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THE DIPSOGENIC EFFECT OF ALCOHOL AND THE LOSS OF
CONTROL PHENOMENON
David M. Lawson
Abstract .

The acute effects of alcohol ingestion on thirst and fluid in?ake
were assessed. The effects were related to the dehydration known to
result from the acute ingestion of élcohol. In the first study, 14
male social drinkers aged 18 to 30 years cgnsumed 0.8 gm of alcohol/kg
body weight during one session and a placebo (0.05 gm/kg of al;;hol)

of equal volume during the other. Subjective thirst-ratings and urine

specimens were obtained during each session followed by unobtrusive ;

2

i

measures of ad 1ib water intake. Analyses of variance indicated that

alcohol ingestion significantlyyincreased thirst, Tluid intake and
!

urine output, and decreased urine specific gravity. Moreover, intake

R GE I R

after alcohol was significantly correlated with post-ingestion

measures of fluid and elect?olyte balance. In a replication of this \
) .

v e

study with 16 male alcoholics aged 29 to 48 years, alcohol had no
effect on subjective thirst and its dipsogenic ;ffect was delayed. / .
These findings, andraicohol‘s fai]ure to increase éraving in the ‘ jff
alcoholics, were viewed'as consistent with a theoretical model which
emphasizes the contributions of both cognitive labelling processes

and fluid and electrolyte metabolism to the loss of control phenomenon

in alcoholism,
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L'EFFET DIPSOGENIQUE DE L'ALCOOL ET LE
* PHENOMENE DE' PERTE DU CONTROLE

David M. Lawson

u Résumé
- Les effets aigqs de l'ingestion d'alcool sur ia soif et
1'ingestion de liquide ont &t€ &lalus. Ces effets &taient a11i€s
ala dé;hydratation survenant & la suite de 1'ingestion aigue

d'alcool. Lors d'une premiér?'étude, 14 hommes buveurs d'occasion
! {
§ 1
ag€s de 18 a 30 ans, ont consommé en une séance 0.8 grammes d'alcool

y /

par kilogramme de poids corBorea; une autrefois un placebo d'égal
!

volume contenant 0.05 gm par kg d'alcool. Eba1uation subjective de
soif et spécimens d'urinélf;rent obtenu§ pendant la session, suivis
parvmesures discrétes d; 1'ingestion de 1'eau au besoin. L'aﬁalyse
de variations a montre ?ue 1'ingestion d'alcool augmentait de

facon Qignificativehﬁa soif, 1'ingestion de 1'eau et le débit
urinairé, en diminuant la gravité spécifique de 1'urine. De plus,
la quantité d'eaq'ingéréé aprés 1'alcool avait uné corrélation 1\
significative avec les mesures post-ingestion de 1a balance de 1'eau
et des éléctrolytes. Cette etude reprise sur 16 hommes alcooliques
2gés de 29 3 4B ans a montre que 1'alcool n'avait aucun eé?et sur

1a sensation s;bjective de soif tandis que sébn efféct dipsogéhique -
€tait retardé. Ces constatations ;t fe defaut de 1'alcool d‘augmenttr

/ .~
l'appétthe“pour 1'alcool chez les alcooliques, sont interprété%

comme &tant compatibles avec le modéle théorique qui insiste sur la



contribution $onjo1’nte \ﬁés processus d‘é'tiquetage cognitif et du
/

. metabolisme de 1'eau et des électrolytes dans le phénoméne de perte

!
, f a

du contrdle dans 1'alcoolisme.
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Introduction

, | |

|
It has frequently been observed that alcoholics appear to be

unable to control their consumption of beverage alcohol once they have
begun to dgink. This experiehce has, in fact, been so widely shared

by members of Alcoholics Anonymous (A.A.) that they coined the phrase
"loss of control' (LOC) to describe it. Although numerous definitions

!

of LOC have appeared.in the literature, most are in general agreement

with the following deécription given by Jellinek (1952):
Lo;s of control means that any drinking of alcohol starts
‘a chain ééaction which is felt by the drinker as a physical
demand for alcohol. This state, possibly a conversion
phénomenon, may take hours or weekstor its full development;
it- lasts until the drinker is toolintcx;cated, or sick to
ingest more alcohol. The loss of control is effective after
the individudl has started drinking, but it does not give

o -

g
rise to the beginning of a new bout. The Erinker has lost

occasion or not (pp. 679-680).
Thus, LOC manifests itself both subjectively, in the form of a
""physical demand' or craving for more alcghql, and behaviorally, in
tge fo;% of‘;;ntinued alcohol consumption. It should be no ted,
parenthetically, that the term ''craving'' is used to refer to the

_alcoholic's desire for alcohol both after the initiation of drinking

- L ,
and during periods of abstinence (Keller & McCormick, 1968), but 5

o
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that only the former is usually considered a manifestation of LOC.

Traditional approaches to the diagnosis and treatment of alcohol-
ism as well as the concept of the disorder as a disease stem largely
from reports ag% clinical observations of LOC. E. M. Jéilinek, in
two classical surveys of the drinking histories of A.A. members
(1946, 1952), concluded that LOC marks the onset of alcohol addiction
and that preceding symptoms, such as blackouts, increased tolerance
and ?reoccupation with alcohol, are indicative only of prealcoholic
stag;s. So influential were Jellinek's writings and the A.A. support
they received that thirty years later, LOC is still regarded by many
as the pathognomonic sign of alcoholism (Keller, 1972). Moreover, since
alcoholism is considered to be irreversible, the concept of LOC has
been the basis for the wide;pread adoption of abstinence, rather than
moderate or controlled drinking, as the goal of treatment of the
alcoholic (Lloyd & Salzberg, 1975). Of even greater importance, however,
are the implications of LOC for the concept of alcoho\i;m itself.
Repeated observations of apparently uncontrollable drinking and its
self-destructive consequences have led to the conclusion that alcoholism
constitutes a diseas? process (World Health Organization,®1955). The
LOC concept, therefore, ha; not‘only guided prac:}t{oﬁers in diagnosing
and treating alcoholics, but it has also provided théﬂ?riginal basis
for the d{sease model of alcoholism.

After the LOC concept was formally introducedﬁao the literature
on alcoholisﬁ in 1946, numerous theoriés have been proposed to account
for the phegomena to which it referred. For the most part, these

theories focused on interactions between the acute physiological effects
§
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of alcohol and a host of hypothetical hereditary and constitutional |
factors presumed to be characteristic of alcohol abusers. LOC, for
example, has been attributed to such conditions as an alcohol-specific
allergy ( Alcoholics Anonymous, 1944), genetically-determined
nutritional deficiencies (Williams, 1954), derangement of a hypothalamic
center presumed to control alcohol consumbtion (Williams, 1959), altered
cellular metabolism presumed to be assoctated with tolerance (Jellinek,
1960), and brain damage and 'anesthesia' of the inhibitory centers of
the brain (Lemere, 1956). However, there has been no substantial
research support for any of these th;ories. On the contrary, a
considerable body of research has accumulated in receqt years which
seriously calls into question the existence of the LOC phenomenon.

Since the mid-1960';, when the drinking‘behavior of alcohol
abusers first became the subject of objective experimental analysis,
numerous laboratory studies have be;n reported in which chronic \

v

alcoholics appeared to have exercised considerable control over their
drinking despite the avaitability of large aTounts of‘beverage

alcohol (Allman, Taylor & Nathan, 1972; Bigelow & LieBsgn 1972; Cohen,
Liebson & Faillace, 1971; Gottheil, Corbett, Grasberger & Cornelison,
1971; Na?han & O'Erien, 1971; Nathan, Titler, Lowenstein, So‘opon &
Rossi, 1970; Schaefﬁr, Sobell & Mi?]s,ﬁ1971). Moreover, studi;s in
which alcoholics were adminisgered small amounts of alcohol have
generally failed to demonstrate that it has any significant effect on
subsequent alcohol consumption (Marlatt, Demming & Reid, 1973},

o \
alcohol acquisition (Cutter, %chwaab & Nathan, 1970) or craving (Engle

& Williams, 1972). Although these findings have led at [east one
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investigator to propose that tqe LOC concept be discarded\altogether
(Mello, 1971), it has also been sgggested that cognitive and
environmental factors could account for the disgrepancy between these
laboratory observations and the testimonials of countless A.A. members
who have attempted{ unsuccessfully, to drink in moderation.

In their recent theoretical article, Ludwig & Wikler (1974) have
proposed that ihe alcoholic's mental set and physical surroundings
are crucial variables for the expression of craying and LOC. _More
specifica]ly,\they have hypothesized that it is only when these
cognitive and environmental factors conform to those of the a]cohflic's
natural drinking setting that he will subjectively label an internal
physiological state as a craving for alcohol. Acc*rding to their

model, it is this cognitive label which identifies beverage alcohol

a

as the alcoholic's only source of satisfaction. This general hypothesis

seems entirely plausible in view of what is known about the effects
of cognitive and social factors on the perception of drug-induced
physiological arousal (Schachter, 1964; Pliner & Cappell, 1974). More-
over, there is evidence that craving in alcoholics is increased by
external alcohol-related stimu}i (Ludwig & Stark, 1974; Ludwig,
Wikler & stark, 1974), and by such cognitive factors as expectations
regarding the effects of alcohal (Engle & Williams, 1932; Maisto, ¢
Lauerman & Adesso, 1977) and anticipation of alcohol availability
(Funderburk & Allen, 1977). .

Two questions remain, however. What physioclogical sgate initiates
the labelling process and why i; éf‘?dentified as craving for alcohol?

-

It is at this point that the theofixadvanced by Ludwig and Wikler

w
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becomes much hess compelling. They suggest that consumption of a

smal] amount of beverage alcohol or exposure to alcohol-related

stimuli can produce in a chronic alcoholic physiological changes
resembling those which had been experienced during previous episodes

of alcohol withdrawal and whicﬁ had been associated with recovery,
following alcohol consumption. Ludwig and Wikler hypothesize that these
unspecified physiological changes elicit a ”sub-clin;cal condi tioned
wﬁthdrawal syndrome,' the subjective comgonent of which is a craving

for alcohol. Although this conception allowsyfor the experience of
craving during periods of abstinence and intoxication, and for increasedl
craving and continued alcohol ingestion following initial alcohol
consumption, it does not identify the conditioned withdrawal syndrome
or specify the physiological effects of alcohol responsible for
eliciting it. \

The literature on the effects of acute alcohol ingestion on
fluid and electrolyte metabolism, however, suggests a physiological
mechanism which may contribute to the LOC phenomenon. Shortly after
moderate amounts of alcohol are: consumed, they produce a state of
dehydration in human subjects\by simultaneously producing hyberdfuresis
and solute retention (Beard & Knott, 1971). If such alcohol-induced
aehydration‘is sufficient to produce the subjective‘experiéhce of
th}rst and to increase fluid intake, it may well be relevant to the |
LOC phenomenon in alcohol abusers. Since craving can be viewed as a
subjective aspect of thirst and alcohol consumption can be viewed as
a behavioral aspect of fluid intake, the implications of such a finding

R ~ ]
are readily appérent. When alcohol abusers become dehydrated after



consuming beverage alcoho!l in naturalistic drinking settings, social
and cognitive aspects of their environments may lead them to pérceive
this physiological state as a‘specific tHirst for alcohol, ie.,
cravihg. Thif misperception in turn would likely lead them to consume
additional alcohol. Although this theoretical model does not account
for the occurrance of craving in the absence of dehydration, suéh as

0
during periods of abstinence and immediately following alcohol

ingesti?n, nor for the fact that only alcoholics experienc; LOC, it
“fs worthy of investigation because it sugges£s yet another factor .
which may contribute to the maintenance of alcohol donsumpt%on in
aléoholics. '

There is, however, no firm experimental evidence to support either
of the two Tasic assumptions underl;ing this model: (1) that a moderate
amount of alcohol produces thirst and increases fluid intake within a
short period after it is consumed; and {2) that alcoholics in
naturalistic drinking settings mispe;ceive the state of dehydration
produced by acute alcohol consumption as a specific thjrst or craving
for alcohol. The major focus of this thesis, therefore, will be to
investigate the first of these two assumptions. In addition, the
effect of alcohol on craving will be investigated in alcoholics.

Following a review of the éf%ects of alcohol on thirst and non-
alcéhplic fluid intake, the effects of alcohol on craving and subsequent

alcoho!l consumption will be exagined. Finally, a brief overview of

the literature relating thirst and craving will be presented.

Y T



" The Effects of Alcohol on Thirst and Fluid Intake

Alcohol has traditionally been regardee/as a potent thirst-
inducing substance (Fitzsimons, 1972). As early as 1751 Jessen noted
wthat thirst and éryness of the mouth and throat can occur both during
the consumption of large quantities of beer and for some time afterward
(Wolf, 1958). These early observations, moreover, were consistent with
the old notion that alcohol, because of its affinity for water, could !
produce a generalized dehydration of the body. More recently, thirst

\
has also been associated with acute withdréwal from alcohol. Indeéd,
the current widespread use of intravenous fluids and électrolytes
Bs the treatment of choice for alcoholics in acute withdrawal is based
largely upon the common clinical observation that these patients have
dry mouths and are thirsty (Beard & Knott, 1971).

Although it has been recognized since 1821 that alcohol can:i;duce
thi;st and drinking (Wolf, 1958), the literature on the subject is -
surprisingly limited. An exhaustive search of the experimental
literature has, in fact, revealed only 12 relévant studies, half of
which were conducted with animals. In view of the difficulties in
comparing the animal with the human }esearch, these areas of the
literature will be reviewed separately. It should also be emphasized
that, in practically every case, the relevant researcH used primarily
physiological indices and that measures of thirst andﬂfluia intake were
only of secondary importance to the investigators.

Research with animals. In an investigation of the effect of

[

alcohol on the growth of chicks, Elhardt (1930) reported that those

chronically ‘administered a 30% solution drank more water than those

/ IS
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receiving half as much alcohol or none at all. This anecdotal report
is onL of the earliest suggestions in the experimenial Iiteqature that
alcohol increases fluid intake.
Among the first studies to com#are baselinq\éfuid intake in
&

animals with intake during and following periods bf alcohol administra-

ti;n are three investigations conducted by Baisset and Montastruc
(1961, 1962 & 1963). 1In their first two studies, 300 cc of a 20%
alcohol solution were administered daily to three free-feeding dggs
for periods of lOzﬁays and 6 months respectively. In the first study,
ad lib intake of water during the period of alcohol administration was
fgund to be 3.5 times greater than that during a precedinj baseline
period. 1In their second study, a comparison of alcohol intake before
and after the period of alcohol administration revealed an eleven-fold
increase in the consumption‘of a 20% alcohol solution. In their

third study, Baisset and Montast}uc comparied water intake during four,
10-day periods during which five free-feeding dogs were administered
dail} equivalent volumes of beverages differing in their alcohol
content. Although intake associated with the administration of a 3.9%
alcohol solution was esse:tially identical to that associated with

the administration of two nonalcoholic beverages, intake doubled when

a 10.5% alcohol solution was g¥ven.

e

Although these findingslsuggést that alcohol consumption: increases
- : k
fluid intake, several methodological limitations of their work should
/
be noted. All animals in each of the studies were administered alcohol

during the same period thereby confounding the effect of alcohol with a

possible order effect; nonalcoholic control beverages were administered




I

only in the most recent study; and no statistical analyses of the data

" were presented in any of their Studies. Moreover, the fluid intake

was so small as to suggest that additional, uncontrolled sources of
fluid were available during their studies.

To a large extent tgese limitations also apply to their conclusions
regarding the effect of vasopressin, which was also investigated in
these studies. When it was administered with alcohol, both concurrent

ubsequent fluid intake were comparable to¢§%@: observed during

I

baseline periods, and urine outpgt was considerably less thaﬁ when
a]cohé?lgas adminiStered alone. AThe investigators concluded from these
findings that alcohol, by ihhibiting the secretion of antidiuretic
hormone, péoduceé a polyuria-polydipsia syndrome which can be
counteracted by the administration of vasopressin (Baisset & Moﬁtastruc,
1961 & 196%).

in an\%nvestigation of the effects of repeated alcohol ingestion
on fluid and electrolyte balance, Beard, Barlow and Overman (196;)
also measured fluid intake in dogs. Following a two-week baseline

period, two animals were administered 5 gm of| alcohol/kg body weight

daily for a period of 8 weeks., It was found fhat mean daily‘fluid

/
intake increased dramatically during the peripd of alcohol administration.

