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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

3

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
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Chapier 1

INTHODUCTICHN

The present investigation is part ol & continuing and
expanding research programne which has been initiated to
define the role of acetaldehyde during alcohol metabolism

in hwian subjects. The first studies at Hassey University
were centered around the enzyme mechanisms responsible for
aleohol mebabolisi in sheep liver (Hendtlase, PaD., thesis,
1973). Hore recently, this work wag expanded to include the
isolotion and charscterisation 2i mitochondriel and cytoplasmlc
dehydrogenases from liver extracts (K. E. Crow, unpublished
results). '

Althiougn there is a large amcunt of published work on
alcohol metsbslism, the attentlon given to acetaldehyde
utilisastion has been small by comparison. This may be due
in part to the considerable difficulties in estimating
acetsldenyde rellected in the wide differences in levels
reported in the literature. These have varied from 0.1 to
30.0 mg./100ml, (Trultt and walsh, 1971, p. 164). Early
apectrophotoneotric studles on disvillates from blood samples
lacked specificity and were prone to contamination by
chemical oxidsticon products oi ethanol during sample prepa-
ration which probably accounted for the higher wvalues. The
development of gas chromatography has provided a highly
specific method for the detection and cuantitative estimation
of acetaldehyde in the presence of other volatile compounds
and recent studies have shown that the blood levels after

alconol consumption are not usually greater than 0.2 mg/100ml.
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Even at this order of magnitude, it is still not clear
whether scetaldehyde has bheen produced directly from
alcohol or as an artefact during sample preparation (Truitt,

1970), and
hlood levels. Acetaldehyde bias been snownt to be extremely

Ln}

urther studies are required to establish definitive

+

toxie, when it was infused to give blood levels from 0.2 1o
0.7 mg/100ml., the symptoms produced were similar to those
attributable to alcohol (Asmussen et al, 1948}, Truitt and
UWalsh (1971) reported that it was 35 times more potent than
ethanol in producing hypnosis in mice, but they also con-
sidered that the relative blood levels with alconol may also

be important.

Ethanol is metabolised in the liver by oxidation to acetal-
diehyde and then to acetate and the major pathway for these
reactions are catalysed primarily by tue ensymes, aleohol
and alehyde dehydrogenase. At the same time, NAD+ is reduced
to MADH creating an imbalance in the normal ratios hetween
these two co-Taclors, which is reflected in the various
netabolic pavhways., In glycolysis, the direction of the
reaction;-

PYRUVATE + NADH + Y& #——————— LACTATE + NAD"
is favoured from left to right with the ratic of lactate
pyruvate incresasing. The formation of acetyl Cod from
pyruvate, which required NgD+, 1s reduced with a conseguent
decrease in energy production from the tricarboxylic acid
cycle. This reduction in energy production can be compensated
less efficiently by an incresse in substrate level phosphory-
lation with a rapid depletion of the glycogsn stores and
glocose and a resulting hypoglycasmia. An initial hyper-

glyceemia has been atiributed to release of catecholamines



by acetaldehyde. The decrease in availsbility of NﬁD+ also
favours the resction from left to right of:-

ACETOACETATE + NATH + H' £—————w B HYDROXYBUTYRATE + NiD'
which is catelysed by the enzyme, P-hydroxybutyrate
dehydrogenase located in mitechondria. Peripheral blood
levels of these two substances can reflect changes in the

intramitochondrial redox ratio.

There have been conflicting reports in the literature on
the effects of ethanol on {at metabolism. Orouse et al.
(1968) have shown a fall in blood glycerol and free fatty
acid levels whilst Meickel and Brodie (1963) demonstrated
an increase. Truitt et zl. (1966), have shown an elevation
of plasma free fatty ascids and hepatic triglycerides in the
rat after infusing with acetaldehyde and they suggested
that these increases can be gttributed to the release of

catecholenminegs.

Alcohol ia said to inhiblt the release of anti-diuretic
hormone from the nesurchypophysis resulting in sn increase

in urinary volume. Such 2 diuresis is accompanied by a
decrease in the excretlon of electrolytes with a corresponding
increase in plasma levels. At the seme time, there is an
incresse in the excretion of calcium and magnesium (Flink,
1971), presumably due toc a temporary unresponsiveness to
parathyroid hormone (Estep 1969) mediated through the action

of aleohol or acetaldehyde.

In addition to the release of catecholamines, acetaldehyde
has been implicated in disturbances of biogenic amine meta-
bolism and there are hypotheses that by diversion of the
metabolic pathways, or condensation with neurcamines,
elkaloid like precursors may be formed which could be of

significance in addiction (Davis and Walish, 1971). It



seems likely that acetsldehyde plays a major role in promoting

= mumber of metabolic disturbances and it was planned to

(&8

a

study these simultancously in humen subjects following a
test dose of 0.85ml of ethanol per kilogram body welght.
The study was plannsd to include the determination of the

redox state of tne body by estimating levels of the pairs,
lactate/pyruvate and hydroxybutyrate/acectoacetate, disturbances
in glycolysis and gluconecggnesis from blood glucose levels,
changes in fat metabolism from blood glycercl levels and the
divretic, electrolyte and minernl effects from estimations

on urine samples. 4t the same time, alcohol and acetaldehyde

was ©o be determined in the blood, breath and urine.

Although most of these metabolic changes have been exanined
previously and reported in the litersiure, there have been
few attempts to follow all of these simultaneously. There
are various reasons for tirls, but most have been due to the
relative insensitivity o»f techniques zveilable at the time.
The introduction of gas chromatogrephy and the use of stzble
porous polymers for separstions has considerably eased the
problems of measuring ascetaldehyde and ebhanol levels.
Similarly, fluorometric procedures have incrsased the sensi-
tivity and reduced the volume of reagents and sample required
for the estimotion of varicus organic metabolites by
enzyrmatic methods. By linking these advances in technology
to a standardised test procedure supervised by a medical
practitioner, simultaneous investigations were possible on
multiple blood samples obtained from an indwelling intravenous

catheter,



CHAPTER 2

THE ESTIMATION OF ACETALDEHYDE, ACETONE AND ETHANOL IN
BREATH, URINE AND BLOOD SAMPLES

2141 Introduction

To study in vivo alcohol metabolism, it was necessary to
develop technigues for the nmeasurement of ethanol and
acetaldehyde in blocd, urine and expired air. In addition,
it was considered to be of value to detect acetone resulting
from fasting or hypoglycaemliz znd to be able to distinguish
ethanol from methanol. The most satisfactoery method for
estimating all of these voletlle compounds was gas liquid

chromatography,

The minimum gquantities ol these compounds to be estimated

were the endogenous levels of blood. For acetaldehyde this
has been reported as 0.05 - Oy mg/100ml., ethanol less than
0.15 mg/100ml., and azcebone 0.2 -~ 0.3 wg/100ml (Geigy, 1970).
Methenol is not normally present. Thess levels will rise

on the consumption of ethanol. For acetzldehyde and acetone,
the expected rangs was 0.1 ~ 1.0 mg/100ml., with blood ethancl
levels up to 150 mg/100ml. Air from the zlveoli will be in
equilibrium with the blood so tiaat ethanol up to 100 ug/100ml.,
and acetaldehyde to 1.0 ug/100ml., of air was expected (Freund

and O'Hollaren, 1965},




2.1.2 Sasple Preperstion

Whole or diluted blood samples mey be injected in volumes

of 1 -~ 5 ul,, into the gas chromatograph., However, preliminary
experiments showed that at the injector port termperatures of
100 - TSOOCF coagulation of the sample 1n the needle occurred
regularly necessitating frequent and tedious cleaning.
Aadditionelly, the chorred deposits retalned in the injector
port provided a site for the atscorption of substances from
successive szmmled with secondary ‘'ghosi" peaks. To eliminate
these it was found necessary to clean the injector port after
every 5 injections which was not only & time consuming

procedure but also gifected reproducibility.

sproteinised samples could be used but this procedure would
lead to the introductilon of inorgenic salts into the injector
port. Irreversible binding of acetaldehyde to the protein

precipitate was olso a possibility but was not exgmined.

Volstile constituents will equilibriate with the air space
ahove & blcod sample. This headspace gas is then suiteble
for direcv injection on to the ges chromstograph column,

usually at & volume of 50C ul (Freund and O'Hollaren, 1965),

2.1.3  Gas Ligquid Chromatograph

A "Warian" model 2740 gas liquid chromestograph was used.
This had two columns walch can be operated independently with
hydrogen ilame ilonisgtion detectors. The output from the

glectrometiers were fed sither through a "Warian® model L77



integrator, or L¢ 2 twin pen rccorder. Switching enabled
independant or simultansous use of the columns although

only one could be integrated at a2 time.

Stainless steel columns & feet long by % inch outside
diameter were used. Together with the injector insert, they
were washed before use in the followlng sequences-

water; concentrated nitric acld; water; concentrated
ammonia and acetone. The cclumns were then washed through
with 10 mg. of orthophosphorie acid per millilitre of
ascetone, to deposilt a layer of inscluble pheosphate on the
metal wall. This was said to eliminate secondary adsorption
effects and tailing when using hignly polar compounds
{(Hrivnak, 1970}, Figure 2.1, pege 8, illustrates the results
of such treatment on the water eluiion peak from an unpecked

column.

2.1.4  Integration

The integrator functioned by detecting the rising slope

of an eluting peak, fixing the baseline level and accumulating
counts at a rate determined by the difference of the incoming
signal from that of the baseline and the accumulated count

wes printed when the slope became zero. UWhile not integrating,
the baseline was sutomaltically tracked at a pre-set rate,

but faster trascking was possible by manual intervention,

Restraints were imposed on the profile of the chromatogram
and hence on the columm operating conditions for accurate
integration. Most commonly, pesks were superimposed on a

slowly descending baseline and sufficient time for automatic
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Figure 2.1
A gas chromatogram of 0.5 pl. diatilled water on unpacked, 5' x "

stainless steel columns. (A) hefore treatment; (B) after treatment
with phosphorie acid. Tnjector 105°C., oven 150°C., detector 180°C.,

carrier gas 20 ml/minute, ranpe 10_12, attennation x 1, chart speed

2 em/minute
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or manual correction of the baseline value between pesks

was necessary (figure 2.2, page 10).

2.1.5  Syringes

A "Handlton" 5‘p1., syringe type 54-RN-GF was used for
liguid injections and a 500 ul., gas-tight syringe type

500A-RN-GSG for head space gas.

The syringes were cleaned with 5% potsssium hydroxide
followed by water, ascetone, cther, acetons snd agaln water,
in that order. These syringes were found 1c he 2 mejor
source of contamination leading to spurious pecks. They
were checked freguently by using them to inject 1 nl.,
distilled water intc the gas chromatograph. If a peak other
than water was detected which could not be removed by
repeatedly rinsing the syringe, it was dismantled and the
seal between the barrel and the necdie renewed according to
the maker's instructions, then flushed with water. One
syringe wes kept exclusively for distilled weter which helped

co differentiate syringe Ifrom septur, injector port or

P

column contamination. The 500 pl., syringe was cleaned with
acetene followed by sther. The plunger was dismentled from
the barrel and sriped clean followed by drying in 2 stream

of zir. One syringe was kept exclusively for alr injections.

2.1.6 Distilled Watcr

4 bulk supply wes redistilied in an 21l glass aspparatus over



Figure 2.2

A& ges chromategram illusirating integrator function.

(a)
(b)
(e)
(d)
(e)
(f)
(g)
(h})
(1)

injection

avtomatic baseline tracking

integration commences

integration stops and the resulis printed when the siope is zero
manual tracking of the baseline (dotted 1line)

automatic baseline tracking

integration commences

signal negative relative to baseline, integration stops

zero slope detected, pesk integral printed



1.

permangznate. On storege, acetaldehyde and ethanol as well

s other volatiles could be absorbed from the atmosphere of

the laboratory, but these were readily removed by boliling.
Acetaldehyde was thce principal conteminant and its use was
subsequently restricted in the open laboratory and concentrated
stock solutions stored in a separate cold room from other

standzrds.

Zalat Internal Standardisation

Injaction of precise microlitre volumes into the gas
chromatograph was difficult to achieve. Commonly, the 5‘pl.,
syringe ussd had a needle volume of 0.7 - 0.8)11.5 from which
approximately 0.1 pl., of solution gvaporated in the injector
port in addition to that expelled by the plunger. Tc cir-
cumvent these problem. ., an additicnal volatile substance,

not normzlly encountered in the specimens to be analysed,

was added in a fixed provortion to mixtures of ncetaldehyde,
ethancl and acetone of known concentrstion to determine the
ratio of the peak areas. Such internal gtandards should

have similar properties to those volatile substances being
measured and should also elute near bul act overlap them.
scetonitrile, ethyl methyl ketone and iso-propanol are such
compounds. Although iso-propancl occurs in some congeners

ol zlecholic heverages, blood levels wera not expectled to be
significant. Ii{ was found thet internal standardisation did
not compensate for errors due to blockage of the gas tight
syringe needle. The resulting smaller peak areas were not

in the same proportion so that it was necessary to repeat

such Taulty sampling.



12.

2.1.8 Standards

The following compounds were redistilled to remove con-
taminants and stock solutions of 500 mg/100ml., prepared as

)
indicated and stored in stoppered glass bottles at L C.

1/20 volume of 1/20

mg/ml. boiling dilution to make up to
point mg/ml. 250 ml.
acstaldehyde 780 21 39.0 31.3
ethanol 790 56° 39.5 1.6
methanol 788 78° 39.h 31.6
ethyl methyl 791 65° 39.5 31.6
ketone
iso-propanol ach 8o° LO.2 32.2
acetonitrile 780 81° 38,8 32.2

In 2ddition, ethanol was checked by freezing point osmomelry
as suggested by Redetski (1973). A4 0.1 moles/litre ethanol
stock solution equal to 100 milliosmols/Kg., waber, was
prepared from 6.2 ml., of 95% ethanol to one litre of water,
standardised against a 100 milliosmol sodium chloride solution
(3.086 g/1. at 20 C.) and stored in sealed vials. TFor use,
the undiluted ethanol, a % and a ¥ dilution gave standards

of 460, 230 and 115 mg/100ml., respectively.

2.7.9 Determination of Optium Operating Conditions

The separation of pesks on a chromatogram is dependent upon

the efficiency and resolution of the column. These factors
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con be estimated [rom measurercents made on the chromatogran.
Efficiency, given by the number of theorstical plates, 1s
approximated by the expression:-
i B SRR atle Y€
1(( rebention time in units of length )
( penk width at the base )

This can also be expressed ng 2 function of column length as

the height eguivalent to o theoretical plate (HEIP), where:-

colunn length
theoretical plates

HETP

Apart Trom the piysical nature »f the column pecking natericd,
effieclency and resolution are deteormined by the carrier gas
flow rate and the temperaoture of the colwm. 4 pleot of

HEIP agsinst carrier gns flow rates as proposed by Deemter
(1956}, can be used to comparc the efficiency of columns at
different temperaturcs. The highest efficiency is given by

the gos velueity giving tire lowest HETP,

[

¢ microllitre samples of distilled water containing

s

Tmg/ 100ml. , acctaldehyde snd g/ 100ml., ethanol were
., .. o . = .
analysed. The injector port temperature was 155G, and
. ) . , A
the detzetor 175°C. The column temperature was varicd Trom

0 : SN e . e
100 ~ 1807C, in steps of 207, only & minutes being required

N

r stabilisstion. Cerrier gas flow rates were varied by

I

e

altering the pressure control velve which had previously

been calibrated for flow rate at the detector at cach tempera-
ture. attenuation and chart speed were sdjusted to give peaks

which were on sczle and of sultable width for accurate measure-—

ment. i
Headspace gas samples were prepared by pipetting 1.0 ml. of t

&
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a standard mixture of scetaldeshyde and ethenol intc o 25 wl.,
secrevy capped bettle and left to equilibrate for 15 wminutes
at room tempersturs. The aluminium cap and rubber liner was
plerced with ¢ 21 gauge hypodermic needle through which the
neadle of a gas tight syringe could be passed, 500 ul. samples

were injecited onto the colurm.

2.7 COLUMN PLOKINGS

2.2, Porapak @ {(Waters issociated Inc.)

Proapaks ore porous polymers of ethylvinylbenzene cross-—
linked witn divinylbenzene to form a uniform structure of
distinct pore size which does not require liouid coating
{Hollis, 1966). Porapak @ has been used for the analysis of
blood samples by various workers, including those listed

belows-~

Baker et =1, Waterhouse Cooper

1948 1972 1971

Colgnn temperature

C. 100 110 170
Retention times (minutes):-
mathanol 5.0 2.5 1.3
acetaldshyde 10,0 4.0 -
ethancol 15,0 3.0 2.2
internal standard acetonitrile n-prepanocl iso-propancl

retention tims
(minutes) 23.0 27.0 3.5



The [reshly washed, treated cclumms were filled with approxi-

ing & vacuwn water pump end a2

i

mately 2.7 grame of Fovapak ws
vibraetor te pack the particles. The column was then

preconditioned in the gas chromatograph at 20000, ovarnight
with a slow flow of nitrogen carrier gas while disconnected

from the detector.

Thraee main pesks were detected and attributed tc water,

acetaldehyde and ethanol in that order. The Van Deemter

plots for acetaldehyde and ethancol are shown in figure 2.3

{page 1€) snd these suggested optimal conditions of 140 -

160°C column temperature and carrier gag flow rates of

30 « 50 wl./minute. Inspection of the chromatograms showed

that:-

() at 160—1@9? tailing of the water peek was particularly
apparent, figurc 2.4, mage 17, and the three components
were only completely resclved over 2 narrow opbium

renge of flow vates, 30 - 40 al/mimte.

X . O - . ,

(k)  ab 120-140 resclution was good at flow rates below
LE ml/wmincte but peak shapes were poor below 20 ml/
minte.

O L i e - .
(c) ot 1007 talling of %he ethancl peak prolonged the

total analysis time beyond 12 mimites.

Methanol, acetone and varicus volatile substances suitable

for internal standards were added te the acetaldehvde/

ethancl mixture at concentrations o1 5 mg/100ml. 5t a colwm
tempersture of Th0009 snd & carrvier gas flow rate of LO ml/
minute, the methancl peak overlapped that of acetaldehyde.
Reduction of temperature to 1300 resolved these two components

o

adequately to give retention times of t-
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Von Deemter plots at different temperatures, of carrier gng flow . .

against heighl equivalent to a theoretical plate (HETP) forw
(A} acetaldehyde and
{B} ethanol g

Golumn 5' x §" stainless steel packed with Porapak 0.
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Figure 2.4

A gas chromatogram of 1 uml, acetaldehyde, 1 e/ 100ml, plus
5 mg/100ml. ethanol on Porapak 0 at 1807, showing marknd
tailing of the water peak {a); aceinldehyde, (b} and
ethanol, (e}, superimposed oﬁ-the tail. Carrier gss

55 ml/minute, chart speed, 4 cm/minute.



methanel 1.1 minutes
acetaldehyde 1.6 minutes
ethenol 3,2 minutes
acetonitrile .5 minutes
acotone 6.0 minutes
isopropancl 6.7 minutes
ethyl nethyl ketene 16,0 minutes

The totnl analysis time wes 7 minutes using acetonitrile
as the internal standord. Dilutions of 2 standard solution

T acetaldehyde and 100mg/100ml.

L3

containing 5.C ng/100ml., ¢
gthanol were made to give o range of concentrations from

0.01 and 0,20 mg/100ml., respectively. One microlitre

volumes were injected into the vaporiser at TSOO, & colunin
temperature of 1300 and a carricr gas flow rate of LO ml/
minute. The clectrometer was set on range 10_11 and
etternuation x1. The integrator setiings weres peak width

at % height; 30 seconds; slope sensitivity control st

6 pV/secondy baseline correction rate of 3 uV/second and

a counving rate of 125 per second.

The detector response was linesr for acetaldehyde and

ethanol (figure 2.5, pege 19). The averago acetaldehyde s
othanol detector ratic was 1.4l ¢ 1.0, Vhen the ethancl

peak area was used as an internsl standasrd, acetaldshyde

could be estimated within + L% down to 2 level of 0.1
mg/100iml. Below this the crror increased to 60% or niore

due lergely to inscouraciss of pealr area inlegratlon. o
obtain sufficlent counts in the peak ares below concentrations
of 1.0 mg/100ml., The integrator couni rate was increased to

1 000 per second.

