan et al. (1963) who stated that $-ICD
was ralsed In a greater proportion of cases with liver
metastases than were the transaminases, and Cohen et al, (1961)
found an incidence of 64% for raised btransaminases compared

to 70% for S-ICH in cases of liver cancer.

These same authors also shated that the $-ICD approached
the alkaline phosphatase in gseunsitivity as an index of
hepatilc involvement in malignancy. This present study also
shows that the alkaline phosphatase gives significantly
higher results in the presence of liver mektastases (Table 13,
Pe52 ), which agrees with previous findings for this enzyme
(Shay and Siplet, 1954). Mendelsohn and Bodansky (1952)
stated that thexre appeared to be a relationship between the
degree of hepatic invelvement and rise in alkaline
phosphatase. Okumera and Spellberg (1960)'5ugge$ted thisg
applied also to 5-ICD, but when comparing the two enzymes

in this study, no corrvelation was found beitween them, (Fiﬁ.
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11, D65} Therefore, although both enzymes produced

ralsed values in every case of liver metastases, which were
significantly different from the results on cases of
obstructive jaundice without liver metastases, it cannot be
said that the two enzymes were comparable indices of liver
involvement., The alkaline phosphatase tended to give higher
rigses in activity than the S-ICD in the majority of these
cases, but for both enzymes there was an overlap in results
obtained from thg non-metastatic and metastatic groups, which
decreased the specificity and, thevefore, the usefulness of
these enzymes in dliagnosing liver metastases in the jJjaundilced

patient,

Obstructive Jaundice Complicated by Acute Inflammation,

On reviewing the cases of non-malignant obatructive
jJaundice, it was found in three of them with high S5-XCD
values, that they showed signs of having had acute
inflammation near to the time at which the blood specimen
was talken, Congequently, all the cases were classified as
inflammatory or non-inflammatory using the criterila for
acute inflammation mentioned previously (p.37), except For
three cases whose classification was equivocal, It was
found after separating the cases on the above basis, that
S5«ICH values were much higher in 7 of the 8§ inflammatory
cases., There was a high degree of significance between

the two groups (P ‘(0.00l, Table 6,p.38).
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EBxcept for one case discussed below, the inflammatory
cases presented with a history suggestive of obstructive
Joundice with acute cholecystitis, They had no clinical or
biochemical evidence of active liver cell damage occuring
along with the biliary retoention. Noxrberg (1961) reported
esgentially normal S~ICGD values in patients with symptomless
gall bDladder dysiunction, dput raised values occurred in some
patients with symptoma of acute cholecystitis, Only 7 of
30 cases had very high values in the latiter group. The
author did noet, however, give any criteria for classificatlion
into this group, At least 8 out of 34 patients did not
have clindcal jaundice and 17 of 31 cases had only normal
or moderate rises in alkaline phosphatase, | It is, therefore,
likely that some of the cases in that series would not have
been classed in the inflammaetory group in the present study.
Okumera and Spellberg (1960) found two abnormal values in 17
cagses of benign obstructive jaundice. One of those, with an
S=I6D value 4 times the upper limit of normal, had acube
cholecystitis, diabetes mellitus and acute pancreatitis.

Saad et al. (1963) also found a very hipgh S-ICD (approximately
10 +times normal) in a case shown to have a - stone in the
commoen bile duct and acute cholecystitis, but Iiver biopsy
showed a high degiree of focal necrosis which may have been
responsible; in part, for the very high $=ICD activity.

The othex casge in‘ﬁhe present study, was a women diagnosed

a9 having cholangitis associlated with stones in the common
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bile duct of approximately two weelas duration. Bahe had
very high $-ICD values, up to 6 times the upper limit of
normal, on frequent occasyglons, pre~ and post-~operatively.
In addition to this case, was the patient who developed a
post-operative infection with Jjaundice, and whose S5-ICD
activity rose to a high value. This man was thought to
have a post-operative cholangitis, Wolfson and Williams-
Ashman (1957b) reported that cholangitids gave. raised 5-ICDh
values, although they gave no detalils, The second case
in the benlign obétructive Jaundice serdies of Okumera and
Spellberg (1960) which showed a high S-ICD value, had
chronic cholecystitis, pericholecystitis and intra-hepatic
cholangitis, and Cohen et al, (1961) stated that the patient
with the highest 3-ICD value in their obstructive Jjaundice
group (4 times the upper limit of normal) had ascending
cholangitis,

There 1s a distinct possibility in cases with ascending
infection that large numbers of hepatic cells may become
damaged, and might produce high 5-ICD values. This would
be expected to give high transaminase wvalues tco. This
was shown in the man with post-operative infecition, whore
the sharp increase in S5-ICD activity coincided with peaks of
transamlnase activity. However, there was also an equally
sharp and impressive. vige in alkaline phosphatase which
would indicate an acute exaberation of biliary retention,

and 1+ is, therofore, impossible to say 4if the vise in S-ICD
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and transaminases was due to ldver cell damage. The woman
with cholangitis who produced very high $=-ICH values, did
not show such a pronounced increase in transaminase values;
the 5-GPT never went above 200 units/ml., and the highest
recorded value for S-GOT was only 110 units/mi. The thymol
turbidity and flocculation and zinc sulphate turbidity tests
did not show any abnormal results, even after a prolonged
period of infectlon, and liver bilopsy showed only small foci
of acute liver cell degenerationf Frqm this, an increased
é«ICD value would be expected, but perhaps not to such a
degree as was found,