In addition, there were su?stantial reductionL in urinary electrolytes
and a marked increase in both urine volume and positive fluid balance
during Fhis period. Although all these effeqts of alcohol appear to
be interrelated, no precise explanation of alcohol's effect on fluid

intake was proposed.

I e

g,




- Py ¢ -

e i g

~ The only study in this review of the animal literature which

presentedga statistical analysis of the effect of alcohol on fluid
intake was conducted by Wallgren and his colleagues (Waligren, Ahlgvist,
Ahman & Suoma1§inen, 1967). Their investigation pe}mitted four
independent comparisons of water intake among three grsups of pair-fed
rats, including one which was administered 5 mg of alcohol/gm body
weight on alternate days for 6 months, and two control groups. In
every case, fluid intake was sjgnificantly greater in £he group
administered alcohol, an ef%eéf which the investigators attributed to
an intoxic:tion—induced disturbance in the maintenance of water
Balance by the pituit;ry.

| In summary, the'animal literature i&cludes one anecdotal

observation (Elhardt, 1930), three brief reports and one study in which

fluid intake data were not statistigally analyzed (Baisset & Montastruc,

1961, 1962, & 1963, & Beard et ai., 1965), and one carefully analyzed
experiment in which fluid intake was significantly increased in rats
chronically administered a high d&se of alcohoi (wallgren et al., 1967).l
Despite considerable variability in the procedures, species and \ ’
dosages employed, the animal literature is cons;stént in its support

for the notion that alcohol increases fluid intake. Moreover, the

two teams of investigators who suggested a physiological basis for

this effect were in general agreement that it results from al:ohol's

effect on pituitary function (Baisset & Montastruc, 1961 & Wallgren

et al., 1967).

Research with human subjects. The rxperimental literature
1

relevant to an investigation of the effects of alcohol %n thirst and

/
’
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nonalcoholic fluid intake in human subjects can be divided into three
general categorieslaccording to the chroni;ityﬂof alcohol consumption:
(1) acute experimental administration, (2) repeated experimental
administration, and (3) chronic self-administration. \

Two studies suggest that the acure administration of alcohol leads
to thirst and increased drinking in human sub;ects. In the first
(Flynn, 1958), ad 1ib water intake by five students was recorded for
8-hour periods beginning 1% hours after the consumption of an
alcoholic beverage containing 2.5 mi/kg of 90.4 proof alcohol, and
after a controﬂ beverage containing an isocaloric amount of dextrose.
Although Flynn reported anecdotally that all of his subjects complained
of thirst during the interval between alcohol admini%tration and ad
1ib drinking, intake was actually less during the first 1’3 hours of
ad 1ib drinking in the alcohol than in the control condition. Noting
that all his subjects slept at this time, Flynn attributed this i
discrepancy to an alcohol-induced '"decrease in the ability to react
to thirst" (p. 52). During the last 65 hours after alcohol, however,
there was a non-significant increase ia dripking.

In attributing this latter finding to a coincidental increase in
intracellular dehydration, Flynn is in agreement with Lolli, Rubin and
Greenberg ( 1944). They observed in rats a marked shift in body water
from the intracellular to the extracellular fluid compartment at &4
hours ‘and again at 20 hours after the administration of alcohol.
Although their study did not‘include me%sures of fluid intake, they

suggested that cellular dehydration could account for thirst during

and after alcohol intoxic%tion. Wolf q1958), however, after reviewing

.
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these findin$s and those of other investigators, concluded differently:
""While the physiologic'pictuﬁe following alcohol suggests that this
drug leads to or favors a state of ce{]u]hr and/or osmometric
dehydration, the pattern is not remarkable either quantitatively or
temporally'' (p. 127)- He proposed instead that alcohol's effect on
thi?st is the direct result of its effectsmon central nervous system
structures which regulate fluid intake.

Roberts', (1963) investigation of alcohol diuresis also suggests
that acute alcohol administration induces thirst. She reported
anecdotally that her‘§ubjects, 20 nonalcoholic male patients who had
been adnin;stered 6-8 oz. of 100 proof alcoho], éomp1ained of thirst
after the alcohol had been metabolized. However, since none of her
subjects reported thirst or drank any %ater d;ring a 3-hour post-
inégstion period, she suggested that tHSﬂsqnsation of thirst is

ition she noted that when!

i
sodium chloride was administered with alcohol, the typical diuresis

temporarily inhibited by alcohel. In a

did not occur nor were there any subjecti reports of thirst or drink-

ing. On the basis of these findings she suggested that thirst and
b
other symptoms of the '"hangover'' are a function of the ”dehydrate§

state” produced by alcohol. g ’

%

Although this account of alcohol's effect on th1rst dxffé?s
/

both because it is typically consumed with a quantity o /ﬁfher fluid

and because of its inhibitory effect on ‘the secretion/of antidiuretic

hormone. This latter effect results in a state of dehydration by
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préducing a diuresis in addition to that produced by the ingestion of
fluid. Thus, according to Fitzsimons, thirst after alcohol is |
"'secondary to loss of body fluid" (p. 532).

Measures of fluid intake/have also been included in two studies
involving repeated experimental alcohol ingestion. In the ?irst,
Baisset, Montastruc and Garrigues (1965) compared fluid intqke in§
alcoholics and 4 nonalcoholic controls who, for a 6-day period had
been maintained on identical diets including 220 mg of red wine at each .
meal. Over the 5 days for which measures were reported, the mean fluid
intake, between mea{s, of Ehe alcoholics was 172% greater than that
of the control subjects. Moreover, in the alcoholics there was such
a strong positive rélationship between fluid intake and urine output
that the investigators characterized this group as h;ving a polyuria-
polydipsia syndrome. Further investigation of their subjects led
Baisset and his colleagues to suggest that this syndrome results from
an antidiuretic hormone tnsufficiency produced by chronic alcohol

.
consumptiqn . Q

Although it is impo§§ible to assess the effect of alcohol on the
drinking béhavior of either group in this study, the alcoholics' data
are of interest in that they are lonsisteng with the notion that fluid
intake after a!co‘el is primeri!’ a functi;n of the loss of body fluid
(Roberts, 1963; Fitzsimons, 1972). 1Indeed, the investigators
themselves suggested that thirst and increased fluid intake after
excessive drinking results from a éeneralized state of dehydration

produced by f luid loss and maintained bQ alcohol's inhibitory effect

on the secretion of antidiuretic hormone. It is also noteworthy that

0
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antidiuretic hormone insufficiency, the explanation offered to account
w I

for the po]yuria-pol}dipsia syndrome observed in this study, is
consﬁﬁfent with the more recent suggestion that chronic alcohol
consbkftéqn_rggyges the sensitivity of the neurological struttures

q

which hegulate diuresis (Soulairac, Aym;rd and Da]]e,‘1972).

A tlinical case study reported by Gw{nup, Chelvam, ngola &
Meister |(1972) also included measures of nonalcoholic fluid intake
after repeated alcohol administration. To eéxplore the mechanism under-
lying hyponatremia in their patient, a 46-year old chronic alcoholic,
the investigators maintained him opes general diet, without fluid or’
salt re[trictions, and systematically manipulated his consumptiqn of
a]cohol& The patient was administered daily either a dilute alcoholic
beveragL, water, or a concentrated a]co;;IiC‘beverage, for each of

i

three week-long assessment periods. Unlike the studies by Flynn (1958)

and Roberts (1963), however, there was ho suggestion of increased

.thirsJ or drinking after alcohol. 1In fact, mean daily fluid intake

was actually greatest during the second assessment period when water

-

was aLninistered. However, since the subject was diagnosed as having
a pathological condition characterized®by the inappropriate production

of antidiuretic hormone, it is clear that the data from this patient

o

%

cannpt be generalized.

Indications of thirst and drin ing have also been repofted in
\

v

studiles of alcoholics following chronic excessive alcohol consumption.

In of their investigations of fluid and electrolyte balance during - -

acute withdrawal in chronic aléoholics, Beard & Knott reported that

AN

50 of their 60 patients complained of a dry mouth within 18 hours after

o

ey
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their admission to hospital (Beard & Knott, 1968; Knott & Beard,
1969). In view of Soulairac, Aymard and Dalle's (1972) failure to

distinguish between detoxified alcoholics and nonalcoholics in terms

of thirst ratings or fluid intake, however, it would appear that the

symptom of dry mouth following chronic excessive alcohol consumption
e

3

is limitgd\to the,per{od of acute withdrawal.
Since none of their pétients was dehydrated, Beard and Knott
X attributed the complaints of dry mouth to two other factors: (1) a
drying effect on the mucous membranes of the mouth arising from the
vaporous alcohol excreted via the lungs, and (2) increased viscosity
and decreased rate of salivary secretion associatea with withdrawal.
It should be noted, however, that the extent to which these effects
of alcohol enhance thir;t gnd drinking is unknown. \
It is obvious from the preceding review of the litegéture that
very little is known about the effects of ailcohol on, thirst and fluid
i;take in“human subjects, O0Of the studies cited, only one investigated
healthy subjects and compared fluid intake after alcohol with that after
-a control beverage (Flynn, 1958). The resu;ts of this study, though
not significant, suggested that acute ingestion of a moderate amounl ¢
of afcohoI can increase fluid intake during the '"hangover" period. In
* addition, two investigators reported anecdotally that their subjects
experienced thirst following acute administration of alcohol, although
%ﬁ?ts latency differed markedly in the two studieE'(Flynn, 1958; Roberts,
1963) . Thus, while the acute effects of alcchol consumption on th1rst

and fluid 1ntake have only begun to be explored, the existing evidence

.from research with human subjects is consistent with the animal.

»
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literature in supporting the view that alcohol is a dipsogenic
substance. )

. Although it remains to be demonstrated that acute alcohol consump-
tion significantly increases thirst and fluid intake, three different
factors have. been proposed to mediate such an effect: (1) generalized
dehydration ( Roberts, 1963; Baisset et al., 1965); (2) intracellular
dehydration (Flynn, 1958; Lolli et al., 1944); and (3) disturbance of
the regulatory function of central nervous system structures which
control fluid intake {Wolf, 1958). 1In ;ontrast, the symptom of dry
mouthﬂ/which has been associatea with acute withdrawal, is thought to
res;lt entirely from local effects of alcohol consumption on the

\ mouth and throat (Beard & Knott, 1971}). It has also been suggested
that chronic excessive alcohol ingestion resul;s in a prolonged
disturbance of fluid and electrolyte metabolism due either to anti-
diuretjc hormone insufficiency (Baisset et al., 1972)~or to reduced

sensitivity of the neurological structures which regulate diuresis

{(Soulairac et al., 1972).

The Effects of AlcoRol on Craving and Subsequent Alcohol Consumption

An assumption central to the hypothesis outlined in the introduction
' <\ ‘
is that .craving and alcoho! consumption can be viewed as aspects of
thirst and fluid intake. To the extent that this assumption is valid,

resejrch on alcohol's effect on subsequent alcohol self-administration,
R .

including laboratory analogue studies of LOC, can also be viewed more

generally as investigations of alcohol's effect on the disposition

]
to drink., To facilitate an evaluation of this evidence, those studies

-~
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which supporg the hypothesis that alcohol i;creases subsequent drinking
will be reviewed separately from those which do not.

\Cutter, Schwaab & Nathan (1970) compared the effects of whiskey
wersus ice water, in amounts ranging from 4k to 87 ml, on alcohoi
acquisition in both alcoholics ;nd nonalcoholics. Their results
indicated that neither subject group nor preloading beverage had any
significant effect on acquisition or subsequent consumption of alcohol.

v

Although these findings led the investigators to express.some -

reservations concerning the validity of their measures, they suggesé&d

that craving is unaffectTd by the ingestion of a single drink, but

that it may be related to ''the interaction of interhal physiological

and psychological states with social-egvironmental g:;;...” (p. 377) .
Negative findings regarding the effect of alcoho! were also

reported in two studies in which cognitive and pharmaco]égical factors

assogiated with alcohol consumption were assessed independently.

Both Engle & Williams (1972) and Marlatt, Demming & Reid (1;73%‘

employed a 2 x 2 design which involved the administration of an alcoholic

beverage containing one ouncé of iiquor to half of the subjects and

a nonalcoholic beverage to the others. Half of each of thgse gkoups

was told that the beverage conéﬁined alcohol and the others were led

to believe that it did not. No s}gnificant effect of alcohol was found

on either subjective desire or requests for alcohol in hospitalized

alcoholics (Willifps, 1970; Engle & Williams, 1972), or on intake

during a 15-minute beverage-rating task by either alcoholics or non-

«alcoholics in a laboratory setting (Marlatt et al., 1973). 1In both \

studies, however, the belief that alcoho! had been consumed was a
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significant determinant of subsequent disposition to drink. Although
neither group of investigators ruled out the possibility that the
physiological effects of greater amounts of alcoh;l could affect
subsequent drinking, both concluded that the effects of small amounts
are primarily a function of cognitive factors.

As Keller (1972) and Ludwig and Wikler (1974) have pointed out,
one of the paper§ most often cited in refuting the concept of LOC
actually presents findings to support it. In a double-blind experiment
‘reported by Merry (1966), ratings of craving were obtained from
hospitalized alcoholics after the adminis tration of three "vitamin

‘ mixtures”qwhich varied in alcohol content. Although craving was
unaffected by the adqinistration of 1 oz. of liquor, it was significantly
greater after 2 oz. 1Merry largely overlooked the latter finding,
however, and suggested that psychological and environmental factor;

may be more important than the effects of alcohol in initiating LOC.

In two other studies, alcoholic preloading beverages increased

| subsequent atcohol self-administration bf‘hospitalized alcoholics.

- While continuing to provide a pre-determined minimum incentive for the
i maintenance of abstipence in their subjects, Cohegg Liebson, Fai“lace
and Speers (1971) adn{nistered preloading beverages containing from
0 to 300 ml of liquor. Behavioral contingéncie; were also used in
a study by Bigelow, Griffiths and Liebson (1977) té‘supﬁress alcohol
consumption during the administration of preloading beverages contain-
,'{ng 0 to 77.7 gm of alcohol. In spite of these restraints, alcohol

self -adpinistration increased in both studies in proportion to the

amount of alcohol in the preloading beverages. In the latter study,

—
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however, it was clear that subjects readily distingui shed between the
preloading beverages which c?ntained alcohol and those which did not,
despite the single-blind preload administration. In view of these
findi;és, the investigators cautioned th;t the effect of alcohol on
subsequent drinking may be mediated by psychological variables. such
as expectancy, as welllas by the pharmacological actions of alcohol.

In a recent study by Funderburk and Allen (1977), hospitalized
alcoholics worked at a key-pressing task to ;dvance the time at which
an alcoholic beverage was served. This measure of "disposition to
drink'' was obtained early each morning for a period of 20 days during

hich subjects were administered liquor in amounts increasing from
0 to 900 cc daily. The results indicated that disposition to drink

' +
was significantly increasgp both by anticipation of- alcohol administra-
tion, occasioned by instructions regarding the imminent beginning of
the experimenfal intoxication protocol, and by alcohol administration
itself. On the basis of these %indings, the investigators suggested
that drinking in chronic alcoholics is, at Teast in part, a function
of prior alcohol consumption.

