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Alcohel metabolisn in Iumans has heen siudied by exzamining hlooed,

urine and breath ssnples tolten at freguent intervnls Tor 5 hours

after an alcohol load of 0.5ml/le in o fasting condition,

A gas chromatographic method was developed for the simultoneous
estimation of acetaldshyde, ethanol and acelone levelz in blood
and urine specimens and various column packiagg werce invesiigated.
Porapak @ vas ihe most suitable material and the method Tinally
adopted used the headapoce gao phase over wrine or perchlornte
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precipitated blood svecinens to which had boen addszsd sodiuvm

sulphate to displace the volatile cowspononts frou Hlle agueons
phase, Protein precipitation vns neceaszary in order to nreveont
the loss of acetaldehyde fron the blood samples. A ogos sampling

valve vas 7itted to ensble siomilar determinstions in breath

samples but vas not used in this situdy.

Assays by ezymalic methodo were developed for lactute, pyruvate,
B-hydroxybutyrate, glucose and glycerol ubtiliging the changes in

concentration of HADH <thich was neasured by fluorcmetry and the

)

merits of converting NJ‘»._DF to a fluorescent compound was exanined.
Twenty male and eight femoles volunteered for the study. Blood
samples were abtained from an intravenous cathetor, a procedure
supervised by a physician, Blood aleceohol levels were monitored
by breath ftests with an elecirochemical device, (an ﬁlcolimiter)

for detecting ethsnol,

There were considerable variations in the peals alcohol levels and

in the time taken for cguilibration in the body. matimates of



the rate of metabolism of ethanol and of bhody content wers in

agreenent with those published in the literature. Breath testing

o2

wag Tound to be o satisfactory means of estimating blood alcohol
concentration im the poet-absorpiive vhase. The Alcoliniter gave
readings that were on an averago 10mg/100m1 low, Hut thisz could be
corrected by recalibration. Blood scetaldebyde levels rosc to

0.img/100ml end occasionzlly +o O.2mg/100ml.

A Tall in blood pyruvate level, which remained low throughout the
test pericd, was seen to coincide ith the increscss in hlood
aleohol, There was o tendancy for lactate to rise at the same
tine. This was not consistent, but the ratio of lactate to
pyruvate incrgased 2 or 3-Ifold in most cases which reflectod the
change in cyftoplasmic redox ratio.

the

Swall increases were obmerved in blood glucose cven though
alcokolic drink was frce of sugar. There worn incresses in
blood glycerol levels in all subjects and some of these were guite

largec. These findings were contrery Lo somc roporws which have

appeared in the literature,

The excretion of eleetrolytes was cxamined in the urine but the

results wers Aifficult to interprot.

Alcohol concentrations in uvrine samples were measured and compared
to the bloed lovels and the diuvretic effect of alcohol as noted.
These findings, together with those reported in the literature
have been discussed together with their significance in

interpreting disturbances of wetabolism vhen aleohol is consumed.



Hore assays are thouzht to be reguired including those Tor blood

Gty

scatote, blood triglveerides with frec fatly acids and sope




ii.

ACKNOWLEDGMENTS

T ezm indebted to my supervisor, Professor R. D. Batt for
his continuing interest in the study and help with the

preparation of the menusceript for the thesis. I am also

=

grateful to Dr L, Bieder for his medical supervision ¢
the work with velunteers and assistance in formulating
the protocol, My appreciation is due and acknowledged to
Terry Braggins for technical assistance, Dr R. Greenwsy
both for advice and the assays of electrolytes, Dr R. Brooks
for help with estimations using atomlce abserption spectro-
scopys and to all the members of the teawm working on
alechiol rescarch in the department for continugl advice and
discussion of the project.

The thesis was typed and copled by Ms Marion Trever to whon
I am indebted for her patience and care at all stages of
P

reparing the final manuscript.



LISt OF COWNTENTS

Page
Chapter 1 INTRODUCTION 1
Chapter 2 THE ESTIMATION OF ACETALDEHYDE,
ACETONE AND ETHANOL IN BREALTH,
URINE AND BLOQD SAMPLES 5
2.1 DEVELOPMENT OF GAS CHROMALTOGRAPHIC
METHOD
2atal Introduction 5
Z.1.2  Bample preparation 6
2.1.3 Gas chromatograph &
2.1.k  Integration 7
2.1.5  Syringes g
2.1.6 Distilled water 9
2.1.7 Internsl standardisation 11
2.1.8  Standards 12
2e1.9 Determinction of optium operating
conditions 12
2.2 COMPARISON OF COLUMM PACKINGS
221 Porapak § 14
2.2,2  Carbowax 1500 (5%) on Chromosorb
W-DMECS 20
2.2.3  Carbowax LOO (10%) on Chromosorb
W-LM0S 25
2.2.4  Carbowax 15L0 (5%) on Chromosorb
W-THMCS 56
2.2.5 Conclusions 27
2.3 APPLICATION T0 BLOOD AND URINE
SAMPLES
2.3.1 Introduction 26
2.3.2  Effect of blocd volume 29
2.3.3 Sbabiliiy of blood sample 3
2.3.4  Precipitated blood samples 33
2.3.5 Headspace gog enrichment 35
2.3.6 Qas chromatograph operation 36
2.3.7 Stendards 37
2.3.8  Urinary alcohol 39
2.3.9 Conclusions 39
21 BREATH TESTING BY GAS CHROM&TOGRAPHYMO
2.5 BREATH TEZSTING BY ELECTRO-CHEMICAL

ANALYSTS L1



Chapter

Chapler

3

-
[ S vl WU VI U WS T S S}

- -
+ &
Lt Y -

L U U T ) S 7S L R US R U
a . . .