‘There was no reason to suspect hepatic cell complications
in the other cases with acute inflammation of the biliary
tract. If the high 5+XICD values are not explained by
liver cell damage, there ilg the possibility that the enzyme
is released in large amounts at arveas of inflammation wvhere
there will be a large influx of mononuclear, polymorph and
lymphooytic cells. High S$-ICD velues have been reported
in many cases of infectious mononucleosis. In this condition
liver histology shows only a small degree of focal parenchymal
damage, but with intensive invasion of the liver by mono-
nuclear and polymorph cells (Sherlook. 1963). Bell et al,
(1962) reported that S$-ICD values in infectious mononucleosis
covered the same range as those found in infectious hepatitis,
All their cases showed raised S5<ICD values at some stage of

the disease, the highest values bedng seen in cases with
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blochemical or other overt clinical evidence of liver
involvement, but some cases showed raised S«ICD values with
no other evidence of liver damage., It may well be that
raised 5-1ICD values are a reflection not only of hepato=-
cellular dysfunction but are assocliated with the presence
in the li&er of large populations of inflammatory cells.
S5=1CD values in the inflammatory group were not
reflected to the same extent by the transaminases, where no
significant differences could be shown between the
inflammatory and non=-inflammatory groups foxr both 8-GPT and
$-GOT (Tables 10 and 11, p.46, 47). Two of the cases did
have high S=GPT values (300-400 units/ml.), but the other
cases showed only moderate increases as might be expected in
simple cases of obstzructive jJjaundice, This would lend
weight, therefore, to the hypothesis that S«ICD activity in
these inflammatory cases may have arisen, in part, from

extra-hepatocellular sources.

ISOCETTRATE DEHYDROGENASE COMPARED WITH SERUM TRANSAMINASES,

In previous studies where the S-ICD has been compared
with one or both of the serum transaminases, the opinions of
various authors have differed in the final assessment of
their relative value of theilr estimation in the jaundiced
patient. Sterkel et al., (1958) indicated that the S-ICD
vields more gpecific information than S«GPT because of normal

values seen in obstructive Jjaundice. Bell et al, (1962)
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stated that S-ICD was a more specific test of liver cell
necrosis than $-G0T for the same reason, and Baron (1963,
1964) has also suggesied $~-ICD has advantages over the
transaminases because of noymal values found in obstructive
“Jjaundice. Opposed to this are the views of Kerppola et al,.
(1959) wiho, on considering the clinical significance of
5-ICDh, did not think that it provided any more useful
information than the combined use of 3-~G0T and alkaline
phosphatase: Cohen et al, (1961) saild that, although S$-ICD
was a sonsitive and rvrather apecific indicator of hepato-
cellular damage, but slightly less so than 5-GPT, 1t had no
slignificant diagnostic advantages compared with the serum
transaminases,.

Sterkel et _al., (1958) proposed that 8-ICD had some
advantages over the transaminases in acute hepatitis because
of its ease of measurement, whereas Bodansky et al. (1960)
preferred S8-GOT to $-ICH because of the former's higher
increases in acute hepatitis, and the latter's relative
instablility on storage of serum gpecimens.

The results of this present investigatlion support the
view of Cohen @t al. (1961) that $~-ICD does not have any
significant diagnostic advantages over the serum transaminases
in the differential diagnosis of jaundice. Raised S-ICD
values are to be expected in obstructive jaundice and,
therefore, the premise of Bell et al. (1962) and Baron (19693,

1964) cannot be upheld by this work.
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There is no doubt, however, that S-ICD is a sensitive
indicator of acute liver cell damage, i comparable with both
transaminages in this respect, and is, perhaps, somewhat
superior to the S5=-GOT as indicated by Bell et _al. (1962).

The conclusions of Bodansky et _al. (1960) are not supported

as, firstly, the sensitivity of S«ICD in detecting acute
hepatocellular damage was assessed hoere by 1its time of response
and not the overall magnitude of the increase in activity,

and secondly, the stability of S-ICD on storage was not
considered t0o be a practical problem or make S=ICDH inferior

to 8«GOT oxr S-GPT. The Qraotical estimation of the enzyme

was in some ways better than that for transaminases which
agrees with Storkel et al. (1958).

In cirrhosis, the transaminases, expressed as the S~G01/
8-GPT ratlo, had distinct dlagnostic advantages over the 5-ICD,
the latter having no real value in this condition as 1t could
not be rvelated to the clinical state of the patient. Risges
in S«ICD activity with liver metastases were more pronounced
than with either transaminase, and supported Tan et _al, (1963)
who found raised S~ICD values in a greater propoxrtion of
cases than elevatlons of 5~GO0T and S«GPT.,

In making an overall assossment of S-ICD compared with
the éerum transaminases, 1t can be stated that S-ICD can be
readily used as a useful adjunct to the transaminases, but

it is not lilkely that the enzywe would ever supersede them.




