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DETERMINATION DE LA DESHYDROGENASE DU GLUTAMATE (GDH) SERIQUE CHEZ LES
ALCOOLIQUES CHRONIQUES

Ir,es facteurs sériques GDH, GGTP, Alk. Phos., SGOT et SGPT furent
étudiés chez 72 patients souffrant d'alcoolisme chronique. -"Au cours de
projets pilotes impliquant 12 patients, une modification fut apportée a la
méthode de déterminaéion de 1a GDH et les autres enzymes furent analysés. Cette
méthode modifiée de détermination du facteur GDH (Koch et Pivon) s'est avérée
plus pré’ciseé‘et plus simple que la mé€thode utilisée jusqu'alorﬁs. Chez
60 alcooliques chroniques admis dans un centre de ré&habilitation, les niveaux
d'enzymes furent déterminés aux ler et 2lidme jours de leur séjour et mis ‘en
corrélation avec les différents niveaux d'éthanol sérique. Ceci fut &tabli
d'aprés le procédé de jaugeage (Kapur et Israel — 1985). Lors de crises
intenses d'alcoolisme, la ,hausse du taux de la GDH sérique était directement
reldide au niveau d'éthanol dans le sang (Sensibilité&: 81.25%; Spécificité: 90.9i%;
Valeur de prédiction positive: 76.47%; Valeur de prédiction négative: 93.02%).
Au 2liéme jour, tous les taux de la GDH se situaient dans les limites normales.
Méme au-deld de 48 heures apr&s le retour a la normale des taux de la GDH, le
facteur GGTP se révéla un bon indicateur de la condition hépatjfue. Cette
méthode modifiée de détermination de la GDH s&rique chez les alcooliques
chroniques semble apporter ’un nouveau paramétre pour évaluer 1'état de ceux
qui, lors d'épisodes aigus d'alcoolisme, p;ésentennt des lésions aux ,
mitochondries des cellules du foie et possiblement pour dépister d'autres

«

maladies hépatiques.
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Abstract;

SERUM GLUTAMATE DEHYDROGENASE DETERMINATION IN
CHRONIC ALCOHOLICS

Serum GDH, GGTP, Alk.Phos., SGOT and SGPT were studied
in 72 chr%c alcoholic patients. 1In pilot studies on 12
patients, the modification of GDH determination was devel-
oped, and the other enzymes tested. The modification of\\
GDH determination (Koch and Pivon) was found to be more
accurate and simple than previous methodology. 1In 60
chronic alcoholr\ics admitted to a half-way Center,a the

$
enzyme levels were determined at days 1 and 21 and correlated

a- he

to serum ethanol levels, determined by d%pstick methodology
(Kapur and Israel 1985). During acute alcoholic episodes,
serum GDH elevation was directly related to ethanol blood
level (Sensitivity: 81.25%; Specificity: 90.91%; Positive
Predictive Vvalue: 76.47%:; Negative Predictive Value: 93:02%).
At day 21, all GDH valued.were within normal range.  GGTP

was found to be a good indi.cator c?f liver status beyond

48 hours, when GDH values ret;z'rn to normal. Serum GDH
determination in chronic alcooholics appears to add a new
parameter to the assessment of chronic alcoholics, reflecting

mitochondrial injury in the acute episode and possibly in

other liver diseases.
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PREFACE

kY

- Since fuy graduation in medicine, the subject of L
livef funct%on has fascinated me. I rememﬁer several
professors stressing how little is known about the
"metabolic factory" of the body. I bave also wondered
how we can assess liver status prior to surgery, without
performing laparatomy or biopsy. It is important for

the surgeon to know as much as possible about the patient

before placing him on the operating table, so that ,

decisions taken during the operationfyave a more valid-

.

biochemical background.

While working at the Biology Department of McGill
University, my "research instincts" were encouraged by
the’Chief of the Department, Dr. G. Macf;éﬂian, who used
to say: "If you don't know, you have to find out for
yourself and the best way to do it is to carry out a
controlled experiment" This saying stuck in my mind,

* so that after graduatioﬂ, I decided to . pursue a research
career. After working one year as a volunteer in the
Division of Clinical Investigation of the Department of

Surgery, Dr. Skoryna, Director of the Unit and the Gastro-

“intestinal Research Laboratory, suggested to me that I

i |
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take formai training at McGill. When I asked him
whether there were ar;y projects dealing with the liver,
he said that this is one of the current concerns of
many surgeons, particularly with reference to the
assessment ofhliver function. The guestion then came
up as to what subjects should be studied. I suggested
that there was a need for a group sz patients with -
demonstrable liver injury who could be .studied for a
pnrolonged period of time. At this point, I had also
met Dr. Paul' Koch of the Montr:eal General Hospital,
where I previously worked as a’ student. With his help,
I was able to\":design the prO‘j‘ect, after contacting

Dr. Jose Negrete, Chief of the {klcoholﬂ Research Unit of

v

the Hospital, whose patients were studied initially.

Further studies weﬂ;.;e carried out on patients from Maison
Jean Lapointe, whos*e program director, Mr. Jacques Perras,
was most cooperative, not only in obtaining the sampies
but also in analyzing psychometric data on these patients.

In addition to, these individuals who guided my

H

studies, I must thank a number of persons who helped me

to complete the project. I have enjoyed attending the

A2

research seminars .and surgical rounds at St. Mary's

B
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Hospital and the Montreal General Hospital. I became
aéquainted with the wide scope and divers%ty of s -
research projects in the Departmept of Surgery, which
added significantly to my péol of general knowledge.

I wish to thank particulafly Dr. D.B. Tonks, Chief o%
the Dept. of Laboratories, and Dr.°David §. Mulder, o
Chief of the Dept. of Surgery of the Montreal General
Hospital, for their encoéragement and CQOp;ragion in
esgablishing the techniques of serum enzyme determin;
ation at the Special Clinical Testing Laboratory of the f

Hospital. Miss Pauline Reed, Chief Technician, instructed’

the author in methodology and was extremely helpful ih J

L
3 ’ .

the initial stages of the investigation. Mrs. MarEaj :
Fuséa, Chief Technician of the Clinical Investigation
Service of st. Mary's Hospital, continuously helped in_
further enzyme analy;is. Miss Huguette Bacon and heﬁ
associates at La Maison Jean Lapointe processed serum
saﬁples from chronic aicoholics at required intervals
iﬁ order to fulfil the researq@ protocol rqu}rements.
Dr. Jose Rodriguez, Surgeon-in-Chief, dnd Dr. John

Keyserlingk, in charge of Surgical Teaching, at St.

Mary's Hospital, were most cooperative in the course
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of thesve studies. lSr. Julius Gordon, Director of
Surgical Resgarch of the Dept. of Surgery, and Miss
Brenda Bewick, Administrative Assistant, were very
cooperative i1n completing all the necessary document-
ation for registration and submission‘of the thesis.

I should also mention my colleagues, Dr. Gilles
Hedderach at St. Mary's, and Dr. George Chuang &t the
Montreal General Hospital, who were very‘helpful in
the course of my studies. Mr. Jan T.Z. Nolan, Computer
Sy‘stem Integrator, helped thg autl;or tremendously in‘

vy

the statistical and mathematical analysis of the

computerized data. Mrs. Jean CornellieAr, Secretary of
the Gaétrointestinal Research Laboratory, is thlanked
sincerely for typing the manuscraipt. Mr. Carmen Cristo-
fara, Chief of the Audiovisual Départment, and his |
assocliates provided all the photographic material.
Finally,” I must thank my wife, Joanna, for her patience
when I was virtually absent from home in the course of
my studies, and my mother, Alexandra, for her support.
V\}ithput all this help, the ;zork could not be done. \

Albert Einstein onck said that curiosity has its

own reason for existence: "One cannot help but be in

bR e e e o -
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awe when he contemplates the mystery of the marvelous
structure of life and reality". Perhaps "life" should
read "liver". I sincerely hope that, by establishing
a new p{gsedure for serum GDH determinations in chronic
alcoholics, this work will contribute in a positive way
to the development of research of liver diseases.

\

Richard J. Pivon, M.D.
Research Fellow '/

Department of Surgery
. McGill University.

" August 17, 1985.

Division of Surgical Research
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* INTRODUCTION

in the search of knéwledge for tests reflecting
liver function, the serum Glutamate Dehydroéenase
activity was neglected for a relatively long period
of time. The first test used clinically was probably
urine bilirubin determination, based on the observation
of Paul Ehrlich in 1883 (Henry et al 1974), who had
noticed that urine of patients suffering from 1iv§r
disease contained bilirubin. Alkaline Phosphatase
activity in blood was demonstrated by Kay in 1930. The

heterogenous nature of alkaline phosphatase that can
be derived not only from the cells lining the hiliary
tract of the liver but also from bone osteoblasts, the

mucosal cells of the small intestine and the placenta,

renders the value of this assay imprecise, unless other

enzymes are ddtermined simultaneously. The determination

of serum Glutamic Odaloacetic transaminase (SGOT),
Glutamic Pyruvic transaminase (SGPT) and Glutamyl trans-
peptidase was developed around the early fifties. The
tra;saminases are used as indicators of diffuse hepato-
cel%ular injury; however, not only are they not organ

specific, but they are found in large quantities in

the myocardium, skeletal muscles and kidneys. The

)
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gammaglutamyl transpeptidase, although not elevated

in bone disease, is a sensitive indicator of hepatic

v

disease, but is not specific since it 1s also elevated

in pancreatic disease and carcinoma as well as inflam-

matory disease. It was only in the early fifties

that Hogeboom and Schneider (1953), in the eleventh

chaptér of their monumental worﬁ on intracelldla;

distribution of enzymes, described Lhe glutamate dehy-

drogenase activity in the liver. .
Since chronic alcohol abuse ranks high in the 4

health effects problem due to high morbidity and

associaééd socialogical and economic impagt {Meyer et

al 1981, Vvierling 1983), it is not surprising that

the literature on serum enzyme determinations associjiated

with ethanol toxicity became voluminous. Lieber and

his associates (1977) proposed to use the Glutamate

Dehydroéenase determination as an indicator of liver —
damage during the acute phase of alcohel abuse.

Obviously, since GDH is of purely mitochondrial origin,

it appeérs to the author that a new parameter f?r the
assessment of liver function has been found, namely the

reflection of the extent of mitochondrial damage.