In the only study to investigate the effects of both prior
alg%hol consumption and aIcohql-related environmental stimuli, Ludwig,
Wikler and Stark (1974) found significantly greater craving -and
alcohol acquisition in hospitalized alcoholics after alcohol than after
placebo and in those exposéd to the alcohol-related stimuli than in
the corresponding cintrol group. Moreover, there appeared to be an
interaction betweeg}dosage ?nd stimulus condition, measures of craving

4 ' o
and alcohol acquisition being greatest among those who received an

*
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alcohol preload in the presence of alcohol-related stimuli. While the
investigators derived support for their hypothesis that craving is a
function of both alcohol consumption and environmental factors, no
conclusive data were obtained to substantiate the existence of a
""'subclinical conditioned withdrawal syndrome''. w

In the preceding review all the stydies in which only a small
amount of alcohol was administered failed to show any effect of
beverage, while those which employed more potent preloads” revealed
significantly greater cr;ving and/or alcohol consumption after
alcohol. Although ﬁhis would appear\to suggest that the effect of
alcohol 1is physioloéica]ly mediated, the available evidence does notm
rule out the possibility that it is mediated psychologically..J

In addition to the anticipation of alcohol availability (Funder-
burk & Allen, 1977), and the presence of alcohol-related stimuli
(Ludwig et al,, 1974), the belief that alcohol hif been conﬁghed has
been shown to exer? a significant effect on alcoholics' desire for
alcohol and on their actual drinking behavior (Engle & Williams, 1972;
Marvatt et al,, 1973)3 Although all of the studies showing significant
beverage effects appear to have adequately ¢uhtrolled for the first
two of these factors, some question remains regarding the extent to
which expectancies may have contributes to their findings. Although
most, if not all, of these studies employed a placebo condition, tbe
only one to report on the adequacy of this deception indicated that

subjects readily discerned the presence or absence of alcqrol in their

. preloading beverages (Bigelow et al., 1977). Thus, the finding that

Higher dosages of alcohol increase craving and subsequent alcohol

©
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1
consumption, Lhi]e lower dosages do not, may simply reflect tge greater
discriminability of alcohol in preloading beverages containing higher
dosages. Moreover, subjects in all but one of the studies were

aware that alcohol would be available following administration of the
preloading beverages. There js, therefore, very little evidence that
alcohol administration, in the absence of aﬂticipation of subsequent
alcohol availabifity, has a significant effect on craving. Finally,

it should be noted that, despite numerous theories of LOC which
emphasize physio];gical mediating processes, no alcghol-induped
physiological effect “ther than B}ood alcohol level has been shown to
correlate significantly with subsequent fluid intske among alcohol

abusers.

Thirst and Craving for Alcohold’ )

It was proposed in the‘int{odudtion that alcoho! consumption

produces a physiological state of dehydration which is ordinarily

‘perceived as thirst, but which in naturalistic drinking settings can

be cognitively mislabelled by alcoholics as a specific thirst or craving
for alcohol. Although it remains to be demonstrated that moderate
amounts of alcohol do, in fact, increase thirst and fluid intake, the

clinical significance of such a finding would b% enhanced consiaerably

. by Bvidence of a relationship bétween thirst and craving for achho].

Thirst has long been thought to play a role in craving and alcohol
consumption among alcoholics. Marconi (1959), in reviewing the
e;olution of the congept of alcoholism, noted that dipsomania
(uncontrollable desire for alcoholic beverages) was attributed as early

[ 4
as 1899 to a dysfunction of the brain mechanisms which control thirst.
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This position was revived in 1946 by Charlin, Gardien and Marty and
later extended by w11\iams (1959) and Marconi, Poblete, Palestini,
Moya and Bahamondes (1570), who proposed that craving ahd alcohol
consumptien are regulated by a hypothalamic center similar to that
which controls thirst and fluid intake,

An ‘exhaustive search of the literature, however: revealed only two
papers in which it was explicitly suggested that alco?olics‘mis-
perceive the sensation of thirst as a craving for alcohol. In the
first, Ba;die (1931) described craving as a "misinterpretation of
natural thirst' and suggested tha; it could be avoided simply by the

. o
periodic consumption of ''aqua pura''.” In the second, Silkworth and
Texon (1950) suggested that craving for alcohol results from a
physiological state of thirst proFuced by the alcoholic's drinking.
This suggestion stemmed from their finding that alcoholics who report
craving on admission to hospital have sigﬁifihgntly lower blood
chloride levels than alcoholics who do not. Since such électrolyte

depletion can result from chronic excessive alcohol consumption andfﬁﬁ

dan provoke dhe sensation of thirst, t“ese investigators suggested

that thirst motivates continued a]cohol‘consumption in craving alcoholi<s.
~

Other investigators have also suggested that an alcohol-induced

~

physiological state of thirst contributes to LOC, although without
t
specifically referring to craving as a misperception of thirst.

Baisset, Montastruc and Garrigues (1965), whose demonstration of

t

polyuria-polydipsia in alcoholics has already been cited, strongly
emphasized the importance of alcohol's alleged thirst-inducing properties

in maintaining alcohol consumption in alcoholics:
. |
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Si 1‘appétence pour 1'alcool est 'le

23

|

primum moyens de

1'intoxication chronique, la persistance de Felle-ci est

! . . 5
‘assurée par le besoin de boire résu]tant de la

dé€shydration provoquée par 1'alcool| La‘soif entre- ‘

tenue par l'ingestion d'alcool est,

tout autant que

la soif spécifique d'alcool, un facteur de\mauvaise

” . . .
cure de desintoxication et un facteuy
L {8

celle-ci. (p. 248)

i
h
r de rechute apres

1
'

It has also been reported ( Sansweet, 197F) that Patrick Frawley,

Srese
founder of Schick Laboratories which Hive provided treatment to count-

less alcoholics, espouses a personal theory of alcoholism which

”emphasizes the exaggerated responsivity of alcoholics to fluid loss.

According to Frawley, maintenance of alcohol consumption by alcoholics

A

is largely a result -of the diuretic and thirst-inducing properties of

alcohol.

Despite these suggestions of a relat

&
craving, this area of research appears to be almost entirely unexplored.

»

A .
and his colleagues, two surveys of cravin

appear to be the only empirical sources t

/
of such a relationship. 1n the first (Hore, 1974), 17% of the '

descriptions of craving included specific
mouth, .In the report of the second surve
examples given of the respondants' descri

specific reference to thirst or "hunger f

\ \ '

!
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ionship between thirst and

wha

- e

With thT exception of the work by Silkworth and Texon and by Baisset

o

g experiences by alcoholics

o provide even a suggestion

|
§
reference to thirst or dry
y (yudwig & Stark, 1974), several
ptions of craving included™

B

or a drink'.

\
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While it is clear that such Findinés are §ugge§tive of a relation-
ship between thirst and craving only among a small proportion of
alcoholics, it must also be remembered that these surveys were intended .

/
prihari]y as exploratory investigations and were not specifically

designed to evaluate the contribution of thirst to the experience of

craving. Moreover, since the role of thirst may depend on temporal .,

/\/
factors r&fated to both drinking sequence and dr1nk1ng history,
-

rcareful selection and/gr categorization of alcoholic respondants might %
provide more evidence for this relationship. It is evident that an
experimental %nvestigation involving the manipulation of thirst and
systematic assessment of craving would provide considerably more

research precision. Until such research strategies are emp loyed,

|

However, the relationship between thirst and craving will remain highly
_speculative. ‘ boe

|

Summary and Statement of the Problem '

It is clear from the preceding review that the theoretical model
of LOC proposed in the/éntroduction is almost entireiy lacking in

empirical support. Although chronic alcoho! consumption appears to

result in increased fluid intake in animals, the paucity of adequately

@

| r controlled experiments with human subjects precludes any definitive

PRV,

statement regarding the effects of alcohol on thirst and drinking in

man. More significantly, there is no firm evidence that acute

—~. L3

administration of a moderate amount of alcohol increases thirst,
o . '
craving or consumption of either nonalcoholic or alcoholic beverages

in human subjects. The only adequately controlled investigation of

. lalcohol's effects on nonalcoholic fluid intake suggested that alcohol

s 2
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differentially affects ‘thirst and drinking, but failed to demonstrate
a significant effect on either gFlynn, 1958). Although alcohol's
effects onlsubsequenﬂ alcoho!l self-administration have been more
thoroughtly invgstigated,'the results of this research are equivocal.
Carefully controlled studies in which small amounts of alcohol were
administered have consistently faﬂled to obtain a significant beverage e
effect. Studies employing larger doses; while observing sigﬁificantly
greater craving and alcohol consumption afterward, have generally
failed to provide adequite control for cognitive factors associated
with alcohol consumption. Thus, it can be concluded that the firs£
assumption, reglrding the effects of acute alcohol ingestion on thirst
and fluid intake, remains to be demonstrated..

Th; second assumption, that alcoholics can perceive alcohol-
induced dehydration as craving rather than thirst, is simi]ayly without
empirical support. Despite numerous theoretical accounts re“ating
uncontrolled alcohol consumption to dysfunctions of fluid-requlating

!
mechanisms located in the brain, investigators have largely . overlooked

o~

the possibility that a physiological state which ordiparily provokes

thirst and drinking could also prqvoke craving and alcohol self-
administration. Although alcoholics' definitions of craving occasionally

include references to thirst and dry mouth, the finding most suggestive
| .

of a relationship between thirst and craving consists of the demonstra-
tion that electrolyte depletion in alcoholics following prolonged

alcohol ingestion is associated with reports of craving. There appears

L

to be no evidence whatsoever which associates the physiological'state
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of .dehydr CQQ\produced by acute alcohol consugpption with the craving

for alcohol.

This thesis will deal almo§t exclusively with the first of these
two assumptions. More specifically, it will investigate, in both
nonalcoholic and alcoholic subj;gts, the effects of acute administration
of a moderate amount of alcohol on subsequent thirst and nonalcoholic
fluid intake ;nd explore physiological mechanisms thought to mediate
these effects., In addition, it will inciude an assessment of .the
effect of alcohol on craving iq alcoholics in which all of the previously

v \i " {
described cognitive factors associated with alcohol consumption are

controlled.
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Studx 1
Method

Subjects and setting. Fourteen male social drinkers between the

ages of 18 apd 27 years (mean = 22 years) were selected from those
responding to an advertisement pested on the university campus.
Prospective subjects, all of whoT were studenS, were interviewed in
order to exclude from the study anyone having a history of drug
addiction or any medicél condition which would contraindicate the
experimental administration of an alcoholic bevérage. Similarly
excluded were those under medical treatmen r taking prescription
medications at the time of the study. )

The average .age at which the subjects first consumed an alcoholic
beverage was 16.4 years (range = 11 to 20 years). At the time of the
study they reported a mean weekly co;sumption of 6.5 drinks (range =
0 to 20 drinks), a drink being defineq as an amount of beverage
alcohol equivalent to one ounce of 80 proof liquok. None drank
beverage alcohol on a daily basis ér had been tnéZted for alcoholism
or for any related medical disorder, Each was paid $2/hour for his
participation in the study which was‘conducted in the Alcohol Behavior
Research Laboratory at Rutgers University., (Further details on
individual subjects and a floor plan of the laboratory are presented

in Appendix A.) . .

Rl
Experimental design. A within-subjects design was employed in

! Q
which each subjeft participated in two experimental sessions schedulgdvfgﬁi~

[

e

s

L



28

L
<

at least two days apart. During one session subjects' %Iuid intake
was measured after they had been administered ah alcoholic beverage.
During the other sessiop,'fluid intake was recorded after a placebo
of equal volume had been consumed. The order in which the beverages
were administered was counterbalanced. ’ } ’

Procedurél The experiment was presented as an investigationlff
the effects of alcohol coﬁsumpLio& on urine output, urine specifjc
gravity and blood alcohol level. Subj3cts were instructed not to take
any drugs, including alcohol, during the 2ﬁ—hqur period preceding each
session and not to eat or drink anything for 8 hours beforehand.

Failure to observe these restriction;, sugjects were told, would likely
be evident from breath and urine tests conducted at the beginning of
each session.

On their arrival at the Iaboratory for the first session, volunteers
were given a detailed description of the experimental procedures and \
were shown through the laboratory. For the purposes of medical
screening, each valunteer's vital signs (pulse, Blood pressure,

respiration_and temperature) were taken by a staff nurse. Those who

expressed an interest in participating in the sthdy and whose vital
|

St

signs were within normal limits were accepted®and asked to sign a
consent form (Appendix B). Subjects were then queried to determine
whether they had followed the instructions to fast and to abstain from

drugs and fluids.,‘As an additional check, breath samples were analyzed

Lad

'(Breathalyzer, Model 900, Smith & weﬁson Electronics Co.) to ensure

\

that subjects did not have a positive blood aicohol level (BAL). Those

who had not followed the instructions were rescheduled. Subjects were

/- \
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then weighed and asked to leave'with a staff member any food 6r smoking

materials they may *have brought with them to the laboratory.

A schema of the exfierimental sessidns is presented in Figure 1.
At 8 a.m., after control BAL determinations were made, subjects were
instructed to void completely, and at 30-minute intervals for the next

hour, urine specimens were coflected to determine control values of

urmge output and urine specific gravity. These measures were taken

using a 250 ce. graduate cyl1nder~and Squibb Urinometer (No.\ 72740).
Durin;?the intervals between urine samples and all su?seqqent‘
ph;sio]ogicg1 ﬁeasures, subjects remfined in their individual room;
where they could‘watch television, read or work at a table. Room
temperature was monitored periodically and appropriate thermostatic
;djustments were made to maintain it at 70°F. §ubje§ts were instructed
not to smoke, lie down or to engage in-any vigorous physical activ;ty
at any time during the sess1ons. To ingure compliance with these and
subsequent 1nstruct1§ns, subJecQE were continuously monitored on
closed-c1rcu1té;glev1s1on., Shortly before,the second control urine
specimen was t;ken, susjects ere asked to indicate how they felt by
rating themselves on a 5-point scale in terms .of 20 somatosensory items
including se&f—ratihgs of thirst and dry mouth (Appendix C).

During the 1'3-hour period immediately’following co]l;ction of the
control urine specimen%, subjects consumed their drinks w@ich were = ©
administered in three egual portions at half-hour intervals. Subjects

9 Q

were instructed to pace their drinking using a timer and to finish

\

each portion within 30-minutes. Collection of urine specimens continued

, /“" o .
at half-hour intervals during the drinking period and for one hour

\n
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Schema of experimental sessions.
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afterward. The alcoholic beverage consisted of 0.8 gms of ethanol per
kg body weight in the form of 80-proof whiskey (Canadian MistS which,
mixed in a 1:2 ratio with Diet 7-Up, yielded a 13.3% v/v ethanol
solution. The dosage and the drinking period were selected to
approximate those found by Flynn (1958) to produce a significa;t
reduction in total body water in human subjects.

The placebo contained only a trace of whiskey equivalent to 0.05
gm/kg of ethanol, which prevxqu research has indicated is sufficient
to impart an alcoholic taste, but which does not produce a measurable
BAL (Briddell & Wilson, 1976). The whiskey used in the preparation of
the placebo was mixed in a 1:47 ratio with Diet 7-Up yielding a

t 0.83% v/v ethanol solution equivalent in volume to the alcoholic
beverage. To enhance the 'credibility of the placebo, it was tinted
with food coloring to approximate the color of the alcoholic beverage
and it was served in an 240-m1 styrofoam cup the inside ofrwhich had
been smeared with whiskey. Thirty minutes aﬁ;ér the final portion of

.the drink was consumed and at half-hour intervals for the remainder

o
¥

of each session, subjects‘were given Breathalyzer tests in the Nursing
Station. o :

One hour after finishing their drinks subjects completed the rating
ascales a{gzkond time and were served a standardized lunch in their
rooms. It consisted of the fallowing: 227 gm of pork and beans; 1
ham and cheese sandwich, including 1 6-gm pat of lightly salted butter:
2 22-gm slices of white bread, 2 35-gm slices of ham and 1 18-gm slice

of Swiss cheese; a L6-gm brownie and a pitcher of cold tap water. The

pitcher had previously been filled with approximately 780 ml of water,
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sufficient to bring its total weight on a triple-beam balance (Qhaus
Scale Corp.) to 2600 gm. As the meal was served subjects were given
the following instructions: -

This is your lunch.‘ We must ask that you eat all of it

because it' is the only way we can standardize the meal for

all subjects. It makes no difference how much or how little

water you drink, though, so just help yourself.