ISOCITRATE DEHYDROGENASE COMPARED WITH OTHER TESTS OF LIVER

FUNCTION .

5=1TICD was compared with alkaline phosphalbtase only in
cases of obstructive Jjaundicej there was no correlation
between the two enzgvumes. Acute inflammation affected only
S=ICDH results and did not produce higher alkaline phosphatase
values., The presence of liver metastases tended to give
higher values for both enzymes. Cohen et al, (1961) stated
that S5<ICD was comparable with aikaline phosphatase as a
sensitive index of secondary liver dinvolvement, but it is not
poasible to reach the same conclusion from the prescent work,
as increases in S-ICD in malignant obstructive jaundice were
not specific for secondary liver involvemenit, although S-ICD
values obtained 1in the metastatic group were significantly
higher than the honnmetastatic group. The same can be said
of the alkaline phosphatase results, but increases in this
enzyme activity with liver metastases were comparatively
higher than those of S$~ICD,

S=ICH could not be correlated with serum bilirubin in
any of the groups of patients studied, In acute hepatic
damage, peaks in enzyme activity usually precede that for
bilirubin, and it has previously been observed that S-ICD
and transaminases are wmore sensitive than standard tests of
liver function in detecting acute breakdown of liver cells
(Bell et_al., 1962). Results obtained in the case showing

liver damage caused by p-aminosalicylic acld dindicated the
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superior sensitivity of S$-1ICD and the transaminases over
the bilirubin in detecting minimal damage to hepatic tissue,
In chronic liver damage, there was no correlation between
S=1ICH and degree of hyperbilirubinaemia, which agrees with
Sterkel et _al, (1958). This also applied to cases of
obstructive jaundice.

The protelin turbidity and flocculation tests used in
the diagnosis of acute or chronic damage to the liver cell
were not dirvectly comparable with S-1ICD, These tests usually
show abnormal values at a later stage, and remain abnormal
for a longer period, than serum engymes in acute hepato-
cellular upsot. This is illustrated by the data in Table 4
(p.33). " In chronic liver damage, the turbidity tests were
a more rveliamble index of cell damage than the variable

results encountered with S5-ICD and serum transaminases.

CONCLUSYIONS,

S-ICD is an enzyme which can be easily measured in
serum, and may be of some use in the diagnosis of hepatic
disease. If is a very sensitive indicator of liver cell
damage and shows very high results in conditions involving
acute breakdown of liver cells, Because of i1ts sonsitivity,
it will be useful in detecting subclinical hepatic damage
caused, for example, by hepatotoxic drugs. In these resgpects
it compares favourably with the serum transaminases.

It is of little or no diagnostic value in chronic liver




condlvions, where extremely variable and non-gpecific values
are found. = 8-~ICD results are again related to transaminase
values, but the S=G01/$~-GPY ratio coupled with other teasts of
chronic cell damage, e,g. turbidity and flocculation tests,
are to be preferred,

Ralsed values are sometimes seen in obsitructive jaundice
which cannot be wrelated to severlity or duration of syuptoms,
and the enzyme cannot be used to differentiate malignant from
non~-malignant cases. High 8~ICD values are to be expected
when secondary liver ilnvasion occurs in mallgnant obstructive
jéundice. High values occurring in benign obstructive.
jaundice arve assoclated with an acute inflammatory condition
of the biliary tract.

The enzyme will give essentially similar information
as the serum transaminases for most important diagnostic
uses, differing only in some details which are probably not
of greaw practical consequence. $-TCD may e used as an
adjunct to the itransaminases without difficulty and may yield
more gpecific information in those conditions mentioned above
which produce high S~ICD values. . Its sensitivity as an
index of active liver cell damage will be an asset in

detecting subclinical hepatic dysfunction,
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. PART 2,

STUDIES ON P-~GLUCURONIDASE IN CERVICAL CANCER.,

INTRODUCTION,




The enzyme, P-glucuronidase (E.C. 3.2.1.,31) hydrolyses
aliphatic, alieyclic, phenolic and wster Bnnmgluéosiduronie
aclids (Marsh and Levvy, 1958). It has a wide range of
specificity and will asplit a large numbeyr of natural and

synthetic substrates. The baslec reaction may be summarised

agi- COOH COOH
0 _OR 0 OH
+ H,0 —> + ROH
2 —
B=D=glucosiduronic Bnnmglucuroni@

aecid - acid

It seemallikeLy that more than one prote;n complex may
exist with PB=glucuronidase activity in a given tissue (Mills,
Paul and Smith, 1953), but most of the mammalian P-glucwe
uronidases from different apeciles have a pH optimum between
LiBes,3, There are no known coenzymes or cofactors; but the
purified enzyme can be activated by a number of substances
including protamine, bovine serum albumin, DNA from various
sources, gelatin, lysine and ornithine; it is inhibited by
other substances, e.g. hydroxyvecarboxylic agids,; ascorbic
acid and heparin,

The enzyme can readily be assayed by using a p«D-gluco-
siduronic derivative of a substance which can be m@&suréd
colorimetrically after being liberated by ensymic hydrolysis;
the one most commonly used is phanolphthalein;moncwﬁm

glucuronic acld and estimation of released phenolphthalein.
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PHYSIOLOGIOAL FUNGTION OF @ (-GLUCURONIDABL .