The inaccuracles of acetaldehyde determination were largely
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due to the water pesk that sppeared lmnediately before it.

dhen headspace gas was used, this water peak wes minimal

sitivity could be increased henfold by equilibrating
the sample ab 55° ‘C, as suggested by Duritz and Truitt (1964),
altnough at this temperaturs, water vapour displaced acetal-
denyde non-specifically bound to the column, equivalent to
0.01 mg/100ml, HMon-specific binding of all substances
oceurred with increasing use and was dependent upon the
cuantities injectedJ but acetaldehyde was the most common
conbaminant in this way. Dressman (1970) suggested that
this could be remeved by "sieam cleaning® with multiple
injections of 5_10 ple distilled water. OSyringe contamination
was nore of a problem. ifter injecting headspace from an
acueous sclution containing 10 mg/100ml,, acebaldehyde and
100mg/ 1001, , ethanol, Turther injections of headspzce over
water Irom the some syringe resulied in an acelaldehyde peak
corresponding to 0.2 mg/100ml., and ethanol of 1.,0mg/100ml.
Digmantling and cleaning cof the syringe with remaking the

teflon seals was then reguired,

It was concluded that Porapak Q and headspace gas was
sulteble for estimating both accetaldehyde and ethanol in
agueous solutlons. 4t low concentrations, freguent checks
were necessary 1n order to recoghise syringe or column
contamingtion. An analysis could be completed in seven

minntes.

u

2.2.2  Carbowex {5%) on Chromosort W-DMCS

oL

Chromosorb (Varian), is an inert support prepared Irom
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dlatonmecensus earth, acid washed and trested with demethyl-
calorosilane in order to reduce surface zctive sites which
could incresase tailing or adsorption of the components being
analysed. Carbowax 1500 (Mann Ressarch Labs. Inc.) is the
Union Carbide Compeny trade name for a polyethylene glycol
ot 500 - 600 molecular weight. It is a soft wax with the
consistency of gresse which is 75% s»oluble in water z=nd has
been used previously by Boiteau and Moussion (1968) and
Duritz and Truitt (1964) for the separation of slcohols by
gas chrometography. Very short retention times at low column
temperatures were found.

One gram of carbowax was dissolved in 20ml. of toluene 4o
give 2 5% concentration and then S grams of Chromosorb added
to make a slurry. The excess solvent was removed on a
sintered glass filier and the materizl dried in an air
stresm with continuous stirring, It wes then packed into

2 coluwmn and conditioned in the gos chromatograph at 13000.

overnight with 2 slow {low of corrier gas.

Injection of t ul., or distilled water geve three main peaks
(figure 2.6, page 22)., The first ot these, (a), had the
same retention time as acetzldehyde at temperatures ranging
from 60 to TBOOC., and it wes not poseible to differentiate
a 1 mg/100ml., solution because of this, The peak was
possibly scetalcehyde resulting from the decomposition of
polyetiylene glycol by the dissolved oxygen in the water as
implied by Persinger end Shank (1973). The remaining peaks,
(b} and {c) can be sttributed to water or decomposition
products and would interfere with the snalyses because of

talling between them,

Injection of headspace gas gave rise to three peaks in
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Figure 2.6

A gas chromatogram showing the inability to distinguish bvetwoas

{n) 1 pl. distilled water  and (B) 1 pi. of 1 mg/100ml.

acetaldehyde by a column contalning 5% Carbowax 1500 on Chromosnre

W-DHCS ot 80°C.

Carrier gas 30 ml/minutes, range 107

% 1, chart speed 1 cm/min.

atlornasLlo.
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addition to the volatile components (figure 2.7, page 2L).
The first, (&), broad and relatively low peak was attributed
to the disruption of the carrier gas flow. The second, (b),
a tall sherp peek was absent 1f nitrogen was injected sug-
gesting that it was oxygen or carbon dioxide. The third
peak, (c), was small but sharp and its varistion in size
from room gir to headspace from water samples suggested that

this might be a water vapour effect.

Van Deemter nlots showed greatest efficiency ot 100 - 20000,
but at these temperatures, acetaldehyde eluted immediately
after s trough in the bassline which precluded accurate
integration of the peak. This trough was eliminated at
temperatures below 1007, it 80° and a cerrier pas flow

rate of 30 ml/minute, separation of acetaldehyde, ethanol

and ethyl methyl ketone was obtained. Under these conditions,
an @nalysis could be compleved in two minutes, the retention

times were:~

acetbaldehyde 2L seconds

zcetone 30 seconds

ethyl methyl ketone L3 seconds

ethanol 56 seconds

methanol not detected

iso-propancl eluted with the sthanol pesk

The optium setiings for the gas chrometograph controls were:
range of 10*11 and x1 attenuation; integrator peak width

at hslf height set et 3 seconds; slope sensitivity control

at 6 pV/second; baseline correction rate of 3 nV/second and
a counting rate of 1 000 per second. Linear responses were

obtained far acetaldshyde from 0.5 to 5.0 mg/100ml., and for

etaenol from 10 to 100 mg/100ml. The integrator did not
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Figure 2.7

Separation of acetaldehyde, ethyl methyl ketone and ethanol in noewic

gas by 55 Carbowax 1500 on Chromosorb W-DHCS at 80% . nange 07
chart gpeed 6 cm/minute. The peaks are

{a) disruption of carrier gas flow; (b) oxymen or carben dioxide:
(e} possibly water vapour; (a) acetaldehyde Smg/t00ml.
() ethyl methyl ketone 5mg/100ml, () ethanol 100 mg/i00m1.



detect ethanol peaks below & mg/100ml., when the settings

gave the optium results for higher concentrations. Injections
of headspace over water resulted in a smell pesk corresponding
to 0.025 mg.100ml., acetaldehyde and was probably due to

water vapour in the sample, s0 that this limited the minimum

level of acetaldenyde detectsble.

Equilibration ot higher temperatures increased the peak
arcas of the test soluticns and also of the blank, so that
there was no net gein in sensitlivity for acetaldehyde. The
best compromise was found ot hOOC.3 where the pegk ares of
zcetaldehyde ab 0.1 mg/100ml., was four times that of the
blank and ethanol ecould be detected down to 0.3 mg/100ml.
At higher temperatures, a peak appesared with a two minute
retention time, sttributed to water, which lengthened the
total snalysis time,

In conclusion, Carbowax 1500 oifered a rapid method for
estimating etnanol, but was less reliable for acetaldehyde
at the levels likely to be encountered in huwmezn blood

samples.

2.3 Carbowax LOC (10%) on Chromosorb W-DMCS

"

Other carbowaxes have been used in gas chromatography, but
there are problems in defining the exact nature of the
commercial product. The Union Carbide Company markets
polyethylene glyvceols under the name of Carbowax with & serisal
number suffix which is related to molecular weight, for
exgmple; 1500 has a molecular weight of 500 - 600 and
Carbowax 1540, of 1300 - 1600 (Bennett, 1963). Curry et al.
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(1966) used polyethylene glycol LOO on celite at a Temperature

of 8$57C., with similsr retention times to those found below.

4 10% coating of Carbowsx h0O (¥ann Research Labs. Inc.) on
Chromosorb was prepared as previously described. This
material was ligquid at room temperature, tending to solidify
on cooling, and smelt strongly of aceteldehyde. HMarked
instability of the gas caromovograph was found at temperatures
between 50 and 11000., and there was & tendency For the base-
line to fall rapidly with continuing use. Operation was

only possible with low ceryrier gas flow rates, less than

10 ml/minute, as above this it was not possible to adjust

the baseline to zeru.

Injections of hezdspace gas equilibratel st room temperature,
a range setting of 10“1] and attentuation of x 1 resulted in
an ethanol retention time of two minutes. The minimum

amount that could be detected was 10mg/100ml., as smaller
nuantities gave peaks that were lost amongst a multitude of
irregular peaks which eluted at about the same time. Later
experience suggesied that these were probably due to water
vapour. Acetaldehyde at 1 mg/100ml., could not be detected
under these conditions. It was concluded that this material

was unsuitable for the nresent purposs.

2.2.1  Carbowex 1540 (5%) on Chromosorb ¥-DMCS

Carbowax 1540 is another peolyethylene glycol available
(Mann Research Labs., Inc.) with a larger molecular size,
1300 - 1600, than Carbowax 1500. This is partially soluble

in water,; but has o solld consistency like candle wax and can
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be fractured, It was hoped thst the larger molecular size
would be nore stable to decowposition while retaining the
retention time cherascteristics of the lower moleculer

welght material.

in extremely steble baseline was found and the maxdmum
range setting, 10_12 could be used, Unfortunately,
acetaldenyde could not be resolved sufficlently from
peaks of unknown origin eluting on either side of it.
In addition, the sppearance oi a walcr vapour peak with
o retention time thres times that of ethansl would have

prolongad the total analysis tinme to that given by

Conclusions

3
(A
.
M

L comparison nas been made betwesn the gas liquid
chromatographic materiaels, Porapak ¢ and coatings of
various polyetiylene glycols on an inert support. Only
Carbowax 1500 and Porapnk @ were suitable for the

analysis of volatile substances likely to pe Iound in

the blood, urine or brests of individuals consuming
alechel. The materdial offcring the most sensitive
technigne was Forapak © but it had s longer total analysis
time then that of 5% Carbowax 1500 on Chromosorb %. This
latber material was not suitable for accurate estimztions
of' small amounts of acectaldehyde because of its decomposition
Lo acetzldehyde and 1o the close proximity of the acetone
peak, but it was useful for gqualitetive work where speed

wag important.



Both materials at their optimum operating temperatures and

carrier gas flou rates were used in subsequent experiments.

[

2.3  APPLICATION TO BLOOD AMD URINE SAMPLES

2e3.1 Introduction

In the previous chapter, the use of gas liguid chromatography
far estimating the volatile substances in biological fluids
was discussed and the relative merits of various column
packing materials examined. It was suggested thai the best
wgy of determining these wvolatiles was 10 analyse the vapour

phase above samples.

Duritz and Truitt {(1964) showed that when whole bloud was
equilibristed at 55°C. in an enclosed space, the levels of
gcetaldenyde, but not ethanol, declined rapidly but tast

this did not cceour if the sample had previously been depro-
teinised by the zinc sulphate/barium hydroxide method.
However in a later paper, Truitt (1970) showed that scetalde-
hyde increased with incubation and doubt arose as toc the
validity of this technique. Ho mention was made of possible
displacement of acetaldehyde from the Carbowsx 1500 column
used. Both of these papers state that 1.0ml. of blcod was
.deproteinised by adding C.5 ml. of saline and then 0.25 ml.
of 5% zinc sulphate followed two minutes later by 0.25 ml. of
0.3 M parium hydroxide. These wolumes of precipitant are
insufficient to deproteinise 1,0 ml. of blood but would be

adequate for 0.1 ml. volumes.

Boiteau and Moussion (1968) also used headspace gas from a
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25 wl, bottle containing a fluocride impregnated filter

paper disk on which 2C ul. of blood was absorbed and ecguili-
brated st 55°C. Coldwell et al. {1971) who subsequently
used the paper disk technigue, described an increase in
acetaldehyde of approximstely 2 pg/ml. in a sample containing
LO pg/ml., but only when stored at 4°C for 2 nours. In

view of these findings, it was considered that some of these

experiments should be repeated.

2.3.2 Effect of blood volume

Varicus factors are likely to affect the concentration of
volatile constituents in the headspace gas phase and one of
these is tue ratio of sample to container volume. To test
these effects, difierent volumes of blood containing 1.0
mg/100ml. acetaldehyde, 10 mg/100ml. ethenol and 1.0 mz/100ml.
of the internal standard, ethyl metliyl ketone, were pipetied
into 25 ml. screw capped bottles which were immersed in e
water bati at 55°C. Samples of the gas phase were taken at
various time intervals and injected without delay inte the

gas chromatograph.

4 plot of peak area against volume after a 20 minute incubation
(figure 2.8, page 30) showed that maximun concentrations were
not obtained until a blood volume of 1.0ml. was used, or a

ratio of blood tc air of 1 : 25,
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Figure 2.8

The effect of blood volume on the concentration of acetaldehyde,

ethyl methyl ketone and ethanol in the headsvace gas from a sealed

]
25 ml, container equilibrinted at 55 C.



2.3.3 3Stability of blood sample

A bottle containing 2.0 ml. of the blood used azbove was
incubsted at 55°C. over s ninety minute period. The head-
space was analysed at frequent intervals and the results
plotted (figure 2.9, page 32). Maximum levels were not
attained until 10 minutes had elapsed; thereafter, acetalde-
hyde showed a steady decline uniil 20 minutes when it started
te rise at a rapid and uniform rate. Ethanol declined
continuously from 15 minutes while ethyl methyl kelone

levels remained constant. It was noted that the increase in
acetaldehyde colncided with hsemolysis of the blood specimen
which was several dgys old. The experinent was repested
using a freshly drawn blood sample and in this case acetalde-
hyde continued to deecline until zlmost zero levels were
reached; no hsasemolysis took place. It was shown that
acetaldehyde added fo fresh blood at o concentration of

1.0 mg/100md. decreased io one tenth of this value over a
three hour peried at room temperature whereas ethancl a

10 mg/100ml. remained unchanged.

It appeared that acetaldehyde was either metabolised or

bound within the intact erythrocyie and when disruption of
the cell membranes tock place, acetaldehyde appeared as a
result of the metsbolism of ethanol. This problem was not
apparent when 50 ul. of blood was used, presumably because
most of the constituents were liberated from the szmple

leaving a concentration below which enzymic action was too

slow to be detected over the 3C minute observation period.

An internal standard was used to compensate fur inaccuracies
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Figure 2.9
The effect of incubation at 55°C. on the levels of acetaldehyde,
ethyl methyl ketone and ethanol in the headspace gas.



of volumes injected into the gas chromatograph due to the
operating pressure in the injector port and this introduced
further preblems. The change in concentration of the
standard in ths headspace gas with the volume of the agueous
phase should parallel that of the components being measured,
For example, the estimoted concentration of ethyl methyl
ketone doubled when tne volume was increased from 50 to 10C
ul. while that for ethanol increzsad by only 1.5 and acetal-
dehyde did not change appreciably. Thess diificulties may
have little adverse practical effect if a more suitable
internal standard is used for sthanol without the application
of a correction fo: azcetaldshyde. However, the main factor

in using any such method is its sensitivity. With the gas
-

4%

chromatograph operating in the maximum range of 10 , the
peak areas of a 0.1 mg/100ml. acetaldehyde standard were
poorly reproduced and not proportional to concentration
because of wvariations in the baseline setting and background
noise levels., This was clearly unsatisfacto:y wnen account
was taken that most ssiimations on normal volunteers would

be of this order.

g.;

[
L
i

|£4]

2.3.4  Precipitated blood somp

If the variations in acetzldehyde and ethanol levels were

due to engymic action, it seemed likely that protein precini-
tation would prevent this. T¢ 1.0 ml. of blood containing
0.1 wmg/100ml. of acetaldehyde and 50 mg/100ml. ethanocl, was
added 0.25 ml. of 5% zinc sulphate and 0.75 ml. of 3 ¥ harium
hydroxide, following the modification of the Somogyi precipi-

tation method used by Duritz and Truitt (196L). Instead of



adding 0.5 ml. of saline as a diluent, 0.5 nml. of 100 mg/
100ml. acebtonitrile in normal saline was used dnstead, This
served the dual role of diluent and internal sitandard. The
mizture was contained in a 25 ml. screw-capped container and
did not initielly appear to be deoroteinised. On lncubation
at 55°C. the haemoglobin pigment slowly turned brown indicating
denaturation. Analysis of the headspace gas during this time
showed that aceltaldshyde increased and ethanol decreased
while the internal standard remained constant over a L5
minute observation period.

A fresii preparation was trested with the reagents in the same
way butcentrifuged. The clear, unnhaemolysd supernatant was
incubated at SSOC. and slowly became opague indicating com~
pletion of the deproteinisation. Uo change was seen in the
concentration ol the three components over a three hour
period. This suggested inat the acetaldehyde production
reported by Trultt (1970) was the result of incompletely
deproteinised blood. A4 fu-ther experiment was carried out
using the correct proportions of zinc sulpnate and barium
hydroxide to whole blood and deproteinisation was completed
immediately. No change was seen in the concentration of the
volatile constituents over 2 two hour incubation period at
55°C.

A more convenient metizod of protein precipitstion and the one
used for the preperation of blood samples for enzgymatic
assays, used perchlorete. It was found that the addition of
an equai volume of blood to ice-cold 1.0 M perchlorate provided
a protein free supernstant after centrifugation. Ircubation
of the whole precipitate as before did not result in the

lteration of the concentration of acetzldehyde or ethanol in

[ai]



the headspace gas after a 15 minute equilibrotionr period.

As acecurste rieasurernent of blood veluwnme was not possible by
hypodermlc syringe, bottles containing 3.0 ml. of perchlorate
were weighed and reweighed following the addition of approxi-
mately 3.0 ml. of Llood.

Blood weight was converted to volume by dividing by the weight
per millilitre of normal blood (1.06 grams.). If the blood
volume wos over 3.0 ml. further perchlorate could be added

ana iz below 3.0 mi. a correction factor was applied,

Z.3.5 Headspace gas enrichment

Incubation of the sample at 55°0, increased the concentration
of the volatile substances approximately six-fold from the
room tempersfure levels. An alternative procedure suggested
by Savory et ol. (1968} was to add a dehydrated salt to
displace volatile substances from the water phase. The
method finally zdopted used 0.5 ml. of perchlorate supernatant
in a 5.0 ml. screw capped container to which was zdded 100
ul. of 50 mg/100ml. acetonitrile as on internal standard.
dnhydrous sodium sulphate was added and the botile incubated
in a waterbath at 34°0. Warming was necessary because when
room temperatures were low, solidification of the salt by
supercooling occurred causing o marked loss of volatile
material in the gas phase. The choice of 3L°C. was one of
convenience; il was, in fact, the water-bath temperature
required for another procedure. At 55°C. the concentrabtion
of wabter vapour in the gss phase was such that the water peak

on the gas chromatograph tailed into that of acetaldehyde.



Porapak @ was the most suitable colwm msterisl bul water

vapour eluted a small guantity of adsorbed acetzldehyde.

The effect of sodium sulphste concentration was determined
by using a standard perchlorate supernstasnt and varying the
guantity of salt. The results showed that the volatile
substances in the hesdspace increased up to the point of
salt szturetion ol the aqueous phase and therealter levelled
off until there wes complete dehydration of the specimen.
This platean made somple preperation eassier in that the
weight of sodium sulphate could be approximated by measuring
the volume in @ calibrated tube. The method gave a twofold
increase in peax areas over that invelving heating at SSOC.

alone.

2.3.6  Gas chrometograph operation

The optium settings for the gas chromstograph operating with
a 5% x 3" stainless steel colwmn containing Porapak Q were

as followes-

o . ) C .
Injector temperature, 150 C; column oven 1307°C; detector,
] . . . _ -12
15070y  carvier gas flow rate, 00 ml/mimute; range, 10 B

attenuation x 4. The following integrator settings were

useds~

ensitivity, 0.6 pV/sec.;

o

peak width, 30 seconds; slope
baseline correction rate, 0.3 pﬂ/sec,; counting rate 125 Ha.
This enabled integration of othanol levels up to 300 mg/100ml.
without elteraztion of the attenuator. During operation, the

L

baseline was set using the fast digitsl baseline correction
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button 15 seconds prior to the elution of the acetaldehyde
pezk. Thereaiter this correction was antomatic. After the
acetaldsehyde peegk, the recorder sattenuator was used to keep

the remzining peaks on the chart paper. This was not essential
but provided a usaful reference for future work, cspecially

as a check on integretion and peak identification. Acetone

was eluted on the descending slope of the internal standerd

s0 that a larger error was found with this compenent. An
glternative internal standard could hsve been used io overcome
thig preblem but only at the expense of an extended analysis

time,

2:3.7 Standards

A standard perchlorate supernatant was prepared as follows.

The requisite quantities oi acetaldehyde, acebone and ethanol
stock solutions for 10 ml. of blood were mede up to o volume

of 8.5 ml. with distilled water. This corrected for the

average water content of blood which was 85%, To this was
added 10 ml. of perchilorate. This was necessary because the
ratios of the peak areas were different if distilled water

was used In place of the perchlorate. Such soluticons were

made 1o cover a range of acetaldehyde and acetone concentrations
of 0.05 to 1.0 mg/100ml. together with ethanol from 10 to

200 mg/100ml. These were treated in the same way as perchlorate
supernatants from blood samples and the ratio to the internal
standard determined in each case. The results are plotted in
figure 2.10 (page 38), and show that ethanol was linear up to
250 mg/100ml. 4t low concentretions, the acetaldehyde curve
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Figure 2.10
Galibration curves for acetaldehyde, ethanol and acetone in headspace
gad, concentration sgainst ratio of the peak areas to internal atandard.