- - - R |
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The significance of chanégs in serum Glutamate
Dehydrogenase activity may play an important role

in other forms of liver injury due to obstructive
jaundice, various forms of hepatitis and the effects
of hepatotoxic substances §uch as certain medications
and anaesthetic agents. The mitochondria have a
remarkable capa?lty to recover after injury, including
that caused by the most potent physiological agent -
the high concentration of intracellular calcjium. It
was rather fortunate that, ﬁnder the supervision of

Dr. Paul ﬁ@ch, we were able to develop a new and
accurate modification for serum' Glutamate Dehydrogenase
determination. This method has tﬁe potential to
eventually become useful in the assessment of various
surgical and non:surgical condiE}ons affecting the liver;
however, a”considerable amouﬁt of studies remain to be
carried out oﬁ dlutémate behydrogenase abtivit§, taking
into account the variability of factors affecting the
clinical course of'éhese processes. In this respect,
the study of Chronic Alcaholics offered a rather unique

’

opportunity for obtaining data from a relatively homo- ,

—
I

genous group of patients, in which the degree of damage

LY v




e

A b W L "

1

to the "powerhouse" of the cell, as reflected by

serum GDH levels, could be -related to the level

3

of the toxic substance in the serum.

!

s
J
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CHAPTER II - HEPATOTOXICITY

Trace sﬁg§tances that may adversely affect liver
function in man includ; such diverse groups as trace
elements, certain drugs, chemicals and ethanol. 1In a
vast majority of cases, hepatotoxicity is due to trace
substances, since all the compounds listed below are
present in the blood in trace amounts. Alcohol affects
the liver only when taken in excessive amounts ; however,
the resulting damage t;'the liver is due to acetylaldehyde,
a trace produc£ of ethanol metabolism. Small amounts of
ethanol found in normal human subjectggis believed to
originate from bacterial fermentation in the gastrointes-

tinal tract (Geokas, 198l). The purpose of"this present-
ation is to present some of the gréblems related to the
investigation of hepatotoxicity as well as to discuss

the perspectivgs in further studies of diagnostic pro-
cedures. Repeated liver biopsies, although necessary,
are impractical and difficult from the clinical viewggint,
particularly in chronic alcoholics. A battery of liver
function tests is used today: BSP, which reflects thé

degree of cholestasis; Indocyanine Green (ICG), to

determine improved conjugation of Bromsulfaphtalein;
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PTT and PT to assess coagulation status. These are
\ ¢ -
just a few examples.
The main area of developments occurred in the

determination of serum liver enzymes, as an non-

invasive method for assessment of liver function. &
A

This refers to both‘the use of serum enzyme ratios as
well as enzyme leveis per se and to some relatively
new tests such as glutamate dehydrogenese determin-/
ations (GDH), introauced by Ellis and Goldberg (1972)
and Lieber and his associates (1977) which reflects
Ehanges in mitochondrial metabolism. Needless to say,
advancements in this field are of significance not only
in the a;sessment of hepatotoxicity or trace substances
but also encompass a much wider field. This refers to
clinical evaluation of liver status (French amd Burbige,
1979 and Sherlock, 1982) in medical:and surgical con-
ditions particularly sinée liver transplants and hepatic
resections are being carried out with increased frequency.
Before we discuss the assessment of hepatotoxicity,

t
it is useful to review the classification of hepatotoxi-

&
city. The basis of currently used classification of

hepatotoxicity is that proposed by Zimmerman (1978,1983)

&
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who has divided the hepatotoxic substances into those Qhk
R

_that haye idiosyncratic effects and those that are )
intrinsic hepatotoxic substances. The compounds exer-

ting idiosyncratic action concern a relatively small

group oﬁ;the patient population; their effects are

bases on hypersensitivity reactions and, therefore,

the incidence is relatively low. Idiosyncratic subst-

ances can produce both diff;se and zopal changes in the

liver lobule. According to Zimmerman (19?8) diffuse

b+

necrosis can be produced by such substances as C-methyl-

-

dopa, Doxorubicin, Salicylates; massive necrosis may
result in some cases from prolonged use of Isoniazid,
Phenytoin, Ketoconazole and Selenium compounds (Zimmerman,

1978). 1In connection with the idiosyncratic hepatotoxi-

[

city, it should be emphasized that the ievel of dosage

Pl

is of significance; certain medications, such as salicy-

lates (Zimmerman, 1978), produce the idiosyncratic effect
in a small group of patients, if the dosage is relatively
high. Another point that should be mentioned with refer-

ence to idiosyncratic agents is that when small doses

are used, the effect is usually diffuse and relatively

¥
L

mild; with higher doses, massive necrosis may result

-
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in individuals who are immunologically less competent
(Zimmerman, 1983). However, in a small group of
patients, even therapeutic doses of Isoniazid, Pheny-
toin, Selenium and Ketoconazole can produce massive .
necrosis (Zimmerman, 1978).

The largest group of compounas, which exert hepato-
toxic action, are those which have an intrinsic effect
on the liver (Table I). ' These compounds can be classified

clinicopathologically into those that produce either

LN
—

diffuse changes or exert an effect on the ﬁeripheral,
middle or the central zone of the hepatic lobule. Substances
which produce diffuse changes can be subdivided into those

inducing only mild changes (Klatskin, 1974, Kristensen,

1981 and Vazquez et al, 1983) usually of inflammatory

nature (such as those resulting from use of Ketoconazole
(Klatskin, 1974)); moderate changes (Koch et al, 1976,
Powell-Jackson et al, 1984 and Sippel and Agger, 1981)

are related to subsequent steatosis and proliferation

-of'fibrocytes: extensive changes (Black et al, 1975,

Diaz-Rivera et al, 1950, Duarte et al, 1983, Paﬁferson
et al, 1983 and Witzleben, 1972) result in necrosis

with consecutive development of cirrhosis. Zonal

[ ———
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EXAMPLES ’

INTRINSIC
HEPATQOTOXIC
TRACE
SUBSTANCES

MILD DIFFUSE
EFFECT

KETACONAZOLE (Horn et al 1984)
DISULFIRAM (Kristensen 1981)

CYANAMIDE (Vazquez et a} 1983)

QUNIDINE (Koch et 8l 1976)
\

DIFFUSE
HEPATOTOXIC MODERATE DIFFUSE NITROFURANTUIN <(Duarte 1983)
EFFECT EFFECT
SODIUM VALPROATE
(Powell-Jackson et a1 1984)
NIACIN (Patterson et al 1983)
EXTENSIVE DIFFUSE KETOCONAZ0LE (Duerte 1983) )
EFFECT t \
J ISONIAZID (Black et a1 1975)
ERYTHROMYCIN ESTOLATE
. (Lunzer et al 19759)
PERIPHERAL ZONE
EFFECT CYANAMIDE (Vazquez et 8l 1983)
DISULFIRAM (Kristensen 1981)
NGANIONE (Zimmerman 1978)
ZONAL MIDDLE ZONE CARBON TETRACHLORIDE
HEPATOTOXIC EFFECT (Zymmerman 1978)
EFFECT

BERILLIUM (Pepelko et al 1984)

CENTRAL ZONE
EFFECT

ACETYLALDEHYDE

ENFLURANE
KETOCONAZQLE
(Delpre and Kallish 1984)

(Lieber 1981)
(Lew1s et al 1983)

A3TOoTX0303edaH JBATT JO

UOT3IedTITSSeTD TeorbofoylzedodTUuIrTd
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hepatotoxic egfects of the peripheral zone of the

lobule were reported following exposure to elemental
phosphorus (Diaz-Rivera et al, 1950), manganese-
bilirubin compounds (Witzleben, 1972) and erythromycin'
estolate (Lunzer et al, 1975). Ferrous sulfate when
taken in high doses has also been ;eported to induce
changes in the peripheral zone of the lobule (Horn et

al, 1984). Beryllium toxicity due to industrial expo-
sure is known to produce changes ih the middle zone
(Aldridge et al, 1949 and Pepelko et al, 1984); another
example of hepatotoxic effects in this zone is the action
of carbon tetrachloride and Nganione (Zimmerman, 1978).
The central (perineural) zone of the hepa&ic lobule
(Rappaport zone III) has a decreased oxygen tension’
(Rappaport et al, 1954). Hypoxia renders this zone v
more susceptible to hepatotoxic effe;ts. Enfluorane

has been reported to induce occasionally toxic. changes

in this zone (Lewis et al, 1983). Effects of ethanol
received a great deal of attention, since Lieber (1981,
and Lieber and’Leo, 1982) pointed out that this zone

13

is initially affected by chronic alcohol abuse, even

if the intake of ethanol is not extremely high but

® )

T,

R



chronic. It should ge stréssed that some of these
éuﬁstanbes may affect conéurrently different areas
of the hepatic lobule or prdduce hoth a zonal change
’and a diffuse change. For instance, Ketocopaéole
produces initially central zone changgs (Delpre and
Kallish, 1984) but may also cause diffuse changes,
ranging from mild to extensive (Duarte et al, 1983 and

>

Klatskin, 1974); Erythromycin estolate and ethyl-
succinate may affect oécasionally both the central

zone as well as the peripheral zone (Lunzer et al,

1975) .

b

L
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‘lished that GDH is configed to mitochondria and that
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CHAPTER III - SERUM GLUTAMATE DEHYDROGENASE
AS REFLECTING LIVER FUNCTION

A. Localisation and Development of Glutamate
Dehydrogenase Determination - : . \ N

o4
Interest in Glutamate Dehydrogenase localisation
A ?
in hepatocytes was first developed following the

; -

2]

studies of Hogeboom and Schneider and Pallade (1948).

These investigators deveioped the methodology of dif-
ferential centrifugation, which was subsequently improyed'
by Schneider and Hogeboom (1950) and Hogeboom et al (1952-3).
° A

Differential centrifugation enabled them to establish the

location of GDH in the mitochondria of the hepatocyte

"

using spectrophotometry and a reaction mixture ¢lose to a
] X ’ - # -
that later used by Ellis and Goldberg (1972) for serum ‘

enzyme determinations. During this study, it was estab-

initially minimal or no transfer into other intracellular

compartments occurs without damage to the mitochondrial

membrane. Studies by DeDuve's éroup (1955) furthe¥

advanced liver éell fradtionation. DeDuve et al (1955)
N ;

had separated the mitochondrial layer into two fractions:

a heavy one consisting of a dense bottom layer, and a

light mitochondrial fraction was first isolated together .