Although this enzyme has such a widespread distribution
in animel tilissues, and a great deal of investigation has
been done on the in vivo action of the enzyme, its éxact
Hle in living dissue is stlll not fully understood.,

Fishman (1940) cobserved an increase in B-glucuronidase
activity of liver, kidney and gpleen in dogs fed a terpene
alcohol (bormneol) and in mice fed menthol, both compounds
being excreted in the urine as glucuvonides. It was thought,
therefore, that the enzyme might in some way be related, in
thege tissues, with detoxication processes involving the
formation of glucuronlde excretion praduc%é. Howevery, the
eqnilibrium Of‘ﬁh@ enzyme veaction lies far in favour of
hydvolysis (Levvy and Marsh, 1963), and it 1s not conceivable
that the ensyme could play a major rgla in the synthesis of
glucuronides. The onzyme has, however, been shown 0 possess
a tranﬁferase.aetivity of glucuronyl rgdiéals in_v;tro
(Pishman and Green, 1957). but as a youte of synthesis of
glucuronides in vive this cannot compare in efficiency with
the established pathway employing UDP-glucosyluronic acid and
the very different enzyme, glucuronyl transferase (Dutton and
Storey, 1954).

iIn mogst mammalisn tilssues, the enzyme activity appears
to be related to the presence or funciion of various steroid
hormones. This is particularly evident in tissues of the

female reproductive tract which come under the influence of



aex hormones, mainly ocestrogons; and vhich have, in general,
2 high B-glucuronidase content which is sensitive Ho hormoune
stimulation.

Harris and Cohen (1951) showed. that the uterine
B=glucuronidase of ovarisectomlsed mice was significantly less
than that of normal mice, and a return to normal levels could
be brought about by oestrogen administration. Thio effect
of ovestrogen upon the tisasue p-glucuronidase was stated to be
a gpecific one and not to have resulted frowm oestrogens
induced tissue proliferation, as progesterone inhibited the
oestrogen stimulaéiom of p-glucurcnidase but not the growth
of the tissue. | |

Beyler and Szego (1954) discovered that the preputial
(clitoral) glend of the rat was rich in B-glucuronidase and
bhis fluctuated during pregnancy, apparently in response to
circulating hormones., Androgens have beoen found $o increase
the activity of @-glucuronidase in yrenal tubule cells and
its oxcretion in urine (Riotten and Pishman, 1953).

In human studies, the p=-glucuronidase activiity of tissues
from the female reproductive tract have shown variation
assoclated with changes in oestrogen production, Alterations
in tissue Peglucuronidase show a cyclic variation relative
to events of the menstrual eycle (Pishman and Mitchall,1959);
higher {@-glucuronidase activities are found in pregnant coervix
taken at term than in normal cervix (0Odell, Burt and Bethea,

1949), These tissue findings are reflected in elevated
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gerum B»giucuroniﬁ&se values found in pregnancy (McDonald
and Odell, iQM?), and wefe iﬁtarprated as showing emhanced
conjugation of oestrogens éﬁd.other hormones. FTishman,
Kasdon, Bonner, Fishman and Howmburger (1951) showed that
serumvﬁ-g;ucuron;dase was senéitivé to-oeéﬁrogehs; e.g. the
serum va;uas @qubled in ﬁéstQmenopaﬁéai women treated with
as little as 5 mg. stilb;@a£r01 ﬁer'day«

It appears, therefore, that bhé énzﬁmé is closely
Ponngcted with the presence or functioning of stercide in
tissues and must be concerned with either the synthesis ow
‘hydrolysis of steroid glucuronide compoﬁnﬁs, but its ultinsate

rSLa is not as yet known.,

DISTRIBUTION OF B-GLUCURONIDASE.

The enzyme is widely distributed intliving organisms,
mainly in the animal kingdom, but it has been reported to
exist in certain plénta (Levvy, 1954), and is fairly widely
distributed in bacteria (Beuhler, Katzman, Doisy and Doisy, -
1949; Jacox, 1953). In the animal world, the enzyme is
widespread and is féund in birds, fish, amphibia, insects and
molluscs, It is found in the majority of mammalian tissues
and has been extensivelystudied in man, rat, mouse, xrabbit,
dog and cat tissues. ‘

It occurs in most species in largest amounts in liver,
kidney and spleen, and is also found extensively in tissues

of the reproductive and endocrine systemsi the richest known
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gource is from the Female rat clitoral gland (Bevier and
Szego, 1954).