-
—~2

LvE}
.
fw-a)

3.9

3.10
311
312
L
b1
b2
.3

o B B -
- - - -
=] On oA e

L.G
Lo
.10
bet
12

THE ESTIMATION OF NON VOLATILE
COhoIITOEITS T BoDY FLUIDS
INTRODUCTION
REAGENTS

FLUCROMETRY
Instrumentation
Heasurenant of HADHE
Heasurement of NAD

ACTATE
HYDROXTRUTYRATE
PYRUVATE

PYRQV&TE BY DIRECT MEASUREMENT OF
HAD

ACETOACETATE

GLYCEROL

GLUCOSE

CALCIUM AND MAGNESIUY

SODTUM, POTASSIUM AND CHLORIDES
RESULTS

SUBJECTS

EFFECTS OF ALCOHOL

1/ Absorption,
2/ Equilibration, and
3/ Elimination of alechol

BODY WATER E3TIMATES
ACETATDEHYDE
ACETONE

1/ Lactate

2/  Pyruvate,

3/ -hydroxybutyrete and
L/ “Redox ratios

GLUCOSE
GLYCEROT,

URTNE ALCOHOT, LEVELS

DIURETIC EFFECT OF ALCOHOL
EXCRETION of Ca'', Mg ', Na ', X'
and Cl .

BREATH VERSUS BLOOD ALCOHOL LEVELS




hapter &

Chapter 6
Appendix 1
Appendix 2

References

DISCUSSION
EFFECTS OF ALCOHOL

ABSORPTION, EGUILTRRATION AND
ELIMINATION OF ALCCHOL ANWD THE
ESTIMATION COF TOTaL BODY WATER

ACETALDENYDE
KETOGENTSIS

LACTATE, PYRUVATE AND THE REDOX
RATTO

CLRBOHYDRATE METABCLISH
FAT METABOLISK
DIURESIS

THE ELIMINATION OF ELECTROLYTES
AND MINERALS IN THE URINE

BLOOD ALCOHOL ESTIMATES BY BREATH
TESTIRG

CONCLUSIONS AND FUTURE WORK

4 WORKBOOK OF PROCEDURES
TABLES OF RESULTS

91
93

o]
4

95

98



2.8

2.9

2.10

2.11

3.1

3-2

bt

L15% COF FIGURES

4 gas chromatogram of 0.5 ul, water on
unpacked stoiniess steel colums before
and after treatment with phosporic acid

A gas chromatogram illustrating inte-
grator function

Van Deemter plots of acetaldehyde and
ethanol on Porapak Q

as chromatogram, 1 gl. acebaldehyde/
bhanol on Porapak @ showing tailing at
high temperatures

Calibration curves for ethanol and
acetaldehyde on Porapak §

Gas chromatogram of water and acetalde-
hyde on 5% Carbowax 1500 on Chromosorb

CGas chromatogram, headspace gas of
acetaldehyde, ethyl methyl ketone and
sthanol on 5% Carbowax on Chromosorb

Effect of blood volume on e@ﬁilibratioﬁ
of headspace gas

Effect of incubation at 55°C. on the
levels of acetaldehyde, ethyl methyl
ketone znd ethanol in the headspace gas

Calibrgtion curves for acetaldehyde,
acetone and ethanol. Headspace gas on
Porapsk

Variation of 'Alecolimiter' readings
with temperature on a standard 100mg/
100ml. simmlated breath sample

Docay of fluorescence of NADH in the
assay of pyruvate

Effect of NADH concentration on the
pyruvate assay

Standard curve Tor pyruvate asssy at
verious NADH concentrabions

Graphs illustrating the variation of
the rate of absorption and eguilibration
of alecohol

iv,

10

16

17
19

22

24

30

32

38

52

53

62



Table L.

o
=

4.5

LIST OF TABLES

The age, sex and drinking habits
of the subjects with their inter-
pretation of the effects of the
aleohol dosc

Results of the application of the
wWidmark formulae

The ratios, urinesblood alechol
levels during the absorptive and
postabsorptive phase

The average excretion in Erine+ger
30 mingies of CL , Na , K, Ca
and Mg

Patterns of excretion of electrolytes

and minerals

Appendix 2 Tablesg:-

i

o =) O o B oo

11
12
13
1
16
17
18

Blocd alcohol

Blood aceteldehyde
Blood acetone

Blood lactate

Blood pyruvate
Blood‘p—hydroxybutyrate
Redox retiocs

Blood glucose

Blood glycerol

Urine alcohol

Urine volume

Urine specific gravity
Urine sodium

Urine chloride

Urine potassium

Urine calecium

Urine magnesium

Meolimiter readings
g

!

66

74

76

77