L4
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with the supernatant fluid and recovered with the
microsomal fraction. DeDuve's work has coﬁcluded
that the DPNH and TPNH cytochrome c reductase activ-
ities reflect the pi’esenCe of two different syste_;ms
assé)ciated with mitoqhondria and the microsomes ~
respectively. Stemdies by Christie and Judah (1955)

using the differential centrifugation method of

ed the intra-

2

Hogeboom and Schn

cellu Tibution of GDH by spectrophotometric
methods. Mitochondria were found to contain 902% of
the homogenate actii;ity. Christie and Judah (1955)
als_o‘ confirmed the dependence of mitochondrial locali-
sation of GDH on the intactness of the mito'chondri;i
membrane. Water treatment "rendered" the co-factor
or a substrate more accessiblé to the GDH system,
suggesting that the "barrier" (mitochondrial membrane)
must be disrupted before GDH can be released from the
mitoﬁhondria.

A Montreal group, consisting .of Allard, DelLamirande
and Cantero (1957), separated the mitochonc;rial fraction
of the hepatocyte and found that during fasting, GDH

activity per mitochondria is increased. = They reported

GDH activity as a possible indicator of the rate of
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gluconeogenesis from protein. In 1959, deDuve's
group (Beaufay, Bendall, Baudhuim and deDuve, 1959)
finally eséablished the location of enzymes in the
mitochondrial and lysosymal fraction, an issue that
was contested prior to their puﬁlication. The GDH

was found to be localised in the heavy (mitochondrial)
fraction.

It appears that Schmidt and Schmidt (1962) were
the first to correlate serum GDH levels with liver
biopsies. The data from Schmidt and Schmidt (1962)
in Table II show the1 amount of GDH present inivariou\s
tissues (measured in mU/g of ifr'esh tissue). In the
liver tissue obtained from 30 subjects, the GDH content
averaged 38610 mU/g, while the adrenal cortex occupied
the second position w_;Lt£h 6675 AmU/g; brain cortex, with

e

4115 mU/g, was in the third posit'ion. JIt is of interuest
that the intestinal mucos;a\contains amounts ranging

from 1481 mU/g in' the stomach to 3658 mU/g in the sigmoid
colon. According to Schmidt and Schmidt (1962), eryth—
rocytes do not contain any GDH (¢ mU/gZ. ‘i‘he content of
GDH in different types of tumours: listed in Table III,
ranged from 1170 mU/g in testicular tumours to 6602 mU/g

o

in colonic tumours.
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~

Table II. GDH content in human tissues
and Schmidt 1962)

{

(after Schmidt

No. mu/g of . mU/g

of fresh extracted
Organ samples ,. tissue protein.
Liver 30 38610 398
Adrenal cortex 5 6675 120
Brain cortex 3 ' 4115 250
Sigmoid colon mucosa 1 3658 164
Lymph nodes ‘5 2743 51
Thytroid 2 2469 203
Lungs 4 2469 43
Brain medulla 3 2304 190
Adrenal medulla . 6 2286 45
Redtal mucosa 1 1737 42
Cerebel lum 2 1554 93
Gastric mucosa 7 1481 u27
Fat tissue 6 1280 - 95
Uterine muscle 3 1115 9
Heart muscle 6 1097 23
Gastric muscle 3 676 14
Skeletal muscle 5 548 5
Pancreas 4 o 530 14
Breast i 2 438 13
Bronchial mucosa 1 365 33
Testicle 1 311 20
Erythrocyte 4 g ]
Skin 2 7 7.4

B T



TR MGRONLL S T e s e 5 e

|
]

/

Table III. GDH content of tumour tissfies in human subjects

(after Schmidt and Schmidt 1962)

No. mU/g of mu/g

) of ‘fresh extracted

Organ samples tissue protein
Colonic cancer | 3 6602 86
Gastric cancer 4 3840 73
Lymphosarcoma 1 2578 42
Thyroid cancer 1 2396 38
Prostatic adenoma 2 2140 60
Metastasis (Hypernephroma) 3 1926 27
Seminoma 2 42

1170
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Since the liver is the main source of GDH, the
estimation of serum GDH has been useé as an indicator
of liver function for many years (Schmidt and Schmidt,
1962) ; however,. the methodol9gy of GDH determipafions
has been modified several times and it is only recently
that the factors affecting the GDH level in serum are
more clearly understood. Because of certain amounts
of éDH found in cardiac and skeletal mus®es, we have
found in our stﬁdies that simultaneous dgtérmination
of Creatinine Phosphokinase (CPK) and Creatinine are
valuable adjuncts in the differentiation of hepatotoxic

effects of various drugs and ethanol, from those due to

cardiomyopathies and skeletal muscle sources (Table II).

B. Properties of Glutamate Dehydrogenase
According to the official nomenclature adopted by

Enzyme Commission, the following classification was

approved: EC 1.4.1.2. (Armstrong, 1983); (l) or Class 1

oxireductase; (4) or the group oxidized, in this case NH4+;

(1) refers to the oxidizing agent or coenzyme NADY; (2) re-

'fers to the specific reaction or glutamate dehydrogenase,

respectively. It was presumed that GDH was a Class II

enzyme, but the use of inhibitor technigues has shown N

S
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that GDH is a Class I enzyme, whose méchanism for
binding is totally random and not based on the amount
of ammonia gsaturation (Purich 1983). The structural -
changes during transamination are shown in Fig.1l.

The Km values of GDH, according to Fersht (1983) are:

3 2

2 X 1077 for oc-ketoglutarate, 5.7 X 10 “ for NH4+

and 1.8 X 107° for NADH. It appears from these values
that GDH has the largest affinity for NH4+‘ production.
GDH has a molecular weight of 2 X 106 (Ellis and
Goldberg 1972). GDH is an allosteric enzyme and one

of the most active amongst the dehydrogenaseé, whose
activity is controlled by activators (ADP,AMP,GDP)

and inhibitors (ATP,GTP,NAD(P)H) respectively (Smith
and Thiers 1981, Powers and Meister 1982). It appears
that a drop in NAD(P)H would enhance the oxidative
process of GDH, while a rise in NAD(P)H levels could

inhibit GDH activity. GDH catalyzes the oxidative

deamination of L-Glutamate to (C-Ketoglutarate, a

reversible reaction illustrated in the diagram (Fig.2).

R D X T AT DO Foenrtrears T
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Fig.l Structural changes in serum GDH during transamination (after Rawn 1983)
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Fig.2 The reversible reaction catalyzed by GDH.
The reaction involves a single step trans-

- amination of the OC-carbon of OC-Ketoglurarate.
+
H,O NH
2 4
<|:ooe coo®
H3N - (l:—H C=0
H - Cl:-H \ H - (l:—H
H - C-H : / - H ~ C-H
| o NaD*t NADH | o
CcOO NADP NADPH [o{0]6)
L-Glutamate ’ OoC -Ketoglutarate

According to Smith and Thier (1981), fhe reaction
involves a single step transamination during which an
amino group is transferred to the OC~carbon on (C-keto-

glutarate to replace the OC-keto group to form L-Glutamate;

bS
3w

in reverse, NH,' is given off and (C-ketoglutarate is formed.
Catabolism of proteins. leads to ;\ lln‘igher concentration of &
glutamate thap that when ammonia apd glutamate undergo
oxidative deamination by GDH, even though this reaction is
not directed towards an equilibrium (McGilvery, 1983; Powers
and Meister, 1983). After extractiox{ of NH4+ by GDH from
L—Gluta;nate, the Oé—-ketoglutarate formed can enter the

|
Krebs Cycle to form urea. Armstrong (1983) pointed out that

the synthesis.of glutamate by L-glutamate dehydrogenase

-
»>
=] . -
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is one ‘of the péthways used for conversion of inorganic
nitrogen into carbon-bound amino groups; in this way,
the nitrogen enters the metabolic pathway. Since the
reaction is reversible, the carbon atoms in excess of
/

L-glutamate become available as OC-ketoglutarate for
catabolism in the K%ebs Cycle. . Armstrong (1983) also
pointed out that aft‘ter' transamj:nation of gl/utamate,
oc-ketoélutarate is régenerated and once more an inorganic
NH3 is incorporated by GDH.

Mitochondria dispolqes of excess glutamate by two
pProcesses: nitrogen transfer to another keto group or
by GDH oxidation to release NH4+,- in both cases the
oc—ketOglutax:ate is free to e'nqter the Krebs Cyclg‘(McGilvex;y,
1983) . )\This reaction, according to Newsholme and Leech
(1983), is analogous to a secondary alcohol being oxidized
to a ketone, but with the exception of oxygen 'replacement
b}y nitrogen,_ which is released in the form of ammonia
when the amino ‘acid is liydrolyseé. The reaction catalyseél
by GDH represents a port of entry for certain amino acids,
such as‘arginine, histidine, glutamine and proline, which

can take part in the formation of glutamate and enter Krebs

Cycle (Smith and Thier, 198l1). Since glutamate dehydro-

./,_../
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genase can take part in the process of transamination (Fig.3)

of many other amino acids, during which their amino
groups can be transferred to(x—ketogiutarate; according
to Newsholme and Leech (198;); X-ketoglutarate plays a
more significant ‘role in the process of transamination
than previously suggested. In order for deamination

to continue, X-ketoglutarate must ée maintained in a

free form for transamination, a.condition which Glutamate
éehydrogenase fulfills by catabolising glutamate to
X-ketoglutarate. 1In the processoof amino acid degrad-
ati;;, the amino acid is usually lost by dane of two
processes: either by oxidative reagtion (referred to as
deamination) or by transfer to an oxacid (referred to

as transamination). Newsholme and Leech (1983} concluded
that pyridoxal phosphate forms a transient covalent com-
plex (Schiff's base) with the amino acid ddring trans~—
amination. A realignment then occurs and "the oxacid is
split off, leaving the amino grohp attached to the pyri-
doxae phosphate or pyridoxine phosphate". Therefore, the
oxacid involved in transmination is available for future

reaction. Since glutamate dehydrogenase catalyses not

only transamination but also deamination, according to



Fig.3 Glutamate Dehydrogenase Reactions with Different Transaminases after Rawn (1983)