Porapak Q at 130°¢,



39.

did not pass thioough the zero origin. This was not fully
expleined by the small peak eluted by water alone or by
contamination of the other solutions by zcetzldshyde. Low
resuits at the high end of the scaele cen be explained by
early integration caused by the elution of tne high ethanol
concentrations in those particular standards. Acetone levels
were determined throughout the range with 2 wider varisbility
because of the close proximity of the Internal stsndard as
elready explained. In practice, acetaldehyde levels, whille
not being deterrined very precisely, were sufficiently
accurate for the genersal trends to be found and corresponded
closely to wvalues from an alternative osssy procedure developed

by K. E. Crow {persongl commnication).

2.3.8  Urinary olcohol

Urine samples could be tested in the same manner as for bLlood
perchlorzte supernatants except thal the standards were made
up to 20 mi. with distilled water and did not contain

perchliorate.

2.3.9 Conclusions

The use of perchlorate supernatants from blood samples appeared
to be a satisfactory method for stabilising the scetaldehyde
content and the sodium sulphate method for increasing the
concentratlon of welatile constituents in the headspace gas

was found to be more satisfactory than heating to 55°C. This



technlgue was psrticularly developed for the determination of
acetaldehyde and is more complicated than that required for

the estimation ol ethanol levels only.

2.} BREEATH TESTING BY GAS CHROMATQGRAFHY

Breath specinons were collected by breathing through a

250 ml. separating funnei. At the end of expiration, the
tap was closed and a rubber stopper placed in the open end.
Samples were withdrawn with a gos-tight syringe through a
hypodermic needle ianserted in this stopper. The introduction
of precise volumes of air into the injector pori of the gas
chromatograph could not be ensured because of the high

carrier gns operating pressure and in the sbsence of an
internal standard, it

wag notv possible to estilmate slcohol

levels accurately.
¥

A more satisfactory means of introduction of breasth samples
was clearly reguired and subseguently & six port geas sampling
velve was purchased. This enabled a sample loop {which could
be filled at atmospheric pressure) to be switched into the
column carrier gas flow. The valve was & stendard optional
acceasory for the Varian 2740 gas chromatograph and provision
had been made in the instrument for its instellation behind

the front panel. The operating button projected from the

front and on being pushed, the carrier gos flow was immediately
diverted around the sample loop and into one of the columns.
The loop was attcched to fiitings on the side of the instrument

and was provided with external pathways for filling. These



connestlions were mede of copillary tubing and to avoild
excessive back pressurc in the lungs, = stream splititer was
needed in the breath flow to vent most of the sample to the
atmosphere., The wvolume passing through the loop could be
monitored by attaching & soazp bubble flowmeter to the sample
loop vent orifice. At any time durdng the expiration, 1t
could be swlitched into the chromatograph and the alcchol

concentration analyzed.

Tt was found that condensation of ethenol cccurred in the
sample loop with: s subseguent contamination of later hreath
sarmples. 4 small heating box was Titted to maintain it
between 50 and £0°C. so that together with continucus carrier
gas Ilushing, this problem was eliminated. It was then
possible to obtain reproducible peak arcas for simlated
breath alcohol standards. Unfortunastely, due Lo the time
required for the supply of the valwe and the cdevelopment of
the technicue, the apparatus was not ready for use until the

work reported in this thesis had been completed.

2.5 Breath testing by electro-chemical analysis

The constructlion and use of the "Alco-limiter' monufactured
by Energetics Secilence Inc., New York, has been previously
described by Stowell (1973). Briefly, the breath sample,
¢ollected in & heated contalner within the instrument, is
pumped through a fuel cell and the current produced by the
electrolytic conversion of ethanol to acetic acid is propor-
tionegl to the concentration of ethanol ir the alr. Six

standard size 'C' 1.5 volt batteries were used to supply



current to the electrondc circuits and pwnp sictor. Although
it was recommended that alxoeline batteries be used, nomal
heavy doty batiteries were found to be adeguate. Tae fuel
cell ~nd sample contalnar were hested by an externsl 12 volid
supply which could be obitained from 2 car bhabtery or by

tronsforner from the mains.

The fuel cell could readily be replaced.  hen new, zero
readings were obbteined on subject: who had not been drinking
and the recovery after iesting 2 subject with a high slcohol
level was rapid. As the fuel cell aged, the basal level of
non~drinking subjects increased %o & reading of 10 mg/100ml.
and ot the same time, the return to zero after o positive
test wns delsyed for five minutes or more. Throughout the
1life of the cell, it was necessary to lncrease indicated

o -

z2lcohol levels by sboub 3-5 mg/100ml. at intervals ol ¢ - 3

weeks by means of o varilsble resistor.

The instrument was calibrated by blowing sair through approxi-
mately 100 ml, of a standerd alecohol solution in o 250 nmi.
Dreschel bottle., Harger ot 2l. (1956) demonstrated thet a
couilibricted with 127 mg/100ml. ethanol ot 34°C. yields a
gas mixture eguivalent to the expired alveolar air from a
subject witi a blood alechol level of 100 wmg/100ml. Standards
were mode from a stock 60.9 mg/ul. ethancol solution by taking |
the number of millilitres equivelent to one tenth of the

nurber of milligrams/100 wl. blood zleohol required, and

diluting to S0C ml. with distilled water. For example,

10 ml. of stock solution made up to 500 ml. will give the

equivalent of a bleod alcohol level of 100mg/100ml.
It wes expected that the 2ir bubbles would rcquire to be
broken up by means of a diffusing filter in order te ensure

corplete equilibriation with the agueous phase. This was



not found to be necessoery and 2 simple open ended tubo
terminating near vhe bottom of the botiie was sufficient,

The tubing connecting with the o~limiter was dried between

saipling vo avoid condensation.

The effect of temperatures between 20 and ! ,59C, on & simulated
breath sample of 100 mg/100ml. wos determined by the Alco-
limiter. It was shown, figure 2.11,(page LbL) that on sither
side of the ususl breath temperature of BhOC. thore wes a
vemperature coefricient of shout 5 wg/100 ml. per degr
Celsiusz,

This instrument wos used for approximaitely 20 to 30 tesis
forv each pair of subjects and the calibration was checked

on the day prior to the test.



mg/ 100 ml

Alcolimiter reading

160 -

140 7

120 A

100

80 -

60 1

f T —r

20 30 34 40
temperature °C

Figure 2,11

Variation in the indicated blood alechol concentration with
the temperature of a simulinted breath sample, determined by

the Alcolimiter.



THE BESTIMATION OF NON VOLATILE CONSTITUENTS IN BODY FLUIDS

3.1 Introduction

In prelininary studies, it was shoum (Stowell, 1973) thaot
the mogt satisisctory methods for determining the ratios of
lactate/pyruvate and hydroxybutyrote/scetoacetate, were
enzymatic asseys. Bven so, the colorimetric esfimstions
involved relatively large quantities oi blood znd zthe
resulting perchlorste supernatant had to be neutraliscd
before use. The change in opiical density of the solution
wes in general small. 1t wes decided that fluorometry
should be wsaployed ss edvoczted by Olsen {(1971), so that
far smaller guantities of NADH could be detected with a
subseguent scaling down of gquantities of reagents and

blood somples. As a preliminary study to these methods,

the fluorometry of NADH wae examined as well zs the possibility

A - . I~ . .
of tne conversion of NAD to 2 fluorescent product as sug-
gested by the fluorometer instrument mamuizcturers (G. K.

Turner Associates, Palo Alto, Czlifornia).

3.2 Hengents

Buifers, standards, ensymcs and co-inctors are listed in
Appendix 1. The buffeors were preparced freshly cach week

and filtered threugh a Buchner funnel with s hard bhetman



L6,

paper (Ho. 50) to remove small perticles which interfere
with the {luorescence measurements. This interference was
particulsrly noticeable ot high sensitivity levels as used
for the pyruvate assay end caused a fast drift of instrument
readings. The stendards were fresghly diluted from the stock
solutions and the co-facltors were welghed out and dissolved

in the approprizte buffers lmmcdiately prior to use. BEnzyme
solutions were diluted where necessary in 2.1 M ammonium
sulpinate and the requisite volumes were measured by microlitre

pipettes.

3.3 Fluorometyry

3.3.1 Instrurentation

The Tluorometer used in the following studies was a 'Turner!
model 430 wihich had both emission and excitation mono-
chromators and g xenon light source. A blank control not
only adjiuwsted the machine dark current but could bé used to
subtract reagent {luorescence. A range switch cnabled
adjustment ol sensitivity by precise multiples in addition
to o continuously varisble conirol and a high/low switch

giving o maximunm gain of approximately x 500 000.

A s5ix position sample turret wess used utilising 12 x 75 mm.
test tubes. Beckton-Dickinson RIU dispossble culture tubes
were found to be particularly suiteble Lor these asseyss
they sre cheap, of constant slze and wall thickness and

relatively free from glass defects. The tubes were cleaned



by immersing overnight in & proprietry cleaning solution
such as !'Pyroneg!, rinsed with weter and lmmersed in con-
centrated nitric acid for 1-2 hours. Followlng washing
with distilled woter, the tubes were inverted in a plastic
costed wire rack and dried in a stream of warm air. These
tubes could be washed and re-~used many times. 4 polarising
screen in front of the emission monochromator minimised

effects of imperfeetions in the glass.

3.3.2 Measurement of NATDH

NATH when excited by light of 350 nm. has z native fluore-
scence with an emission peal at L60 nm. Using solutions

in pH 7.0 buifer, it was found that fluorescence was linear
below 10—h moles/1itre; reproducibility was poor at the
1077

was 1Oﬁ6 moles/1.

level and the minimum precticaiple working concentration

It 1s possible to estimate the concentration of NADH to bhe
measured because one mole of NAD+ is reduced to NADH for
every mole of lactate or p- hydroxybutyrate being ossayed.
Taking B~ hydroxybubtyrate as an exemple, the normal blood
levels are T x 10_5 to 2 % 1th moles/Titre. This con-
centration iz halved on deproteinsation with perchlorate
end there is 2 further 20 fold dilubion when 50)11. of the
supernatent is added to 1.0ml. of the assay mixture. The
final concentrstion in the cuvette is 2.5 x 10—? to 5 x 10‘6
moles per litre which 1s just within the sensitivity range

oi the fluorometer.



3.3-3 . Megsuzement ol FAD

cetoacebats is asszyed from the reduction of

1

Pyruvete and
fluocrgscence ol NATH, the product in this case being NAD
which is nob normally fiuorescent. isg egual teo the concen-
tration of the original substrate. Taking pyruvete, for
cvanple, the normal bloed lovels are 1 x 1077 to 1 % 10 -
moles/litre. By applving the same dilution factors as

chove, the NAD" procuced in the cuvetie is 2.5 x 10 ° to

205 x 10 © moles/litre.

In 1957, Lowry et al. published s mathod in which NAD+ was
converted inte a fluorescent compound. Residusl KADH was
first destroyed by scidification and the NAD' converted to 2
fluorescent cormpound with strong alkeli. The prrameters of
this technique were cxamined to see whether 1t would give 2
better assey vrocedure for pyruvats. Sodium hydroxide was

used in the original Lechnique, but it wes found thnt when

J

this wos added vo the assay mixture in suificient concen-
tration, precipitation or sodium phosphates occurred. The
use of petagsium bydroxide as the zlkaline resgent circumvented
this problem. e1d the concentration required wos iound not
to be critical in the range of 5-12 molar sclutions. The
maximurm fluorescence was atinined after 70 minutes =t room
temperature aend had an emi.sion peak at L&0 am, with an
excitabtion wavelength of 360 am. The fluorescence in the
presence of sbtrong alkeli wns unstable when exposad to ultra-
violet light, but was minimised by diluting the solution five-
fold wita distilled water. Using this method, it was
possible to measure concentrations ol NAD down Lo 1 x 10-?

moles/1litre.



Lactete was measured by the increase in NADH concentraticon
during conversion to pyruvate by the enzyme, lactic dehydro-
gensse, at pH 9.5. 4 1.0 moler hydrazine buifer served to
trep the ketone and effectively neutralised the perchlorate,

which wos diluted twenty fold.

Miguots (50 pl.} of perchlorgte supernstant or standard
were added to 1.0 ml, of hydrazine buffer containing NAD
and enzyme. After L5 minutes ot rcoom vemperature, the

fluoreacence of the NADH was measured following dilution

with 4.0 ml. of 0.1 molar hydrochloric aeid.

The optimal concentration of NAD' was determined by using

a constant amount of lactic acid (2.0 mmoles/litre) and
enzyme (2 pl./ml. reagent mix) and varying the WiD" concen-
tration from 0.1 to 2.5 mg/inl. Haximum Iluorescence was
not achieved in L0 minutes by concentrations below 1.0
mg/ml. and there appeared to be suppression of fluorescence
at 2.5 ng/ml 4 level of 1.0 mg/ml. was used in subsequent

tests.

The enzyme concentration wos determined in a similar mapner
and tae optium was found to be 2.0 pl/iwl. (3.7 units), the
reszction being much slowsr at lower concentrations. A
standard curve was prepered under these conditions and was
linear from 0.1 to 1.5 mmoles/litre on 2 fluorometer range
setting of x 30 and the sensitivity switch at high. The
varieble sensivivity control could be adjusted so that the
1.5 mmoles/litre standard read 1% on the 0~33 scale. No

fluorescence was seen in the blanks prepared from blood



porchlorate supernatants.

The effect or percitlorste was tested on standard solutions.
No significant Sifference was seen with up to twice the
normzl concentration in the cuvette., 4t four times the
concentration, the fluorescence wns proportionally lower
throughout the range of standards. The method finally used

wos based on these findings snd is deteiled in Appendixz I.

L

3. D(_ngwmo@muwrm@

J= hydroxypbutyrate was measured in s simllar menner 1o
lactate. The enzyme catalyszing the reactlon was ﬁ— hydroxy-
butyrate dehvdrogenase and a hydrazine buffer, pH 9.5,
removed acevoccebate as 2 hydrzzone and ensured the reaction

proceeded to completion.

The assay was carried out in an identical way wo that used
for lactate. The optimal amount of NAD+ was found to be

0.25 mg/ml. and enzyme 2.5 pl/ml. (0.05 units) with an
incubation period of &0 minutes =t room temperature. The
fluorescence was read without dilution using the x 300 range
znd sensitivity switch on high. The reading of a 0.1 mmoles/
litre standard was set to 10 on the 0-33 scale to enable
direct readings of hydroxybutyrate levels. The method used

1s devaliied in #ppendix I.



3.8 Pyruvats

£

Pyruvate was measured by the decrease in fluorescence of
NADH during reduction to lactale ot pH 7.0, catslysed by

tie ensyme lactate dehydrogenase. This ensyme wes obtained

The optimal concentration of enzyme vas delermined by verying
the zmount in a standsrd wolume of pH 7.0 phoschete buffer

in the presence of 1 x 10"6 moles/1itre NADH and 56 ul. of

a stancard solution eqnivalent to 2 blocd level of 0,1 mmoles/
litre pyruvate. The maximam range setting (x 1 Q00) of the
fluorometer was used. The WADH solution was set to read 100
with the sensitivity conirol and buffer only, to zerc with

tha blank control. Under thess conditions, the fluorescence
of NADH was seen to decrease at & linear ratc which was
accelerated by adding the enzyme. In the presence of
pyruvate, a very rapld decrease in fluorescence was observed
followaed by a return to the Tormer rate sfter & minutes
{figure 3.1, page 52). HNo difference was seen belween 2
25 ul, 5f enzyme which had been dilvted tenfold in 2.1 molar

smmonium sulphate (0.4 to 5.0 units).

The effect of NADH concentration was determined on 2 range
of pyruvate standards and the change in fluorescence plotted
against pyruvete concentration (figure 3.2, page &3). 4 non
linezr curve was produced when the concentration wes toc low,
wnilst at too high an NADH concentration, the cnszinge in
fluorescence was decreased; the optium was found to be

Lhox 10“6 moles/litre.

L plot of the change in fluorescence against time for cach
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6 M. NADH zolution.

Change in fluorescence of a 1 x 10
(a) natural re-oxidation in phospate buffer, pH 7.0
(b) addition of lactic dehydrogenase

(¢) addition of sodium pyruvate

(d) reaction completed, slope equal to natural rate of re-oxidation
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Figure 5,2

The effect of NADH concentration on the assay of pyruvate,

Concentration against change in fluorescence (AF)



of the pyruvate standards showed that the reaction wus
complete in 20 minutes 2t room temperature (figure 3.3,

page 55). The svondard curves were linear for cach of the
time intervals with an optimum apparently belng reached alt

15 winutes where the it

o

ed slope passed through the origin.
The addition of perehlorate at four times the normal level
had no significant effech, but o visinle precipitate of
perchilorste occured which could be centrifuged down witlout

interfering with thoe reasdings.

- - . v +
2.7 Pyruvate assay by dirsct mecsuremant of HAD

_ia

The possibility of wutilising the conversion of NAD+ to a
fluorescent compound in order to snable direct measurement
was examined. Using the resction conditlons previously
described and the same range of pyruvate stendards, remaining
HLDH i 1.0 ml., of the reaction mixture was destroyed Dy
adding 0.3 ml. of ¢ M hydrochloric acid. After two minutes,
1.0 ml. of 16 ¥ potassiwm hydroxide was acdded and the fluore-
gecence allowed to develop in the dark for 90 minutes st room

teaperature.

Using the undiluted preparation and exposing to the ulira-
violet light only as long as necessary to obtain a reading
on the chart recorder, the fluorescence of the cuvette with-
out pyruvate wos set to sero by the blank contrel snd the
0.1 mnoles/1itre stendard to 100 by the sensitivity control

a1 a range setting of x 100. 4 linesr relationship was

g
observed between the range of standards., By diluting the

alkaline product five times with distilled water, the
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A plot of change in fluorescence, A P, against time for pyruvate

concentrations from 0.01 to 0,10 mmoles/litre.
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fluorescence was stablc to ulitra-violet 1light. This product,
diluted or undilubod, was stable for at leest 2l hours in the
dayic.

4 high flucrescence was found in the blank which contained
the products from the destruction of NADH only. Lowry st al.
(1957) suggestad thot this residual flucrescence was due
eitner Lo NAD+ in the HADH prepsration or to the slow
re-oxidation in solufion. It was recommended that solutions
of NADH be made in tris bufior, pH 9.7, in order to minimise
this effect., Using tgis putffer, 2 small decrease in
fluorescence of a 10 - moles/litre WADH was seen over 60O
minutes but no further decrease over the next hour. In pH
7.0 phosphate bulfer, the decrsase in fluorescence was faster
and continued over a two hour period and a solution one weoek

. S . i s
old conteined 3% more NAD than with 2 fresh preparstion.

The method described above was apolied to blood samples.
Cuvettes containiang NADH and blood perchlorate supernatants
or standards were sst up without enmyme for the blanks, and
with engyine for the tests. The resulting flucrescence was
recorded using the x 106 range at high sensitivity and sero

was set 1o o buffer solution only. The results are recorded
¥

belows-
Standard smoles/1  blanic test test-hlank

0 18 18 0
0.01 10 20 2
0.02 18 2h 6
7,05 18 3 17
0.10 10 5k 36

Blood sanple  blonk test test-blank  Pyruvete
' mmoles/
28 0.078
33 0.093
33 0.093
27 0.077

Flaha —
—t —

N NN
Uy g o
WOND T



rom thése reaults 1t con be seen that each of the blanks
were dirferent and hence 1t would be necessary to set up two
tubes for every samnle tested, subseguently deriving pyruvate

levels {rom & standard curve,

In order to determine whether perchlorato concentration had

2}

any effect on the variability of tire blanks in thoeso tests,
aliguote of = singlu blood sample were treated with eousl
volumes of 0.5, 1.0 and 2.0 moles/Iitre percilorste. The
supernatant from the first was browm in ceclour; but wien
vreated with altkeli, developed a lower Fluorescence than the
other two. The excitotion end cmission mexims were identical
to those obtalned with alkell treated NAD so that it mi g at

be inferred that the method was detecting endogenous NAD”

With these difficultles, 1t was decided thet the method had
no advantages over measurements bused on the reduction in

Tuorescence o NADH: this was used throughiout the study

ond is detailed in Lppendix I,

3.8  fcetoscetato

Concentrations of aceloscetate were measured in o similar
menner to pyruvate except that the reduction to‘ﬁnhydroxyu
butyroate was catslyscd by f hydroxybutyrate dchydrogenase at
pH 7.C. Acetoacetic acld crystals wers prepared by hydrolysis
of ethyl acetoacetate as duscribed by Krueger (1952).

Standard sclutions were made by rapidly filtering some of the
crystals from the cther extraction phase througn fine mesh
stainless steel gouze. They were dried in a dessicotor under
vaccuum for ten minutes and weighed in a tube containing
silica gel. The crystals were then washed off the gauze

into the appropriate wolume of deionised water.