When the subjects left their rooms for the next Bré;thalyzer test,
their lunch trays were first checked to ensure that everything was
eaten and then removed, together with their water pitchers and cups. )
Immedipfe)y after subjects returned to their rooms, another premeasured
pitcher of water and plastic cup were delivered to their rooms with
the following instructions:

The measures to be taken for the rest of the session won't

be affected if you drink water, so help yourself if you are

thirsty. You still can't have anything more to eat or smoke

though. As soon as the session is‘over we'll return your

cigarettes and serve supper, 0K? 0

During all subsequent Breathalyzer tests the weight o; each
subject's pitcher and any water in his cup was unobstrusively measured
and recorded by a research assistant. If, when the subject was asked
to go to the Nursing Station for a Breathalyzer test the height of
the water remaining inﬂhis pitchgr was Iesi than 5 cm, the research
assistant casually picked it up ;nd sajd to the subject: “ﬁet me

get you some more water.'!" After the subject‘had returned to his room

he was taken another premeasured pitcher of water. -
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After the last Breathalyzer test, subjects completed the rating

scales for the third time, any cigaretteJ or candy they had brought
! RN
with them were returned, and they were offered dinner. At the end R

of their final session suﬂ}ects were alsL asked to canelete a Post-
Experimental Questionnaire ( Appendix D) éesigneq to asQess whether they 5
were aware that their fluid intake had been measured.

Results

~

Oata analysis. Preliminary Fp . tesks were conducted on all the

data before analyses of variance (ANOVA) were conducted and in every
case the results indicated that the variances across periods were
heterogeneous. For uniformity of presentation, the square root
transformation which most effectively reduced the heterogeneity of
variance of the fluid intake . data was also|applied to the data from

both studies on urine output and urine specific gravity. Although

) At

’

significant differences among the variances|of these {atter data sets
remained even after this transformation was used, the results were the %
same as those obtained using other, more appropriate transformations.
When predictions were made, one-tailed tests of significance were
employed. (Tables for the ANOVAs and correlations to be reported i
this 3ection can be found in Appendix E.)

Blood alcohol level (BAL). The control BALs for all subjecty in

~

both beverage conditions were 0 mg%. In the alcoho! condition t

mean peak BAL was 76 mg% which, with one exception, was obtained from
the subjects during their first post-ingestion Breathalyzer test. No
positive BALs were obtained from any subject following administration

of the placebo.




'(order x beverage x period), the data from one subject were deleted

‘There was no order effect (F (1,10?<1). As illustrated in Figure 2 r

- o
4 \ -~

“ \ N 3[.[.

Urine output. " The mean volumes of the combined control urine(

specimens in each of the two beverage condi tfns were first compared

to detect any pre-ewisting differences in the subjects' urine qutputs.

A t-test for correlated samples indicated no significant difference

between these values (t = 1; df = 13). Thus, the subjects' control \
urine outputs did not differ in the two beverage conditions.

4
Prior to the three-factor ANOVA of post-ingestion urine output

]

. T~

because he had produced less than one half of the-scheduled number of
specimens and the remaining data were transformed by taking the square
root of the sum of the urine volume and 1. The results of this analysis
revealed highly significant main effects for beverage (F (1,11) =
50.097, p<.0001) and period (F (4,44) = 41.797, p<.0001) and a

significant beverage x period interaction (F (k4,L4) = 7.299, p..0003).

con AW s

Yo

urine volumes were significantly greater after alcohol than after
placeho. It is also evident from thi; Figu;e that urine volumes
increa§ed significantly across periods until 2 hours after the beverag;s
were f?rst administered, after which Lrine volumes in both beverage
condi tions decreased. ~The rate of increase in urine output over
periods, however, clearl; differed in the two beverage conditions as
indicated by the significant beverage x periods interaétion. Urink
output increased at a muéh greater rate in the alcohol than in the

placebo condition.

Urine specific gravity. Four subjects failed to produce even one

measurable control urin% specimen in each session. For the remaining -—

)
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10 subjects, however, the mean specific gravities "of the contro}

specimens in the two beverage conditions were identical (mean = 1.021).
N

Thus, differences between the two beverage conditions in specific

gravity of specimens collected after the beverages were administered

cannot be attributed to differences between the control values.

Two subjects were excluded from the analysis of urine specific
gravity because they failed to prodqce three or more measurable
specimens in each session after the‘arink was administered. For
subjects who had only one or two missing values per session, estimates
of their urine specific éravities were made by the method of least
squares. Before they were analyzed the data were transformed by taking
the square root of the 'sum of the specific gravity and 1.

The results of a three-factor ANOVA (order x beverage x period)
revealed highly significant main ef%ectg for beverage (F (1,10) =

16.120, p<.003) 4nd periods (F (4,40) = 53.72L, p<.0001). Neither the

order effect (F (1,10)<1) nor the beverage x trails interaction was

k]

f significant (F (L,ko) = l.éhh* P<.20). As illustrated in Figure 3,

urine specific gravities decreased in both beverage conditions reaching

their lowest points 1)s hours after the administration of alcohol |and

2 hours after placebo. It is also evident from this fiqure that the

urine specific gravities were significantly and consistently lower
after alcohol than after placebo.
Fluid intake. Responses on the Post-Experimental Questionnaire

g
and during subsequent dlbriefing indicated that no subject misunderstood

~the instructions regarding ad 1ib drinking or was aware that his fluid

intake was beind recorded¥ It would appear, the?éfo#e, that subjects'
i
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fluid intake was in no way affected by demand characteristics.

Since a preliminary Fiax test of the fluid intake data revealed
that the variances across trials were heterogeneous (Fmax (22,13) =
39), a non-pérametric statistjc, the Wi lcoxon matched-pairs sign?d ranks
test, was used initially to agsess the difference in total fluid intake
in the two beverage conditionz\ The results indicated a significantly
greater intake after alcohol than after placebo (T = 1k, df = ik,
p<.01 for one-tailed test).

The mean and cumulative fluid intake of subjects at half bour
intervals  during the ad 1ib drinking period are presented in Figures
L and 5 respectively. It is clear from these data that the difference
in intake between the two beverage conditions is due primarily to the
differences which occurred during the first 13 hours. To investigate
t?is apparent interaction, a three factor ANQVA (order1x beverage x
trials) was performed after the .data had been transformed by taking
the square root of the sum of the fluid intake in gmplus 1. A F_
test of the transformed data had indicated that the assumption of

homogeneity had been met (F (22, 13) = 5,.16).

max

Although this analysis revealed a significant effect for trials
|

(F (10,120) = 19.479, p<.0001) and a marginally.sigmM§icant beverage

x trials interaction (F (10,20) = 1.869, p<.056), the beverage effect

indicated only a trend in the predicted diréction (F (1,12) = 2.506,

p<.137). To explore the interaction, the intake data for the first

15 hours were analyzed separately from the data for tge last 4 hours.

The results of these post hoc tests indicated substantial effects for

beverage((F (1,12) = 14.835,\p<.003) and trials (F (2,24) = 30.081,

S



¢
20+
™ )
o s .
ISt
T w
§ .
—
=
o I0F ’
2
S5F N
F 2 4 1 & '] § 'l i o 2 1

. | 2 3 4 5

ety e e o oy et

- HOURS

Fig. k. Mean fluid intake at 30-minute intervals following the administration of alcohol

e

s

and placebo i% Study 1. -~




Y : 40
s} -“

L )

: | 1200

OOt

-y n

S00F

- s

800

L]

400}

MEAN CUMULATIVE FLUID INTAKE (gm)
3
Q

300

200

- HOURS | .
\
Fig. 5. Cumulative fluid intake at 30-minute intervals following the

QO

administration of alcoholv\and placebo in Study 1,

T
PO



O

b

p<. 0001) during the first 1) hours and no significant main effects or
1nteract1ons during the latter port1on of the ad 1ib drinking period.

Thus, it would appear that the discrepancy between the non-parametric

.test and the first ANOVA in terms of the significance 07 the beverage

effect is due to the beverage x trials interaction. Since the results
of the post hoc ANOVAs are consistent with the non-parametric test, \
it seems reasonable to conclude that alcohol ingestion resulted in a

significan€ly greater fluid intake if only during the first 90 minutes

of ad 1ib drinking.

Fluid balance. Fluid balance was calculated by deducting each

subjects' total urine volume during the 2!3 hour interval after the
administration of the beverages from the volume of his beverage.
Eleven of the 14 subjects had a negative fluid balance after alcohol
(mean = -227.643 ml1) and all but one subjeét had a positive fluid
balance after placebo (mean = +269.357 ml). A t-test for correlated
samples indicated that thé difference in mean fluid balance Between
the two beverage cond1t1ons is highly significant (t = 5.58, df = 13,
p<.0005, one- ta11ed test) ,

Y

Self-ratings of thwrst and dry mouth. Unfortunately, due to an '

oversight during one of the sessions, only 11 of the 14 subjects actually

completed the rating scales three times during each session. These
subjects’ self-ratings of thirst and dry mouth were analyzed using three
sign tests which comLa(ed the responses in the two beverage conditions
for each administration\gf the scales. The only significant finding

was in self-ratings of th;k§t on the second ocgasion the scales were

completed. OQne 2Pur after consuming the alcoholic bevérage, the subjects'

-
8
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’ i
self-ratings of thirst were significantly greater than at the same time
after consuming the placebo (p = .03, one-tailed test).

Self-ratings and fluid intake. In order to assess the relation-

k4 .
ships among fluid intake and self-ratings of thirst and dry mouth, ”

correlations were computed for the ratings on each of the three
occasions the scales were completed with subjects' cumulative fluid

) )
intake at each period during each of the two sessions. Since the
distribution of ratings was extremely smaf?, the data were dichotomized.
Those responses which indiéated that subjects were “not at‘all thirsty"
or that their mouths were 'not at all dry' were assigned a value of

|

zero and those which indicated any degree of thirst or dryness were

assigned a value of one. The only significant correlations were
between post-ingestion ratings and intake after ?Hcohol consumption.
With the exception of one half-hour interval, thé second self-rating
qf thirst corre]atgd §ignificantly with intake during the last 3 hours
of ad 1ib drinking, the highest correlation being with total fluid
intake (r;Bi = 617, t = 2.479, df = 10, p<.025 one-tailed/;gst).

In additien, the third\se[f-rating of thirst correlated ;:gnif%cantly

with intake during the Nast 4 hours of ad 1ib drimking, the highest

correlation in this case bein \:izpf?ﬁtaké'affer 2 hours (rPbi =

581, t = 2,473, df = 12,.p<.025, one-tailed test). Ratings of dry

1
3

mouth obtained at the end of the ad 1ib drinkipg period also

correlated significantly with prior fluid intake, the highest being .

t

with intake after the first 2 hours (rpbi = ,618, t = 2.723, df =
12, p<.01, oné-tai!ed test). Thus, post-ingestion ratings of ghirst

and dry mouth were significantly related to 'ad 1ib fluid intake after

alcohol. T

©
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Fluid intake and physiological effects of prior beverage administra-

tion. Product moment correlations between fluid i%take and several
physiological measures were computed fgk both sessions %b determine

what factors may have mediated the dipsogenic effect of,alcohg])
Correlations with cumulative fluid intake at each half hour of the ad

lib drinking period were computed f;r each of the following physiological
indic$§;« peak BAL, blood alcohol elimination time, mean urine specific
gra;ity, peak urine output over a 30<minute period and fluid balance
immediately prior to the ad 1ib drinking periods. Although none of

the correlations in the placebo condition even appqoa@hed significance,
two of the physiological measutres correlated significantIY with fluid
intake after alcohol. The correlation b?tween peak blood alcohol level
and fluid intake was significant after 1!s hours of ad 1ib drinking

(r = .469, df = 12, p<.05, one-tailed test) and that between fluid

balance and Fluiﬁ intake was/giqpificant after one hou[u(r = -.462, a
df = 12, p<.05, one-tdéled test). Thus, subjects with the highest

peak S]ood alcohol levels and the lowest fluid balance values drank

the greatest amounts of water during the initial phase of the ?d lib
dripking period. ~

\
In addition, scetter diagrams revealeﬁ that data from an ;typical

subject had obscured a significant rel;tionship between mean urine . “
specific gravity and fluid intake in both Eeverage conditions. To
illustrate this point, a scatter diagram of this rélationship after

s hours of ad lib drinking in the alcohol condition is presented in

Figure 6. It is ‘clear from this figure, which is represen%ative of

the relationship thr%ughout the remainder of the id 1ib drinking period;

/
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that the subject with the highest mean urine specific gravity
represents a gross departure from what gtherwise appears to be an

inverse linear relationship between fluid intake and prior mean urine
specific gravity. /Indeed, wﬁen the data from this subject alone are
deleted, the correlation between these variables, which was originally
nonsignificant (r = 0.332, df = 12, p>.10), becomes highly significant
(r = -.668, df = 11, p<.01, one-tailed test). Thus, with one

exception, those subjects having the lowest mean urine specific

gravities drank significantly more than those with h%gher mean. urine
\ -

specific gravities. \

Inspection of the corretations obtained for blood alcohol
elimination time revealed that they never approached significance or
showed any definite trend across cumulative values of fluid intake.
The correlation.between peak urine output and fluid intake in the
alcohol condition, however, a;Lréached significance (r = .402, df =
12, .10>b>.§5, one-tailed test) during the first 30 minutes of ad

|
1ib drinking, but showed a progressive decline with successive

measures of cumulative fluid intake. There is, therefore, some suggestion

that those subjects with the highest peak rates of urine oq{put af ter

4 4 -

alcoho! subsequently drank more water during the earliest phase of

ad 1ib drinking than those with lower peak rates of urine output.

Discussion e
I o
The reﬁbT;s of this study indicate that a moderate amount of

v

beverage éétohol can have a significant dipsogenic effect, that this

)

Q .
effect occurs in moderate drinkers within 2.5 hours after alcdhot is

consumed, that that it is acéompanied by the subjediive experience of

\ \ ~ h

s
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thirst. Moreover, it was demonstrated that fluid intake after alcohol
|
ingestion is significantly correlated with peak BAL, fluid balgnce \

and, with the exception of one atypical subject, with mean urine
\ .

specific gravity. ' P
The acute effects of alcohol on fluid intake and thirst observed
+ in the present study are clearly at variance with the findings of the

“

two previous studies which bear on this subject. Roberts (1963)

\
administered 6-8 oz, of 100-proof alcohol, drank any water whigh was

reported that none of her 20 nonalcoholic subjects, who had been \\\

{ available ad libitum &u%ing her experiment and that none became
thirsty unpil aFter the alcohal had been metabolized. In contrast,
Flynn (1958) reported that all five of his subjects complained of -
¥h1rst shortly after consuming 2.5 mi/kg of 90.h-§}oof alcohol, but

that ad 1ib consumption of water within the first 3.5 hours after

PRRT AN AN

r
alcohol was actually less than affter the control beverage.
Differences in the results of these studies and the present

“

study can to a large extent be attributed to differences in the 1
procedures employed. 1In neither or the two previous studies was

there any attempt to measure chaﬁges fn the sensation of thirst. The
only evidence offered to support the\conclusions of these invegtigators
was anecdotal reports from their subjects. Altﬁbugh Flynn's observa-
tion that his subjects complained of thirst after alcohol is consistent ) ‘
with the findings é} the present study, he made no mention of their

4
degree of thirst ajjter the control beverage. Consequently, it is

impossible to defermine what effect, if any, alcohol had on his

—
—

subjecty' per eptionAégﬁthirst. It should also be noted that Flynn's
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subjects complained of thirst durisg the first 1.25 hours after \
alcohol ingestion, when ad 1ib drinking was not permitted.

Alth;ugh the design of Roberts' study (1963) precluded any
comparison between the effects of alcohol and a control beverage on
subsequent fluid intake, it i§ surprising in view of the present

\
findings that her subjects did not drink during her experiment which

continued for as To;g as gzhours after alcohol had been consumed.
Apart from the fact that her subjects were patients and prgsumably
hospitalized, Roberts' study differs in at least three other respects
from both the present investigation and Flynn's in which drink{ng was
observed aftér alcohol. The first is its relatively short duration.
Measures of ad 1ib drinking continued in the‘present study for 5.5

hours after alcohol was consumed and in Flynn's study for 8 hours.