Transaminase

Source

Reaction catalyzed y

Glutamate-alanine
. G

Glutamate-aspartate
Glutamate-cysteine
Glutamate-glycine
Glutamate-leucine
Glutamate-phosphohistidinol

~

Glutamate-tyrosine

Animals, plants

Animals, plants,
bacteria

Animals. (especially
liver)

Animals, plants,
bacteria

Animals, plants,
bacteria

Molds

Animals, bacteria
plants

L-Glutamate + pyruvate &=
cc - ketoglutarate + L-alanine

L-Glutamate + oxalacetate &2
a-~ ketoglutarate + L-aspartate

L-Glutamate + mercaptopyruvate g
o - ketoglutarate + cysteine

L-Glutamate + glyoxylategz
@ - ketoglutarate + glycine

L-Glutamate + - ketoisocaproate g2
- ketoglutarate + L-leucine

L-Glutamate + imidazole acetol phosphateg
az - ketoglutarate + histidinol phosphate

L-Glutamate + p-hydroxyphenylpyruvategz®
- ketoglutarate + L-tyrosine




Newshalme and Leech (1983), the reaction is called -
transdeanimation; according to Krebs (Krebs et al, 1973), ' \ °

the reaction's direction is determined by the concentra-

a ‘

4
tion of substrates involved. These reactions are appar-

ently the reason for some of the accumulation of high
energy bonds formed during mitochondrial oxidation of
glutaméte. * According to McGilvery (1983), as many as

12 (ADP + P) are changed to 12 ATP. The Krebs Cycle is
considered by Armstrong (1983) to be amphibolic, since

the X-ketoglutarate is used not only as a port of entry
int® the Krebs Cycle, but also o(—keto|glu’§arate, by the
reverse reaction of GDH, can be used in L-glut'amate
synthesis. The signif’icance of the Krebs Cycle in dis-
posing of ammonia is evident in patients with alcoholic
cirrhosis, where ammonia accumulation ocgurs and tremors
may develop (Smith and Thier, 1981). Itﬂhas been sug;;es—
ted by Smith and Thier (198l1) that the ammonia is .a‘ccum—
ulated as a result of glutamate ;iehydx;ogenase catalysing
the reverse reaction by which dépletion of X-ketoglutarate
occurs and interéeres with the Krebs Cycle in carrying out
its function, disposal of ammonia or urea synthesis. It

is obvious that the reactions of transaminases (SGOT, SGPT)



and glutamate ,dehydro‘gena\s? must be in close equili-
brium. . However, as Newsholme ané Leech (1983) ;o;.nt
out, certain conditions must be inet:J oxacids, such as
ketoglutarate, oxaloace‘tate{ pyruvate, must 'be avail-
able: the prOCéss must be reversible; and the amino

s

acids, such as glutamate, asparate and alanine, must

et

not only be degraded but salso synthesized.

Well balanced meals provide conditions for trans-

deamination, but as stated by Newsholme and Leech (1983),

certain criteria have to be present: the ammonia and

oxacids must.-undergo further metabolism; and the NAD(P)H
must be oxidized to NAD(P) by passing through the ‘electron

transport chain, where it is first catalyzed by NADH dehy—-

& -~

drogenase, according to Smith and Thier (1981), where 1

a
°

ATP is produéed and two more ATP are generated along the’

chain givin§ a total of 3 ATP generated for 1 NAD(P)H

oxidized (Fig.4).

One possibility that should be considered in GDH
structure is that two biochemically different forms of
Glutamate dehydrogenase may exist in human subjects:

4

one form consisting of NADP-GDH, used for synthesis of

glutamate and a second form consisting of NAD-GDH which

1y
‘__]:
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Diagram illustrating the two ports of entry into the mitochondrial

respiratory chain. Port I shows entry of NADH; Port II shows site, |,
of entry of FADH». The pathway from Port I produces 3 ATP along '
the respiratory chain, while the pathway from Port II produces

only 2 ATP through the réspiratory chain. (Diagram modified from
publications of WHite et al (1973), Harper (1973), Smith and Thier
(1981). S
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is used in the oxidative deamination of glutamate

A1

resulfing in oC ~ketoglutarate formation. This presump-
tion is strengthened by the finding of Hemmings (1984),

who found that "yeast has the capacity to synthesize

[ ~

two genetically distinct glutamate dehydrogenases".
/’ B
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CHAPTER IV - METHODOLOGY

¢ k3

" A. Methodology of Glutamate Dehydrogenase

Determinations.

3

fhe methodology of serum GDH detgrminations was
developed during the last 20 yeafs- The original
methodology has been modified several times and the
results correlaged with morphological findings, -
obtained from liver biopsy material. Schmidt and -
Schmidt (1962) used a réaction mixture of DPNH, ,
TRAﬁ (triethanolamine), EDTA and Ammonium Acétate

<

with serum and found the sSerum GDH concentrati?ns

to be 100% (¥f5) on the first day and gradually decl-
ining to 70% (*21) within 12 days. When GDH was .
injectedlintravepously in dogs, the activity remained
high in the first‘2~hour§'(ovér 80%) and then declined
to 20% over a period of 54 hours; a markedtdrop-fgom
60% occurred at 11 hours. échwidt and Scpmidt (1962)
studied 127 normal individuals and found the GDH
activity to be below 1 mU/ml.. They have shown the
dependence of GDH activity on coenzymes, subst?ate, PH
and EDTA éoncentration (Fig:s). Ellis and Goldberg
(1972) assayed GDﬁ activity and established the ulti-

t .
S . . . I, .
mate conditions of reaction mixtures, activators and

a
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Fig.5 The Dependence of the speed of GDH reaction on co-enzyme substrate
and EDTA concentration as well as pH level. (After Schmidt and Schmidt 1962)
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reagents. They.found that ADP was the best activator
and that the pH should be optimally at 7.4 and the
temperature at 37°%. Oxoglutarate was used in these

studies as the initiator of the reaction. 1In previous
4

studies, serum liver transaminase levels did not
correlate with histological findinés obtained in the
”‘%__h__ ’

course of liver biopsies (Kallai et al, 1964). It was
VanWaes and Lieber &1977) who first cargied out GDH
measurements and correlated them with liver biopsy
material obtained from chronic alcoholics. Worner

and Lieber (1980a) carried out a study to determine the
clinical apﬁlicatiOn of GDH determinations and use as i
a marker in assessing liver damage produced by alcohol
abuse (Worner and Lieber, 1980b). This study was

' carried out on alcoholics who were admitted for detox-
1fication or treatment of complications arising from
severe’alcohol abuse: GDH was chosen as an indicator
of alcohol toxicity to liver mitochondria. A very

high concentration of GDH was observed in liver tissue
extracts of these patients. It was found that not only
does ethanol exert its main effect on the central zone

{

of the hepatic lobule, but also that GDH appears to
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play a major role in the derangement of mitochondrial
metabolism in thonic alcoholics. The half-life of
GDH is short, therefor;,measurements of GDH were
carried out on blood Eamples obtained within 24 hours
of the intoxication episode. Since cellular lesions
persist longer than serum GDH elevations, the biopsies
were still positive at day 10 after admission. ‘Other
tests carried out by Worner and Lieber (léBOa,b)

y a2
inFludéd PT, SGOT, SGPT, GGTP and bilirubin. No sig-
nificant or consistent relationship was found befweeg
these parameters and liver biopsies, because of the
large overlaps and perhaps due to differences in time, when

.

serum samples were taken.

The li;er biopsies were carried out using double
blind methodology (vanWaes and Lieber, 1977:; Worner and
Lieber, 1980a,b). The morphologica& changes observed
included Mallory bodieé, fibrosis and necrosis, as

well as steatosis and inflammatory changes. VanWaes

and Lieber (1977) graded the degree of necrosis as

follows: O-absence of necrosis ang/parenchymal inflam-
mation; 1% occasional cell drop-oyt often shown by -

the inflammatory reaction, mononuclear in type;




N

2% scattered foci of necrotic cells in the paren-
chyma with polymorphonuclear infiltration predom-
inantly in the centrolobular area (classified as
"mild alcoholic hepatitis"); 3% diffuse parenchyma>
) e’
necrosis with polymorphonuclear infiltrates (class- o
ified as "frank alcoholic hepatitis")(VanWaes and
i;leber, L1977) . ¢
The serum GDH dete}minations were classified

into two groups: patients without necrosis (GDH{ 12 IU

or € 2% times the upper limit of normal) and patients

. with 2t or 3% necrosis (GDH » 12 I1U). This division

showed a good correlation between serum GDH values
and liver biopsies (VanWaés and Lieber, 1977). 1In
group 1t necrosis, the GDH determinations varied from
normal to clearly elevated, but not over the preset

limit of 12 TU. The highest elevations of GDH were at

%

the time of admission; at days 2-3, a marked decrease
was noted and at days 5-9, the majority of pagients
had GDH values which returned to <12 IU (vVanWaes and
Lieber, 1977). The results obtained from serum sam- -

ples, taken after 5 days of alcohol abstinence, showed

no correlation between GDH levels and morphological
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- changes observed during biopsies; while the results
of serum GDH levels determined on'blood samples
drawn within 48 hours of alcohol abuse correlated
well with the liver tissue biopsy results. Thg
findings were confirmed in two separate studies by
WanWaes (1977) as/yell as Worner and Lieber (1980 a,b).
A group of 32 patients were followed for up to 15
months after discharge. The following parameters
were evaluated: hepatomegaly, weight, jaundice, ascites,
edema, anemia and coagulopathies. Blood tests included:
Ht, SGOT, SGPT, PT, bilirubin and GDH determinations.
When our studies of GDH determinations in chronic
alcoholics commenced, it begame obvious that GDH deter-
minations are not carried out 4n Quebec hospitals, nor
are theywinclgded in-the‘Governmental laboratory tests
list. It became necessary to develop a suitable method-
%logy which would be both simple and practical. The
author has carried out these studies at the Laboratories
of the Montreal General Hospiéai under the supervision
of Dr. Paul Koch. Previously used methods of Schmidt
and Schmidt (1962), WanWaes and Lieber (1l977) and

Worner and Lieber (1983) were initially tested in 10

patients; in each patient, the samples were tested five
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times. The reaction mixture with serum was used as

a "blank" (Ellis and Goldberg 1972). The purging was
carried out using an automatic analyzer in which the
absorbence is gutomatically set to zero. Using this

method, it was found that the variation range between
readings varied from 1.5 to 2.2.