Seligman, Tscou, Rutenburg and Cchen (195&) undertook a
comprehensive investligation into the disvtributlion of the
enzyme in wrat tilssuey using histochemical techniques. They
concluded that P-glucuronlidase was confined, in general, o
cells of epilthelisl origing mesodermal cells showed a poor
staining reoaction for the enzyme, The greatest concentrations
‘were seen in liver, spleon, opithelia of the gastro-intestinal
tract and uterus, thyroid and white matter of mervous tissue.
The distribution of the enzyme did not vary from one rat 4o
another, but the intensity of the staining reaction did, and
this was not related to sex, agoe or size of the animal,
Pishman and Baker (1956) also described a histochemical study
of B«glucuronidaeé in 30 tissues of the adult rat; and showed
that epithelial tissue was the most active. Kawakatsu and
Mori (1963), again using histochemical techniques, showed
that Beglucuronidase was distributed thwomghauﬁ the cells of
normal mucosae and in squamous epithelium of normal userine
cervix,.

Besides these histochemical #twdies, there have been a

few quantitative assossments of various normal tissues by
determination of P-glucuronidase activities of whele tissue
homogenataes. Talalay, Fishman and Huggins (1946) gave
comparative Tfigures fox 12 rat tissues and found B=glucuronidase

in all the homogenates, with the highest activity/mg. wvet
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weight of tissue in spleen, liver, ovary and uterus.
Fishman and Anlyvan (1947) assayed homogenised human tissues
and found the highest B=glucuronidase activity in liver,
colon, rectum and endometrium.

The enzyme can, therefore, be detected in most tissues
from mammalian sources and is found with highest activity

mainly in epithelial cells;

INTRACELLULAR LOCALISATION 0F B-GLUCURONIDASI,

B=Glucuronidase in the Nuclous,

The histochemical studies of Seligman et al, (1954) and
Fishman and Baker (1956) showed that only the cytoplasm of
normal epithelial cells stained for P~glucuronidase, with no
reaction in cell nuclei, PFishman, Baker and Borges (1959)
found that cell nuclei of neoplastic cells from human tumours
were negative or only weakly positive, and Oka, Okamocto,
Omachi and Mori (1964) found the enzmyme confined to the
cytoplasm of cells from oral neoplasms, Fishman, Mitchell,
Dimitrakis and Hayashi (1963), however, found intensely
staining nuclei in some histological sections taken from one
case of adenocarcinoma of the human endometrium, Siebexrt
(1963) stated that isolated nuclei from rat cancer cells
‘showed considerable B-glucuronidase activity which was not
due to dytoPlasmib contamination of th@Apreparatiéns, The
author did not state, however, what proportion of the tissue

engyme was Found in the nuclear fraction,
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e In most tissue fractionation procedures, the nuclel are
centrifuged down from homogenates along with cell debris and
unyruptured cells, and in studies on the B-glucurconidaso
distyibution in auﬁeellulav fractions, this is usually
refervred to as the 'nucleax' fraction. Various figures have
been quoted for the percentage of the total (<giucuronidase
actlvity of a‘tissue homogenate which resides in the 'nuclear!'
fraction, and depends, naturally, on the homogenisation
conditions which will influence the number of unruptured
cells and other tissue debris (Levvy and Conchie, 1964).

When using recognised fractionation btechniques, the B-gluc-
uronidase activity in the 'nuclear' fraction rarely exceeds
20% of the total tissue activity (Plaut and Pishman, 1963).

Cytoplasmic B-Glucuronidase,

The greater part of p-glucuronidase of most cells, normal

and neoplastic, would appear, therefore, to lie in the
cytoplasm of the cedla.. The distribution of the enzyme in

the cytoplasmic Ffractions of the cell - mitochondria,
microsomes, lysosomes and free soluble enzyme - can be variable
from one tissue to ancother. Nearly all the work on the
intracellular localisation has begen done on rat and mouse
tissues, mainly liver amnd kidney cells (deDuve, Wattiaux and
Baudhuin, 1962). Fishwan (1960) indicated that the enzyme

was found in cellular fractions as followsi~

Nucleus Mitochond»ia Lysosomes Mlcrosomes Supernatant
-Ve not stated + 4 +4 &
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Walker (1952) stated that in mouse liver cells, the
gréater part of fB-glucuronlidase was located in the cvtoplasmic
granules (mitochondria and microsomes) and assumed there was
little in nuclei and the soluble fraction of cytoplasm,
debDuve, Pressman, Gianetto, Watﬁiaﬁx and Appelmans. (1955)
put forward the hypothesis that g-glucuronidase was bound,
along with vériouﬁ other hydrolytic enmymes, in separate
discreet cytoplasmic organclies which they termed lysosomes.
'The”pérticles would separate out along with mitochondria and
microsomes in most tissue Ffractionation procedures, Microsonmes
were also found to be high in feglucuronidase activity.