It is conceivable that in Roberts' study subjecgs merely waited to

-drink until the session was over at which time more preferred beverages

may have been available. \

The second difference is thatwsubjects in both the present study
and in Flynn's were 'fluid deprived for 8 hours. prior to alcohol
adninistration, where;s Roberts' subject;/Qere ""adequately hydrated"
at the time alcohol was given. Thus, subj§cts in Roberts' studkaay
havg been in greater positive fluid balance than subjects in either
of éhe other studies. ff this was, indeed, the case and if it can
also be assu;ed that alcoho1-induced\deh;draﬁion occurs more slowly

under these conditions, then alcohol's effect on fluid intake may well

have been delayed beyond the period during which measures were taken.

)
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The third difference is that no meal was scheduled during the

ad 1ib drinking periqﬁ of Roberts' study. In both the present
jnvestigation and in Flynn's study, the time at which alcohol began

to exert a dipsogenic effect appeared to coincide with or to follow

a meal. The‘suggestion that acute alcohol ingestion differe;tially
\\

affects pre- and post-prandial drinking is also supported by data

from the aniﬁal literature. ‘Wallgrean and his colleagues (1967), in

a study\previously reviewed, reported that fluid intake of rats

subjected to repeated intoxication was significantly greater than that
\

of controls both during the day and at night/, but that the maximal-

difference between these groups occurred at n1gh¥ Since this is the

-

time when ratsxtypically feed, it suggests that the effect of alcohol
on fluid lntake ‘may be enhanced during the post -prandial per1od It

is noteworthy alsa that Lolli and his colleagues (194k4), who proposed

\

\\
that thirst after alcohol intake results from shifts of intracellular

N A

\
= fluid tdﬁthe extraceliular space, found an increase in extracelluiay

fluid after alcohol in &Q%h free-feeding and deprived rats, but
reported a greater 1ncre;§§ in the former group.- Thus, to the extent
thaé Roberts focusé& egclusEyfiy on a pre-prandial jnterval, she was °
‘perhaps less likely to observé\she effect ofualcohol.

The physiological effects ;f\alcohoi observed in the present
study replicate the findings of previous investigators. It has long
been established tha; alcohol is a diuyretic agent (Miles, 1922; Murray,
1932) and that alcohol diures{s only occurs when the BAL is increasing
(Haggard, Greenberg & Carroll, 1941; Eggleton, 1942). Although

no direct 1§sessment was made in the present \investigation of the effect

\
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of alcohol on urinary excretion of electrolytes, the effect observed o;,
urine specific gravity is consistent with an increase in free water
clearance which is widely recognized as characteristic of alcohol
diuresis (Rubini, Kleemen & Lamdin, 1955; Strauss, Rosenbaum & Nelson,

1955; Beard & Knott, 1971).

The correlations obtained in the present study between fluid intake
. ]

after alcohol and both fluid balance and mean urine specific gravity,

‘
l

'strongly suggest that the mechaﬁism responsible for the observed

/effect of alcohol?zon fluid intake is much the same as that presumed
té underlie the increased thirst and drinking characteristic of the
h%ngover period. Roberts (1963), for example, who reported that thirst
did not occur until after the alcohol had been metabolized, atéributed

it to an alcohol-induced state of\dehyaration. This view of alcohol's

REITId TPty o

\
effects on thirst is also shared by Fitzsimons (1972).| The significant
correlation obtaine& in the present study between fluid balance and

subsequent fluid intake is entirely consistent with this account.

A s W

The correlation obtained between mean urine specific gravity and
fluid intake is consistent with a\more‘c?mplex theoratical acdount of
alcohol's effect on thirst and fluid intake. It will be recalled that
Flynn (1958) attributed thé relatively greater fluid intake by his
subjects during the ''recovery phase' after alcohol to\the relatively
but not significantly greater intracellular dehydration which occurred
at the time. In both the alcohol and the control conditions, Flynn
observed a shift in body water from the intracellular to the extracell-\
ular fluid space. Such reductions in intracellular volume, Flynn

noted, ordinarily occur by osmotic loss of water. Since thisprocess

\
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Although ‘this disinhibfion-of-satiety hypothesis is contrary to both

- thirst only indirectly by groducing a reduction in body fluid, there

50

appeared to have been intensi%%ed by alcohol, Flynn concluded that
alcohol provokes thirst because it contributes to intracellular
dehydration, a Yjew proﬁpsed earlier by Lolli, Rubin and Gre&nberg
(1944) . The significant negative correlation obtained between mean
urine specific gravity and subsequent fluid intake is clearly

consistent with this hypothesis. To the extent that a reduction in

urine specific gravity reflects solute retention, lower urine specific

gravities will be associated with higher serum osmolality (Roberts,
1963), which in turn will Erovpke a greater shift of body water from -
the intracellular to the extracellular fluid compartment.

Apart from Flynn's observations; the only suggestion in the
literature that incr;ased thirs; and fluid intake after alcohol might
occur before the hangover period was made by Wolf (1958) who commented
that '"'in some individuals, strong alcoholic drinks ap;ear to excite
thirst shortly, and 'in a different manner from the well-known delayed
effect' (p. 119). To aecount for this phenomenon, Wolf suggested that
the effect of alcohol on thirst i; also a'function of its action on !
the central nervous system. In‘Puch the same way as destruction of
the veptromedial nucleu; results jn hyperphagia, Wolf proLosed that \
the thirst which may occur shortly after alcohol ingestion represents

v

L)/ 1 » » !
an inhibition of a satiety center which controls fluid intake.

Roberts' (1963) suggestion that thirst is initially inhibited by

alcohol and to Fitzsimons' (1972) content‘on that alcohol effects

is some evidence from electFophysiological studies that alcoho\ also
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concentration in the blood (Richie\ 197 ),,higher BALs would result

in a reduction of the inhibit activity\and an increase in excitatory

?ntercorrelations among these variables,

\
The results of the present study coAfirm the prediction that a

within a short period after it is consumed. Self-ratingy of\thirst
recorded one hour aftel the beverages were consumed were signiKicantly

\ ' \ \n
greater in the alcohol than in the control condition, and during\the

S~
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after alcohol was significantly greater than that after the placebo.
These findings gpt only constitute the first demonstration of alcohol's
dipsogenic effect prior to thL hangover period, they also have
important implications for thé LoC pheno;:non in alcoholism. Aﬁ
menti;ned previously, it has been proposed that alcohol consumption

is related to thirst and that craving éor alcohol is merely a mis-
interpretation or mislabelling of this physiological state (Baldie,,
1931; Silkworth & Texon, 1950). To the extent that thirst does
contribute to alcohol consumption and to craving for alcohol, the
kindings of the present study indicate that initial alcohol consumption
may precipitate LOC by virtue of its effects on fluid apd electrolyte
batance. This speculation, however, presupposes that alcohol eAerts

a dipsogenic effect on alcoholics as well as on nonalcoholics.

Accordingly, a second study was conducted in an attempt témreplicate

these findings with alcoholic subjects.
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Study 2
Method

Subjects and setting. Sixteen male alcoholics between the ages

of 29 and 48 years (mean = 36) were selected from those responding to
an advertisement placed in a metropolitan newspaper. Volunteers were
offered $60/wk to participate in a series of studies which required
that they live in the Alcohol Behavior Research La?oratory for
approximately 3 weeks.

All subjects met the following selection cr%teria: (1) mean

daily consumption of at least one pint of 80-proof liquor or itﬂ

— \

eq?ivalent; (2) evidence of physicaildepsnden;e on and\tolerance to
alcohol; (3) a history of more than 2 yea;s of }roblemvdrinking; (4)
good physical health, with no signs of liver or kidney damage; (5) no
evidence of psychofis or chronic brain syndrome; Géé/no current medical
treatment or use o% prescription medication_or nonmedical drugs at

the time of the research. A series of medigal tests was conducted

on all subjects and they were given in addition, a complete physical

examination., . | . !
j
.- -

These subjects had histories of problem drinking averaging 10.1
years and reported an average daily intake of 31 o\nces of 80-proof
liquor or its equivalent. AIll but one subject draék beverage alcohol
on a daily basis, the sole exception having indicate@ that he could
afford to drink only an average of 3 days/wk. Seven of the subjects
had\previously been hospita}ized for alcoholism and four others had

either been treated on an out-patient basis or had attended Alcoholics

T e 7
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education and all were unemployed at the time of the study. (Further

sh

Anonymous meetings. The average Alcadd Test score for the group was

"

33, all subjécts having scored above tie critical cut-off used to
differentiate alcoholics from nonalcoholic social drinkers (Manson,

1965). The subjects had completed an average of 11.4 years of formal

[

i

details on individual subjects are presented in Appendix F.)

|
Experimental design and procedure. The experimental design of
0

this study was identical to that of Ltudy 1 and the procedure differed
only in the faollowing respects: (1# a gas chromatograph, the[Intoxi-
meter Mark IV (Intoximeters Ihc., S%. Louis, Missouri), was used in
place of the Breathalyzer to éeasure BAL; (2) an additional rating
scale was included on which subjects indicated their degree of craving
for alcohol (ApLendix G); (3) sdbjec?s were required to estimate the
amount of whiskey in the beverage ad#inistered during each session
(Appendix H); and (4) subjects resided in the laboratory during ghe
experiment and for 9 days befarehand thereby permitting strict control
over their intake of food, f;hid and drugs in accordance with the -
restrictions imposed in Study 1. Residency in the laboratory for

this period was also intended, to ensure an adequate interval since
their initial withdrawal from alcohol for the restoration of normal

fluid and electrolyte balance (Beard & Knott, 1968).

Results '

E]

Data ana]ysis.\\The same tests of significance and data trans-

, formations as were used in the data analysis _in Study 1 were also

used in Study 2, (Tables for the ANOVAs and correlations to be “

|
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reported in this section can be found in Appendix 1.) \\\

AN
Blood alcohol level (BAL).. The control BALs for all suﬁjects in

both beverage conditions were 0 mg%. In the alcohol condition th
- mean peak BAL was 84 mg¥% which, without exception, was obtained from

the subjects during their first post-ingestion breath test. No

A

positive BAL was obtained from any subject following administration

of the placebo.

Estimates of alcohol consumption. To assess the extent to which

subjects discriminated between the alcoholic content of the beverages
thfy were administered, a t-test was pérformed on their estimates of
the total amountvof 80-proof liquor consumed in each session. Although
subjects' estimates were ;ignificantly greater in the alcohol
condition (t = 6.329, df = 15, p<.021, two-tailed test), it is
noteworthy that all subjects overestimated the alcohol content of the
placebo. The mean estimate in the placebo condition, in fact, was 3
oz. (range = 1-5.5 0z.). Thus, while all subjects recognized the
greater potency of the alcoholic beverage, the placebo manipulation
was successful to the extent that all subjects indicated that they
had been administered.an alcoholic beverage during both sessions of
the experiment.

Urine outéut. The difference in control urine volumes between
the two beverage conditions was not significant (t = 1.;&2, df = 15,
p>.10, two-tailed test). The results of a three-factor ANOVA {order
xAbeyerage x period) of the post-administration data, however, revealed
highly significant effects for beverage (F (1,14) = 35.739, p<.0001)

and periods (F (4,56) = 30.555, p<.0001) and a significant beverage x

I

/

<
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periods interaction (F (4,56) = 5.301, p<.0015). As illuStrated in
Figure 7, urine output was significantly greater after alcohpl than
after placebo and showed ‘a progressive increase in both beverage
conditions for a periéd of two hours after the beverages were first
administered. (It is.also evident from this figure that the significant
beverage x period interaction is due to the much greatér rate of
increase in urine outp;t after alcohol.

' Urine specific gravity. Two subjects were excluded from a,

comparison of mean control urine specific gravities between the-xtwo
beverage conditions because they failed to produce even one measurable
control urine specimen iuring each session. A t-test on the data of

the remaining 14 subjec s, however, indicated that the difference

between the mean control values in the two beverage conditions

approached, but did not attain statistical significance (t = 1.948,

Al

df = 13, .05< p<.10, two-tailed test). This finding is of no
practical significance, however, because the initial difference in
mean control values was not in the direction predicted for the

experimental values (mean before alcohol = 1.020, mean before placebo

W

= 1.018) . L .

(A

One subject was excluded from the analysis of post-ingestion urine
specific gravity because he produced meaﬁurable urine samples on fewer

\\
than one half of the occasions when specimens were collected. For

o P

sub jects who had only one or, two missing values per session, estimates

I

of thetr urine specific gravities were made by the method of least

squares. : ; ’
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Aithree-factor ANDVA (orher x beverage x period) of the transformed
data revealed highly significant main effects for beverage (§, (1,13) =
20.375, p<.001) and periods (F (4,52) = 31.549, p<.0001). As shown
in Figure 8, urine specific gravities decreased signif%caﬁi!y during \
the 2-h§ur interval following the administrat;on of both beveragé§;
and were consistently lower in the alcohol than in the placebo condi;ion.

Fluid intake. Responses on the Post-Experimental Questionnaire
and information obtained during debriefing interviews indicated that
no subject misunderstood the inst;ﬁltions regarding a; 1ib drinkiqg or
was aware that his fluid intake was beiﬁg recorded. Thus, it would
appear that the subjects' fluid intake was not in any way, affected by
demand characteristic;.

©  The mean and cumulative fluid intake of the alcoholic subjects
at half-houraintervals during the ad 1ib drinéing period are presented
in Figures 9 and 10 respectively. The Wilcoxon matched-pairs signed
ranﬁgktest, which was used initially to assess the difference in¢
total fluid-jntake'in the two beverage conditions, indicated a 0
isignificantly gr;ater intake after alcohol than after placebo (TH? 22,
df = }6, p<.01 for one-tailed té;t).

A three:¥actor analysis of variance was also performed after a
Frax test of the transformed data had indicated that the variances were
homogeneous (Fmax (22,15) = 3.548). Consistent w%th the resu{ts of
the nonparametric test, this analysis indicgied‘that fluid intake after
alcohot was significantly greater ;ha; after placebo (F (1,14) = 7,614,0
b;.OIS). Th;re was, in addition, a significant, effect for periods

3

(F (10,140) = 15.407, p<.0001) indicating that the fluctuations in fluid
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intake during the ad 1ib drinking period are statistically significan§<\
Although the greatest differences in intake between tﬁe two beverage
cond%tions clearly occuyred befween 2.5 and 3.5 hours after the \

beginning of ad 1ib drinking, the beverage x trial interaction was not

significant. ‘

Fluid balance. As inJStudy 1, fluid balance was calculated by

deducting each su&iict's total urine output during the ?.E-hour
interval after the administration of the beverages from the volume of
his bevera&g. After alcohol, 11 of the 16 alcoholic subjects had a
negative fluid balance (mean = -198.688 m1) whereas after placebo,
thirteen had a positive fluid balance {mean = +198.313). This
difference in mean fluid balance between .the two beverage conditions
is highly significant (t = 6,90, df = 15, p<.001, two-tailed test).

Self-ratings of thirst, dry mouth and craving. The ratings of

thirst, dry mouth and craving were analyzedusing three sign tests which

[¥)

cdvpared the responses in the two beverage conditions at each

adminiétgation of the rating-scales. None of the comparisons, however,

\

proved to be significant. Thus, de§pite their significantly greater

fluid intake after alcohol, the alcoholic subjeéts did n?t discriminate

on any of these subjective dimensions between the two beverage conditions.
To assess the relitionships among these self-ratings, correlations

were computed among them at each administration of the rating scales

in both beverage conditions. Not unexpectedly, a strong relationship

¢
.

was observed between the ratings of thirst and dry mouth., Phi

|
coefficients for these ratings were significant after both alcohol and

placebo, the highest in-each condition occuPring during the second

PRI

///
S



e
‘admini stration of the scales (g = .733, p<.01 and g = .832, p<.0?1'
respectively) . In contrast, there was no significant relationsh{p
between craving and either of the Jther dimensions at any point during

.

the study.