?herefore, the same patients were tested using the
method proposed by Dr. Koch (Koch and Pivon 1985),
introdﬁcing changes which, according to our results,
have improved the accuracy of GDH determinations. It
was realized that the variability of results using
standard methodology may have been due to the fact that
automatic resetting of absorbence reading to zero does
not take into consideration whether there is any residual
enzyme left from the previous measurement which may
influence the current reading. Manual methodology
permitted us to bring the absorbence reading to zero
prior ta each reading; therefore, the number of purgingg
required varied but the result was uniformly constant.
Deionized water was used for purging instead of
reaction mixture with serum. Instead of pipetting

the four ingredients (triethanolamine buffer, NADH

R — R - - ] N e e o . 4 Wi i s e

e e ne
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solution, ADP solgtion, ammonium solution) separately

into a reaction tube, the ingredients were premixed

and their concentrations adjusted so that the final
reaction mixture volume was 2 ml; 0.5 ml of patient

serum instead of 0.6 ml was then added. After 15

minutes, the reaction was then triggered by adding

0.1 ml of OC-Ketoglutarate (instead of 0.15 ml of
Oxoglutarate) solution adjusted to account for the
decrease in volume. ﬁs%x-timed readings at 30-second
intervals were taken on a 300N Gilford spectrophoto-

meter. The multiplication factor was calculated -
according to Ellis and Goldberg (1972) taking into
consideration the change@ volumes. The modified “\
methodology was repeated on the same samples from

10 patients dnd, as stated above, the results were

more accurate; in thg ;epeated reading of each

sample, the variability ranged between 0.00 to 0.1.

13
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B - Studies in Chronic Alcoholics

1. Studies in Nbrmal Sub jects

The serum of normal.subjects was analyzed for

baseline data utilizing the procedure outlined above.
After blood samples were drawn (test tubesﬁwiphout
heparin or EDTA), approximately 8 ml, they were ieft
to stand for 20 minutes, after which they weré centri-
fuged at 2,500fr.p.m. for 15 minutes. The serum was
immediately pipetted and placed into two new test tubes.
The serum of one tube was analyzed for standard serum
values (SMAl6). The serum in the second tube was used
for determining the GDH level with a Gilford Stasar III
Spectrophotometer and the modification developed by Koch
-(Koch aﬂa Pivon, 1985). The GDH level was calculated
with a modified multiplication factor as follows:
AE340 X 2 X 836, whereeAE34O = the average difference
between the six readings obtained at 30-second intervals.
The use of this multiplication factor yields the mean
GDH value, using the mean difference in‘QE34O , in IU
per liter. An automated sampler was not employed;
"“instead the whole procedure of GDH determinations was
manually controlled.

&

e
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The medical history of the normal control subjects
was reviewed in order to rule out alcohol abuse as well
as any medical condition or medication which might have
an influence on our results. Aftexr a normal SMA 16 was
obtained, the GDH determinations were carried out on
the serum. Since the results of GDH tesﬁs were found
to be close to the préviously established normal range
(Worner and Lieber, 1980 a,b), the results were tabul-
ated. The total number of control subjects obtained
was 80. The values of their GDH determinations can be

seen in Table III in the chapter on Results.

2. Patient Population of Chronic Alcoholics
a) Studies at the Montreal General Hospital

The initial studies of serum GDH determina-
tions and other serum liver enzymes, such as SGOT, SGPT,
GGTP and Alkaline Phosphatase, were carried out on 12
subjects, who were treated as chronic alcoholics at the
Alcohol Treatment Unit of the Montreal General Hospital.
The age of the population ranged from 44-59 in men anq
from 34-55 in women. All subjects had been followed
from 2 to 9 months (avérage 6 months) and detailed his-

tories were taken at the hospital with reference to

Y



chronic alcohol abuse, which was found to last from
1l0-42 years (aberage 25 years). The methodology of
GDH determinations, established prew'iously using ;
normal c;;trol subjects in whom alcohol abuse was
comp}etely excluded, was utilized in chronic alcoholics
to ascertain the relationship between GDH determinations
»

and other enzyme levels.

’Israel (1983) pointed out that alcoholism repres-
ents a full range of diseases including physical and
pharmacological criteria, such:as tolerance and depen-
dence. A guestionnaire was used to obtain information
pertainiqg to the patient's alcohol abuse and included
the following details: how long has alcohol been abused,
the pattern of alcohol abuse, preference of alcoholic
beverages; are withdrawal symptoms experienced and are
hepatotoxic medications being taken? The questionnaire
forms are not incorporated here.

The blood samples were obtained at admission to
the Treatment Unit. Nine patients were seen at the peak
of their alcohol abuse, while 3 cases Wefe seen within

24 hours of the acute episode. The blood was drawn into

a vacutainer, left to stand for 20 minutes, centrifuged



- .44 -

for 15 minutes at 2,506 r.p.m. and the serum pipetted
into two unused tesf tubes for determinations. The
Sﬁﬁ 16 was usﬁaliy carried out within an hour of
obtaining the sample. The GbH determinations were
carried out either the same day or within’a few days,
since frozen serum, according to Ellis and Goldberg
(1972), can be stéred for several weeks with no loss
of activity. During the follow-up visits, GDH deter-
minations were carried out the same day or within two
days, as well as certain other tests suc¢h as: CPK,
Creatinine, LDH, bilirubin, Urea nitrogén, Uric acid,
Triglicerides, glucose, protein and albumin, and also’
certajn oligoelements such as strontium and zinc. A

follow~up questionnaire was administered to determine

their élcohol abuse ‘since the last visit, as well as )

changes in weight or apetite.

b) Studies on patients admitted to Half-Way
Center .

.

The study carried out at the Montreal General
Hospital permitted us to develaop the new methodology for
serum GDH determination as well as tb streamline the

o

procedure for testing other serum enzyme levels. However,
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Drs. Kapur and Israel offered us samples to conduct

‘was determined on the Gilford Stasar °III a

)
q B ’ .
S V. v

it was realized from the beginning that the levels ) .

of eniyme activity have to be correlated with ethanol v .

r

blood levels, Fortunately, at the time ?f this study;

)
Kl

clinical testing with the new methodology of alcohol
N ¢

serum level determination, @ri5r to release for general
usage. 'The method has already been validated in the
brjginal laboratory by comparing the results with those

obtained by standard gas chromatography and ultra—violet"

spectroscopy. Studies were undertaken on consecutive
F 1 d B

cases admitted to La Maison Jean Lapointe, where patients

abstained from ethanol intake during their 21-day. stay. : .

5 [y
"

9

Blood samples were obtained by the nursing stdff of

"

s

the Center Jnae: the supervision of Mr. Jacques Perras.

1
9 ©

The blood was centrifuged,xéhe serum was exXtracted and

4

immediately frozen. In order to maintain sthe double-

blind method, the Center labelled the samples under a

medicare number without any further information. The
N .

serum alcohol level was measured by a different tech-

niciap, using Algohol Dipstick Methodology and the

scale described in section (3) (Tables IV and'V). GDH

)

Ecording to .

-
the method described above‘(Koch_and Pivon 1985 In Press). (
W
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Serum GGTP, Alkaline Phosphatase, SGéT and SGPf were
d%termined simu}tan;ously on the seme apparafus. The, -
data was entered in the_approﬁriate file on the iBM

computef and storeg in the following manner: each

'S X

patient was assigned a file number and a letter accor- 0
g')
ding to the time of sample procurement: A = acute phase;'
D = discharge at 2l:days and J = interval period. Data
were then ;ubjected to statistical analysis, taking into
consideration serum enzyme levels ‘and serum ethanol - i )
levei.
The following groups of patiénts were studied:
I. Serum GDH, GGTP, Alk.Phos., SGOT, SGPT levels on’
admission compared to the ethanol blood level
. (acute and subacute phases). N
II. -Serum GDH, GGTP, Alk.Phos., SGOT, SGBT at day 21.
III. Serum GDH, GGTP, quj{..Phos. , sc;o'f, SGPT during the ' \
interval phase.
"All patients admitted to La Maison Jean Lapointe had
a SMAC carried out and psychoﬁétric testirig to determine
their alcohol abuse patterq, dependence and family history.
These studies are not the subject of this thesis, but they
Qill be reported in a separate paper in a correlatiYe

! o

fashion (Perras et al, In Preparation).’ i

>
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. 3. Dipstick Methodology of Serum Alcohol
Determination

‘Current methods require not only specific

instl;ume}lts but also trained personnel to determine

the alcohol level/ in body fluids. The dipstick tech-
nigue was developea in order toxmake alcohol determ-
ination simple and useful even for technically untrained
pergonnel. Although alcohol level was usually determined
in the blood, it has been shown that the uraine and saliva
can also be used with the dipstick methodology. The

dipstick method 1s a sensitive and semiquantitative

B

method for assessing alcohol in body fluids. It is a

-~

s

si,mple,‘ efficient and\ﬁiapld thchenique which could be

~ [3 v

used in almost any situation and requires only one minute
to’carry out. ‘
The dipstick methodology uses a competitive inhib-

i 1

i

a

itor of alcohol dehydr‘ogen’ase (ADH?, pyrazole (Reymaier,

1969), at the_‘siée of rea,ction \Crlpfu ethanol. The 1inhib- g
1tor is used because ADH hﬂas a low Km (Sund and Theorell,

1963) and would become saturated at low concentrations

of alcohol. The enzymatic reaction can, therefore,

proceed in a guési-—linear mode with respect to substrate

‘ .
concentration in vartually any desired concentration

°
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range of alcohol. The addition of diaphorase and

iodo-nitrotetrazolium chloride, an electron-accepting

chromogen (Lim and Buttery, 1977), allows for a

visual detection of alcohol presence. The visible
reaction is possible because of th‘e photo-sensitive
reaction of the tetrazolium, but it is pH dependent
and, therefore, a TRIS buffer is used (Gella et al,
1981). Semicarbazide traps the acetaldehyde gener-

ated and the reaction can proceed in the proper

direction. The reaction is summarized in Fig.VI.