The assay in the presence of 0,05 mmoles/litre NADH and

10 al. enzyue at room tewpersture for 30 nminutes, showed

only a small decrease in fluorescence for a 0.2 mmoles/litre
stendard at maximm fluorometer sensitivity. Previous

assays by Stowell (1973) and Mellenby and #Williamson (1965)
used less enzyme and higher levels of NADH (0.2 mmoles/1litre).
If this concentraticn of NADH was reguired to ensure com-
pletion of the reaction, then the decrease in HADH in the

Fy

ssay DYy a normal blood level of acetoacetate weuld be

[yl

Irom 0.2 to 0.195 mmoles/litre. & trial with standsrd NADH
solutions showed thaet this was not possible with any degree
of accuracy by fluorometry. To complicate matters, it was
expected thel aceloacebate concentration would fall during
ethmol metabolism due to the decrezase in NﬁD+ levels by
the actions of alecohol and aldehyde dehydrogensse systems.

Stowell (1973) found that recoverics of acetoacetate added

to blood sanples were less than 75% and al:zo that the method

waz subject to crrors of the order of I 0% 2t Low concen-
trabtione, These facto.s, together with problems in preparing
standards and lability in blood and perchlorate supernatants,
suggestad that the informetion to be cbtained from this test

would not warrant continued intensive work on the assay.

3.9 Clvesrol

A two stage enzymatic techniout was followed according to
Leurell =nd Tibbling (196€) and is deseribed in Appendix I.
Plasma samples were deproieinised by the zinc sulphate/bariun

hydroxide technique because it was found that the fluorescence



developed using perchlorate supernatants had no relationship
1o ndded glycerol. Glycerol was first converted to glycercl-
3-phosphate in the presegnce of ATP wiilch was cptalysed by
the engyme, glycercl kinase. The glycerol-3-phosphate was
oxidised to dihydroxyacetone phosphate and the proton
acceptor was NﬂD+. The enzyme caotalysing this resction wos
glycerol pnosphate dehydrogenase and the amount of NADH

vroduced was proportionzl to the amount of glycercl.

3,10 Glucose

The method used was the procedurs described in the G. K. Turner

Manual of Fluorometric Procedures® based on the method of

Pnillips and Elevitch (1968). This technique wos used
modified and 1s described in Appendix I. The anslysis

was performed on dilubted plasma. Hydrogen peroxide was

produced by wie action of glucose oxidase on glucose. In a

second stege, horse radiskt peroxidese catalysed the transfer

of oxygen to the accaeptor, nomovanillic zeid, which {luoresced

AN

strongly in its oxidised fowm.

3711 Assays of Caleium and Magnesium by Atomic dbsorption

21

The simplest method for the determinsiion of celeium and
magnesium levels in urine is by ztomic sbsorption spectro-
photometry. In this method; the element in the {leme zbsorbs
the radiastion emitted by a hollow cathode lamp. The charac-
teristic radiagtion of the e¢lement belng measured is produced
by collision of the metal withi the neon gas in the lamp. 4

cosbination caleiuwm/magnesiun Iamp was used which emitied

[}

spectral line for calcium at 422,67 am. and 285.21 nm. for



¢

megnesiun.,  The urine specinens were diluted 25 times in 0.20%
gtrontium chloride which disscclated the celeium and magnesium
from the phosphate complexes; as strontiwn forms s more

stable complex. The 2iluvted urine was then atomised and

sprayed intc the acetyleng/air flame.

)

3,12 A8807s

[}
[

Soddum, Potassium and Chloride

These estimations were performed Ly Dr R. M. Greenway with
the assistance of Mr T. Braggins on an dutoanalyser incor-

porating o flame photomster,
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Chapber 4
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RESULTS

Hdal Subjects

The ages and dringking habits of the poriicipents in the study
arg included in table Li.1 {page 62). There werce 20 males

and € Temales in the age range of 19 to &1 years; of whom

b
arlr

thirteoen were below 25 yvears of agce and ten between 295
3 yenrs. Most of them were either wniversity stnfi merbers
{technical and academic) or students, both graduste and
undergraduate, One male, case 11, drank regulariy 200 ml,
of spirits a nignt and seven subjects drank more than 2 Jugs
of beer o week whilst four consumed less than one bottle

per week. ALl of the females were very light drinkers,
taking only an occasional sherry or spirits and two were

near teetotallers (cases 27 and 28).

s Effects of idcchol

e aleohol losd wes given in each case after a light break-
fast and, in most cascs, this produced a light headed or
dizey feeling within ten minutes of finishing the drink.

These sensstions became more pronounced 1f the subjects

stood up. Typically. they became teikative and relaxed:



[
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TABLE 4.1

The age, sex and drinldng habits of the subjects with their

interpretation of the effects of the alcchol dose

Obvions Jugs of Glasses
Subject Age Sex Alcohol deer Spirits of
Bffect Per Week Sherry

1 29 i - 2

2 25 B none 1

3 29 M + 1

4 22 M + i

5 26 M + 0.9

6 i9 I + 0.25

7 19 M 1none 2

8 32 it - occasional

3 43 H + occasional

10 23 i + 1

11 61 i nong 0 200m1./day

12 43 + 1

13 36 it F 1

14 21 7 - 1

i5 20 W 5 1

16 23 ¥ none 4

17 19 M + 2 occasional

18 20 i) f 2 occasional

19 22 + 4

20 31 M none 5
21 309 i none 1/ﬁay
22 21 ¥ + occasional 1/week
23 28 w® F occasional occasional
24 30 F + 1/day
25 31 F + 3/week
26 30 T + 3 /vieek
27 20 P + near teetotal
28 22 r + near teetotal



(9
o
-

had 2irficulsy in consiructing o sentence or in concentrating
upon o gingle subjoet and their galt becams unsteady. This
passed ofi after asbout one hour when most fell plessantly
reloxed and vere inclined to go %0 sleen. 4t the termingiion
of the study, they felt fatigue, wiiich tended to persist
throughout the remainder of the day even though they 2ll

el

“wmenl. 531X subjects JHd not show these effects

No definite tronds were seen in blood pressures or pulse
rates. In general these settled to lower levéls tnroughout

s wore frevuently

4
[CAS

the three aour test psriocd bLuw thoe lev
relsed belore the consumption of alcchol and could, more

properly, be related to some apprehenslon sbout thoe test.

.3 The asbsorvtion, equilibriation and elimination of

alcehol

The blood alecohol curves (fable 1, fAppendix 2) were divided
into thrse diztinet patterns bassd cn the time a2t which the

e

maximum blood level was attalned. The first, (a), consisting

[N

of 9 subicets, showed a pesk aleohol level at 15 minutesg
the second, (b}, with & subjects and a peak at 30 minutes;

and the third, (c¢), with 12 zubjects showed 2 maximum blood
wleohol level st G0 minutes {(Lfigure L.1, nege 6L). Case 27

was ormlited beceuse the intravenous cathetsr was blocked in

the early stnges and semples were not obtained. Very high
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100 -
80
60 1
40 -
201

mg / 100ml

60+
40 1
20-

BLOOD ALCOHOL

30 60 90 120 150 180
TIME [ minutes]

Tigure 4.1

Graphs illustrating the variation of the rate of absorption
and equilibration of alcohol; (a) fast absorption with
peak alcohol levels at 15 minutes (b) peaks at 30

minutes; (c) peak at 60 minutes or longer



initial levels were reached in case 11, over $0mg/100ml.

This wes in on individusl who was used to drinking epirits

and did pot dllute the vedka with as much sodsa waier as

the cther subjects and, in effect, he drank o more concen-

trated solutisn ol alechol.

Eeuiliprinsticn

i
»
2
-
PO

The time when wlcoihol had equilibristed thaoughout the body

imatod from the cormencement of o linenr

water was &f
descending graph, the so-called B slope {Widmarik, 1937, cited
by ¥allgren ond Barry, 1970), which related to the rate of
metabolism of sleohel in the body. Svamination of the

blood aleoizoel curves showed that this time was varisble and
usually tock 39 to $0 minutes after drinking, but in four

cases, was not cemplete until after 120 minutes (Table L.2,

[y

nage 66),

L.3.3  Elimination

3

te rate of metabelism of ethonol by the bedy was determined

by fitting & streighl Iine to the later points on the blood
alechol curve, This was done in conjunction with the

)

estimations of section L.l as only extrapolation to the

ordinate of the true B slope will give a reliable estimate
of body water content. These rates of mstabolism are included
in table L.2 (page 66) and show 2 range of 7.3 ~ 16.0 mg/100ml/

hour with a mean of 12.2 mg/100ml/hour.



TABLE 4,2

66,

Results of the application of the Yidmark formulae, where:-

p iz the body weight in Kg.

Co is the intersset of the

slope in ng/1.

r ig the Widnark factor for body water

ordinate by the extrapolated B

B is the rate of elimination of alcchol from the blood in mg/l.

Subject
Tumber

W -1\ 00—

P

80
58
85
88
&1

70
77
a1

65
75
82
&7
81

74
78
69
65
77
74
70
54
51

72
62
58
60
60
58

Alcohol
Dose
Frans.

54
29
36
37
34
30
52
34
28
32
35
29
34
51
33
30
29
34
31
30
23
23
31
27
25
25
25
25

Co

520
620
680
520
640
490
540
560
800
290
660
480

620
600
570
680
520
550
540
T30
&70
710

700

710
660
610
660

COOOOOOOOOCC
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oy
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A

110
140
142
100
128
0O
93

157
130
73

157
95

135
1385
95

154
94

143
105
110
100
140
160
157
107
150
100

Paak

Eguilibriation

Alcohol Time
Pattern (Minutes)

O P oo

QUR oo o 0D

WReaop g

[o 2N ¢ TN BN ¢ Y o R O

Q0
60
30
60
60
g0
S0
120
60
&0
90
60

a0
30
&0
60
]
30
90
120
60
60
50
90
120
30
120
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T was not possible to determine o rate for casc 13 as none
of the extroseleoted slopes lontersectod the ordinate at
point which zowe o roallsiic body water rotic. 1L was
Pound part wey through the test, that casce 17 had been
drinking hesvily the previcus night and had an initial
aleoiicl level of 30 mg/100ml, in estimate of his probable
nlcohol level at midnight was moade by extrapolation from

that a2t § sem. with a line porzllel tc the B slope wiich

gave o bleod elesnel level of 160 mg/100ml. This could have

been zchieved by the consumption of three jugs of beer,
and corregponded clozely o the estimate of toe subject of

the anount conswaed bebtween 10 pom. and midnight.

Widmark {cited by Wallgren and Barrv, 1970, page Llt) has

reported detailed studdies on the kinetics of the shsorption

and eliminstiion of aleohol in humens. Using hils formmlae,
the total bhody waster content may be deterrmined by the Vildmark
fzctor, r, frome~

40 = thoe amount of aleoheol ingested in milligrems.
Co = the interscct of the cxirapolated B slepe with
the ordinate in milligroms/Iitre.

p = body weight in Kg.

The results of these calculations eppear in Tsble 4.2 (page 66).
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4s previously mentioned, it was not pogsible To determine a

A slopc on case 13. If the points at 90, 120 and 150 minutes
were extropolated Lo the ordinate, the valuwe of Co would
have been 900 snd r = 0.7, =2n unreslistically low figure.

Co for caze 19 wes determined by subitracting 320, the

initial =lcchol leved in mg/l, from the sstimated Co of C70,

The values of r for males ranged fren 0.62 Lo G.91 with 2
mean of 0,74 and for femzlos the ronge wos 0.53 to 0.69 with

g mean of 0.43.

L.5  aAcetaldehyde  (Table 2, Appendix 2)

5

Bleood acetaldehyde levels reached a maximuam of G.1 wmg/100mi.,

m

There was a trend

+

in the majerity of cases by 30 minutes.

Ly

in some towards a himodal curve with o gzcond peak st 90-120
minutes, but the majority meaintainsd o constant level through-
out. 1In case li; none was debected and in case &, the levels

remained low increasing to 0,06 mg/100 ml, towards the cend

iy

of the tost peried. Cose 19, whe had been previously

A

drinking, showed the highest level in the males renching

0.2 mg/100ml. between 15 and €0 minutes. In cese 21, one

\_ﬁ

point at &0 nminutes was 0,27 mg/100ml., but the remainder

were just above 0.1 mg/?OOml

L.t  icetone  (Table 3, appendiz 2)

Fasting blood reetone levels gave a mean of 0.087 with &
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eenge of G.0L to 0.4 mg/100ed. Two results were outside
thls rongs; coase € at 0.95 mg/100ml. =nd case 19 ot 0.21
0g/100nl. After consweption of slcoheol, these levels

increased and ryenoined high throughout the test perioed.

il
Thers were winor fluctustlions, somz of them in parallel with

acetaldeliyde levels Tz rosulbs from 60~1R0 minutes were
ver } for ench subject and ranged from 0.076 te 0.213

with 2 mean of 0.137 mg/100m1.

L.7.1  Lectate  (Table L, appendix 2)

There were threo distinet patterns of blood lactate levels.
The most common (10 out of 28 cases) showed on increasse at

15 minutes following alcohol consumption with o meximum at
30~-60 minutes. Thiz was followed by 2 decrease over the
next twe hours o nermal volues and gave curves zimilar To
those for blocd aleohel levels., The sccond pstiern (3 cases)
showed o slow rise from initizl low levels, 0.60 - 0.76
miuoles/1 with 2 peak oceurring ab 120 minntes. The third
group (3 cnses) showsd no definite response to aleohol,

In four of these, the lactobe levels were high Initially,
1.3 to 1.55 muoles/l. and declined to normnl values during

tihe test period,

ha7.2  Pyruvate  (Table 5, fAppendixz 2)

In 25 out of 28 cases, the initinl veolues were between 0.065



70.

ant 0.1l mmoles/1.  These dropped by approximately S0% in
the first 10 minules to give o rangs hetween 06.04 and 0.075

mmoles/l.  Tynicelly, the lowsr level was waintalnsd through-

0

b the test perind with no zignificant chonges: the rangs
at 180 minutes wos 0.035 to 0,080 mmoles/1. In the remaining
three cases,; the initial shorp fall was not obssrved, One of
thiese, case 19, had previocusly been drinking and his initial

level wes alresdy 0.04% mmeles/l. =so that it could have been

unlikely to observe & further folil.  The otier two cosos,
23 and 2, were rémarkably similar, snowing o slight drop

at 15 irnutes followed by an increase  above the initial

3

W

evel al 60 minutes and then 2 slow decline to reach 0.0

end 0,078 mmeles/1. by 180 minutes.

L.7.3  Behydroxybutyrate (Table 6, appendix 2)

Initial levels ranged from 0.010 o 0.038 mmoles/%. with a
mean of C.031. Fifteen minubtes after drinking alcohol,

these hod risen to o mean of 0,090 mmoles/1l. and 2 rangs of
0.0h0 to 0,160 rmoles/Ll. Statistical snalysis between fosting
ng the 15 wminute Levels, (cmitting the extremc values of
0,160 ond 1.37) gave 2 regression ceefficient of 1.0h

(P <« 6,005, &d.i.23, miezn fasting = 0,031, nean 15 min. =
0.090)., i similar analysis botween the 15 and cither the

150 or 180 minute levels, omitting the extreme values as

before, gave a rogression ceefficient of 0.49 (P 0.01-0.062

LE.23. 15 min., mean = 0,09C, 180 smin., mean = 0,000).
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(W]
et

7ol Bedox rotlos (Table 7, Appendix

The ratio isciobtg/pyravebe is s messurce ol the rvedox stabe
of the eytoscl. Initinl valuces showed a mean of TO and o
range from 7 to 16. In most coses, this rotic increased 18

minutes after ethenel to meximum or near maximm values

a tendency for the

n

ranging betucen 16 and Li. There was

ratio to decline by 180 minutes but the levels were still

'i

high a2t this time withi a mean of 20 and raonge 10-37.

U‘"

Twoe cases did not show any significant change. Cose 23

showed 2 slow decline in lactate from 0,95 to 0.060 nmoles/1.,
anc ot the same tiwe pyruvate concentrations decreazsed from
0.038 to 0.069 mmoles/l., with the ratie remaining constan®,
Case 2L showed a rise in leectate from 0.70 to 1.14 wmmoles/1,
2t 30 ninmutes but the pyruvaic level remeined substantially

unzlrered throughout the study at abouh 0.1 rmole/1.

L6 Glucose  (Table 8, Avpendix 2)

The first seven subjects were gilven vodke diluted with
lemeonade containing 11.5% sucrose. Thelir blood glucose
levels rose significantly from a mean of L.L to 6.0 mmoles/1.
in the first 15 minutes, falling te 4.3 mmoles/1. by 150-130

minutes.

The remeining subjeocts hed vodke in sode water without suger
Thedr blood glucese levels increased from the mesn fasting
values of L.& mmoles/1l. (rangs 3.6-6.2) t¢ o mesn of 5.2

moles/1. (range L.2-6.5) and this incrensc was statistically



significant (t = L.6, c¢.I'v 39, P < 0.001). Similar values
were obtained for the 20 winute samples, but by 150-1&0
minuites they had falled to a mean of 4.8 and a range of
3,8-5.83 mnoles/l. with a significent decrease in variance

at the 2.5% level (F = 2.0, d.f. 20, 20).

.9 Glycerol {(Tsble 9, Appendix 2)

Initial blood glycerol levels ranged from (.02 to 0.10
mioles/1l. . in 26 out of 28 cases. There were two quite
distinct patterns ducdng the alcohol studies each with two
subpatierns. In the majority of cases, {18 ocut of 28),

the initial level doubled by 30 minutes and either remainsd
elevated between 0.13 and 0.2 mmoles/1., or declined to the
pre-test state. The remaining 10 cases increased theilr
glycerol level above 0.3 mmoles/1., by 30 minutes and either
remalned elevated at this level or declined over the next
two noure belown 0.9 rmmoles/1l. Two of such ceses showed an

upswing again at shout 2 hours after drinking the wodka.

4,10 Urine Alcohol Levels {Table 10, Appendix 2}

For the first 30 minutes or so after drinking and while the
alcohol was being absorbed from the stomach and the small
intestine, urinsry alcohol levels were lower than the blood
values. During the equilibriation phase, the urine levels

could be 1.5 or more times higher than the blood levels.
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An estimate of the commencement of the post absorptive phase
could ke made oy inspection of the alcchol curves and was
judged to begin et the time waen breath and urine levels
paralleled the B slope of thwe blood level. The urine/blood
ratios were sveraged within this phase for all subjects to

Frorm 1,06 to 1.49 with a mean of 1.26 {table

glve a ramgc

.3, page 7). These results are similar to those of Kaye
s Pag /

and Cardona (1969), who tested 14& random bloods and uirines

and found & rean of 1,28 and a range from 0.21 to 2.66,

.1 Diuretic Effect of Alcohol Table 11, Appendix 2)

The tolal urine volume collecied over the ithree hour test
period averagzed 900ml., with a range from 277 to 1573ml.

Case 19 excreted only 277 wml., and was probably dehydrated

due to his previous drinking spisode. Cases 1 and 13 excreved
substantiaily larger volumes than the rest, 100 and 157C

ml. respectively. Ho urine was obtained from case 17, which
was thougit to be due to psychological problems involved 1n

providing a specimen rather thsn non-production of urine.

The urine flow was largest 30-60 minutes after drinking and
coincided with a decresse in speciiic gravity to 1000 in all
cases (Table 12, appendix 2). 485 urine flow decreassd, the
spaecifile gravity returned to normal. There was no azsoclation
between peak urine flow and the time of atitaining a maximum
blocd slcohiol concentration. This could vary considerabhly .
For example, compsre case 3, with 2 peas blood aleohol at

~

15 minutes and a maxirum divresis at 120 minutes, to case 4,
ngE

with a blood peak at 90 minutes and urine flow at 30 minutes.
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PABLE 4.3

The ratios, urine/blood alcohol level during the absorptive

and post-absorptive phase.