' Self-ratings and fluid intake. The relationships among fluid ’ \

<

intake and the\self-ratings of thirst, dry mouth and craving were
assessed by comput1ng correlations for the ratings on each of the three
administrations oF the scales with subjects’ cumulat1ve fluid intake

at each 9er1od durwﬁg each of the two sessions. As in Study 1,
) \

‘ ‘ ~ |
responsqg which indicated the absence of thirst or dryness were

assigne' a value of z ro and\thos¥ which indicated their presence, to

\
any degqee, were ass1gned a value of one. The: cravKng scores, which

p
were obtb1ned using a continuum were not transfoﬁqfd

1

In both the alcohol and-the placebo cond1t1ons;\rat1ngs of dry
|

\ \
mouth ob ained prior to the administration of the bevé(iges correlated
significaptly with later ad 1ib intake. Ratings of dry mouth obtained
\ - N ’

before the alcoholic beverage was consumed correlated sign%ficantly

Al

with cumulative fluid intake throughout the ad 1ib drinking period, \

-

tge highest correlation occurring after 2 hours (rpbi = .553,

= 2.48§,§df = 14, p<.05, two-tailed test). In the placebo condition,

initial r tings of dry mouth cor%elated significantly with intake \,

\

during the latter L4 hours of ad 1ib intake, the highest correlation \\\

|
occurring after 4 hou:? (rpbi = 525, t = 2.308, df = 14, p<.05, two-

tailed test). Subjects who indicated‘initially that their mouths were

dry subseque tly*drank more than the dthers. %
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‘administration of the scales and both 30-minute and 604niqute intake
(rpbi = ,50, t = 2,160, df = 14, p<.025, one-tailed test and r

L1463, t = 1.954, df = 14, p<.05, one-tailed test, respectivély):

pbi =

Although tﬁere\was no cdmparablé relationship between dry‘mouth and
. intake after alcoHPI,‘the correlation between ratings of craving

obtained on the second administration of the scaleskand/intake during

the first ha!f-hour1after alcohol approached significance (r =§.h60,

df = 15, p = .07, two-tailed test). Thus, reports of dry mouth after’

placebo and craving after alcoho! were both associated with greater
'subsequent ad 1ib drinking. \

: Fluid intake and physiological effects of prior beverage

adminis£?3tion. To determine what physiological processes may have

mediated the dipsogenic effect of alcohol, correlations were computed
between cumulative fluid intake at each half-hour of the ad 1ib
drinking period in both beYerage conditions and each of the following

| . . .
%easures: peak BAL, blood alcohol elimination time, mean urine

specific gravity, peqr urine output (for a 30-minute period) and fluid

balance. Three of these measures correlated significartly with fluid

intake. The strongest relat1onsh1? was with fluid balance. In fact,
fluid balance was s1gﬂif1cant1y correlated with cumulative fluid intake
at every interval throughout the ad 1ib drinking period after both

' \ " alcohol and placebo. In the alcohol condition, the correlation between:

fluid balance and fluid intake increased during the course of ad 1lib

drinking, regch\né its maximum after h\hours (r'= -.775, df = 14,
p< .0005, one-tailed test) . After placebo:”fhe highest correlation
with fluid balance was not observed until 3 hours after the siart of

Q) \ |
C & o \ o : \
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ad 1ib drinking (r = -.631, df = 14, p<.005, one-tailed test).
Subjects with the lowest fluid balance levels after both beverages
subseguently drank significantly more than those with higher fluid
balance levels. \

A very strong }Elationship was also demonstrated between fluid
intake and peak urine output. Fluid‘intake atlevery interval after
alcohol aqp'from the first hour of{ad 1ib drinking after placebo was

significantly correlated with peak urine output. The correlations in
i

)
both beverage conditions increased over time and reaghed their maximum

\
N
\

N

. \‘L
values after 5 hours of ad 1ib intake in the alcoho coéndition

1

(r = .758, df = 14, p<.0005, one-tailed test) and’after 3 hoé?s in the
placebo condition (r = .513, d% = 14, p<.025, one-taiied:;est).

After both beverages, ;ubj;cts with the highes£ rates of urine output
dra&k significantly more than those with lower rates of urine output.
The association between fluid intake and mean urine specific

gravity, though weaker, showed‘Y similar time course. In both
beverage conditions the correlaéion between these variables was
significant only during the latter half of the ad lib drinking period.
The highest correlations were obfained after 3 hours of ad 1ib drinking
in the alcohol condition (r = -.466, df' = 14, pc.05, Qne-tailed test)
and after 4 hours in the placebo condition (r = -.498, df = 14,

p<.¥25, one-tailed test).\ Sub jects with the lowest mean uripe specific \

\

L ~ b
gravities subsequently drank significantly more in both beverage '

. conditions than those with higher mean urine specific gravities.

There is also some evidence that both\blood alcohol elimination
N y ' \

time and peak blo&d alcohol level are assoc¥§fed with fluid intake.
T ' \ |
. . \\\
) e \

v/




At four points during the ad 1ib drinking period the correlations
between blood alcohol elimination time and cumulative fluid intake
approached significance, the highest occurring after 2.5 hours

(r = -.4§9, df = 14, .10>p>.05, two-tailgd test). The co;re1ations

<

h:ift/peak blood alcohol level approached significance twice, during

N\ the interval between one and 1.5 hours after ad 1ib drinking began

! (the higher r = ~,462, df = 14, .10>;>.05, two-~tailed test). At

these times, the cumulative fluid intake of subjects with the highest
peak blood alcohol levels and the longest blood alcohol elimination
imes tended to drink less than the other subjects. .

il
These results strongly suggest that the dipsogenic effect of

alcohol in alcoholic subjects is mediated by its effects on fluid
and electrd]yte metabolism. More speéifically, it\appears that
changes in rate of urigk output, ur;ne specific gravity and in fluid
balance rﬁéulting rom prior beverage administration contribute to the
~ differences in fluid intake between the alcohol and placebo conditions.
| ~ Fluid intake after alcohol algo appears to be inversely related to

blood alcohol elimination time and\peak blood alcohol level.

Discussion | “
| \ , The results obtained in Study 2 largely raplicated the findings \

. of the previous study. As in Study 1, fluid intake and urine output
were significantly greater and urine specific gravity significantly

less after alcohol than after placebo, The studies differ, however,

\ in terms of the period during which alcoho! exerted its maximal
dipsogenic effect. 1In Study 1 Fluid intake was significantly greater"\

after alcoholMntake only during the first 1.5 hours\of ad lib drinking,
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whereas in Study 2 the greatest increase in fluid intake occurred

between 2.5 and 3.5 hours after alcohol ingestion. This difference

between the studies, moreover, is statistically significant. Groups
x periods ANOVAs in which the fluid intake data of the two studies
were compared in each beverage conditiJn revealed a significant
groups x periods interaction in the alcohol condigion (F (10,280) =
3.094, p<.dé\5). The studies also differed in that thirst ratings
after alcohol intake in Study 1 were significantly greater than
ratings after placebo, and significantly correlatéd with subsequent
i

fluid intake. In contrast, self-ratings of thirst in Study 2 were

Cunaffected by th; administration of alcoho! and were unrel?ted'to
subsequent drinking behavior. The only post-ingestion ratings which
correlated highly wiéh subsequent fluid intake in Study 2 were ratings
ofs drv mouth after placebo and ratings of craving after alcohol.
These differencés in the behavioral and subjective measures between
the two itudies are all the more curious in view of the similarity
between them in terms of twf physiologic§1 measures .
While such cowpacjsons of the results obtained in Studies 1} gnd
2 may be instructive, all differences between them must, of courge,
‘ be interpreted with caution since subjects in the studies differed
(in at least two respects: those in Study 1 habitually consumed much
less beverage alcohol; and they were younger than thgse who participated
in Study 2. Differences between these groups, thefefore, may be a
function of factors relating to drinking habits or to age, or to both.

.
To assess more fully th? exteng to which physiological factors

may have contributed to the dﬂfférent results obtained in these two

O , 9
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studies, additional analyses of the combined data from both groups
were conducted on each of the physiological Jeasu; s. (Tables for
the ANOVAs to ba reported in this section can be found in Appendix J.)
These analyses included separate groups x periqgs ANOVAs on urine

output and urine specific gravity for each beverage condition, a

_ group x beverage ANOVA on fluid balance-and” a groups x periods ANOVA

on BAL after alcohol ingestion. The latter analysis included only

data from the first 5.5 hours, however, because a majority of subjects
. \ ’

had zero BALs during the last two measures. No significant differences

between the groups were found in either beverage condition in terms -

of urine output, urine specific gravity or fluid balance. The groups

"differed only in their BALs, a significant groups x periods inter-

action (F (10,280) = 5.21§,Ep<.0001) indicating that subjects in
Studgy?2 had a greater rate of blood alcoho! elimination than tpose in
Study 1. . /

Unfortunately, because of the absence of)reéearch in this area,
no conclusive statement can be made regarding the contribution of
age-related factors to the difference between the studies in the
latency of alcohol's dipsogenic effect. Although it is assqmed that
patterns of rehydration become established during early development
(Adolgh, 1964) , the only indicatign that they vary with age is in the
clinical literature where a distin!tion is made between water and
electrolyte homeostasis in infants and in the elderly (B]and, 1963) .
In view of the facts that the subjects in both studies were adults,
and that recognition of differences in rehydration patterns is given

~

only to those at the extremes of the age continuum, it would appear

s

et
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unlikely that the delayed occurrence of_;lcoho]'s dipsogenic effect
in Study 2 is due simply to the fact that the subjects were older than
those in Study 1.

Another explanation is that subjects in Study 2 were over-

|

. |
hydrated in comparison with those in Study 1 prior to the administra-/

tion of alcohol and that, as a consequence, it was longer before
alcohol produced critical levels of cellular dehydration. A comparison

of the groups in terms of their control urine specimens in the alcohol"

condition lends some support to this hypothesis. Although the control
4 urine specific gravities o% the two groups were almost identical,

: control urine output was considerably greater i$ Stu&; 2, suggesting

' lthat these subjects"were in a state of isosmotic overhydration p;ior
to th; administration of alcohol. Moreover, in Study 2, there was

a high positive correlation between control urine output and latency
to maximal fluid intake after alcohol (r = 4L, df = 14, ,05<p<.10).
The delayed effect of alcohol on fluid intake in Study 2, therefore,
may have beén due to the subjects' relatively greater body Flu{d

<5 s &

volumes. , ‘
b4

1t should be noted, however, that the difference between the

studies in tertis of control urine output in the alcohol condition

cannot be attributed to subject factors since there was no comparable
difference between the groups in the placebo condition. Nor is it .
likely that the g?eater control urine output reflects a failure to
observe the preceding 8-hour restriction on fluid intake, since the
sub jects n both studies pro@uced a concentr?ted urine. A pgssible

explanation would appear to be that subjects in Study 2 ate and drank

O - . >




more, or simply later, on the day prior to the administration of
alcoho! than did subjects in Study 1.
It is also possible that the delaye& effect of alcohol on
fluid intake in Studyl# is due to a differential sensitivity of the
two groups to thirst-provoking stimuli. If it is assumed that the \
physiological state underlying alcohol's dipsogenic effect intensifies ,
with the pfssége of time, then the delayed efiect may reflect a
relative fhsensitivity of the subjects in Study 2 to internal stimuli
associated with thirst. Previous research gas indicated that
alcoholics are less responsive than nonalcoholics to the internal
stimuli associated with fluid{deprivation shd pre-loading (Bro c35
Williams, 1975). Thus, although no firm conclusion can be reach;d
regarding the difference between the groups in their patterns of fluid
intake after alcohol, the notion that alcoholics are slow to - 3
recognize and to respond appropriately “to é physiological state of ‘\L
dehydration produced by acute alcohol consumption would appear to
warrant further investigation. It is also noteworthy that this account
is consistent with the. hypothesis regarding th; possible mislabelling
of thirst in the LOC phenomenon. | ,
As suggested above, the absence of an effect of alcohol on the -
thirst ratings of the subjects in S}udy 2 may well be related to its . f

delayed effect on their fluid intake. Thirst ratings in the first

study were significantly greater only on the first post-ingestion 4

administration of the rating scales in the alcoho! condition. Since

-~

the ad 1ib drinking period began almost immediately afterward, seli ' . |

o < [N 4

ratings of thirst in that study practically coincided with the ' .
[ 4
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, maximal efféct of alcohol on fluid intake.
-7

study, in contrast, experienced the maximal dipsogenic effect of

\ K}
©
o . o

Subjects in the second -+

* alcohol approx1mate!y 3 hours after complet1ng the ratings. The

o
[N
-

' that the’ absence of an effect on thirst in Study 2 was due merely to

-

absence of an effLﬁt for this group, therefore, may, have - resulted from
a\fa1lure to obtain thirst ratings when the dipsogenic effect of

' " : T ° Y
alcohol was greatest, ‘ - , \‘

It is also possible that alcohol consumption did not affect .

suBJects' perception of thirst in gtudy 2 at‘gky time dur1ng the

session. If this were confirmed. it woulg.1nd1cate an obvious

¢

differencexﬁetween the subjects in the two studies.

)

Unfortunately, P

. o>

a lack of résearch jn this area precludes any def1n1t1ve statement * _

-y B

regardtng the extent to 'which this d\fference can be attr1bﬂfed to

v ¢

~age-related faétors. However, to the extent that recognition has

obéep éiven to differences in thirst only among th?eegbrpad age groups,
1958), it wculd appear unlikely
( .

children,“adults, and the aged (Wolf,

v
A

the fact that subjects were on the average, 14 years older than those

—
¢
° -

in Study 1. v S R o

There is, ‘on“the other hand, some evidence to suggest that this - .
B

,difference between the groups is related to differences'in their

LS
- «

> ‘

drinking histories. Brown-and Williams (1975) have shown that

alcohol1cs, in contrast to agﬁqnatched nonalcohol1cs, drank as much

°

of a nonaicohgl1c be%erage after f.luid pre-loaging as after fluid

4
deprivagion. Although thirst ratings were not obtained in their study,"
it is Feasonable to assyme that the observed difference in fluid

\
-

1ntake reflects a d1fﬁfrence in the perception of thirst between

£
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alsoholics and nonaJcoholics. Cons1stent w1th}th1s\1nterpretat1on is
the finding that thirst ratings obtained after the adm1n1strat1on of
alcohol cozselated signi{icantly with subsequent fluid intake in

~Study 1, bLt not in Study 2. Thus, it would appear that the absence

~

\ of an effect of Qlcohol o;:; jrst in Study 2 may hfxg/;nsﬁTf;; froﬁ

the subjects' failure to recognize an internal state which is ordinarily

\

associgted with thirst.

)

\
The finding that aleohol did not affect the self-ratings of

craving is consistent with the findings of several previgus investigators
who failed to observe a significant effect of Ie§§$r dosages of L

alcohol on measures of craving, alcohol acquisition and alcoha'

consumpt iom—{Eagle & Williams, 1972; Cutter et al., 1970; Marlatt et

rY

al., 1973). 1t is noteworthy, however, that the present” findings are

at variance with several investigations which employed dosages greatér

e

-

\ . 4 hd ] P .

\ than 1 oz. of liquor (Merry, 1966; Cohen et al., 1971; Ludwig et al,,

' 1974; Bigelow et al., 1977; Funderburk & Allen, 1977). Although the
subjects' ability to distinguish between alcoholic and nonalcoholic \ .

preload1ng beverages l}kely\contrrbuted to the pos1t1ve f1ndtngs

\in thdse latter studies, they do suggest Qhat prevdous negative find-

L4

ings ‘are the result of a strictly literal interpretation of the axiem
" Yone drink, one drunk;' and that lirger amounts of alcoho! do indeed

increaif craving in alcoholics. QTh? resuits ?f the present. study,

howe;er, }uggest that the consumption of'a moderate “amount of alcohol’

alone is insufficient to produce a ;ignificant 1Nfrease'in the

perception of craving in alcoholics.

—
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between the finoings of the present study and those in which alcohol

y \ :
was shown to inQYease crav1ng fhe placebo in the present ‘study, for

%
., in other §tudies, This possibility would appear to be untikely in

similarity between the present study and that by Bigelow
,:fi;,,i and his col eagues (1977) in tenns of the subjects'’ ab11\ty to
\d1scr1m1naté\between the preload1ng beverages. Unfortunately, further

) °
/éomparisons cannot be made with-each of the other studies because
, . .