F1g.VI The Dipstick Reaction (Kapur and Israel, 1985)

i
|

ADH
1. Ethanol + NAD' > Acetaldehyde + NADH + H'
+ Diaphorase .
2. NADH + H + Tetrazolim Salt > NAD + Formazan
(colourless) (coloured)
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The enzyme stabilizer is albumin from bovine serxrum,

with either dithiothreitol or dithioerythritol. A
predetermined amount of buffered enzyme-cofactor-

inhibitor is used to impregnate strips of filter

paper, which are lyophilised and attached to a plastic

strip at oné end. This allowed for determining alcohol '

in the range of 5-160 mg/dl (1-35 mmol/L and 20-120 mmol/L)
by comparing to a scaled chart the color éhange observed
(from light pink to dark red) on the strip tested.

The dipsticks were first checked on a PMQ 2-Zeiss Chroma-
togram-Spectrophotometer at 530nm, with light absorption
relating well to the sguare root of alcohol level

(Table IV). It turned out that the naked eye could also
discriminate colour changes for the specific ranges
considered, using a six-point colour chart (Tables V and VI).
Patients from various centers were tested. Dipstick analysis
was carried out on 931 urine samples and 631 serum samples.
For urine, alcohol level verification (Table VII) was
carried out using a U.V. speétrophotometer and the correlation
coefflcient was found to be 0.90 for ranges 0-160 mg/dl and
2-160 mg/dl. The serum alcochol levels~were verified by gas

-

chromatography (Table VIII) with a correlation coefficient



of 0.90 for the ranges of 0-140 mg/dl and 3-140 mg/dl.
Saliva specimens were also studied on 51 subjects
and the correlation coefficient was greater tban 0.90.

The sensitivity was foun§ to be 98.8%, speci}icity
wa; 97.?% and efficiency 98%. Tge alcohol dipstick
can also be converted into a gquantitative method by
using reflectance spectrophotometry to measure the
colour intensity. The false positives were found to
be below 2.2 mM (10 mg/dl). The dipstick at -15°C
is stable for 12 months; at 4°c forﬂ? months and at
room tempefature for up to 31 days.

In our studies, the dipstick methodology was used
to correlate .ethanol levels in body fluids with serum
liver enzyme concentrations, both of which were deter-
mined on the same individual ;eruﬁ‘sample of each patient.
This permitted correlation of serum liver enzyme levels

with actual concentration of alcohol in serum in the

sSame sample.



TABLE IV.

150
125
Peak 100

Height
(mm) 75
50

25

A

51 -

vVerification of Dipstick Methodology

as checked for reflectance densitometry
on a PMQ 2-Zeiss Chromatogram Spectro-
photometer at 530 nm. The square root
of the ethanol level was compared to
peak heights of deflection for urine,
serum and saliva (after Kapur and Israel
1985)

URINE SERUM SALIVA

r = 0.99

I 1 1 1 1 1 1 1 H 1 |

1
10 20 30 40~ 10 20 30 40 10 20 30 40

’\/ Ethanol Concentration (mg/1)




TABLE V.

++

+++

++++

+++++

Classification of Alcohol Dipstick Results
Scale for Low Serum Ethanol Content (After Kapur and Israel 1985)

ALCOHOL DIPSTICK
DIP-AND-READ TEST FOR
URINE/SALIVA ETHANOL

DIRECTIONS:

l. Dip test area of strip in fresh sample.
2. Tap edge of strip against container to

3 mmol/L remove excess.
3. Compare test pad with reference pad.

—zg—

/ -
If positive compare it with color chart
6 mmol/L at gxactly 60 seconds.
4. If test pad is negative at 60 seconds
13 mmol/L continue observing for another 60 seconds.
If at the end of this time it is positive
21 mmol/L then a trace amount of ethanol is present.
30 mmol/L B2y © Reference Pad Retighten cap immediately
i}~ Test Pad Store at 0-4°C
: Lot #

i
-




TABLE VI. Classification of Alcohol Dipstick Results

. Scale for High

NEG

44+

-+

10

20

40

80

120

mmol /L
mmol/L
mmol /L

mmol/L

mmol/L

Serum Ethanol content (After Kapur and Israel 1985)

ALCOHOL DIPSTICK .
DIP-AND-READ TEST FOR
URINE/SALIVA ETHANOL

DIRECTIONS:

1.
2.

3.

4.

Dip test area of strip in fresh sample.
Tap edge of strip against container to
remove excess.

Compare test pad with reference pad.
If positive compare it with color chart
at exactly 60 seconds.

If test pad is negative at 60 seconds

continue observing for another 60 seconds.

If at the end of this time it is positive

then a trace amount of ethanol is present.

Retighten cap immediately
Store at 0-4°C

Lot #

YO

—.ES_



TABLE VII.

uv-
ETHANOL
(mg/di)
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Ccomparison of urine ethanol determination
_ by Alcohol Dipstick Methodology with that
obtained by U.V. Methodology using standards
with pre-determined optimal ranges (after
Kapur and Israel 1985)
o
R T T
>160 - * « ~ 208 2ja 1014
N L I A EER I B RN ]
- ARNARTR A RN
120 - 160 URINE R T :5: »
 ETHANOL
* kA
80 - 120 wow | ow fewar | *
L8 2 . %
* & %
* *
40 - 8O * ::t *t *t *
. * * * &
] *
20 - 40 P el BT
LR 34
* *
5-~20 o ::: *
*ﬁt*‘ - %
* * * -— ]
<5 :‘ :da “ r =0.90
w & *®
ol ®
FETE
o [+680s T *
hAwwwh n* W
*h Wk R
0 Trace 1+ 2+ 3+ 4+ 5+ 6+

DIPSTICK ETHANOL .
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TABLE VIII. Comparative study of alcohol levels
using Dipstick Methodology and Gas
Chromatography carried out on serum
standards with pre-determined optimal
ranges (after Kapur and Israel 1985)

s2enifizeas
>140 ‘ + |+66 %2137+
AwwwR A wwwk
RUM TEETIREE
B SE Ahk RN
* AhAR [R>S p
100-140 | ETHANOL LT
NN
] PR X B
- 100 * w: :t ::::: il
ac- R
ETHANOL -
A h eaaw
‘mg/dl) 30-60 ool B3
*
"
* *
5-30 LR LA
*
<5 ek *h® r = 0.90
A AA R Y i
Ressalnbkann
O |2307a]jnnenn
AmnwR | Renhh
RhAARN] Aaw
(0] TRACE 1+ 2+ 3+ 4+ 5+

DIPSTICK ETHANOL

w e P . - o e . -



CHAPTER V -~ RESULTS

s

A. Serum GDH and Other Liver Enzyme Determination
in Control Subjects.

»

Prior to studies in chronic alcoholics, the serum_
enzymes were determined in 80 control subjects. The
subjeets studied were all hospitalized without evidence

or history of liver disease, which was verified by

» hospital records.

Table IX. Normal Values of serum enzyme levels as
reflecting hepatic function.

\
BENZYMR VARIATION RANGE MEAN VALUES
GDH : 0.33 - 5.68 U/L ' MEAN:2.24
GGTP : 7 - 55 U/L ' . GGTP/Al.Ph.
Al.Ph. : 30 -110 U/L \ : MEAN : 0.29
SGOT : 8 - 40 U/L : SGOT/SGPT
SGPT ' 3 - 45 U/L : MEAN : 0.8

o P PN Pt oy P g PE Pt P Pes s Pt S Pt Py g P P g PNt ot Pt e Pt Pt PN P Pp P It Pos B Pp P Pt P P Ps Pt Pt s Pap Pt s o P g P Pt P P P Pt e P P g s Tt Pt Pt Ap e Py



B. Serum GDH and Other Liver Enzyme- Determination
in Chronic Alcoholics.

1. Pilot Studies

The results df the i1nitial longitudinal studies on
twelve chronic alcoholic patients at the Mont;eal General
Hospital and St. Mary's Hospatal are listed in Table X.
These results demonstrate clearly that GDH values are
markedly elevated during the acute phase, the mean being
approkimately 10 times higher than in control subjects.
The éamples were obtained on a monthly basis for a
periog ©of 6 months or more. When alcohol abuse was
continued, the values remained elevated, variability
depending on the amount of alcohol intake. It is sign%—
ficant th;t none of ‘these patients had GDH value within
the normal range.

As far as serum levels of GGTP and Alkaline Phospha-
tase are concerned (Table XI), both were significantly
elevated. SGOT and SGTP levels varied, overlappaing with
normal subjects and no conclusions could be reached.
Unfortunately, during this period, the alcohol dipstick
methodology was still in the érocess of development and

'

the alcohol serum levels were not determined.



TABLE X. Serum GDH determlnatlops in 12 chronic alcoholics

PHASE " ’ VARIATION RANGE

MEAN
NORMAIL CONTROL - 0.33 5.68 2.24
ACUTE PHASE : 6.69 66.88 ° 22.0
INTERVAL PHASE . 2.34 6.02 3.86
CONTINUOUS ABUSE 12.70 37.79

22.73

8§ -
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TABLE XI. Serum GGTP and Alk.Phos. in 12 - ‘ -
chronic alcoholics

T NORMAL CONTROL' SUBJECTS :

ENZYME VARIATION RANGE i MEAN
! GGTP ' 7 - 55 . 21 !
: Al.PH. ! 30 - 110 ' 79 :
! RATIO " 0.073 - 0.692 ' 0.29 !

] J .
.

a
.

R ':‘ ﬁ‘ ; - EH
ACUTE ALCOHOL PHASE
ENZYME , " VARIATION RANGE MEAN
; GGTP oo 135 - 555 367
' Al.PH. ' 56. - 133 101
! RATIO ! 1.5 - 5.09 3.7

4

“ 1 «
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?

CONTINUOUS ALCOHOL ABUSE

ENZYME . VARIATION RANGE ’ MEAN

283
104
2.64 ,

17 - 425
77 - 126
1.5 - 3.7

! GGTP
' Al.PH.
' < RATIO

. me Tw .-

—_—- e RS STz S EERE=sRES

ENZYME VARIATION RANGE : MEAN
: GGTP ! 56 - 137 : 77 ;
: Al.PH. i 33 - 97 : 59 :
: RATIO °~ t " '1.14 - 2.08 : 1.25 :
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2. Studies of serum enzyme levels in chronic alcoholics
admitted to the Half-Way Center o

S~ixty «<chronic alcoholics consecutively adnittoed to

La Maison Jean Lapointe wefe studied. iIn addition to the .