f=Glucuronidase has, therefore, been regarded as |
ﬁrimarily a &yﬁoplasmie enzyme, bound mainly within particles.
The distribution betwéen the various particulate fractions
and supernatant can, howoever, vary with the tissue (Levvy
~and Conchie, 1964), In mouse kidney cells, Conchie and
Levvy (1959) found approximately 21% of the total activity
in the non«partiaulata'cyﬁoplaamim fraction (supernatant),
with 22% in the mitochondrial and 21% in the microsomal
fractions., Roth, Bukovsky and Fichel (1962) found a vastly
‘different distvibution in rat spleen with approximately 70%
supernatant, 11% mitochondrial, 5% microsomal and 9% in the
nuclei, The lysosomal B=glucuronidase would be included
with the particulate fractions, probably mainly with the
mitochondria. There appears to be no data on cells from

human tissues,




There is a suggestion that cancer cells may have a
different distribution of B-glucuronidase, although there is
slight evidence of this - Conchie and Levvy (1959) found that
in mouse $37 tumour, over half of the enzyme activity of the
cytoplasm wes free and not confined to particles. Levvy
and Conchie (1964) reported similar findings in PBhrlich and

T2146 tumours.

B~-GLUCURONIDASE TIN CANCHR TISSUES,

Fiah@an. Anlyan and Gordon (1947) compared p-gluce
uronidase activity of howmogenates of various human carcinomas
with corresponding uninvolived tissue and found highex
aotivities of the enzyme in nearly every malignant tissue.
Striking elevations were found in malignant neoplasms of
breast, stomach, colon, uterus and lung. Pishman and
Anlyan (1947) compared f~glucuronidase activity of normal,
tumour and lymph node tissue of surgical patients, and found
higher f-glucuronidase in cancer tissues than in non-involved
tissues. IFishman and Bigelow (19%0) compared the histology
and P=glucuronidase of ki gastrointestinal neoplasms, and
although they foun& consistently increased p-glucuronidase
in these neoplasms, they could not correlate the activity
with a single morphological characteristic. Their dmpression
was that increased P-glucuronidasce might be associated with

greater cellularity of the lesion, and to a slight extent

5]
with mitotie activity, but this was not definitely
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established., They stated that tissue changes, only
secondary to mallgnancy,; €.g. inflammation,‘nacrosis, and
formation of fibrous stroma, could be excluded as causes of
increased f-glucuronidase activity.

-This work on tissue homogenates has been supported by
various histochemical studies. Fishman et al, (1959) Ffound
consistently that neoplastic cells of human tumours stailned
for P-glucuronidase in the cytoplasm with little or no reaction
in the nuclei, They stated that neoplastic cells were good
sources of f-glucuronidase, that these cells were the_mqjor
contributors to the p-glucuronidase activity of the whole
tumour tissue and not non~malignant elements such as leucocytes,
fibroblasts and fibrocytes. Monis, Banks and Rutenburg (1960)
investigated fB-glucuronidase activity in 121 human tumogrs,

100 of which were epithelial in origin. They found
a¢tivities varying from Jlow t¢o very high in the epithelial
tumours, while very low or negative reactions were found iﬁ
tumours of mesodermal origin, The @eglucuronidase activity
could not be corralated wlth histological grades of
differentiation. Oka et _al, (1964), in an investigation
into oral neoplasms of epithellal origin, found that the
tumour parenchyma reacted more intensely for -glucuronidase
than the surrounding healthy tissue; the activity in the
tumour ce;ls was confined to the cytoplasm. Lehrer (1962)
investigated a numboer of enzymes in glial tumours and found

that p-glucuronidase was the only one which showed a consistent
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and marked elevatlon in all tumours.

B-Glucuronidase is found, thorefore, in a wide variety
of tumour tissues and usually wilith increased activities over
corresponding normal tissues. It is found mainly in tumours
of epithelial origin and by histochemical techniques is

- found only in the cytoplasm..

P=GLUCURONIDASE 1IN CERVICAL CARCINOMA,

Great interest has centred upon pf-glucuronidase in
malignant and benign lesions of the Ffemale genital tiract since
Odell and Burt (1950) and Kasdon, Pishman and Homburger (1950)
indicated that the determination of Be~glucuronidase in
vaginal fiunid was g useful diagnostic aid for uterine
malignant growths, especially of the cervix uferi, where -
elevated values were found in over 80% of cases with cancer,

Odell et al. (19M9) undertook p-glucuronidase assays on
whole tissue homogenates in water of wvarious female genital
tumounrs., They compared 13 non-malignant cervices with 6
squamous cell cervical carcinomas, and found that the range
of P-~glucuronidase activity as units/g. wet weight of tissue
of the latter group waé very much higher than the non-
malignant group. Fishman, Kasdon and Homburger (1950)
compared 22 specimens taken from untreated cervical cancer
and found the mean activity for the gvoup was over 10 times
the mean obtained from 46 specimens of non~-malignant cervix,