-~

/ most investigators failed to evaluate the effectiveness of their
i ' ook
control beverages.

It .is elso Yossible that alcoho!l had a s1gn1f1cant but trans1tory

-

effect on craving in the present study, and that it was limited to

e

the interval between successive ratings. Unfo:zqnetely, none of the ”/\\ .

research indicating that alcohol ingestion increases craving has

fully explored the temporaﬁ parameter546? this apparent eé;ect. In
_a'reanalysis of the study by Eng}e and Williams (1;72), howeven,‘
\Maisto,?Lauerman and Adesso (1977) found no reduction in craving

during the interval between 40 minutes and three hours after initial

i drinking among the alcoholics who were instructed that their preload-

Y

ing.beverage contained alcohol. It was suggfsted on the basis of

this finding that the desire for alcohol among alcoholics ma??persist X '
for a considerable period of time aftex inftial drinking. It is
noteworthy also that the tr?d1tfonal concept of LOC 1nc]udes

ri?erence to a physical need for alkgxkl which pers1sts fo} n,,
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hours or weeks...until #he drinker is too intoxicated or sick to

L
ingest more alcohol!" (Jellinek, 1952, p. 679). Thus, it Qouldﬂaﬁpear
unlikeiyathat alcohol thad a significant eﬁfect on craving at any time
during Study g, for the available research and clinical evidence
sdggests that such* an effect, had it occurred, would have been evident
at the end of éhe ;eSSion yhen the last ratings of craving were

obtained. .

A
The most obvious difference between the present stﬁ7y and those-

in which alcohol consumption appeared to increase ei;bé? craving or

its behavioral manifestations concerns the avpilabiléty of alcoholic
beverages and exposure to alcohol-related stimuld FollowiAg administra-
tion of the preloading beverages. Subjects in the present study knew

that additional alcohol wou\d not be available after tﬁey consumed the

PRl SO

b
prelogding beverages and were not subsequent ly exposed to external

1

alcoho]-related stimuli. Subjects in.all Eat one of the other studies,

however, not only anticipated the availability of additional alcohol,
il

L .
but théy also/;aw it being dispensed. Both of these factors,

v , v

' foreknowledge of alcohol avsilability and external alcohol-related

o

stiwuli, have been sﬁown in previous studies to Re significant !

determinants of the disposition to drink in alcoholics (Funderbdrk\&
. . : { )

Allen, 1977; Ludwig et al.,-1974). Thus, it would appear that the -

absence 'of an effect of alcohol on craving in the present study may

@

well have been due to the fact that cognitive and environmental factors

s

. . . ’
were inconsﬁstent with continued alcohol consumption. To this extent,
findings of the present study support the hypcthes1s first proposed

9?’Ludwig and Wikipr (19745 that craving is the result of cogn1t1ve

\

\w
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labelling processes whigh Ere determined by both pharmacological and
environmental factors. R

The only post-ingestion physiological measure which differs .
between Studies 1 and 2 is the rate of blood alcohok\el#minaqgon,

the rate being significantly gfeater in the second study. The fact

that different instruments were used to estimate BALs in the two
A .

studies is unlikely to account for the difference in elimination rates

since validation studies with direct blood analysisJusing comparable
instruments have not revealed systematic sources of error consistent
with the§e findings (Breen, Siler & Pearce, 1975; Coldwell & Smith,
I§59). Nor can the different eliminat%on rates be attributed to the
relative obesity of one of the’groups since there was no significant
difference between them (t<1, df = 28) in terms of their mean
deviations from ideal weight as determined by the formula proposed
by Davidson (1976).0 Although the ;Zssibility cannot be conclusively
ruled out that the age differeqce bé;:gﬁnwfhghiybjects in the two

studies contributed to the difference in elimin;:::;‘Fkbqs, it would

RN
f B

appear to be highly unlikely. The raéb of alcohol metabolism does not
change in the aged (Kurzinger, 1963) nor has there been any reference
to the effects of age in reviews or in other invéftigations qfayhe.

rate of alcoho! metabolism in which subjects' ages varied moré widely

(Coldvell & Smith, 1959; Bonq;chsen, Dimberg & Sjsberg, 1964; Lester,

. 1966; and wallgrén & Barry, 1970). Tbg%ggctor mos t likelyhto account

-3

for this discrepancy would app%:r to'be the drinking histories—of the
subjects in Study 2, since chronic excessive alcohol ingestion is

\ .
known to result in an enhancement of ethanc! metabolism (Mendelsén,

Stein & Mello, 1965).

e e el




- \ g
. 7
Vo ‘b g ‘

Although fluid intake after alcohol in both studies correlated
significantly with Brevious measures of fluid balance and urine
specific gravity, there were, in additson, significant positive
correlations with peak BAL in Study 1 and with peak urine output in
Study 2. While not signif#%ant in Study 1, the correlation between
peak urine output and fluid intake 'approached significihce in £his
study during the first 30 minutes of ad 1ib drinking. Thexfact that
it was sign&ficant only in Study 2 is largely attributable to’ the
higher correlation bétween peak urine outputﬁand flgid balance in the
second study (r = -.919, df = 14, pc.0001) than in the fir;t (r ? -.817,
df = 12, p<.0006)., & 7 .

The correlations between cumulative f1luid int;ke and peak BAL,
however, are very differént\in the gsf/studies. While thiere was a
significant positive correl;tion between these variables in Study 1,

there was a nonsignificant negative correlation between them in Study

2. The explanation for this difference,rmoreoVer, is ugclear. No?e

v ) €
of the physiological effects' of alcohol differed between the studiés, !

nor are. there any significant diff?rences between them iﬁ terms of

the intcrcoérefétionq anoné the ph&sio]ogical measures. The only

effect of aléohol which dis?inguiihed between the studies and which
éould account for the diffe}ent correfations is the‘latency of alcohol's
maximal dipsogenic‘é%fect. TYe signifiélnt positive correlatic;

befwgen fluid intake and peak BA}\kn Study 1 occurred after 1.5

hours of ad 1ib drink{ng, during which the effects of alcohol on fluid

intake were greatest. Alth?ugh the two high negative correlations

observed invStudy 2 occurred at approximately the same time dur{ﬁg the
s ;

!

\ a
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ad 1ib drinking pcriodk in this study they preceded the maximal effect
of alcohol on fluid inQbke. The different correlations between
|

cumulative fluid intake\@nd peak BAL in the two studies, therefore,

1 .
may simply be due to the\difference in the latency of alcohol's
4 .

4

\

maximal dipsogenic effect, ‘ - .
\ |
£ - <T//
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General Discussion .
| \ .
The results of the present studies confirm the first assumpti;n \

-

proposed‘in the introduction and.provide at least limited support
' for the second. Within : relatively short period after consuming a
moderate ;nount of beverage alcohol, both alcoholic and nonalcoholic
subjects significantly increased their fluid intake. The finding
\ ) that alcoho!l -consumption s%gnifican&ly increaée&\se]f—ratiﬁgs of
thirst in the firsg‘&but%not in the second study appears to reflect
a difference between alcoholics a‘Z“Epna]coholics in terms of their . \
perception of internal states associated w1;h thvrst. This interpreta-

tion, furthergore, is consistent qigh the assUmptlon that alcoholics

in naturalistic drinking settings can misperceive alcohol-induced

dehydration as craving. Moreover, the finding that craving was not i
\ . !
affected in a laboratory setting, even by a moderate amount of

ey

\~ alcahol, prov;des further empichal suﬁport for the critical role of
cognitive and environmental factors in LOC.
In addition to fﬁgeneral investigation of the dose-respo%se‘ ¢
relationshtp between alcohol consympt{on and subsequent thirst and

fluid intake, two related questions remain to be answered to determine

'

the relevance of the present findings for the LOC phenomenon. The .

o first is whether the alcohol administration procedure used in QL f/‘ ‘
\

present studies would\1ncrease g!coholics craving and. subsequent

*

/
alcohol consumptfoﬁyjf the subjects were.at the same time exposed to

PV

the stimuli typical of naturalistic JriqkihéZspﬁtihgs and were permitted \

ad 1ib access to beverage hlcoﬁ?l. The sacond question 13 ‘Whether
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such craving and ad 1ib alcohol consumption afg related to the physio~-

logical indicies found in the p?ésent studies to be predictive of
{

. fluid intake after initial alcohol ingestion.
¥ N

In‘addition to the previous discussion of the 1ike1; contribution
of alcohol availability to the enhancement of ctaving following
initial alcoh?l consump@ion,$there is other evidence that the first
qpestiow will eventually be answered in the affirmative.r Two
experimental studies have investigated éhe effectlof external, alcohol-
re}ated stimuli on a1cohol'consumption in alcoholics. In one study,
subjicts had previously been adninistered a placebo o} a béverage
containing either 0.6 mi/kg or 1.2 mi/kg absolute ethanol {Ludwig
et al., 1974); in the other study subjects had not been administerld

a preloading beverage (M\ller, Hersen, Eisler, Epstein & Wooten,
1974) .. Contrary to thL1r prediction, Miller and his colleagues failed
to observe any significant eFfect of alcohol—tgjated stimuli among
the‘r alcoholic subjects. As mentioned previﬁusly, however, Ludwig
and his collgagJes, not only reportgd significant effects foy preload
beverage and stimulus condition, but they also ;eported an interaction
betwéen these factors such that measures of craving and alcohol ~

acquisition were greatest among those who received an alcohol Qreloéd

in the presence of alcohol-related stimili. This latter finding would -

appear to account for therdifference between these two sfudies 1n the
observed affect of ilcohol-related stimuli, \Since none of the subjects
in the stu@xﬂby Miller's group had been adn\nistered an alcoholic
beverage, the effeot;of different environmental conditions was

prabably minimized. This interpretation, furthermore, is not onily -

{

/‘
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consjstent with the assumptions of the ;xﬁposed model of LOC, it is
also‘in agreement with the findings of Pliner & Cappell (W974) who
have suggested that alcohol\”iﬁdu;es a state of plasticity in which
the organism responds more strongly th;n usual to the preyailikg

cognitive and social environment" (p. 418).

o~

In addition to the experimental findings, there is support of a

e

s

more,<linical nature for, the influential role of environmental factors

/ \ .
in .the LOC phenomenon. 1In a survey of alcoholics' craving experiences,
- N

for example, Ludwig & Stark (1974) foEEH that environmentali&timuli

relevant to drinking situations substantially increased theAcf?ving

for aldfhol in 20% of their subjec}s. In addition, Glatt (1967), in

discussing moderate drinking among former alcoholics, indicated that

such\environmental factors as the drinking setting and drinking

[companions appeared to be related to the alcoholic's inability to

control his alcoho!l consumption once he had begufi to drink.
Even if it can be assumed that the preloading procedure employed
in the present study would, under different stimulus tonditions, result

in increased craving and alcohol consumption, verification of the \

proposed model of LOC would also require that these effects be

‘correlated with alcohol-induced changes in fluid and e!ectrolyte

balance. There is, qnfortunate!y, no previous research that relates

directly to this question.‘ In fact, there have bean.no prev1ous

1nveat1gat1ons of the relationship between the dnjnking behav1or

of alcoholics and any antecedent physiological mensuﬁf other than BAL,
The only evidence which supports this hypothesis consists of

two studies in which measures %f fluid and electrolyte balance were
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14

re]atéﬂ\in the first case to alcohol consumption in animals and, in
the second, to craviné,in alcoholics. Baisset and Montastruc (1962)

. found in dogs that when the increases in urine output and fluid intake

il ALl el sl 8 N

caused by chronic alcohol adn1n1stration were prevented by concurrent

administration of vasopressin, subsequent ad 1ib alcohol consumption

1

was also much reduced. Although this study suffers from several
methodological shortcomings, these findings are at least suggestive
E40

that chronic alcoho! consumption, by virtue of its effect on fluid and

electrolyte balance, can increase subsequent alcchol self-administration

T vl .

in dogs. To the extent that these findings can be generalized to the

.acute administration of alcehaf to alcoholics, tAey support the
‘ i/

untested assumption that alcohol-induced changes in fluid and
1

|
|
3

electrolyte balance can result in é subsequent increase in alcohol
2 ) . 4

\consumption.

As indicated previousl%, Silkworth and Texon (1950) found that
alcoholics who complain of craving on admission to hospital have
significantly lower blood chloride levels than alcoholics who do not.

Since the reduced serum chloriwe levels were attributed to the ’

-

subjects' previous excessive alcoho! consumption, these flndlngs support '
7

the hypothesis that craving is related to an alcohol-1nduced imbalance
\1n fluid and electrolyte levels. Although it is recdgnized\that

decreased electrolyte concentration ﬁlroduced b chronic alcohol )
iN - ‘ .
“ingestion is the physiological converse of .electrolyte retention, the

apparent result of atute alcohol! administration in the present

studies, these impllances are comparable to the extent that both are |

o

ordinarily associated with the subjective state of thirst (Wolf,

\\

! _ Co

e
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& Schenker, 1964). This difference, moreove;, has(been attributed

. \ !g : 82

(1958). Thus, Silkworth and Texon's findings not only suggest a
relationship between craving and the effects of alcohol on fluid and
éigctrolyte metabolism, . they also indicate that a physiological state

typically associated with thirst can be perceived by atcoholics as

a craving for alcohol,

|
|

A ¢omprehensive model of LPC must also account for the facts that
the phenomenon occurs only among those who have chronically aSﬁsed
alcohol and that ﬁt is characterized as leading inevitablz to gross
intoxication. AlthOUQH psychological factors undoubtedly play an
important role in these as ip all features of LOC, it appears likely
that alcohol-induced changes in fluid and electrolyte metabolism may
also be relevant. Acute alcohol administration has been gshown to
resu!%\in—a signjfica%tly greater diurTsis among alcoholics than
among\nonalcoholics of comparable age (Ogata, 1963; Kissin,’gchenker

to the groups' different drinking histories. Thus, to the\extént
aQ
that chronic excessive alcohol consumption enhancg% those physiological

effects which are produced by acute alcohol consumption and which
have been shown in the present studies to be p}edictive of subsequent
fluid intake, the drinking bePavior of alcohol}cs will be more greatly
affected by a moderate amount of alcohol than *he drinking behavior
of nonalcoholics.

Whether alcoholics are more inclined than nonalcoholics to

<

mistabﬁ;'alcohol-induced changes in fluid and electrolyte balance ' ——
N . 3

remains to be demonstrated. There is, howevér, sLme data to suggest

that these groups differ significantly in their perception of both

Y o —

* - .
s - . o
|
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internal and external events. Consistent*with the previous discussng !
of the importance for alcoholics of external, aIcohol-rel;ted stimuli
in the perception of craving for alcohol, there are several studies
which indicate that alcoholics are more‘Fi:ld-dependent than non-
alcohol1cs (Chess, Neuringer & Golqste1n, 1971; Jacobson, 1968; Witkin,
Karp & Goodenough '1959) . Moreover, it has been suggested that those
who are h1ghly field- ?ependent may be characterized by an excess1ve
reliance upon external cues for the definition and 1dent1f1cat13n of
internal feelings and sensations (Witkin, 1965). More rscent research,
furthermore, has shown that alcoholics, in contrast to nonalcoholics,
fail to show any improvement in their BAL estiﬁation accuracy as a
function of discrimipation training techniques wﬁich focus upon
internal affective and physiological concoqjtants of moderate degrees
of alcohol intoxication (Lansky, Nathan & Lawson, Note 1). To thg
extent that these findings indicate that alcoholics are relatively
unable to recognize the internal physiological events which are
assocjated with moderate ?ntoxicaticp ?nd that they ars excessively
dependent upon external environmental stimgli for the identificatjon
of internal states, they support|the notion that alcoholics are more ’
likely to perceive a physiological inalancehﬂesultingufrom acute
alcohol inge\fion in terms of prevailing gnyfronmental stimuli.
{Alcohot-~induced changes in fluid‘and electrolyte balanle may aI;o
account for the fact that LOC is typ1c Ily characterized as leading
to gross in{rxvcatwon. Although it h?s»been demonstrated that the
d1uresi] prgduced by initial alcohol cohsumption is not sustained.by

repeate

£

. o ! v
1n§estﬂon (Eggleton, 1942; ogata, Mendelsgn §& Mello, ]968],



, \
wine- and beer-drinking countnnes than it is“among,thosy 1iving ih

! ‘

serum osmolality and serum sodium concentration in alcoholics with ad
lib 3ccess\lo alcohol show a progressive increase with increasing
B;Ls (0gata et th., 1968). It is ;easonable to suppose, further-
more, that these alterations in turn result in an osmotic shift of[
body fluid from the intracellular to the extracellular fluid compart-
ments. If this is %ndeed the case, and if Flynn (1958) and Lolli

and his colleagues (19%&) are correct in concluding that alcoho!