2 u

determination of serum liver enzyme levels (GDH, GGTP,

Alk.Phos., SGOT, SGPT), psychometric studies were carried

out on these patients, although the results are not part

i

of this thesis. It is hoped that eventually the assess-

ment of psychologic status of the chronic alcoholic

\

personality could be correlated to the biochémical effects
Y

I

of ethanol abuse on the liver.

®
There were 44 males and 16 females in this group.
The age of male subjects varied between 20-72, and that
of female subjects between 25-66. 1In all cases, serum

o

ethanol level was determined using the method o.‘é:' Kapur and
o
Israel (1985). The serum ethanol level was divided into
four ranges: 1) normal range: 0-5 mmol/L; 2) slight
el\gvation: 5-20 mmol/L; 3) moderate elevation: 20130
mmoL/L; 4) marked el‘ev,ation: 30+ mmol/L.
Two parameters were studied r'elaéing the ethanol

o
b) GGTP, AlK.Phos., SGOT and SGPT levels.

—~

[N

" serum level to the serum liver enzyme levels: a) GDH levels;
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a) Relationship between the different ranges of serum

alcohol level and the serum GDH concentration ranges.’

The average value 1n each range is reported (Table XII).

H

Although the GDH range values overlap to a certain extent

in the four groups of ethanol levels, there is a signif-

icant trend toward parallelism between serum ethan;}/fr\\\h\;\

level and serum GDH levels when the averages are considered.
There were twent'-six patients who had serum ethanol levels,
within normal range and whose GDH values were also normal.
In five patients, both the GDH ('glO U/L) and the serum
etﬁanol'levels<(< 20 mmol/L) were slightly elevated.

When the seruﬁ ethanol level was higher than éO; none of
these pétlents had normal GDH le;el and only three had
slightly elevated GDH; s1x patients had either moderate

or marked elevation of GDH level (< 10 U/L). When the

serum ethanol level was higher than 20, all seven patients

had serum GDH values greater than 10 U/L and five of these

were > 30 U/L with the highest value being 76.24. At day
21 when ethanol blood levels were normal, all serum GDH
values were w;thin normal range. Fig.7 shows the mean ¢

serum GDH levels in the four groups of serum ethanol levels.

- ° B i ——



Blood Alcohol Level vs Serum GDH (60 cases)

Fig.7
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Table XITI. Relationship between Serum GDH level and
serum Alcohol level on admission (60 cases)

SERUM ETHANOL :
LEVEL (mmol/L)

GDH RANGE 0.66 - 11.73 2.01 - 13.04 5.688 - 14.46 12.04 - 76.24

( u/L)

GDH AVE’\RAGE ' 2.82 6.56 16. 84 43.43 ;
( u/L ) ! . ‘

Pt Pt P P B P N P P i Pt Nt P Pt P v P P O s e Pt Ao Pos Pt P Ps b Pt P Pt P P B b b P8 A e s N0 Pt s P P Pt Pt s TS s s s e e g e

b) Relationship between the different ranges of serum
alcohol levels and the GGTP, Alk.Phos., SGOT and v
SGPT levels on admission (60 cases)

Taking into consideration the normal range of values

of these enzymes, the GGTP was considered to be saignif-

icantly elevated when the serum level was 100 U/L or

higher. Fig.8 shows the GGTP levels in the four groups

of serum ethanol level. It is evident that even when

ethanol level was low (5-10 mmol/L), the GGTP was elevated

in 7 cases; in these cases, the GDH was elevated in only

3 cases; since significant GDH elevation occurs only

during the acute phase and 15 also of much shorter duration

than that of GGTP, 1t appears that these 3 cases were

admitted at least 48 hours and possibly longer after the

acute episode (Fi1g.9). GGTP was significantly elevated
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(over 100 U/L) in 5 cases, when serum ethanol level

was over 20 mmol/L; there were 13 cases of elevated

GDH in the same category of ethanol level. This

finding suggests, if confirmed in a larger number of
cases, that the rise in GGTP following an acute alcoholic
episode is much slower than that of GDH.

Alkaline phosphatase does not seem to be a good
indicator of hepatic injury by alcohol. When the Alk.
Phos. level of 150 U/L or more is considered abnormal,
it was found to be elevated in only 2 cases of serum
ethanol level of 20-30 mmol/L, and in 1 case of ethanol
level over 30 mmol/L. (;;rhaps in this higher range of
simultaneous GGTP and Alk.Phos. elevation, the GGTP/Alk.
Phos. ratio may be useful as far as judging the severity
of the injury.

The SGOT was considered elevated when the serum
value was higher than 75 U/L; ip this category, there
were 8 cases; in all of these, other enzymeé were also
significantly higher to various degrees. SGPT was
elevated on admission {over 80 U/L) in only patient

out of 60 cases studied; in this instance, all other

enzymes were also elevated.
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The number of cases in low and high level groups
of GDH, GGTP, Alk.Phos., SGOT and SGPT, in the four
groups of serum ethanol concentrations as determined
by the method of Kapur and Israel (1985), are.listed in

Table XIII.



Table XIII. Number of cases with Normal (N) and significantly
elevated (H) enzymes in the four groups of serum
ethanol concentrations on admission (60 cases).

t

! GROUP I : SERUM ALCOHOL RANGE = 0 - < 5 CASES = 32 :
; GDH GGTP AP SGOT SGPT
! N = 31 N = 23 N = 31 N = 32 N = 32
! H= 1 H= 9 H= 1 H= 0 H= 0
i GROUP II : SERUM ALCOHOL RANGE = 5 - ¢ 20 CASES = 12 :
! GDH GGTP AP SGOT SGPT :
: N= 9 N = 7 No= 11 N = 10 N = 12
: H= 3 H= 5 H = 1 H = 2 H= 0

ya

P Al B P Pr Pt s P B P P N P Po I P PNp P P A e P g By s A s P Ay P s g P st Py s A At Ps s P v e e A P A - - A

f

GROUP III : SERUM ALCOHOL RANGE = 20 - < 30 CASES = 9 :
GGTP AP SGOT SGPT :

N= 3 N = 6 N = 7 N = 7 N = 9
H= 6 H= 3 H= 2 B = 2 H= 0 .

T e e e e O S T O e i TR . S Vi Vr N U VP N W Vi e W i D S e U W g

Q
=
=

i GROUP 1V : SERUM ALCOHOL RANGE = 30 + CASES = 7

: GDH GGTP AP SGOT SGPT :
: N= 0 N= 5 N = 6 N = 3 N = 6 .
: H= 7 H= 2 H= 1 H= 4 H= 1
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CHAPTER VI - DISCUSSION

1. Methodology of GDH Determination.

The history of GDH determination, reviewed pre-
viously, shows a progression in the development of
understanding the origin and role of Glutamate Dehydro-
genase as reflecting mitochondrial function. Hogeboom
(1953) determined the mitochondrial origin of GDH and
was able to isolate the enzyme from liver homogenates.
Using spectrophotometric methods, he determined the
GDH level 1n the serum of normal subjects. VanWaes
and Lieber (1977) were the first to determine serum
enzume levels in chronic alcoholics and have demonst-
rated a consistent elevation of GDH corresponding to
morphological changes in liver biopsy material. 1In
the current study, the methodology of GDH determination
was modified at the Montreal General HospitalfLabor—
atories under the supervision of Dr. Paul Koch. The

of- Ketoglutarate was used as an initiator of the

g,
reaction mixture instead of oxoglutarate employed in
previous methodology. 1In our studies, fresh gt~ Keto-

glutarate was used. Studies using initiator kept frozen

for up to 7 days showed a decrease of 0-10% in GDH values.

5
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Instead of pipetting the ingredients separately, they
were premixed and their concentrations were changed to
produce the final reaction mixture volume of 2.6 ml
instead of 3.0 ml; 0.5 il of serum was used. The
reaction was triggered by*the/addition of 0.1 ml of

OC - Ketoglutarate. The multiplication factor was

calculated in the following manner :

3

2.6 ml (volume m?asured) X 10 x O g / min.
0.5 ml (serum volume) 6.33 340

Since the readings were taken every 30 seconds, the

following multiplication factor was used:

(sum of readings) X 2 X 836 = 1672

{number of readings)

All GDH assays were carried out manually, since it
was found that purging the system did not constantly
result in zero absorbence reading prior to the next

&

meas%fement and, therefore, sometimes required extra
purging; this is a definite advantage of manual method-
ology over an automated system. As observed in 80
normal subjects (controls) the variation range was

from 0.33 to 5.68 U/L; when this range 1s compared to

previously used methodology (Worner and Lieber 1977),
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the scale is wider towards the lower values, indicating
increased accuracy 1in the low value range.

In repeated testing of'the same samples, the
differences in absorbence were the same, indicating
the accuracy of the method.

The minimal water bath time was fouAd to be 15
minutes and the maximum 180 minutes without influencing
the résults.

As far as the period between procurement of centri-
fuged serum samples and the timg of GDH determination
is concerned, we found that if the serum sample is
immediately frozen and stored at -20°C for a period of
14 days, the results are not adversely affected. When
longer freezing periods are used, the results are less
accurate. When the serum sample was obtained in a hemo-
lized state, the GDH Assay readings were higher on the
average 15-20%; to omit the possibility of error in our
studies, only the non-hemolized samples were employed.

These studies on methodology of GDH determination
were carried out on 12 chronic alcoholic patients at .
the Montreal General and St. Mary's Hospital and the

results are listed in the preceding chapter. The



P

methodology of determination of GGTP, Alk.Phos.,

SGOT and SGPT was also streamlined in our investig-
ation on these patients in order to obtain a total
picture of the serum enzyme levels in ethanol abuse
cases. The group is obviously too small to draw

any statistically significant data; as seen in the
precediné chapter, only two cases 1n this group could
be claésified as severe alcoholics. However, the
value of this pilot study consasts of the fact that

in some of these cases, the study was extended over a

period of nine months. We were able to determine the
differences 1n serum enzyme levels between the acute
phase and the interval periods, as well as when the
ethanol abuse was continued. It was observed that the
GDH values remain elevated up to 48 hours afte£ the
acute episode; however, the serum level of GDH gradually
decreases after this period. The highest GDH values
were observed in intoxicated ;étients. When patients
were too i1ntoxicated to report to the ho;pltal, the

sample was obtained at home, naturally with full

agreement of the subject.

o 3ot e o o n A
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2. Assays of GDH and other serum enzymes in
Chronic Alcoholics

As previously mentioned in the course of this
year, we were able to obtain”the cooperation of the
program director of La Maisgh Jean Lapoiﬁte,’M: Jacques
Perras, who provided us with access to fcarry out serum

enzyme determinations of serum enzyme levels in 60

consecutive cases of chronic alcoholism admitted to

the Institute. Drs. Kapur and Israel, of the Addiction

VR

Research Foundation of Ontario, provided us with the

sufficient number of dipsticks to measure alcohol serum

v

-levels at the same time when the serum enzymes were

determined. This enabled us 'to fulfill the objective
of this work, namely to correlate the serum GDH levels
with that of alcohol blood level.