Fishman and Mitchell (1959) studied the distribution of
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f=glucuronidase in normal specimens of vagina, cervixz and
uterus by histochemical_t@chniquea. and described B-gluc-
‘uronidase 'as showing strong activity always in the basal
layer of epithelium and often in several layers of cells
above, whilst there was variasble activity in the superficial
layers. There was little or no reaction in the stroma of
the tissues. The same group (Fishman, Mitchell, Borges,
Labue and Hayashi, 1963) then studied the ensymorphology of
cervical cancer and described results on three cases - one
carcinoma in situ, one early invasive, and one advanced
epidermoid carcinoma. In the carcinoma in situ, B-gluce
uronidase was found in healthy zones confined to basal and
superficial layers of the epithelium, while in the
carcinomatous areas, the basal epithelium reacted strongly,
and so did the stroma,. Similar findings were described for
the early invasive carcinowa. In the eplidermoid tumour,
the distribution of the enzyme was more widespread and
generalised, with a highly active stroma, They concluded
that in non-invasive epithelium, the B-glucuronidase remains
localised more oxr less in the basal layer, whereas in
invasive neoplasm many more of tho cancer ceils are positive.
Starzewski, Waronski and Steplewski (1963), in a study on 10
cervical cancer specimens, stated that P-glucuronidase and
acid phosphgtasa are high in the border arceas of bthe cancer
and low or absent in the centre of the tumour, Kawakatau

and Mori (1963) found in squamous cell carcinoma, that
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f~glucuronidase activity was more marked in the invasive and
peripheral areas of epidermoid cancer than in nécrotic or
keratinised portions. | | |

The intensity of Pe-glucuronidase staining in histo-
chemistry of cervical neoplasns may vary great;y, and éttempt&
to corxalate.enmyme activity with the degree of malignanéy
have‘nét been very successful. Hatzimichaol (1962) conpared
vaginal fluid and cervical muous in reiation to éanoer of the
cervix and uterug'and found high p~glucuronidase activity in
the mucus of zovﬁut of 21 proven cancer patlents. Although
it ¢ould not‘be‘established. the authﬁr'a génexal impression
was that @B~glucuronddase activity of the cervical mucus
paralleled the degree of malignancy. On.the other hand,
Rauramo (1959), although finding higﬁ p=glucuronidase in
most cases of cerviéal carcinoma, could not correlate the |
activity with the spread of cancer (cf. Fishman and Bigelow,
1950, p. 109).

f=Gilucuronidase is, therefore, found with increased
activity in cervical carcinoma., This is associated with
increased enzyme activity in vaginal fiuid and cervical
mucus of tumour patilents. Increases apﬁear to occur malnly
in the squamous cells of the carcinoma, although stromal
engyme has been described, There does nét seoem to be a
definite relationship between enzyme activity and severity of
the ﬁalignant lesion.

There have been no reports on the intracellular
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distribution of the enzymé‘in cervical carcinoma, other than
histochemical studies stating that tho enzyme is confined teo
the oytoplasm of malignant cells (Hopman, 1961; Kawakatsu
and Mori, 1963). It is not known if the large increases in
enzgyme activity detected in homogenates of cervical cancers
are due 1o increases in soluble oytoplasmic enzmyme or in the

particulate emnzyme within the cell.

TISSUR R-GLUCURONIDASE AND RADTIATION.

As Peglucuronidase shows a high activity in malignant

cervical tissues and the treatment conslets of irradiating
the lesien, it is of interest Ho know how the engyme in the
tissue wesponds to this procedure. Little data are
avallable on this subject.

Odell and Burt (1950) stated that after Arradiation of
cervical tumour tlssue with radium and roentgen rays, the
tigsue P-glucuronidase tended to decrease in the absence of
a recurrence of malignant growth., ' Odell et al, (1949) and
Odell, Priddle and Eurﬁ (1950) stated that radiation treat-
ment alse caused a reduction in P-glucuronidase activity of
vaginal fluid as well as tissue removed Ffrom the tumour site.
These ocobservations, however, were made on specimens removed
approximately two months after therapy, and it is probable
that the veduction in activity was due ﬁé nalignant tissue
being replaced by fibrous tissue comparatively weak in

B-glucuronidase activity. Keadon gt al. (1950) made
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observations en\tisaua specimens(fo;lowing irradiation of
two manfhé and ;onger. and could produce no evidenoe\that
radiétion caused a gecreasa_in P=glucuronidase. Rauramo
(1959)-§tudied 10 patients and observed changes in @-gluc-
uronidase of whéle tissuelhomagenates after treatment of the
cervical lesion wiih a single‘radium implant. This author
found that in two of the specimens there was increased
ﬁmglﬁeuronidase activity and in elght a decrease occurred.
Hatzimichael (1962) made observations on cervical mucus from
eight patients recelving radium treatment. In four of these,
the mucus became negative for P-glucuronidase activity, and
the other four remained positive,

It is difficult to ascertain from these facts if the
pf=glucurconidase in cervical tissue is affected in a uniform
way by radiation treatment, especlally on a short-term basis.
Reduction in {=glucuronidase over a long period probably
reflects the reduction in malignant cells in the tissue
specimen,