Time {Minutes) after drinking hiverage
During
Subject i5 30 &0 an 120 150 180 Post
Absorptive
FPhase
1 0 76 1.25 1.19 1.20 1.26 1.22
2 1.05 1.26 1.33 .37 1.29 1.44 1.34
3 ' 1.40 1.20 1.30 1.30
4 0.32 .00 0.78  1.30 1.26 1.50 1.35
5 0,20 0.90 1.14 1.46 1.4¢ 1.%0 1.33
6 0.38 0,92 1.80 1.44 1.07 1.10 t.14 1.19
7 1.50 .13 t.13
8 0.20 1,00 1.25 1.33 1.31 1.27 1.30
9 0.24 0,98 1.02 1.18 1,14 .27 1.15
10 0.40  0.70 1.20 1,12 1,23 1.20 1.03 1,16
11 0.20  £.90 1.49 1.44 1.24 1.64 1.60 1.48
12 0,26 0.90 1.42 1.45 1.31 1.20 1.32
13 0.47 0.98 0,92 1.18 t.20 1.36 1.25
14 0.12  0.73 1,10 1.56 1.36 1.36 1,3%6
15 0.35 1.07 1.57 1.22 1.18 1.2% 1.21
16 0,52 1.33 1.26 1.35 1.22  1.06 1.22
17
18 0.13  0.70 1.50 1.33 1.26 1.21 1.33
15 0.98 1.20 1.05 1.13
20 1.60  1.40 1.40 1,40
21 0.40 1.07 1.14 1.13 1.07 1.07 1.Q7
22 .23 1.32 1.3z
23 0,87 1.26 1.24 1.25 1.16 1.23
24 0,83 .28  1.19 .15 1.06 1.17
25 .07 1,05 1.06
26 0,76 1.30 0,87
27 0.22 1.19 1.60 1.50 1.38 1.42
28 1,20 1,37 1.28 1.33



The amcunt excreled in each specimen was deiermined by
rultiplying concentration by volume ¢ 1 000 (fables 13-17,
Appendix 2). The cnanges in amounts excreted were not great
becguse concentration was inversely proporticnal to urine
volume and as the total collection pericd varied from

90-13C mimites, the overage omount excreted in 30 minutes
was ased Lo compars subjects (Table L.bL, page 70). Of the
seventeen subjects in whon urine samples at 15 minutes were
obtained, the amounts excrebed in those samples were two
times or more the amounts in the next 15 minute somple,

with the exception of cases %, 8 and 4. This gy be

i

wWas

expleined by the collectldn procedure. The bladde
voided prior to drinking =nd timing started on cessation,

50 tnat this first specimen was collected over at least a

30 winute period. In addition, the higher concentrations

in these specinens were undoubtedly duc to “washing out? of
the previous sample accwmilated overnight in the bladder.

When this elfect was ignored, patterns of exeretion related
to pean diuresis time were observed. These patterns are
summariged in Table L.5 (page 77) which shows that in the
majority of cases there was a rise and 211 in amount excreted
with peak at or near meximum diuresis. The correlation and

vartizl correlation coeflicients between pairs weres-

"NaCl = 0.952  oliminating K = 0.951
ko1 = 0,597 eliminating Ne = 0.58%
"Nak = 0.453 eliminating €1 = ©.4kh
TCakiz = 0.L10

TyaMg = 0.220 n.s.

Nata = G.28

™2

nls.

[



TABLE 4.4

The average excretion in urine per 30 minutes of

c17, w27, ¥, catt, ana g

Subject C1 mmoles Ma mmoles K mnoles Ca p moles Mg n moles

i 5.9 5.1 2.0 476 228
2 5.2 4 4 1.8 388 296
3 2.2 2.0 1.3 114 166
4 4.8 3.0 7.0 355 147
5 6.7 6.0 4.4 422 264.
6 5.0 5.3 23 298 68
7 6.2 4,8 2.8 144 210
8 3.3 2.9 0.7 352 180
9 5.6 +.7 2.3 224 132
10 3.2 3.2 .7 193 98
11 6.7 5.7 2.6 100 5
12 4.6 4.1 2.1 266 195
13 4.6 4.2 2.5 226 126
14 3.2 3.4 2.0 156 142
15 4.8 4.5 4.2 252 148
16 6.8 6.5 3.1 170 250
18 7.0 5.6 3.2 170 148
19 3.5 2.9 2.7 142 137
20 5.6 4.6 5.5 143 163
21 5.2 3.2 0.8 112 112
22 1.1 1.2 1.0 30 110
23 4.3 4.1 2.3 72 204
24 3.0 3.0 1.5 266 210
25 3.5 3.0 1.9 102 205
26 1.3 0.8 0.6 202 185
27 5.5 4.9 2.8 215 200
28 6.0 4.9 3.9 190 220
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Patterns of czeretion of electrolytes and minerals.

¥ = a rise and fall with =z pealt near the time of maximunm

diuresis,
F = a steady decrease.
B = a steady increase.
- = not detemined.
Subject Cc1 Ia K Ca Mg
1 + ¥* Rl o+ £
2 * 3 * * %
3 +* * b ¥ *
4_ i -+ bl i Eal
5 =y ¥ ® E *
6 4 R R ® R
7 - - — - -
8 * # He * *
9 * #* b ks *
10 R R R E R
11 NC jofs; R * *
i2 ¥ % * # -
13 R R R R ]
T4 HC HG e b r
1 5 * * 3 ¥* *
1 6 *® +* 3 E3 *
i8 *> +* * H *
1) - - - - -
20 * i #* ¥ E
21 * * * * *
22 KC NC F R Rk
23 HC e ¥ - F
24 R R R F F
25 F r hy T 7
26 B KC He * *
27 %+ #* L3 * *
28 R R #* R R
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.73 Breath versus Blood Alcohol Levels

Breath tests by the Alcolimiter were compared with the
interpclated blocd alcohol levels ot the time of the tesit.
Readings were most conglstent in the post abscorpiive phase
{about one hour post drinking) and ranged from 6% to i1%

below the blood level, the zverage being -20%:-

Breatin velues

Case Ho. % below bplood aleohol levels
(values averaged)
1 11
2 12
3 30
i1 L0
¢ 19
] 9?
7 21
& 33
G 20
10 1¢
I 23
g 20
13 12
1h P
15 21
16 30
17 14
18 30
19 Z1
20 25
L1
2 I
23 1
2L ¢
25 26
26 36
27 16

2t e
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Results obtained belore this phase were extrenely variable
=nd could he either above or helow the blood levels and
© 1o the post absorptive levels,

i

vsually bore no rel

The complete data sre tabulated in Avpendix 2, Toble 18.
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DISCUSSION

5. Effects

Tne effects of a single dose of etiiancl have been listed by
Maling {1970, p. 279). Amongst these are dizziness, mild
euphoria, release oi inhibitions and loud profuse speech, all
occurring at blood alcohol levéls between 20 and 100mg/100ml.
The first, dizziness or light headedness, was the initial
sy:pbom in the present study and occurred within 15 minutes
of drinking and al this time the average blood level was

25 mg/100ml, Sixty minutes later the blood levels had risen
to b mg/100ml, and this symptom had largely disappeared
although other gigns of inebristion were present. This
illustrates the "Mellanby" phenomenon (Mellanbv, 1919)

where the blood alcohol level at which a symptom appears is
lower thsn when it dissppears, or stated in another way,

the effect is grester when blood alcohol levels are rising
than when they are descending., This has been suggested by
Kalant et al. (1971) to be an example of tolerance developing
during the effects of a single dose of alconol. The cause

of this effect ig not known, but Maling {(1970) has suggested
that it could be o wvariations in alechol concentration in
different parts of the body. However, there are equally
rapid chianges in the concentrations of other body constituents,
25 shown in this study such as the fall in pyruvate or increase

in B-hydroxybutyrate which reflect the changing redox ratio
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in the cytoplasim and mitochondria of cells metabolising
alcohol. Accordingly, there could well be a biochemical
explanation for lthls phenomenon., Six subjects spparently
experienced no such effect from alcohel, either esarly
light~neadedness or late effects. This was not solely
related to previous drinking habits (Table L.1, page 62},
althought three of the hesviest drinkers were in this category.
It must be borne in mind however, thel stated drinking hsbits
may not be relisble and the evidence given is largely sub-

jective in any case.

Ho other significant physiological changes were noted. The
blood pressures and pulse rates were variable and tended to
decrease throughout the test from a higher level which could
have been due to some apprehension about the test. Reports
vary in the literature on this point; e.g., Stein et al.
{1960) showed an increased cardiac output and bleood flow
through the liver but the blood pressure was unaffected.
Gould et al. (1972) did not note any significant change in
heart rate or systemlc arterial pressure after 96 ml. of
whisky, but Allison et 21. (1971) reported an increase in
diastolic pressure and pulse rate aiter one ounce of 95%
alcohol, while Reisby et al. (1969) reported a fzll in
blood pressure. t 1s quite likely that the conditions
under which the tests npre performed and the preparation

of the subjects are most significant in promoting these

effects.

Perhaps greater note could have been made of flushing as an
indicator of peripheral dilatation, but in most cases this
was difficult to determine with accuracy. Wolff (1972)
measured this by optical densitometry of earlobes and showed

s flush to commence 2-7 minutes after drinking with o peak



at 30-37 minutes, coinciding with the appesrance of alcohol
in the blood and to peak blood alcohol levels, The flush
was mach less pronounced in subjects of Caucascold origin
then Mongoloid and was the same in infants z2s well as

adults so that sny adapltetion with azge was unlikely,

The Minfectious™ behaviour of social drinking was illustrated
by tae behaviour patterns of each pair of subjects. e
sessions varied from the hilarious snd vociferous to those
which were quiet and soporific. The atmosphere could change
on 2 visit by a colleggue not involved in the study when
numour might be swept aside depending upon cirecumstances.
This sort of behaviour pattern makes subjective measurements

impracticable.

5,2  Absorption, Bguilibration and Elimination of Alcohol

and the Dstimation of total Body Water

Aleochol is absorbed from both the stomeach and the duodenum,
but at a much higher rate from the latter (Kalant et 2l. 1971,
page 210}, From the intestinal tract it passes to the liver
via the poirtal veln. The liver 1s interposezd between the
intestinal tract and the generasl circulation so that most
absorbed alcohol passes initially through the liver into the
circulation via the hepatic veins which drain into the
inferior vena cava. The alcohol then proceeds through the
heert and lungs to the arteries and recirculation through

the liver is wig the hepatic artery.

The most rapid absorption rates will be achieved by rapid

gastric emptying into the duodenum nnd carbonated beverage
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wag given with the vodks in order to schieve this. From the
blood-stream, alcohol diffuses into all the body water
compartments until eguilibriuvm has been reached. Alecchol

is only sparingly soluble in fat so that there is no

significant uptake in the adipose ftissue of the body.

The observed blood alechol curve results from a combination
of absorption and eqguilibration factors. The absorption of
aleehol Inte ithe bleood has bheen described as the Influx and
its elimination, the efflux (Kalant, 1971). The initial
absorption slope is where influx is grenter than efflux.

If these two are egual, taen there 1s no apparent movement
up or down oi the blood aleohol level. 4 typleal example
of this was case & where the blood levels remained at

38 mg/100ml. between 30 and 50 minutes. When influx is
less than efflux, the alcohol level fzils. Widmark (cited

by Wallgren and Barry, 1970, page L&) defined four phsses

of tue alcohol curve; ebsorptives; plateau; equilibration
and liver elimination. 4 I'ifth stage exists where theo

blood alcohol levels nre low and the elimination is non-
linear. This occurs below 20 mg/100ml. wherce the alcohol
dehydrogenase enzyme system is unsaturated wlth a conseguent

decrcease in oxidaticon.

The results in this study have demonstrated 211 of these
features. It was apparent that until equilibration was
completed, 1t was not possible to estimate the B slope.
This slope might be used to determine elther the body
water content {Pawan and Hoult, 1963} or to estimate the
amount of alcohol consunied for legal or forensic purposes.

If blood testing is carried oui over oo short & period

practically impossible to determine either body water
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contents or estimate likely amounts of alcchol consumed,
In five of the subjects, equilibration was not complete
until 20 minutes aiter drinking and in four it took at
least 120 minutes. Delayed equilibration would lead to
underestimgtes of body water content or overestimates of
the total amount of alcohol consumed: at the seme time,
caleculation of a ﬁ value could be very inaccurate. When
the blood alcohol level dropped to zpproximately 25 mg/100 ml.
the rate of metabolism slowed in the majority of cases so
a sufficiently high dose of glcchol must be given to malin-
tain blood levels sbove this value throughout a three hour
periocd. These points are illustrated in the following

exanples:
1. Case 11

This person was 2 known heavy drinker whose ﬁ slope
would have been overestimeted at 28 mg/100ml./hour or
even greater 1f the study had been terminated at 2
hours instead of 3. Alternatively, taking Co at 860
and a normal body water of 0.72, the estimated amount
of szlcohol consumed would have been 51 grams or

150 ml. of Vodka, whereas the actual amount consumed

was 100 ml.
2. Case 28

If this test had been terminated at 2 hours, the B
slope would have appeared to be L mg/100ml./hour and
the amount of alcohol consumed, assuming a normal body
water for females of 0.60, 19 grams or 55 ml. of Vodka
wnereas the true rates were 10 mg/100ml./hr. and 72 ml.
Vodka.

In the caleculations for bhe Widmark factor 'r!'; body water



is overastimated because o correcetion for the blood solids

has not been applied., The water content of blood averages
850g/L. (Geigy, 1970} so that the solids comprise 20% of

the total on a weight for weight basls, If this 20% correction
is mede for the obsevved averages for 'r!', then for males

0.72 is lowered to $.580 and for females, 0.63 to 0.50, and

these figures correspond to the votal water as a percentage
of body weight of 59% for males and 51% for females measured

by dilution of deuterium oxide (Geigy, 1970).

The values of 'r! and the observed average B slope in this
study of 2.2 mg/100ml./hr. and s vange of 7.3-16.0 mg/100ml,
/hr, corresponds closely to the results of 13 studies
revicwed by #Wellgren and Barry (1970, p. L7-48). These

geve mean B values from 12 to 17 mg/100ml./hr. with indivi-
dual slopes ranging from 2-29 mg/100ml./hr.; the upper

1imit ol one range was 4O in a study of 922 subjects.

Whether the rates cen be increasad by prolonged use of
alcohol has becen the subject of much disecussion. Uellgren
and Barry (19{u) vage 519-522), reviewing the literature,
ated thet only =2 tentative conclusioh may be drawn that
increased eliminstion occurs in alcoholics. The main
problem in testing such hypothesws adequately has been the
lack of care to ensure that proper conditiens o2pply when
deriving the B slope and r values. Errors could readily
arise as can be seen from the date obtained in the present

study.

Tber et al. (1969), reported average P volues of L9 mg/100ml./
har. in 30 alcoholics cormpared to 25 mg/100ml./hr. in 15
control subjects. Their controllﬁ level was higher than

most other workers and it is alse difficuli to reconcile



the stated blood alechol levels of 90-140 mg/100ml. wita =
dose of only 0.5 g/kg body weight. Goldberg (1943) showed
constant r velues and differences bebwesn non-drinkers,
moderate and heavy drinkers of B slopes which were 12.4,
13.8 and 15.9 mg/100ml./he., respectively. The total number
of subjects tested were few, 9, 16 and 1 respectively but
the differences were statistically significant (P =<0.001).
Wallgren and Barry (1970, p. 490) quote several references
to subjects consuming L0O grams of alcohol per day over
extended periods which would require a rate of metabolism

of the order of 35 mg/100ml./hr. in g man of average weight.
Lederman {1956, p. 104), in a review of alcohol consumption
and its meitcbolism, considered such individuals to be
examples of the extreme range of the distribution of B
slopes about the normal. If this is the case, an alternative
explanation to that of development of increased metabolism
on exposure, might he that the population of alcoholics
include an excess of subjects whose B slopes are normally

in *the upper percaentile of the distribution range.

5.3 Accteldehyde

Blood =scetaldehyde levels recached C,1-0,2 mg/100ml., on the
average and remained at these levels while alcohol values
decreased from 66 to 20 mg/100ml. Majchrowicsz and Mendelson
(1970), using direct injection of the supernatant of & zinc
sulphate/barium hydroxide precipitate of blood into the gas
chromatograph, found acetaldshyde levels between Q.11 and

0.15 mg/100ml. in subjects who have consumed bourbon whisky
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and coout heli of these levels when grain alcohel was
consuwned. The values were constant throughout a range of

blood zleohols up to LOO mg/100ml. even over an extended

period of time,

Much work las been carried cult by various workers on the
observations by Trultt (1970) on the release of acetaldehyde
from biood semples, but the possibility that deproteinisation
may have been inadequate, a2¢ discussed in chapter 2, seams

to have been overlooked, The production of acetaldehyde

from partially denatured or haemolysed bleod, which increases
with temperature and mey be inhibited with sodium nitrate

or nzide (Curry, personal communication), strongly suggests
ensymic oxidation. However, Sippel (1972} has put forward
the hypotiesis that non-engymic oxidation of eothanol in the
perchlorate precipitate is due to 2 free radical chain
reaction involving the autoxidation of ascorbic zcid and

this may be prevented by adding an antioxidant such as

T 2. 1 - o
thiourea., This work sesms to have been done at 56 C. only.

During confirmatory studies ol scetaldehyde levels by an
erizymatic method on perchlorate supernatents from this
thesis, Crow (personsl comrmnication) found that the
acetaldchyde was largely present in the red cells with very
1ittle in the plosma.  As ascorbic seid is present in both
red ¢cells and plasme, acetaldehyde should have been found
equally in both 1f non-enzymic oxldation was occurring.
Both mechamisms could be contributing te the production of
acetaldehyde with higher temperatures favouring the non
enzymatic pathway. BSuch observations support the view that
the acetaldshyde levels found in this study ere true blood
velues at the time of venescction. However, it is not clear

why acetaldehyde ic not evenly distributed throughout cells
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and plasms, Possibly, it is bound to the cell manbranes or
to hoemoglobin and the disappearance of acetszldehyde added
to whole blood reported in chapter 2 of this study may
support this suggestion,

Acetaldechyde production is the first step in the oxidation

of ethanol and the reaction is catalysed by aleohol denydro-

gonasc -
E + - —1—+ ST A il
ETHANCL + NAD e HATH + H + ACETALUDEHYDE
‘T
Aldehyde dehydrogenase catslyses further oxidation to acetate:-
+ “ S ot .
ACETALDEHYDE + HNAD i HaTH + H  + ACETATE
T

If tne formation and not the removal of scetaldshyde is the
rate limiting step in this oxidation, as considered by

[

Lundquist (1971), then acetaidehyde concentrations in the
bloed would not be expected to lnerease as the aleohol
level is ralsed unless elither ethanol metsbolism is increased
gr the rats of acetsldenyde oxidation is inkibived. Hald
md Jacobsen (1948} showed that tetrasthylthiuramdisulphide
(Disulfiram or antcbuse) inhibited sldehyde dehydrogenase
and caused ralsed blood levels of acetaldehyde. Casler and
Polet {1958}, however, claimed thet only small quentities
ware formed and aitributed most of +the toxic effescts to
disulfiram itself or one of ite metabolites and also to
accumulated free aleohol in the body. Truitt and Daritz

(196?) showed =z five-fold increase in blood zcetaldehyde

I_I

rels in rats given ethanol and disulfiram bubt later work
oy Truitt (1970) threw doubt on the specif ficity of the

wthod he used for detecting acetaldehyde,

> lmportant in some symptoms of

ey
)

Whilst bleood levels niight

ethianol intoxicotion, such as increased heart rate and
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dileotaticon ol poripheral
intracellvlar acctoldoiyde formed by local oxidation of the
circuleting wtusnol might be of grester importasnce. There
is the possinllity that 1T scetaldehlryde is bound teo red

cell membrances ag previously suggested, a similar reazction

Lo

gy oceur in other tilzsue cells.

The presence of slecohol dehydrogenasce in tissues other than
the liver has been shown by various workers (Hawkins and
Kalent, 1971) and it has been found in rat brain in minute
smounts by Reskin and Sckoloff (1968). But there have
apparently been no similar studies on the hormone producing
organs such ss the cdrengl, thyrold, pitultary, ovary ovr
testes.

Acetaldehyde may boe of greater importance in its pharma-
cological effecte thean sthanol especlally in its effects

on neurcamineg metobolism either by competitive inhibition
of aldeshyde dehydrogenase (Lahtl and Majchrowicz, 197L) or
by direct condensation with neurcamines to form simple
alkaloid derivaztives hnving addictive properties (sce

review by Davies ond Welsih, 1971).
o 2

5. Ketogenesis

The light breakfast which the volunteers had shbout an hour
before testing may well account Tor the lower blood acetone
levels, before alconol consumption, than those reported by
Levey ot al. (196l). The preparation of tneir subjects was
not precisely rocorded, but thelr use of the term "basall

might imply an overnight Tasts-
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Levey et al., mean 0.29 range 0.16-0.51 mg/100m1.
Present study wcan 0,087 range 0.00-0.1h mg/100ml.

The meen and renge of the P-hydroxybulyrate levels correspond
closely with the non-fasting levels of Bergemeyer and Bernt

(cited in Gelgy, 1970):-

Fazting Non-fasting
mosn range mean range
Bergmeyver znd _
Bernt 0.090 0.056-~0.16L  0.035 0.013-0.095 mg/100mi.
Present study 0.031 0.010-C.088 mg/100ml.