In severe alcoholics, where the GDH values were
higher’than 20 U/L, the serum alcohol level ranged from

©

30 to 120 (or more) mmol/l; since all these cases were
o

intoxicated, this confirms our initial observations

made at the Montreal General Hospital that GDH value

reflects accurately the extent of mitochondrial damage

during the acute phase. When the GDH values are

&
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compared with those obtained at day 21, it becomes
obvious that GDH levels should return to the normal

range after abstinence. Since all these patients .

1

had no alcohol intake under the strict supervision
of the personnel at La Maison Jean Lapointe, t

. g .
« confirms the conclusion of many investigators of

°
3

chronic alcoholism, that abstinence is the ultimate

goal of treatment. In 8 cases, a moderate increase

!

' v

in the serum GDH level was observed, ranging from

t
.

10.03 to 16.7 U/L; all these values, according to our
proposed classification, were considerably higher
than the normal range (0.33 - 5.68 U/L).

IThe serum alcohol level in these subjects ranged
between 12 mmol/1 and 60 mmol(l. In the fémaining
44 cases, the éDH serum level was within normal range
(0.66 ~ 5.68 U/L) or insignificantly increased

m’(G.OO - %.40 u/L). Thése cases, though classified.as
chronic alcoholics, were obviously admitted in the
interval phase without evidence of acute intoxiéation.
The mitochondria have a remarkable power for rapid

recovery; if. pathologic mitochondrial swelling were

observed in these cases, it would probably start to

- i
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récede"within 48 hours after the last intake of
ethanol containing beverages.

When marked or moderate increase in GDH 1s
considered as an indication of severe mitochondrial
damage, the incidence of heavy alcohol abuse would
be around 25%. This figure 1s in agreement with
Observations on the incidence of liver daﬁage in
chronic alcoholics, which 1s stated to be approx-
imately 20 - 30% (vierling 1983).

Although the primary objective of this study
was to develop the methodology of serum GDH determ-
ination and to correlate these with serum alcohol
levels, it was obsérved that the determination of
other serum liver enzyﬁes is a valuable adjunct in
the assessment of liver damage in chronic alcoholics.

According to our results, the GGTP is the best

‘indicator of liver damage 1n the interval phase;

values ranging from 102 - 209 U/L weré observed in
patients. These values, according to our classific-
ation, were at least twice higher than the normal
range (11.0 - 50.0 U/L in men and 7.0 - 32.0 U/L in
women) . When the serum was taken in the acute phase

of alcohol abuse, as indicated by serum ethanol levels,

-

N



the GDH was extremely elevated. However, when

¢
0

GDH was normal or slightly elevated, in some cases
the GGTP level was sti1ill markedly 1ncre;sed.
Alkaline phosphatase levels were elevated in
"5 cases, when values higher than 150% of the normal
range are considered to be significant. Alkaline
'phospﬁatase does not appéar to be a good indacator
of liver damage in chronic alcoholics. In 2 of
these cases, the serum liver enzyme levels were
normal, while i1n 3 cases, they were concommitantly
increased. The GGTP/Alkalihe Phosphatase ratio should -
perhaps be included as a parameter when assessing the
chronic alcoholic, since in the majority of cases of
liver damage, the alkaline phosphatase 1s also increased,
although to a lesser extent, but for a longer period.
This statement, though not fully qualified because of
the small ndmber of cases, is based on our preliminary

observations made on the chronic alcoholics treated at

|
i

the Montreal General Hospital and St. Mary's Hospital. -

The SGOT values were increased in 8 patients, the

values ranging from 95 - 256 U/L; this corresponds to

ha
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100% above the normal wvalue range (0-37 U/L in
males and 0-31 U/L in females). The SGPT serum levels
in this study show no correlation to either ethanol
blood level or levels of other enzymes 1including
GDH. This may indicate that 1in chronic alcohcl abuse,
the derangement 1n transdeamination occurs towards
the oxaloacetate pathway rather than the pyruvate
pathway. — -
One final comment should be made about the sex
ratio 1in chronic alcoholics. 1In this study, the
male to feéale ratio was approximgiely 5:1 1n 60
cases (44 vs 16). When only the severe cases are
included, the ratio is approximately 3:1 (15 vs 4).
If the trend shown continues in a lérge population
group, it appears that the extent of liver damage in

the acute phase'of alcohol abuse would be more severe

1in male subjects.

3. Perspectives in GDH assay in liver diseases.
After the new modification for GDH assay was
y ]

develéped, it was realized that the determination of j

GDH adds a new parameter in the assessment of liver



function, namely that reflecting mitochondrial injury.
GDH may become useful in other surgically and medically
treated liver diseases. GDH was determined 1in several
patients admitted 1in the Department of Surgery; since
the number is small, the results have no statistical
signlfiéance. However, 1t may be worth-while to give
at least one example of the results aobtained.

A 56-0ld Tale was admitted with a history of long
standing back pain and recent obstructive jaundice. A
diagnosis of pancreatic carcinoma was made on the basis
of ultrasound and endoscopic examinations. The serum
enzyme determinations were carried out prior to surgery
and at intervals after the operation and are shown in
Table XIV . The serum GDH value prior to surgery was
100.65 U/L and immediately after surgery, c;nsisting of
choledochojejunostomy with complete relief of biliary
obstruction, the GDH level fell to 35.11 U/L, signifying
a significant drop of 65% (as for bilirubin and other
enzymes, the percentage drop ranged from 4 - 21%) and
gradually returning to well within normal (12.04 U/L
on the fifth postoperative day, 11.7 U/L on the ‘eighth

postoperafive day and 9.36 U/L on the fourteenth post-



Table XIV Serum GDH and other liver enzyme values in a patient with
obstructive jaundice.

Pt Pt Pt Pt s Pt s Ps P P P Pop s P2 P P P P P Pt s PP P Pt Ap Pt P Pt P Bt Pt P P Pt P PN D s 2 Pt Pt g Pt B3 D I Prs Pt P Py I P8 Pt P Py Pt Pt Pt s P ke Pt s P P Pt s Pt P Prs s P P Pt e

! ENZYMES FEB-8 % FEB-13 ¥  FEB-18 FEB-21 FEB-27 MAR-14
! GDH 100.65 35.11 12.04 11.70 g.36 4.68
; GGPT a50 800 268 188 145 86
! ALX.PHOS. 700 650 320 263 190 117
EéA"i‘ié ........... inéé ....... i.éé ....... 6:é& ...... 6:%5 ....... 60:7é ...... 6.'}5
! SGOT 137 107 44 32 20 18
! SGPT 245 -~ 218 73 60 28 15
! RATIO | 0.5é ,.,'/(‘J’.Tlé ) 0:é6 ) 0.53 0.87 1.20
; BILIRUBIN g.1 8.7 3.0 2.4 1.6 0.8

Bt A7 P01 Pt Pt Pt P Pt Pt P P Pt Pt PG P2 N0 Pt Pos P Py g Pt P Pt s s Pt Ing Pt P Pt s Po Pt Pt Pt Pt Pep Pt s g By ot Pt Pt Bog g s P Bos Pt P1 Pt Bop Iy Pt s g g P> g P s P Vs P i Pt s Pt g ir s Pt P
-

Footnotes: FEB - February GDH - Glutamate Dehydrogenase

February-13: is the day of chgledochojejunostomy.
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operative day) by day 27 when the GDH was 4.68 U/L
(normal € 5.68 U/L). GGTP and Alkaline Phosphatase
were also markedly elevated, as were SGOT and SGPT:
however, 1t should be stressed that the decrease of
the other liver enzymes was much slower, especially
Alkaline Phosphatase. This patient recovered rapidly
after surgery. The implication is that if the fall
in serum GDH is rapid after surgery, this would
indicate recovery of mitochondrial function and a
good prognosis for patient recovery; on the other

hand, persistence of high serum GDH values would

s

indicate irreversible damage to mitochondrial structure.
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CONCLUSIONS

Serum GDH determination 1s a wvalid method for
assessment of liver injury i1n chronic alcoholics
during the acute episode reflecting the extent

of mitochondrial damage.

Serum GDH values on admission to the half-way center
were found severely elevated 1in 8 patients (22.00 -
76.24 U/L) and moderately elevated in 9 patients

(11.70 - 16.70 U/L). 1In 45 patients, the GDH values

were either normal or slightly elevated.

The GGTP was markedly elevated in 19 patients (103 -
441 U/L) at admission; on departure, six of these
patients still had high levels of GGTP (102 - 209 U/L).
In two patients, the GGTP was increased at day 21 when
compared to the level of GGT? on admission. One
patient had normal GGTP level on arrival but high
value at day 21 ( 32 - 128‘U/L). The differences
between GDH and GGTP values on admission can be
explained by the yariation in time lapse between the

Fy
.

last acute alcoholic episode and the time of admission.
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Serum GDH values correlate well with ethanol blood
level, determined in the same samples (Sensitivity:
81.25%; Specificity 90.91%; Positive Predictive

Value: 76.47%; Negative Predictive Value: 93.02%).

Studies on serum liver enzyme patterns in chronic
alcoholics may contribute to the assessment of the
drinking pattern as well as the extent of liver

injury.

In any proposed treatment regime, serum GDH levels
and other liver enzymes may be useful in assessing
the results obtained, without resorting to invasive
techniques, such as repeated liver biopsies which

are difficult in ch;onic,alcoholics.

Although the goal of treatment in chronic alcoholics
appears to be abstinence, assessment of subjects, who

continue to abuse alcohol, remains a valid objective.

The possibility of using serum GDH determination in

other surgical and medical conditions affecting the

e

liver are briefly outlined.
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