Studies on radiation(of other tissues, mainly from
animai‘experimenta, have been reported, though their

relevance to the conditiong pertailning during therapeutic

radiation of the human subject is hard to assign.
Pellegrino and Villani (19)7) studied the effect of whole-
body xmray 1rradiation o1 Buglucuronidas@ activity in
1vmphatic tissues in rats. They found that the activity/

£. wet weight of tilssue increased following radiation, but



-1 L0

this was associated with decrease in welght of the tissue

due to loss of protein, and the effeoct was probably secondary
to radiation, as the sane result could be produced by other
experimental conditions, e.g. Tasting. Roth et al, (1962)
carried out similar experiments on rat spleen, but determined
B-~glucuronidase activity of various tissue fractions - nuclel,
mitochondria, microsomes and supernatant, 'They found an
increase in the percentage of the total activity in the
supernatant fraction 64 hours after gilving a 700 rad whole-
body dose. This was accompanied by an increase in specific
activity of P-glucuronidase which was attributed to loss of
non-enzyme protein nitrogen which occurs in the spleen after
irradiation. Rahman (1962) obtained similar results which
were interpreted on the basis of selective nitrogen loss,

The author also indicated that the enzyme was not released
from lysosomes by thé radiation dose, Bacqg and Alexander
(1960) stated that a dose of 10,000 rads was required before
leakage of hydrolytic enzymes from isolated lysosomes could
be detected. Sottocasa, Glass and de Bernard (1965) showed
that when lysosomal preparations (contaminated with
mitochondria) from beef heart were irradiated in vitro with
massive radiation doses up to 440,000 rads, there was no
release of enzymes from the lysosomes. However, when heart
tissue slices,with lysosomes intact in the cell, were
irradiated with deses from 10,000-440,000 rads, there was an

increase in homogenate specific activity which was shown to
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be a true increase in @B~glucuronidasce and not due to losgs of
nitrogen; this was caused by release of enzyme from lysosones.
There was not, however, an increase in homogenate activity

with radiatlion doses below 10,000 rads.

URINARY BXCRETION OF (-GLUCURONIDASE BY CANCER PAVIBNTS,

The excretion of B~glucuronidase in the urine has been
shown to be inecremsed in some patients with various malignant
lesions (Boyland, Gasson and Villiams, 1957). Cases of
cancer of the larynx, bronchus, oesophagus, prostate and
testis tended to show the most significant increases. The
excretion of this enzyme has been investigated most fully,
however, in patients with bladder cavcinoma, where increasod
values have been found in the majority of these patients
(Boyland, Wallace and Williams, 19553 lewis and Plaiqe, 19603
Melicow, Uson and Liﬁton, 1961; Haije and van der Werf-~Messing,
1962; Kerr, Barkin, D'Aloisio and Menczyk, 1963). Interest
has arisen in these patients as it was thought that p-gluc-
uronidase might play a vital r8le in the genesis of bladder
tumours by 1ts hydrelytic action upon gluéuxonide conjugates
of carcinogenic substances in urine, e.g8. ortho~amines
(Boyland, Wallace and Williams, 1957).

Although the urine enzyme has beon found +to be inereased
in a wide variety of malignant leslons, there has been little
evidence putbforward that the malignant lesion ditself is the

primary source of this increase. Kerr et al., (1963),
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investigating bladder. tumour, showed that surgical removal

of the. tumour rvresulted in a fall in urine enzyme fiom
ﬁreviaualy high values to normal values. Haije and van der
Werf-Messing (1962) did not find elevated values in a group
of bladder carcinoma patients who, after radiotherapy, showed
1no evidence of tumour at follow up, whereas patients with
active bladder tuméur showed increased p-glucuronidase
excrotion., There have been no reports on the effects of
treatment of other malignant lesions upon urinary B-~gluce-
uronidase sxcretion. A sBudy. by Takiguchi (1963) on the
activity of f-glucuronidasce in serum o0f patients with cervical
cancer who underwent radiotherapy ls the only repors
pertinent to this question. The author stated that serial
determinations of serum p-glucuronldase and lactic
dehydrogenasa might permit an estimation of the radio-

sensitdivity of cervical cancer.

OUTLINE OF i PRESENT INVESTIGATION.

An opportunity existed for cbtaining tissue specimens of
cervical carcinoma. It was decided to investigate their
feglucuronidase activity and study the distribution of the
engyme in the cytoplasmic subcellular fractions of tissue
homogenates, The results were compared with a series of
non-malignant cervical specimens, In some cases, changes in
the tissue pPB-glucuronldase of the tumours following

irradiation of the lesion by radium implantation were
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investigated.

The excretion of B-glucuronidase in the urine of patients
with cervical cancer, undergoing radiation treatment, was
studlied to see 1if the urine enszyme responded to destruction
of the lesion, It was expected that this would give an
indicabion if the enzyme in the urine was produced by the
cervical tumour or was a secondary systemdc eflect.
Concomitant studles on serunm ﬁ-gluquronidaae activities were
also carried out on these patients. The urinary excretion
of fBeglucuronidase was studioed, for comparison, in two groups
of patients recelving radiotherapy on other malignant lesions =
patients with bladder carcinoma, and a group of patient