After slcohel conswnpilon, levals of both acetone and
B-hydroxybutyrate increased. These mzy be explained from
known rates and pathways of ethanol metebolism. Ethanol 1s
oxidised in the liver to acctaldehyde at an average rate

of 26 mmoles/litre/hour but acetaldenyds levels did not
exceed U.0L4 mmoles/litre. Accordingly, the turnover raie

to acetate, cotalysed by aldehyde dehydrogenase, is high.
Further oxidation of acetote via the tricarboxylic zeid
cycle is reduced by an alteration in the redox ratio (sec
section ©.5), but although Bskelson et al. (1970) have shown
acetate derived from ethenol can be 2 procursor fov chole-
sterol, preswanbly through the form-tion of fatty acyl Cod
esters and mevaleonate, Lundquist et al, (1963) have shown
that acetate was released into the bloodstresm with only a
small conversion to azcetyl Cod. The acetate is utilised as
a sourece of energy in varicus tissues of the body by conver-
sion to acetyl CoiA and then to 002 via the tricarboxylic
acld cycle (Ballard, 1972). Pertial depression of this
cycle presumably leads to the condensation of two acetyl

CoA molecules to glve acetoacetyl Cohs and, subsequently

acetoacetic acid by deacylation. This is then reduced to
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B-tydroxybutyrate becouse of the change in ratio of Ni

to NADH: this conversion ls discussed further under redox

Acetone con arise from the speontaneous decarboxylation of

{1

ecetoacetic acid and 2 raised level indicsates an dncreasesd
{formation of acctoncetats. There appeared to be no direct
correlation beiween acetoneg and B-hydroxybutyrate levels
but this is not surprising as there would probably be con-
sidersble individual varistions in the ratlos of B-hydroxy~

bulyratessceloacetate.

Regression analysis on the P-hydroxybutyrate data showed

that a prediction could be made of the 15 minute level from
the Teasting figure. The analysis between the 15 and 160
minute levels confirmed the visual interpretation of the
grzphs in that low levels at 15 minutes continued te increase

evels declined towards the end of the test pericd.

=1

while high
inother source of ketone bodles could come from the beta-
oridation of fatty acids. Howsver, o reduced activity of
the tricsrboxylic zcid cyele by en eslterced redox ratio

would also inhiblt beta-coxidation.

L5 Lactate, Pyruvate agnd the Redox Rotio

The first step in the metabolism of ethanol involves N:lD+
as a coenzyme snd hydrogen acceptor during oxidation to
acetaldehyde and again in the next reaction to acetate, so
that an NAD+ molecule is reduced twiece in the overall
conversion of ethancl to acetate. The rate of reduction of

N , . .
NAD 1in man averages 52 wmoles/litre/hour. During the



convarsion of ethanol there lg o dramatic change in redox
levels in the body and reduced TLD+ iz formed to mn extent
vherce the rate of re-oxidation by the respiratory chain
bacomnes the 1limiting factor in overall sthancl metabolisn.
This change can only be estimated indirectly, normally by
measurement ol metabolites which form redor pairs, such as
lactate/myruvate, which reflect cytoscl lewels qnd‘ﬁ—
hydroxvbutyrate/acetoacetate for mitochendrial levels of
NﬂD+ and reduced N£D+. Peripheral hlood samples reflect
the changes in redox levels of the tigsues through which it
has passed (Forsander, 1970}. Ideally, bthe changes occurring
in the liver can only bhe mecsured in blood cobtained by
catheterisation of the hepatic vein., Excess lactate from
the Liver will be metsbollised in thes peripheral tissues and
affect the redox levels of those tissues, There is no
direct centribution to Isetate or pyruvate by cethanol and
the change in the ratio of lactatespyruvate is due to a
Jarge extent te the conversion of pyruvate to lactate,
which e well illusglrated in this study. The lactate
Tevels vary considerably and some of these would ssen to

be high a2s a result of ischzaomia rather than ethanol con-
surption

The chahge in redox rztlios has been shown to influsnce both
energy production and synthetic pathways (Forsander, 1970).
The overzll activity of the tricarboxylic scid eyele is
production.

2 *
The low pyruvate levels lead te low ozalcacetic acid levels

reduced vhich has been shown by depression of CO

by a reduction in the pyruvete carboxylase reaction {Krebs

ot al., 1909). Blogenic amine metabclism may also be

altered by the shift in the redox ratio leading to excretion

of less oxidised forms (4dsnad et sl., 1970}, as an alternative
al

to the hypethesis that acetaldehyde 1s o competitive inhibitor



of the appropriate enzyme mechanisms (Hawkins and Ealant,
1972). There is zlso & similar effect on the steroid
hormenes wiere thers is g shifit te the hydrosy, or reduced

statc, Irom tine keto, or oxidised state.

L.6 Carbohydrate Metabolism

Bleod glucese levels incressed rapidly after consumption

of cthanol irrespective cof whether the drink contained
sugar or not. Vartia and Forsander (1960) showed & similar
rise, falling to hypoglycaemic levels by the following
morning., They alsc showed that this decrease was inversely
proportional to the amount of ethanol consumed. Freinkel
et n11. (19€3) showed that this decrease cccoured L-6 hours
after drinking so that confirmation was not possible in the
nresent study with volunteers where all blood sampling was

concluded at three hours.

The effects of ethancl on carbohydrate metabolism have been
reviewed by ixelrod (1973) who suggested that while gluco-~
necgenesis was inhipited by ethancl, glycolysis was stimulated.
Consequently, if ithe glycogen stores were adeguate, &

transient risc in blood glucose could occur with a frank
nyperglycaemia 1T glucose was administered at the same

time. Where the glycogen stores were inadequate, as would
occur during festing or carbohydrate deprivation, hypoglycaemia

would result.

The mechanisms of these actions zre relsted to decreases in

pyruvate levels. Gluconeogenesls from lactate is inhibited,
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and rlz=c from amino aclds by 2 reduced activity of the tri-
carboxylic acld cycle, and there is also incrsesed glycolysis
to meintain energy production with o conseguent deplstion
in circulating glucose,(Krchs et al. 1969). Simultanecusly,
the hormenes controlling blood glucose levels; dnsuling
zlucagon; growth hormonay cortisol and eplnephrine are
a1l affected sither by o direct sction of sthencol or by
the change in redox ratios (Axelrod, 1973).
The hypoglycaemic effect was illustrated by case 19 who
had been drinking the everdng orior to the test. is initial
tlood glucose level at 9 a.m. was 2.8 mmoles/l., in spite

¢ large meal consisting largely of carbohydrate at sbout
T a.m. The aleohol given in the test was sufficient to
restore the blood gluccse Lo normal levels throughout the
next two hours although the test was ended prematurely
because the subject felt unwell. This i1s a good exermle

Eal

the counterbalancing effects of another dose of alcohol

=y

o

on a thangover™,

5.7 PFat Metsholism

The increesed redox ratlo following ethanol ingestion can
laad to a2 diversion of dihydioxyacetone phosphate and
glyceraldenyde 3 phosphate in the glycolytic pathway to
glycerol, providing a means for the recoxidation of reduced
NAD+ and this is the basis of enhanced ethanel metabolism
by fructose (Tygstrup et al,, 1965). It scems unlikely
that this mechanism could wholly account for the dramatic

increase in blood glycerel levels in some subjects without



e
WL
-

a sirmitrneous fall in glucose level. din alternetive

source of glycerol results from the hydrolysis of triacyl-
glycerols by adipese tissuc liposc which has been shown to
be sctiveted by catecholamine release (Maickel et aol., 1963),
Catecholamines have been shown to be elevatad on drinking

aleohol (Perman, 19559).

The incressed glycerol levels found in the present study
were contrary to those of Foinman and Lieber (1957), who
showed 2 mMarked drop in glycerol and free Tatty acld levels
following ethanol ingestion. However thelr experimental
conditions were complstely different as thelr subjects
drank alechol slowly over a two hour period with a conse-
guent fall in glycerol before relatdively high blood alcohol
levels woere attained., This could be attributed to oan
apparent suppression ol free fatty acid mebilisation by
acetabe produced from etheznol metsbolism {Crouse et al.,
1968). Licbor (1974} gives examples from the literature of
either o decrease or an increase in free fatty acid levels
and argues thet experimentcl conditions may lavgely
determine whether falty aclide are mobilised by catecholamine
relecse or by compensating fatty scid symthesis from the

acetate Formed.

5.8 Diuresis

The diuretic effects of aleohol noted in this study were
similar *o those of Eggleton (19472) who showed that the
onset was delayed 20-30 minutes after drinking and that the

peak diuresis was unrelated to peak blood alcohiol concentrations.
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Her observations on the eficcis of varlation in obsorpiion
f alechel were only evident when testing the same individual.
Comperison of urine veolume with tine cf attaining a psak
blood silcohol concentraticn in a group of individuals did
not show 2y assoclation in either her study or in this
present one. Diuresis is apperently related to rising
blood alechel levels and a further respones can be stimilated
by ancither dose of alcohol. On the other hand; meintaining
a constant blood level does nolt meintain the diuresis, The
volume of urine exercted i1s alsc dependent upon the quantity
of alcohcl ingested and upon room temperature, being greater
when it is colder. This could account for a large volume
with case 1, who was the first subject tezted and beforc
aderuete heating was instelled in the study room. A
similar oxplanation for the lerge wolwme from case 13 could
not be made; this subject was tested concurrently with
case 12 who only excreted 480 ml. Ogata (1963) showed that
19

the diuratic effact of water or =lcchol was excessive in 19

[

of 30 alecoholics, but not in 15 non-alcoholics. Evidence
of reversion to normal after & poeriod of sbstinence was

not very strong sou that the possibility exists that alco-
holics may be drawm from a small population of individuals
who have a greater diuretic sensitivity o alcohol.

The diuretic effect of gleohol has bheen attributed to
inhibiticn of secretion of antidiuretic hormene from the
neurohypophysis and it is claimed that it can be suppressed
by injection of 2 postpituitary extroct (Eggleton, 19463

Rubini, 1955).



5.9 The Eliminsticn of Flectrolytes and Minerals in the

Good data from voluntary urine specimens is gifficult to

obtain and this is 1llustrated in the present study. One

subject could not pass any urine at &ll and thils failure

to de so was unlikely to have been duc bo urine not beling !
produced. Incomplete empiying of the bladder will lead to \
carry--over into the next sample with o consequent error in i
rate and quontity exereted. This is 2 possible explemation

1

or the discrepancies in some Subjpctq such as case 1, uhere

)

3 ml., was collzcted in the st 30 minutes ang 880 ml. in

t is not peszible to comment on the effect of alcchol alone
Trom the present data as there are no baseline levels fov
comparison. For example, water will effect o diuresis and
Eggleton (1946) has showr that this end alcohol will reduce
chiloride outpil whereas other diuretics will dincrease it.
Kelbflelch et al. (1963) collected basal urine samples over
one hour with an initizl water loasd of 20 ml./kg., and replace~
ment of the findd volume excreted. These workers clearly
demonstrated an incresse in caleium and maguesium excretion

ate in )L401Cu/mlﬂLuL and at the same time a decreasse in
potassium after giving 20 mi, of 100% ethanci. No significant
changes wWere seen in sodium and chloride elimination in
contrast to the work of Rubini et al. (1955).

&

The averages excreted in 30 minutes (Table L.b, p. 76)
reflects guite zcecurstely the general Jaovel of elimination

by eazch subject which shows thet the comservation measures
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of The kidnoy cuzes of clectrolyte or mingrols

of this is thought to he

are @
brought chout by hormonal control of tubular reabsorpiicn.

gerwn calelum levels are controlled by para-

1

thyveid hormone which cen inhibit resbsorption in the

tubueles, Alecohol con cause on vnresponsiveness in this
hermens to tissue levels of eclelum and result in ite
inereased gliminstion (Esten eb ol., 1968). This may be

due o the ketosls durding alconol conswepbion as fasting

¢ loss in caleiwn (Jones et al., 1966). Calcium

L

nesium eliminatlion sre thougnt e be relaote
(Flinlk, 1971) ond this is seen in the low but significant
correletion coefficient bolween the two. Magnesium

is of great importeonce in chronic zlecholism and

e slgne and symptoms are common bo both diseazes
Flink, 1971) and loss in the urine may be of significance
: ¥ &

particulesrly where there ir a ddotary deficiency.

However, Beard and Enott (1971) bave pointed ocut that a
diuresis ocours only as long as the blood aleohol increascs
ard that there is normelly o water retention and a decrensc
in electrelyte cxcretion. This 1z eppercntly common in
olecholics in the sbsence of malnuirition and an aberrant

distribvution of electrolyte between the intra snd extrs

iuslor spaccs may account for the maliunctioning of nervous

and eordievascular systoms.

5,10  Blocd Alcohol Estimates by Breoavh Testing

pulmonary csniliary plosma will be in
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equilibrium with the air of the alvecli. It should, there-
fore, be possible to estimate the alcohol level in pulmonary
arterial blood by measurement of expired air. In the post
sbsorptive phase, the difference between arterial and venous
blood will be minimal so that breath and venous levels
should be similar. The breath test will reflect brain
alcohcl levels, by virtue of its equilibrium with pulmonary
arterial blood, much more accurately than venous blood

obtained from the ante cubital fossa.

In practice, many factors are present which will lead to
discrepancies between arterial and venous blood. It has
been shown in this study, that even under near ideal test
conditions where alcohol was consumed both rapidly, on an

empty stomach and with a carbonated beverage to hasten

gastric emptying, the post absorptive phase could be prolonged

to ninety minutes after drinking. Under different conditions,

equilibration could easily be delayed much longer.

Expired breath initially contains tidal air which was not
in contact with the alveoli and this must be exhaled before
alveolar air is obtained. It has been shown that to obtain
alveolar air, a continuous expiration against minimal
pressure for at least 6 seconds is necessary (Dubowski,
197L). This has been allowed for in the design of the
Alcolimiter by the inclusion of an electronically timed
pressure sensitive switch. Assuming adequate collection of
alveolar air which was initially at normal body temperature,
the temperature will drop to that of the mouth which is
about BAOC. Simultaneously, the alcohol concentraticon will
also fall. There will also be some re-equilibration with
the saliva which contains alcohol at a higher concentration
than that of the plasma because it has a higher water con-

tent. The extent of this is difficult to establish and
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would be, in part, dependent on the amount of moisture in

whie mouth and bronchi.

oy

1t 45 not surprising that the blood:breath ratic of 1:2 100
determined by Harger et al. (1950) and now widely sccepted
by ferensic sclentists for the estimation of blood aleohol
levels from breath samples, is different from the in vivo
studics of Jones et al. (167h). These workers showed that
this ratic varied betwsen individuals and gave a mean value
of 132 350 and at the same time confirmed the in vitr

ratio of 1352 100, The results of the present study show
individual varistions about a moan wvalue which was generally

lower thon the blood level.

fnother Tactor leading to wider variations between breath

and blood values, 1s ithe temperature of the breath as it
leaves the mouth. This hes o range of 32.4-35.7°C. under
normal conditions (Dubowsld, 197h) and could conceivably

be extended in hot and cold climates or in subjects with

hypo- or nyperthermie. It wes shown with a simulator breath
solution giving o blood alcohol reading of 100 mg/100ml, on
the Alcclimiter, that there was a differcence of 5.4 mz/100ml./
degree celsius arvound the 34°C. level (figure 2.171, page Lb).
Further designs of instruments to measure breath alcohol

may incorporate a temperature compenzatlon device.

Scme of the above points can be clarified by the use of a
g=s chromatograph widch has been adapted for messuring the
alcohol in breath szmples (Section 2.1, page L0) and this
will cngble the determination of blood:breath ratios. &
thermistor has 2lso been incorporated into the mouthpiece

for the determination of breath temperatures.
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CONCLUSIONS. AND FUTURE HORK

The present investigationz were initisted to obtain biochemical
baseline data on human volunteers ho had consumed alcohol, It is
intended to extend tvhis work 1o groups other thon normal young
adult males and femalcs ond, if possible, nse the findings for

comparative clinical siudies,

The estimations used were selected for reasgons outlined in

chapter 1 and clearly more metoholitesy couvldd be determined on
blood, breath and urine samples if reguired. Host of the
metabolites estimated in the present study have already been
examined in human volunteer groups by other workers, but there are
no reports in the literature of investigations wvhere they have all
heen followed simaltaneouzly in an individual who has consumed
alcohol. A unigue featurs of this study has weeon the application
of acctaldchyde cstimations in blood samples while alcohol and

body metabelite levels were being followed.

biffercnces have been noted from the work of others in Tthiz field
and it is suggested that cxverimental conditions wmay have o large
effect on the nature of the results ovizined. The rate of
drinking, type of beverage and conditions under which it was
consuimed could have widely differing effects upon the parameters

MeasuUTEed . Absorntion of alcohol would be delsyed il talen with

a meal or consumed over a longer periocd of time and a lower rete



102,

of equilibration with the body vrater compartments vould result.
Under thome conditions, The clasgical absorpition and eliminstion
curve would be altered in an unpredictable way with fluctuations
up and down throuzhout the poriod of stucy. Such fluctuations
would iniluence thoe oxtent to which diuresis occurred; this is
morked only during rising bedy aleohol lovels, tedox ratios
and the conirol of varicus metabelic nathwoys are alse likely o
be affocted. The ingestion of food prior to or during drinking
could well affect the availability of smilucoso or the ability of
the body to reoxidise HADHN with changes in redox ratios being
cffset. Variation in sleohel gchzorpiion patliorng could account
Tor the observed diffcorence in glycerol levels found in this
gtudy compared with the results of other workers, Alternotively
the enzymatic technicuc for estimating glycercol may be at fault,
but the significance of the raised levels might be confirmed if
the freo fatiy acids were also found to he increased, Taking
blood samples from alcololice during o "drying out" phase from
kigh blood alechol levels is unlikely o give informaticn on
matabelite levels which may be directly compared with this study.
in exception could bhe with blood acetaldchyde levels which moy

well be higher,

The electrolyte and wmineral sivdies gave litile information of
significance and it is not proposed ito include such estimations
in further studies. Ian any case, clectrolyte excretion would
be greatly affected by the dietnry intake and cgiinstions on
single blood samples would determine vhether there was a
deficiency or not, The cauges of such deficiencies can only be

determined by proper balance studies in which intake and
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excreiion in both urine and foeces are msasured.

.

Although one of the objectives of this study was to dovelop a
technique for measuring hlood acetaldohyde, 1t beocamo clear

during the investigation thet other fretors were involved aport
from the tecchnigues of sample preparation and instrumentation. A
reasoin for the apparent abscnce of scevtaldehyde in the »lasme mast
be found i circulating levels are to be of any significonce. The
apparont reversible binding to crythrocyies, which may act as &
carrier, could be of imporvance in worl on the clinical effcets of
aleohol, The fate of ncetaldehyde in whole hlood, or its origin

ration may be detormined by the

ag an artefaet during sample prope
use ol radioactive lsbelled compounds in vitro. The presencc of
conpoaratively high levels of accotaldeohyde in breath samples would
lend support %o the possibility of arterizl and venous blood level
differenccs and modifications to the gas chromatograrh To enable
breazth tecting have heen made Lo investiscte this possibilitly.
Peripheral production of acetaldehyde from alcohol i various
organs may be of greater ilmportance than previously recognised and

this possibility requires swudy.

There are several ways in which future work can be directed
depending upon resources availanle, The group of voluntcers
could be enlarged in an effort to find differcnceos which may
provide pointers to the caouse of addiction, but ihis approach is
likely to be unrewarding unless a cohort analysis was intended
over a long pericd of time, Alternatively, the single aleohol
dosc gtudies could be applied directly to alecoholicg vho have

abstolned from drinking for several days to enahle comparisons with
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e wresent study:  oleohol could be given uvnder normal drinking

Q

conditions ox diffTercnt cleohiolic drinks could he compnrad vo ace

whether the congenors have ony oifccet, perticulorly on acetoldehyde
) 34 =

levels. Turther investipoations intoe likely adopiive processcs

[

during o long period of drinliing io wrarirontoed. It is postulnted

in these circumstances, thot ns the blood aleohiol level declines,
an abnormal situation arises which is correcued by furithexr
consumption of alcohol, Such o hypothesis is supporited by The
finding that aleohol aleone will raisce the blood glucose level in
alechelic hypoglycaomia and 1t would he of intercst to determine
vhethor ingulin has o wnjor rolo in whis process. rom the
present study, extension of the rongce of motabolito assays to
include blood ocetate, triglycorides and free fotiy acids wonld

be worthwhile.

It is clear thet such studics could rceeive o nevw dimension of

.

significance if labelled compounds could bhe uscd in the

invegiions on human volunteors, loss aencatrometsy would cnoble
. , . , N 13
the uss of stoble ilsotons labels such ng deuterium or 7€, s0

that in vivo experiments would be possible in bhumaons,  However

animal experiments moy Le reoeuired, for example, to iusert

cannwlae in the hepatic nrbery and vein so thoat sceialdcohyde and

acotate levels of blood ontering and leaving the liver mey bo

LLigs

calculated. Levels of metabolites in body zamples do not

provide informstion on the behaviour of the individnal substoncen

investigated. The rates of formstion ond removal may well be

]

3

o

altered in differont circumstonces when alcohol is ingested and
the use of labelled ethonol could provide direct evidence of such

changes, In addition, the precursor role of n~lcobol end
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accetaldehyde to other body components ig =n aren vhich is yot ill

defined, The role of acetaldchyde in Toming addictuive
substances by intersction with body amines iz a possibility which
could oifcetively be studied if lobelled compounds were uscd in

the in vivoe studies,

The subject of thig thesis renresents the develomment of a basic
study in continuing investigations on clechel and acetaldehyde

in humons.
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PREPLREATION

Two subjecls were testaed at the same time which required

the following preparations to be made the day prior to the

test.

Contalners

Test tubes

Cuvettes

Botiles

Bottles

Bottles

ieolimiter

7 x 1 cm., lebelled and stoppered with rubber
bungs.

16 for whole blood

16 for separated plasma

7 x 1 crm. for fluorometric assays.

120 approx. (Becton-Dickinson, RTV culture iube
12 % 75 mm. )

5 ml., screw capped with rubber liner, labelled.
16 for perchlorate supernatants

28 for headspace gas preparation

25 ml., screw capped witsn rubber liners, labelled.
16 conteining 3.0 ml. of M. HC?Oh., weighed

1¢ for storage of urine specimens

300 mi., labelled, stoppered.

12 Tor collection of urine samples

This was czlibrated to 100 mg/100ml. with breath blown

through a

reshly prepared aleohol solution equilibrated

in a water bath to BMOj 0.2, This solution was made by
diluting 10 ml. of stock 60.5 mg/ml. ethancl to 500 ml. with
distilled water,
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Gas chromstograph

Tue Porapek 4 colwn wes washed by injectlons of I ul.
distilled water into the vaporiser under normal operating
conditions. Each injection was rollowed on the chart
recorder nnd repeated until the water clution tall was

wminimel and no scetesldehyde or other volatile sluted.

Raa g ents

Fhosphate end hydrazine buifers were freshly prepared and
th. Tollowing reagents weighed into 5 ml. screw capped

bottles and stored in the refrigervator until use:-

NAD+ 25 nrg. for hydroxybuiyrate

NiD 20 mg. for lactate

NADH epproX. 3 nmg. Tor pyruvate

fiorse radish peroxidasc 1.6 mg.)

Homovanillic acid L0 mg.g for glucose
T~cysteine L.8 mg.)

ATF 2.5 mgug for glycerol

NAD L5 mg.)
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Bufisrs

1.0 ¥ Phosphate, pH 7.0 for pyruvete and glucose

K HPO, 12,09 g.
c ) 1 g
ICqQPOE,L ila OO g .
0.2 g.

deionised water to 100 ml.

1.1 M Bydrazine pd 2.0 Ioyr lactate and hydroxybutyrate

Hydrazine sulphate 1.3 g.
MHydrozine hydrate 5.0 ml.
0.2 g,

deionised water to 100 mi.

TRIS pH 9.0 diluent for HADH
HO1 0.1 ™ 7.5 ml.
TRIS G.6 g.

deionised water to 100 ml.

1.0 B Hydeoagine hydrochloride + Magnesium for glycerol

Hydrazine hydrochloricde 1G.5 g.
This was dissolved in approximately 70 ml. of deionised
water snd the pH adjusted to 9.4 with epproximately 12 ml,
of 1bM KOB. To this was added 0.1 ml. of 30% magnesiwn
chloride solution and the volume made up to 100 ml. with

deionised distillied water.

fHotes All buffers were filtered to remove dust particles

before helng used in fluorometry.
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ytock Standards

L (+) Lectic ceid 10 mmoles/1, 96 mg .
Sodium pyruvate 1.0 mmoles/1. 11 mg.
B hydrosxybutyrate 1.0 mmoles/1. 2l mg. of D=L form

These quantiiies were dissolved in 100 ml. of N.10 #HC1 and
0 -
stored at I C. for no longer than two months.

Glucose 50 mmoles/1.

. - - " . . ] o
0.99 g. to 100mLl. of 0.1% benzoic acld, atored at 4 C.

Glycerol 20 mmoles/1.
This stendard wes purified and dehydrated by distillation

under vacuum and made up to g 20 mmoles/l. by welghing.

Standords for ges chromatograply

an initial 1/20 éilution of the 100% concentration reszgents
were made, rollowed by further diluition of the volume
indiceted helow to 500 ml. with delonised water to make

stock solutions containing 500 mg/100ml, z-

Acetaldehyde 3%.2 ml.

Bthanol 3.6 mi.

scetone 31.6 ml,

Acetonivrile 37.3 ml.,

mnzymes and Co-Factors
+

NeD 'ﬁ nicotinamide adenine dinicleotide

NADH reduced form, both grade III (Sigma)

Lacbic dehvdrogenase (E.C.1.1.1.27) type I, 100 units/mg.
(Sigma)

Lactic dehydrogenase pyruvate kKinase free, 300-600 units/mg.

(Sigma
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D-RB-iydeoxybutyrate deiydrogenase (E.C.1.1.1.30) type II,

3-5 units/mg. (Sigmo)

glycerophosphate dehiydrogenase (E.Cele1.1.8) type ITI,

500 units/mg. (Sigma)

Glycerokinase (E.C.2.7.1.30), 80~100 units/mg. (Sigma)

Glucose oxidasc liquid, fungal, approximately 30% solids.

750 Baker mnits/ml. (Hughes and Hughes)

Horse radish peroxidase type I (Sigma), approximately 60

purpurogalliin units/mg.
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TREATMENT OF VOLUNTEER

Preneretion

Voluntewrs were nsked to have no more than one cup of tea

or coffec with milik and sugar if preferred, and one slice

of thinly buiitered tozst for breakfast ot 7.30 a.m. on

tne morning of the test. On arrival ot the metabolic studies

room, medical history, welghts and blood pressures were

taken during a rest period between 8,30-9 a.m. & "Butterily-

19, Int? intermittent infusion sct (Abbott), which comprised
: thin wall siliconed ncedle of 12 G bore with 3% inches of

tubing and reseal injection site was inserted into a veln

ngar the cubital fossa and retained in situ by adhesive

vlaster. The needle was kept open by flushing with 0.5 ml,

of = dilute heparin solution (250 units/ml. in isctonic

saline) after each sasple was withdrawn. Blood samples

werg teken with a hypodermic syringe by puncturing the

rescaling site and the first 2-3 ml. of blood containing

heparin solution was discarded.

At 9 a2.m. one volunteer was given 0.5 ml. of alcohol per
kilogram body weight. Vodka was used ot 785 proof spirits
(N.Z.) and the quanttl iy in millilitres was determined by
dividing half the body weight by O.iu. The weight of zlcohol
given was calculated by multiplying this volume by Q.3h.

The vodka was diluted with 250 ml. of soda water and was
consumed over a2 10 ndnute perdod, The sscond volunteer

was glven the alcchol 5 wminutes later.

Collection of Specimens

Blood samples were taken befors drinking and then 15, 30,
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6O 50, 120, 150 and 180 minutes after drinking had finished.
The zero time urine sample was discarded and furthor specimens
wore collected lmmediately after the bhlood sample was taken
until the diuresis wes complete. Pulse and blood pressures

were taken prior to the bloed soamples,

Blood Samples

Bight millilitres of blood was obtainsd without venous
shbasis. Appreximately 3.0 ml, was immediately bloun

through the needle into the betile containing ice cold
perchlorate and thoroughly mixed. The needle was then
removed ond tne remaining blcod transferred to 2 7 x 1 cm.
tube containing one drop of hepszrin (5 000 U/ml.) snd stored

on ice until separation of the plasma by centrifugation.

The bottles containing hlood and perchlorate were rewelghed
and the welght of added blood determined., Weight was
converted to volume by dividing by 1.06. ¥here the volume
of bBlood was greater than 3.0 ml. a corresponding volume of
verchlorste was added. Where the volume of blood was less
than 3,0 ml. 2 dilution factor was calculated from:-

Total Voluwme x 0.5
Volumne of Blood

Results of asssys in which the perchlorate supernatant was

used, werg multiplied by this factor.

Urine Samples

The time of collection was noted together with volume.
Specific gravity was measured by 2 hydrometer and a 20 ml.

aliguot taken for further analysis.
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Storage

o

All specimens were Kepwt on ice or in 2 refrigerator for
the following twe days winilst the varlous tests were being
. N .

performed. They werce subsequently stored at -207 until

reguired again.
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GAS CHROMATOGRAPHY

Stondsrds

1.0 ml. each of acetaldehyde and acctone stock 500mg/100ml.
solutions in 2 volumetrie flask were made up to 50 ml. with
delonised distilled wateor to make a 10 mg/100 ml, soluticn.

The standards were prepared ss followss-

[

ethenol 500 mg/100ml. 1.0 2. 3.0 0.5 1.0 2.0

acetaldchyde/zcetone

10 mg/100nl. 0.1 g.2 0.5 0.1 0.2 0.5
zionised water ml. 7.0 6.2 &, 9.4 8.8 7.5
Molar perchlorate ml. 0.0 10,6 10.0 - - -
Concentration in:z- Blood Urine
Equivalent to: . -
ethanol mg/100ml, 50 100 150 25 g0 100
acetaldenyde/acetone

mg/100mL. 0.1 0.2 0.5 0.1 0.2 0.5

Preparation of hesdspace gas

Te a 5.0 ml, screw capped contalner was added 1OOJpl. of

50 mg/100 ml. acetonltrile and 0.%ml. of standard, perchlorate
supernatant or urine. Dried sodium sulphate was added from a
calibrated test tube, 0.4-0.8 g., and the bottle quickly capped
end placed up to its neck in 2 waterbath at 3&00. wmixing the
contents vigorously at freguent intervals, for at least 15
mirmates.

Headspace gas was removed by a gas-tight syringe through a 19

gauge needle plercing the sercw cap and 500 pl. was then injected
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immediately into the gas chromatograph.

Gas Chromatograph operating conditions

Column temperature 13006

Vaporiser 15¢%¢

Ustector 1507

Column 57 x %" stainless steel, treated

with phosphoric acid and containing Forapalk

Carrier gas {low L0 ml./minute at 30 P.S.I.
Hydrogen flow 30 ml./minute

Breathing air 300 ml./minute

Electrometer Flame icondsation

Range 10

Attenuation x ol

Integrator settingss-

seak width 300
slope sengitivity 5
baseline correction 5
count rate 125 Hz.
Chart recorder 0.2 mV and 15 cm./hour

Integrater Operation

The bsssline was set to 10 on the recorder scale with the
gas chrometograph bucking contrel. The DBC fast button

was pressed until the negstive and positive lights zlter-
neted to esteblish 2 baseline. The intcegrator was switched
to automatic ond the sample injected. The descending water
elution peak wes followed until a swmall peak which appeared

on this slope was passed. Integration was triggered by
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switehing off and then back to automatlc the integration
switeh and the peak ares was printed out. The fast DBC
button was pressed uniil the slope indicator began to
roturn from negative to zero prior to the acetaldehyde
pesk. This peak wos inbvegrated by triggering the printdut
when the negative baseline light camc on and the fast DBC
button was held until the slope detector indicated zero.
The remalning poaks were automaticslly integrated. Peaks
wers kept on the chart scale by the use of the integrator
attenuation switch. It was sometlmes necessary to initiate
acetone integration by temporarily incressing slope sensi-

tivity.

Calculations

The ratios of standards/acetonitrile were plotted against
concentration and 2 straight line fitted. 4 muitiplicaticn
factor was determined for each component by taking a point
on the line and dividing the concentration by Lhe corres-
pending ratic. The concentration in the unknosm sample

was obtained by multiplying the ratio unknown/acetonitrile

by these factors.
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558.4Y5 BY ENZYMATIC PROCEDURES

LAl

Standard lactate, pyruvete and hydroxybutyrate

The stock sclution wos diluted with dedionised water 1:10
and the Tollowing standards prepared on the day of use to
give concentrations equivalent to a blood perchlorate

supernatant s-

1/10 dilution of stock ml. 1.0 1.0 1.0
Deionised water, ml. - 1.0 3.0
Concentration equivalent of g~

Lactate wmoles/L. 2.0 1.0 0.5
Pyruvate mmoles/1. 0,2 0.1 0.05
B hydroxybutyrate mmoles/1. 0.z 0,1 0,05

Lactote assoy

Reagent mixture sufficient for 20 tests was prepared froms-
20 ml. hydrazine buffsr, pH 2,0

20 mg. HAD

hO‘pl. lactic dehydrogenase, 25 wmg/ml.

Beionised water for the blank, 50 pl. of the standerds and
SO‘pl. of perchlorate supernatants were pipettsd into 7 x i
cm. cuvebtes. Heagent mixture, 1.0 ml. was added, mixed
and left ot room temperature for L5 minutes., The reaction

was stopped by adding L.0 ml, of ©.1 M HCP te 211 tubes.

The fluorometer was set to an excitation wavelength of
350 nm. and L60 nm. emission and the range to x 30 high.

Zero was set with the blank cuvebte in position cne of the



miltiple sample turret by the blsnk control and the 1.0
mmoles/1., standard (position 2) was adjusted to read 10

on the 0-33 scale with the sensitivity confrol. Linearity
was confirmed with the 0.5 mmoles/l. sbandard. The test
cuvettes were read, checking the blank and standard each

time the sample turret was refilled.

. . reading
Caleulation: Lactote mioles/l. = -—?f§-i;
fNormal renge: C.5~1.1 maoleg/1.

Pyruvate zssay

NADH was dissolved in Tris buffer, pH %.0 to give a cone
centration of 1.148 myg/ml. Reagent mixiture was prepared

sufficient for 25 testse-

50 ml. 1.0M phospnate buffer, pH 7.0
0.25 ml., HADH solution
25‘pl. lactic dehydrogenase diluted 1/35 in 2.1 ammonium

sulphate

Reagent mixture (106 pl.) for the blank and 100 pl. of the
standards or perchlorste supernatants wore pipstied into
7 x 1 cm. cuvebtes. Reagent mixture, 2.0 ml., was adcded,

mixed and incubsted at room temperaturs for 1% minutes.

With the same fluorometer settings but on the x 100 range,
the blank cuvette was set to 100 with the sensitivity
control and the 0.2 mmoles/l. standard to 10 with the blank
control, The remaining standards and tests were read
maintaining these settings s5 there was o slow downward

drift due to natural re-oxidation of HWADE.

A calibration curve was drawn by fitting the best line to
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the readings of the standards and pyruvate concentration

wes determined from the corresponding fluorescence reading.

FRHHS

Normel ranges 0.05-0.11 mmoles/L.

B-Hydroxybutyrate cssay

Reagent mixture for 25 tests was prepared Tfroms-
50 ml. Hydraszine buffer, pH 7.0

12,5 mg. NAD

100 ul. B-hydroxybutyrate dehydrogenase

The procedure was similar to the pyruvate assay except

thot the reaction time was 60 minutes. Using the same
Tluorometer wavelengths but on the x 300, high, range, the
blank was set Lo zere and the 0.2 mmoles/l. standard to

20 on the 0-33 scnle. Linearity was confirmed with the
remaining standards and the test cuvettes read, maintaining

the blank and standard readings.
. - reading
Colculation:  B-Hydroxybutyrate mmoles/l. = _:7%T_ii

Hormal range: 0©.01-0.95 mmoles/1.

Glucose asgay

The 1.0 M phosphate buffer, pH 7.0 was diluted tenfold to
0.1 M with deionised weter. The following standards were
prepared from the stock solution:-

Volume of 50 mmoles/1. stock glucose, ml. 0.6 1.0 2.0

0.1 M phosphate buffer, ml. 9. 9.0 8.0
Glucose concentration mmoles/1, 3 5 10

The reagent mixture was prepared by disselving 1.6 mg. of
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horseradish peroxidese in 4.0 ml., of 0.1 ¥ phosphate buffer,
adding 10 ul, of glucose oxidasce and I wmg. of homovanillic
scid and mixing gently to dissolve.

The standards and plesme were diluted 1/L0 by taking 50 nl.
to 2.0 ml. buffer. 50 nl., of this dilution was pipetted
intc 7 % 1 cm. cuvettes end U.%2 ml. of reagent mixture
added, mixed and incubated at S?OC for 30 minutes. The

reaction was stopped by adding L.0O ml. of 0.1 N NaOH.

Fluorometer setiing wers: Hxcitation, 325 nm., emission
1,25 nm., range x 3, high.

The blonk was set to zero angd the 5 mnoles/l. standard to
10 on the 0~33 seale, The ramaining standards and tests

were read and lineerity confirmed.

)

Caloulstions Glucose mnoles/l. = reading x 5

Hormal range: 3.5-5.5 mmoles/1.

Glycerol aossay

Standards were prepared by diluting 2,0 ml. of stock
20 mmoles/l. to 100 ml. with delonised wabter to give
0.y mmoles/1. & portion of this was diluted with an
equal volume of water for the 0.2 mmoles/l. standard and

an equal volume again for the 0.1 mmoles/1.

Plasma was deproteinised by adding 0.1 ml. te 0.5 mi. of

5% zinc sulphate sclution and to this mixture 0.5 ml. of
O.3N barium hydroxide. The clear supernatant was recovered
by centrifugetion. The standard soluticns and = water
blank were treated in a similar manner. To a clean 7 x 1
e, cuveite was transferred 0.2 ml. of this supernatent and

0.7 ml. of reagent mixture and left at room temperature for
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60 mirmates. The rezction was stopped by adding 2.0 ml.
of 0.01 N NaCH containing FDTi tc cach tube.
The resgent mixture sufficient for 20 tests was prepared

freshly before use froms-

4.8 meg, L-cysteine

2.5 mg. ATP

h.5 ng, HAD

2.0 ml, Hydrazine hydrcchloride buffer containing
MgCl,

10 ul. glycérokinase diluted 1/25 in 2,1 H

armonium sulpnate

10 ul, glucose phosphate dehydrogenase

The fluorometer was set to 350 nm. emlssion znd L6O nm.
excitation with the range at x 300, high. The blank was
set to zerc and the 6.2 mmoloes/l. standard to 20 on the
0-33 seale., The remaining standards and tests were read
and linearity confirmed. The 0.4 mmoles/1l. standard was
read cn the 0-100 scale with the range setiing on x 100
high.

Calculation: Hlyeerol mmoles/l. = EE%%&E&

lormel range: 0.03-0.13 rmoles/1.
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0,10

.1t 0,15

0.10 0.12 0.09
c.10 010 Q.18 0.12

0.12 0.13 0.10 0.09

0.09 0.15 0.15 0.16

0.05 G.20 0,14

0.01

0.10 0,10 0,07
0.07 0,09 0.08
0,06 0.09 0.13

0.1
o 0.7 0.13 0 14

o 0.18 0.1
0 0.05

1
1
1
1

0
8]
.0
8

0.02 0.06 0.06 0.10 0.10
0.02 0.08 0.07 0,22 0.13

0.01
0

Q.

O

0

13
14
15
16
17
18
19
2C
21

22
23
24



TABLE 3

Blood Acetone mg/100 ml.

Minutes gince Drinking

Subject O 15 30 50 A0 120 150 180
1 - - - - - - - -
2 0.06 0.02 0.16 0.07 0.05 0.11 0.07 0.08
3 0.14 0,09 0.08 ©.11 0,14 0 16 0.12
4 0.11 0,16 0.t7 0.10 0,10 0.09 0,10 0,13
5 .08 0,14 0.08 016 O 27 0.14 0 0% 0 07
6 0.25 .12 0,14 C.10 ¢ 09 G112 011 0.1
7 0.05 0.1t 016 © 12 019 - o115 -
8 0.06 0.1C 0.11 010 012 0C.14 0O 16 0.12
S 0.07 -~ - 0.13 0.08 014 0,15 0.04
10 - o1t - - 0.09 -~ - o 11
1 0.i3 0,22 0,19 0.20 016 0.18 0.23 0,23
T2 0.06 - 0.1¢ 0,08 0.08 0,10 0 08 0,07
13 0.06 0.08 0.10 - ¢.11 0.09 0.09 0.09
14 0.14 0.14 0.22 0.16 0.14 0,18 0.15 0.18
15 0.11 G119 0,16 £.18 0.21 0,21 Q.26 0,23
16 0,12 0,09 0C.14 0.14 0.t1 0,15 0.11 0,12
17 O.12 0,18 0.17 0.7 0.17 0,17 0.18 0.15
18 0.07 -~ - 0.10 0.11 -~ 0.1% 0.18
15 0.21 0,26 0,28 0.25 0.26 0.27 0.25 -
20 o 0 O 0 0 O 0 0.06
21 0.04 0 o 0 G.1¢ 0,13 0,13 0.15
22 0.13 0.1%5 0.17 0,18 0.21 - 0.20 -
23 0 0.08 0,21 G 0 0 0 O
24 0.06 0©.13 0.15 0.16 0.15 0.18 0.14 0.14
25 0.05 - - 0.1 0,15 0,14 0,16 0,17
26 0.09 0.11 1¢ 0,15 0,08 0,15 0,17 0.1
27 0.06 0,05 L1 0,10 0,08 0,09 0,07 0.12
28 0,10 0,13 0.i3 0,13 0.15 0.15 C.15



Blood Lactate wmmoles/l.

Minutes since Drinking
Subject 0 15 30 6C o 120 150

1 1.25 1.27 1.50 . 1.40 1.38 1.3%
2 1.0% 1,28 1.45 0.96 1.03 0.79
3 0.70 t.30 1.22 1.23 1,08 1.00
3 1.20 1,34 1.52 1.22 1.05 1.00
5 .34 1,50 1.54 T.30 .34 1.14
6 1.7 0,94 0.20 O. 0.87 0.95 0.85
7 0.90 1.02 1.17 . 4 - (.80
8 1,50 1.40 1.30 1.060 0.95 0.80
g 1.55 1,40 1.35 1.35 1.25 1.30
10 0.60 0.64 0.70 .84 1.10 0.83
11 G.75 1,18 1.30 1.56 t.44 1,33

12 0.80 1,10 1.20 0.90 ©.65 0.55

B OLRNOWW TR = O df0 N D WG R O
SO O A OO 000 00 O

._\..._\.._\_a.._;_;H_L_L_LC)C)C)_A_\._\._.\.(:)_AO—-L._;—AO‘_L_L.__&._»_\
. . LI . fl . . "

13 0.66 0.75 .86 .15 1,25 1.30
14 0.93 0.90 0.94 0.94 0.92 0.9
15 0.95 1.60 1.26 1.25 1.02 1.02
16 0.80 0.87 1.04 .11 0.9 1.00
17 0.84 t.44 0,76 06t 1,35 0.90
18 1.09 0.82 0.93 0.62 0.58 1.06
15 0.74 0.88 0 886 1.04 1.1% 0 97
20 0.82 0.98 1.28 41,29 1,20 1,15
21 .40 1,25 1.43 8 1.35 1.10 1,08
22 0.93 0.93 1.20 2 1.534 - 0.81
23 0.95 0.90 0.92 0 0.85 0.82 0 68
4 0.78 0.97 1.i4 0 1.1%5 0.96 0.86
25 1.04 - - ¢ 1,52 1.17 1.36
26 .20 1,18 1.3C 4% 1.1 1,600 1,02
27 1.30 1.28 1.20 i8 1.04 1.02 1.00
28 1.02 1.33 - L6 1,20 1,06 1.15



TABLE 5

mmoles/l.

Blood Pyruvate

Drinlding

since

60

Minutes

150 180

120

30

0

Subject
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G.05 0.04
0,07 007 0.06 0 06 0,056

.05 0,08 G.07 005 005

0.14 0.08 G.08 0,10 0,08 008 0,08 0.08

0.10 0.08

0.10

26
2
28



TABLE 6

Blood B-hydroxybutyrate wmmoles/1,

Minutes sinece Drinkldng

Subject O 15 30 60 90 120 150

1 0.03 0,07 0.08 0,05 0,04 0,04 C.,04
2 0.01 0.0 0.04 0,05 0.064 0.06 0.05
3 0.06 0,11 0.08 0,07 0.07 0.0¢ 0.06
4 0,03 0,07 0.06 0.09 0,08 0,07 0.07
5 0,02 0.08 ©.08 0.09 0,08 0.04 0,00
6 0,01 0.07 .06 0C.06 0,05 0.05 0.04
7T 0.04 Q.11 0.08 G610 0,08 - 0.0%
8 0.03 0,16 0©.16 0.10 0.12 0,10 0,08
S 0.05 0.09 C¢.11 Q.10 0.12 0,11 0,10
10 0.02 0.05 0.05 0.05 0.06 0.05 0.04
11 0.04 0.07 0.05 0,05 0.04 0.06 0,05
iz 0.0% 0,13 o0.13 0.10 G.t2 0.12 0.08
15 0.04 Q.11 GC.i7 O.t4 0O.12 0,13 0,15
14 0,02 0.07 0.08 0,08 0.10 0,11 0.11
15 0,02 0,12 0.15 0.13 0.14 0,13 0,12
16 0.02 0.08 0.07 G.07 0.05 0.05 0,05
17 0,03 0,08 0,12 0.14 0,11 0,15 0.10
12 0,02 0,06 0,10 G.12 0.09 0.09 0,08
19 0.88 1.37 1.t5 1.36 1.13 1.00 0.84
20 0.02 0,05 0.06 0.0° 0.07 0.06 0.05
21 0.0z ©.08 0.08 0.07 0.08 0.09 O.11
22 0,04 0,11 012 0,19 018 - 0.10
2%  0.02 0.07 0.08 0.07 0.06 0,05 0.04
2 0,04 0.09 0.14 ©€.19 0.16 0.14 0.10
25  0.02 -~ - 0.08 008 0.09 0.12
26 0.04 0.06 G.05 0.05 0.06 0.07 © 07
27  G.02 .10 0,10 0.09 0,08 0.06 0.09
28 003 0€.08 - 0.07 012 G.11 O, 11



L ] =
Ratio 8Ctate/iPyruvate

Minutes

Bubject O 15 30
1 12 20 21
b 10 2% 25
3 10 30 20
4 1 15 16
5 i2 19 15
G 12 13 12
7 9 16 15
8 10 24 25
9 11 27 28
10 Q9 14 16
11 7 29 32
12 7 18 19
1% g 13 -
14 9 15 14
15 1C 1G 18
16 10 18 21
17 7 23 19
18 S 16 20
19 16 16 18
20 9 t4 i2
21 12 20 20
22 11 17 18
23 1 12 12
24 7 9 1
25 11 - -
26 e 23 16
27 10 16 16
23 1G 17 -

since Drinlting

60

20
25
24
17
19
12
Td
26
27
20
41
13
32
2]
14
18
25
23
16
17
25
22
10

23
22

12

17

90

19
19
22
17
17
15
13
17
22
22
58
12
22
1<
16
19
15
19
20
21
19
1
i
11
52
22
13
18

120

18
21

20
16
18
21

18
16
27
35
14
29
19
17
20
31

13
23
20
15
11

10
22
20
13
19

150

20
20
18
16
17
19
14
15
19
22
31
11
25
16
14
26
22
33
18
18
14
21
10
8
25
21
13
21

180

18
21

.!l?
17
17

22
22
21

30
10
1

16
12
21

37
24

19
18

15
11
25
28
14
18



TABLE 8

mmoles/l.

Blood Glucose

Drinking

gince

60

Minutes

150 180

120

30

i5

o

Subject
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Blood Glycerol mmoles/1,

Hinutes since Drinking

Subject © 15 30 60 90 120

1 0.10 0.23 0.31 0.24 0.19 0,11
2 0.10 0.46 0.58 0,34 o0.27 0,17
3 0.12 C.17 0.37 0.26 0.24 0,19
4 C.Q04 - 0.13 0.08 0.04  0.04
5 G.05 0.14 0,15 ¢.08 0,06 0.08
6 0.06 0.15 0.39 0.27 0.27 06.32
7 0.05 0.06 - - -
3 0.04 0,07 0. Q.11 0.13 0.19
) 0.03 0.04 G, .10 0.08  0O.10
0.09 0.09 0. 0.15 016 0,19
017 0.34 0, 0.69 - 1.00
G.04 0,30 0.: 0.3t 0.29 0.41
0.06 0,20 O. 0,32 0.26  o.21
0.2 003 0, .05 0,035 004
C,04 0.0% G 003 0,07 008
.09 0 06 0. 0.09 008 005
0,07 Q.16 0,16 0,17 0,15
0.06 0,27 0.40 0.46 0,36
0.06 0.14 0,20 0.10 0.09
0.02 0,04 C.04 0.1C  0.10
C.08 0.1 0.08 0,16 0,10
.18 0.10 0.15  0.14 -
0.04 0.04 c.0g 0.10 0.10
Q.07 0.09 o.1% 0.15  0.12
0.06 - ¢.08 0.06 0.07
0,06 0.07 G.i1 06.07  0.07
.07 0.06 0,08 0.07 0.08
.09 0.08 0.18 0.20 017

LY

OO OO0

R oRo Rl o)
~1 ~3 03D



TABLE 10

Urine Alcohol mg/100 ml.

Minutes since Drinking
Subject O 15 30 60 Q0 120 50 180

1 - - 32 50 43 ~ 30 24
2 - - 57 62 55 48 35 29
3 - - - - Gl 50 42 -
- 6 29 32 4& - 36 3G
5 - 14 50 58 64 56 A% -
6 - 12 35 £8 53 37 32 30
7 - - - 65 45 - - 42
8 - 16 19 20 A4 28 28 -
9 - 17 50 50 &7 a1 33 -
10 - ! 25 62 55 53 48 38
11 - 20 90 85 62 46 4 32
12 - 12 45 bi 48 38 29 -
13 - 18 57 70 68 55 45 -
14 - 6 A7 67 57 49 41 -
15 - 21 5G 66 45 39 32 -
16 - 13 48 5% L8 45 37 ~
17 - - - - - - - -
16 - 10 16 80 65 54 46 -
19 - - 78 87 - 62 - -
26 - - 56 56 54 - - -
21 - 5 66 73 69 56 49 =
o2 - - 73 75 - 68 - -
23 - - 47 73 62 55 A2 -
4 - - 55 69 55 43 33 -
25 - - 25 58 51 - 35 -
26 - - 39 8t - 39 - -
27 - 2 63 74 59 44 - -

28 - 21 65 60 64 59 - -



TABLE 11

Trine Volume (ml)

Subject

L LS R

~
i

e

ek et
N A A N = OW 0 =) v

R,
o

W

™
[

pY N
ny =

IR RAVIN LS LS AN A
0 =3 OV \J W

15

30

400

100
100
120

320
150
20
50
20
300
150
200
130
55
32
250
50
130
S0
580
820
300
25
155

Hinates
60 a0
280 350
‘#r'I O T 60
0 240
300 350
350 180
280 150
370 280
270 80
240 120
200 400
180 76
160 300
450 00
400 200
320 35
570 170G
55 350
170 O
Q0 270
420 310
315 0
180 300
220 30
A00 250
500 0
350 300
%00 300

120

0
100
390

55
10¢

35
90
250
50
100
55
65
35
70
350
75

30
180
100

30

10
45
150

after drinking

150

10
50
260
140
160
50
0
25
50
65
50
45
68
40
27
50
85

20

40
30

180

170
60
0]
65
80
200

55
35

Total

1 413

890
1 105
870
860
€50
860
840
1 028
571
680
1573
890
807
1 065
1 0%5
277
920
860
625
710
990
735
860
760
1030



Urine Speecific Gravity

Subject
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003
000
000
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After Drinking
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c18
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180 Total

¥inutes After Drinking
15 30 90 1206 150

Urine Sodium (mmoles)

Subject
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TABLE 14

Urine Chlorides (mmoles)

Affter Drinlting

Hinutas

30 60 90 120 150 180 Total

15
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TABLE 15

Urine Potassium {mmoles)

After Drinking

Minutes

180 Total

15 30 60 90 120 150
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TABLE 16

Urine Caleium {p moles)

Hinutes After Drinking
Subject 15 3C 60 90 120 150

1 - 13 1 593 483 G 43
2 - 700 512 330 355 222
3 - - - 314 148 114
4 532 231 450 396 - 342
5 156 383 805 324 107 333
6 260 150 316 387 330 190
7 - - 300 87 - 338
8 20% 259 456 356 271 212
S 265 113 170 203 203 165
1C 228 125 250 100 173 138
11 189 ) 68 T4 9 63
i2 330 200 341 129 313 20
13 264 45 135 224 185 275
14 158 162 132 112 t22 91
15 525 130 202 236 92 80
16 152 56 177 167 175 125
18 271 151 138 158 88 4
19 - 106 110 -~ 352 -
20 - 78 176 176 - -
21 140 T4 139 76 i 60
22 - 33 38 - 45 -
23 - 151 86  60* 33 30%
24 - 292 275 360 180 222
25 - 182 100 120 8 -~
26 250 150 325 - 88 -
27 262 94 116 225 168 -~
28 285 Te 44 99 158 -

* ggtimated



TABLE 17

Urine Hagnesium (}1 moles)

Subject

—
OO 0 =1 G B o —

P - = = = s
DWW M OV B o =

21
22
23
24
25
26

7

28

15

132
89
6

104
126
127
129
244
135
177
308
300
273

Minutes

60

721
430

180
450

518
216
99
116
5%
155
6%
72
93
279
143
116
240
122
"7
2077
227
240
370
172
11

ATter Drinking

90

245
253
487
185
180
114
132
179
136
48
58
42
84
66
126
208
39
132
34
180
251
190

204
165

120

284
199

83
10t

147
126
a2
72
201
115
126
77

203

28

324

66
218
179
152

13
139
158
190

150

14

86
132
172
184
110
117
109

80

52
197
113

62
160

180
391
T
125

32
616

Total
(mmoles)

1,37
.78
83
88
.32
41

.26
.90
.66

OO~ OO0 00—



TABLE 18

(results after the line revresent the post-absorptive phase)

Case 1
Time Alcolimiter Biocod Differences
{rin. ) values dlechol {breath:blood
Values values)
30 45 42 +3
53 45 40 +5
55 a5 40 +5
75 pls) 28 O
&9 32 36 ~4
104 27 33 -5
116 25 31 -5
129 24 29 -5
148 22 26 -4
178 20 19 +1
186 17 17 O
Case 2
20 80 45 +35
28 T4 52 +22
38 50 52 =2
54 45 54 48 -3 +6
65 4 48 A7 +2 +1
82 42 4% 43 -1 0
90 34 25 41 -7 -6
102 32 Z8 -6
118 25 27 33 -8 -5
133 23 25 31 -8 -6
157 21 22 25 -4 -3
168 20 20 22 -2 -2

185 16 18 19 -3 -1



Casa 3

Time Alcoliniter Blood Differences
{min.) Values Alcochol (breath: blood
Values values)

1t 49 50 55 -6 -5
15 49 54 B4 =35 =30
26 ag 68 -19

31 43 45 61 -18 -18
58 42 44 54 ~12 -10
T2 38 36 51 -13 ~-15
81 35 35 49 =14 ~14
g2 31 32 46 ~15 -14
117 28 30 40 ~12 -10
128 25 25 38 -13 -13
taz 9 19 34 ~-15 -15

Case 4

19 25 23 +2

28 26 28 w2

42 30 34 -4

55 30 39 -4

67 26 41 -15

79 28 39 =11

103 4 35 -11

114 20 33 -13

137 19 29 -10

163 1 15 25 ~td -10
189 11 i1 21 -10 ~-10

Case 5

1 106 45 +60

22 48 59 -11

37 46 57 -1

51 43 53 =10

69 41 50 -9

82 39 47 -8

99 40 43 -3
110 36 41 -5
128 30 37 -7
146 28 28 33 -5 -5
170 19 20 28 -9 -8

190 20 16 18 23 -3 <7 =5



Case £

Time AHlcolimiter Blood Differences
{min.) Valuves Alcohol (breath:-blood
Values values)
28 40 37 +3
49 26 36 38 -2 -2
57 36 35 37 -1 -2
T3 406 40 37 +3 +3
87 30 35 30 37 =7 =2 =7
113 2% 24 35 -12 -1
1357 26 28 32 < =h ;)
160 19 19 28 -9 -9
176 8 47 26 -8 -9
fase 7
37 62 35 +27
45 A9 5O 44 +5 +6
60 46 44 +2
75 36 38 40 42 -6 -4 -2
113 28 30 37 -9 ~7
127 28 28 3 -6 -6
147 22 25 31 -9 -6
163 19 20 29 -10 -9
183 18 26 -8
Case 8
36 3 22 +8
47 35 35 26 +9 +9
57 36 30 +6
76 27 28 3z =5 —d
a7 50 26 %0 32 -2 -5 -
115 24 20 21 20 -6 ~10 -9
128 18 19 27 ~3 -8
154 12 21 -9
171 t0 i7 -7



Time Alcolimiter Blood Differences
(min,) Values Alcohol  (breath:blood
Values values)
29 50 51 -1
40 42 49 =7
54 44 44 47 0 0
69 39 45 -6
95 33 32 40 -7 -8
116 25 28 25 10 =7
138 23 24 30 -7 -6
157 1 26 -3
180 20 21 -1
Cagse 10
35 55 37 +18
44 56 42 +14
53 47 50 48 - 42
67 he B2 57 +1 +1
103 44 46 -2
118 33 38 44 -5 -6
154 33 34 40 N A
176 29 29 a7 -8 -8
Case 11
37 68 60 82 ~1d4 =22
50 51 63 =17
77 40 40 49 -9 =9
100 %2 352 40 -8 -8
109 25 27 38 -13 -1t
126 24 25 33 -5 -8
159 19 19 24 -5 5

180 16 16 19 -3 -3



Case 12

Time Alcoliniter Blood Differences

(min.) Values Aleohol  (breath:blood
Values values)
45 45 44 +1
650 40 38 +2
95 32 32 33 -1
110 28 25 30 -2 -5
135 18 26 -8
160 14 22 -8
175 12 20 -8
Case 13
22 45 47 -2
43 61 65 i
67 56 70 ~16
93 45 48 54 -9 )
112 37 42 49 12 =7
135 36 40 -4
160 25 33 52 +3  +1
175 2% 25 30 -5 -5
Case 14
108 24 5 %8 -7 =7
130 22 25 %3 -1 -8
145 22 30 -8
170 20 24 ~d
Case 15
85 30 41 ~11
108 28 28 35 -8 B
125 26 26 32 -5 -6

145 a2 27 -3



fagse 16

Time Aleolimiter Blood Differences
{min.) Values Aloohol {breath:bleod
Values values)
35 46 44 37 +9  +4
57 40 45 -5
75 36 36 45 -9 -9
13 21 42 =11
125 26 37 -11
140 23 35 ~12
172 158 29 ~-14
Gase 17
28 55 55 61 -6 -6
44 52 52 56 -4 -4
58 45 53 -8
97 34 4 -9
166 22 27 =5
Case 18
277 67 68 -1
54 46 . . 56 ~10
76 36 50 -14
158 26 8 -12
Case 19
18 100 82 +18
29 70 80 -~10
43 70 T7 -7
45 68 77 ~9
65 55 72 -1
80 55 68 -13
98 47 64 -17
117 50 59 -9
t4'7 36 52 -16

154 53 50 =17



Case 20

Time Alcolimiter Blood Differences
(min. ) Values Lleohol  {breath:blood
Levels values)
14 63 30 +17
25 59 34 +15
41 53 31 +16
52 49 39 +10
72 AD 39 +9
88 33 38 -5
114 25 24 -8
147 21 28 -7
170 18 24 -6
Case 21
27 46 55 -4
44 48 50 6% -15 =13
T4 45 63 ~18
110 44 55 =11
127 30 32 50 -20 -18
155 25 45 =22
157 26 28 4 -19 17
178 24 41 -16
Case 22
25 68 65 +3
40 59 58 +1
80 50 53 =3
10% 42 49 =7
127 35 A ~10
145 35 42 ~7
151 23 a1 -8
Case 23
50 65 57 +8
73 52 55 -3
87 51 51 O
123 35 43 -8
143 30 33 -3

180 22 29 ~7



Casg 24

Time Alcolimiter Bloocd Differences
(min.) Values Lleconol  {breath:blood
Levels values)
46 58 58 0
69 50 52 -2
110 36 41 -5
140 30 33 -3
Cage 25
18 44 -
48 50 -
70 45 52 -9
112 20 41 ~11
136 25 35 ~10
162 20 29 -9
177 18 25 -7
Case 26
49 75 55 +20
1 53 59 -6
106 28 49 ~11
132 30 A3 -13
162 24 37 -13
173 20 35 -15
Case 27
45 45 46 50 =5 -4
70 38 44 -6
100 30 36 -6
135 22 27 ~5
155 15 22 =7
Cgae 28
45 55 58 42 +13 415
75 48 49 -1
105 40 47 -7
138 36 43 -7

160 28 39 -11
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