‘ increases thirst and fluid intake by dehydr#ting the intracellular

N i

fiuid compartment, théP continued alcohol self-administration would

increase further the physiFIogicgl imbalance produced by initial alcohol ‘
¢ . . 2
consumption. Thus, to the extent that the alcoholic{s continued

alcohol consumption is a function of the s ame phys1olog1cal procesies

which apparently contralled fluid 1ntake in the present studies, its-
.

rate,would accelerate and presumably result in gross intoxication.
\ .

Although thJ effect of increased serum osmalality and serum

"o

sodium concentration on confknued alcoh&i consumption remains to be >
explored, éhere is sgﬂgﬁsyﬁdﬁnce to suggesl that increased BALs

contribute to LOC. It is widely recognized among clinicia;s, for

examp le, that ;Icoho{ics t}pically resort }o beVeréges‘containing a

lower concentration of alcohol W@eA attempting“to modgrate thedir (

dr1nk1ng (Glatt, 1967)i This st;ategy would not onIy result .in

lower BALs dur1ng a dr1nk1ng ep1s¥d¢% but would also serve to minimize

Q

thirst stimuli presumably associated with increased serum osmolality. = . \

—_— . | @
. ; . . , |
From an epidemiological .viewpoint, it has been noted that the. 2 \ o

prevalence of LOC is lowerw >among the alcoholics of predomlnantly .

U
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countries‘whgre distilled spirits are the most prefeqred alcoholic
bevéf§§és (Jellinek, 1960). This observation, clearfy, is also
suggestive of a positive_relationship between BAL‘;nd continued
alcohol self -administration. ,
It is clear from the preceding discussion that many assumptions

.remain to be tested before the,coﬁtribution\of alcohol's dipsogenic

properties to LOC can be adequately evaluatéd..‘The findings of

Studies 1 and 2, while provocative, confirm only one of two basic

assumptions proposea at the outset--that alcohol has a dipsogenic

effect within a short period after it is consumed. 1In relating this
. finding to the'LOC‘phenomenon, a theoretical model was qeveloped

which attempts to integrége the diverse findings of clinical/social H

psychology and physjology. Although it remains to be deﬁ;nstrated

that alcoholics mislabel as craving the physiological state of

dehydration produced by moderate alcohol consumption,‘the mode |

emphasizes the possibility that both fluid and electrolyte metabolism

and cognitive ﬁabel]ing processes contribute to the craving and

alcoho!l consumption which often follow initial alcohol self-administra-

tion }n alcoholics. Because of the paucity of research relating these

areas of investigation; however, the proposed model is only very

loosely i;tegrated and its primary value, therefore, will be heuristic.

1

However, to the extent that it identifies the potential relevance

N A

gf\physiological states associated with thirst for the behavioral
probllems of alcohol abuse, it points the way to new and promising

avenues for clinical research.




o

R A * Note
Lansky, D., Nathan, P. E., & Lawson, D. M. Blood alcohol level
disérirination by alcoholics: the role of internal and external

cues. Manuscript submitted for publication, 1977.
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) I ' N . . ' Alcoho!l Consumption/Wk.
Marital Age at First v (oz. of 80 proof liquor °
L Subject Age Status Alcohol Consumption or equivalent)
. 1 18 single 15 6 ,
- 2 19 single 11 £ 20
) v ‘ -
T ., 3 21  married 15 ‘ 4
= +
- b4 20 single 16 ] 20
. 5 20 “single - 518 . ) 6
.p.‘3 X 6 23 single } 16 0
. - 7 21 single | . 16 ) - 7 12
- hd Sy . //
o 3 5 ' //_
Sl 8 24 s‘mgle ‘16 5 7 >
' R .
) 9 26 married 17 o 3
s i | 4 ‘
ST 10 25 married 19 1 0 i
: " t
) 1 27. single 20 } 2
© / . ;s \
. .12 22  single .18 L
13 / 21 single . 18 5
' 14 21 single i . . ————
-00"_. - -
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L [ - a g >
> . .
':’: o ,. E
n) ' . - . . ‘..
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s ! Appendix B

ALCOHOL BEHAVIOR RRSEARCH LABORATORY

; ~ CONSENT FORM

I understand that I will be participating in a research project.
1 have answered honestly and to the best of my knowledge all quest?ons
pertaining to my medical and drinking history. Data obtained from
interviews, tests, and physiological measurements may be recorded and
employed for research purposes. I understand that the information
obtained will remain entirely confidential. No names or descriptions
of individuals shall be made, in reporting results of research, in a
manner that would permit a reader to identify anyone concerned.

I understand that I will be requested to drink an alcoholic
beverage during the study-and to give urine and breath samples at
half-hour intervals during two day-long (8am - 5pm) experimental
sessions. I will also be asked to indicate how I feel at various
points during each session by tompFeting a selif-rating questionnaire.

I understand that my participation is entirely voluntary. 1
may terminate my participation at any time during the experiment
although 1 realize, that I must remain in the laboratory until it has-
been determined that I am no longer under the influence of aicohol.

For participating in the-experiment 1 will be paid at the rate
of $§2.00/hour. If I withdraw from the study before its completion,

I will be paﬁd at the same rate for the time I have participated in

the study.

All my questions about the study have been answered to my

a

satisfaction. ,
t

| ’ Signhature ‘

Date “

.
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¥ ier S3X 2

% iy




Appendix C

SELF -EVALUATION QUESTIONNAIRE

SESSION 2

NAME DATE SESSION 1 TIME

feel
ment

1«

2
3
L
5
6.
7
8
9
0

i

11.
12,
13.
14,
15.
16.
17.
18.
19.
B 20.

DIRECTIONS: A number of- statements which
people have used to describe themselves
are given below. Read each statement and
(f?fn circle the appropriate number to the
right of the statement to indicate how y%u

right now, that is, at this moment.

.There are no right or wrong answers. Do
-fiot spend too much time on any one state-

but give the answer which seems to

describe your present feelings best.

1 feel dizzy ====me-ececmcemcaaoo---
1 feel sleepy ==e=me-mceccecacaccance-
I feel shaky «-=---- e m———————

have a headache ------ N .

feel hungry =e==---cmcccmoomaoo—- /

feel Warm =-=eecemeccccecmacrncaan

feel sweaty ----e------ S
I feel chilly ----omommoomooamnoonm-
I feel thirsty «--e--- EEEEEEEETEELLE
I feel restless =-=-==ceecccamccccao-
I feel light-headed --------ocoeon-o-
My muscles feel stiff ---w--- ammm——
1 feel uncoordinated -=--ee-cccaceao
1 feel flushed ----m-ccccccuccccaaaa
] feel NaUSEOUS ~=e=mmewcccccacccca-
My stomach feels upset --==--ccwe-a-
My mouth feels dry ==--e-eccceca-ea-
I feel confused =-eccccmcccccacancas
I feel lethargic -----co-edccmacunaan
My 1imbs feel heavy ---=--secccecoe-

NOT AT ALL

N D DN DN NN RN RN NN RN RN DN NN BN DR

SOMEWHAT

MODERATELY SO

WERY MUCH SO

A

WOW W W W W W W W W W W W W W W W W W W
& & &5 & & F F F & &2 F FF F & & &£ F F & F

\

EXTREMELY

Vi v WV W Wy i oo i i o i i

'
PR
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Appendix D

NAME

Post-Experimental Questionnaire

The following questicons have been prepared to determine whether
you clearly understood the purpose of the study and the instructions
you were given and to get your reaction to the experiment. Please
read each question carefully and apswer by checking one or more of
the alternatives listed.

1} 1 was instructed not to eat

none of the above 5

( ) high calorie foods ( ) 1 hour
( ) starches for ( } b hours
() anything ( ) 8 hours
( ) dairy products ( ) 12 hours
{prior to each session.
{
2) 1 was instructed not to drink
() soda ( ) 1 hour
( ) water for ( ) & hours
( ).beer I{ ) 8 hours
( ) anything () 12 hours
prior to each session.
3) 1 was instructed not to ingest
( ) medications -
( ) alcoholic beverages ( } 12 hours
( ) cold capsules for H( ) 24 hours
( ) pot () 36 hours
( } all of the above ( } 48 hours \
( )

prior to each session.
L) At lunch I was instructed:

to eat as much as possible

to eat whatever I wanted

to eat as little as possible

to eat all of the lunch

to drink as much water as possible —
to drink as much water as [ wanﬁed (‘ )
to drink as little as possible

to drink all the water in the pitcher

P Y e Y e N R L Lo
R P ok L W)

[
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Post -Experimental Questionraire, continued

5) Smoking is not permitted during any part of the experiment because:

) alcohol is highly flammable

) nohsmokers might object

) nilcotine has a drug effect of its own

) it is prohibited in the laboratory by university fire
regulations

( ) smoking while drinking increases the likelihood of a

hangover

P~ A~ p—

6) Drinking water was available during the latter portion of the
study because
() I might want something to drink
( )} I had to drink water to produce a measurable urine sample
( ) the rooftwas so hot I needed ‘it to cool off
. ) drinking water was really what the study was all about
7) During most of the study I was asked to remain alone in a room
because -

( ) it made it easier to organize and conduct the experiment

( ) it provided controlled conditions for all subjects during
the experiment

{ ) social isolation is really what the study was 3]1 about

( ) subjects could be more easily observed in the led r coms
than in the dayroom g

8) From my viewpoint as a subject, the worst part of the study was

giving frequent urine samples

having to drink so much alcohol_

having to stay so lqu alone in a small room
going without eating 'for so long

not being able to smoke
other (please specify)

P R R W e N
-
N oot vt St Wi ot

9) 1 volunteered for the study because

) a friend recommended the study

) I needed the money ' ' \
}) I like to drink

) I'm interested in laboratory research

) other (please specify )

i

SN N N
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Post-Experimental Questionnaire, continued

10)

11)

12)

Laboratory staff members were generally \

friendly

abrupt | -

indifferent ﬁ
unfriendly

other (please specify)

P i

) \
The information I was given about the study over the telephone
and on first arriving at the lab-

( ) gave me no idea
() gave me a rough jidea
( ) gave me a good idea

of what it would be like to participate in this study,

Additional .comments about the study: on reverse side;

EaY

T Y
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Appendix E
/ Table 1
ANOVA of Post-ingestion Urine Output: Study 1
Source df MS a F
Between Subiects
Order (0) 1 5.186 0.099
Subjects w. groups 1 11 52,209
— - .
Within Subjects
Beverage (B) 1 584,820 50.097*
08 1 19.397 1.662
. AN
B8 x Subj w. groups - 11 11.674
Periods (P) U 323.218 | 41.797°
oP L 10.513 1.359
P x Subj w. groups Ly 7.733
8P \ b 60.016 7.299™
08P ' b 1.7;9 214
BP x Subj w. groups, L4y

8.222

|

*p <.0001

**p<.0003
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/)Appendix E
i \ Table 2
ANOVA of Post-ingestion Urine Specific Gravity: Study 1
Source df MS F
Between Subjects ;
“Order (0) 1 .0000010k .037
Subjects w. groups 10 .00002799
Within Subjects _
Beverage (B) 1 .00012271 16,120
0B 1 .00003128 v ho110
B x.Subj w. groups 10 .00000761
9 Periods (P) b .00010711 53.724*
opP L .00000275 1.382
P x Subj w. groups Lo .00000199
BP L .00000451l 1.644
08P L .00000176 642
; BP x Subj w. grouns Lo .00000274

*<.0001

9 ¥%p<.003

wa
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Table 3

ANOVA of Fluid Intake (5.5 hr.): Study 1

Source . df MS F
Between Subjects o
Order (0) 1 57.939 | - W92
Subjects w. groups 12 117.772 et
Within Subjects : |
Beverage (B) 1 38.289 \2.506***
08B , 1 .151 .010
j B x Subj w. groups 12 15.2;9
Periods (P) ~10 621.793 19.479*
opP 10 18.874 . .591
P x Subj w. groups 120 31.921
., BP 10 46.510 1.869"
08P 10 18.532 745
BP x Subj w. gr&ups : 120 , 24.879
T T
; *b <.0001 a
| **p=,056 | . \
=137 ‘ '
e ‘,
1 | | o
; |
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A;:pendix E
‘ Table 4
ANOVA of Fluid Intake (first 1.5 hr.): Study 1
" Source df MS F
o
B‘a} Between' Subjects
| Order (0) 1 9.339 1l
Subjects w. groups ~ 12 6l4.792
Within Subjects
Beverage (B) 1 356.051 14.835°
08 1 .107 .004
\ B x Subj w. groups 12 28,001
. Periods (P) y 2 1737.082 30.081"
- op , 2. 7.397 .128
P x Subj w. groups 24 57 .746
BP 2 13.109 78
08P . ) 2 1.703 .062
BP x Subj w. groups 2k 27 .42 !

. *p<.0001

**p <.003

L
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Appendix E

Table §

,

ANOVA of Fluid Intake (last 4 hr.): Study 1

Source df MS F

Between Subijects
Order (0) . 49.762 .677

1 Subjects w. groups 12 73.489 B

Within Subjects N
Beverage (B) ' 1~ 18.483 .885
0B . 1 .065 .003

4
B x Subj w. groups 12 20.896
Periods (P) ' 7 48.222 1.842
oP . 7 24 .683 .93
P x Subj w. groups 84 26.173
BP AE 7 14,662 624 ,
0BP ’ 7. 25,985 1.107
BP x Subj w. groups 84 23.478
1
. ‘
. hd
L

=48
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- Appendix E
Table 6 !
Inter -Correlations (rpbi) among Self-Ratings and Cumulative Fluid Intake in Study 1
Hours-of Ad Lib Drinking
Self-Ratings N *.5 1 1.5 2 2.5 3 3.5 L L.s 5 5.5
Alcohol Condition )

Thirst 1st Rating 1% .00k b4 297  .186  .174 .01 .069 .089  .081  .096 .125
2nd Rating 12 -.0k9  .256 .366 .495 .569 .487 .519  .576 .gzé .578 .glz
3rd Rating 14 -.017 .248 419 .581 .508 .83 €€ 532 .57k 561 L9

Dry mouth 1st Rating W 153 200 .4o6  .355  .333  .286 .295 .255 .278 .279  .319
2nd Rating 12 112 -.095 .322 .335 .310 .248 247 222 231 .286 »266
3rd Rating W .219  .300 .610 .618 .513  .L52 469  JLhs Lok 14_9,1_ 443

Placebo Condition - )

Thirst 1st Rating 14 -.402 -,201 -,097 .015 149 188 .254 311 324 .383 .387
2nd Rating 12 -.235 -.237 -.209 -.221 -.186 -,176 -.162 -.117 -.029 -.014 .028
3rd Rating o -.331 191 -0121 -.108  .067  .079 .064 -.005 .04O -.037 -.055

Dry mouth 1st Rating 14 -.517 -.526 -.525 -i467 -.452 -.393 -.394 -.385 -.308 -.139 -.093
2nd Rating 12 .102  .165 .209 .183 .140 .120 .153 .23k .321 341 .397
3rd Rating 4 -.309 -.394 -.394 -.432 -,328 -.316 -.329 -.346 -.311 -.329 -.327

Underlined: p<.05 (one-tailed test) )
- ”



r Appendix E /
Table 7

Inter-Correlations (r) Among Cumulative Fluid Inéake and Physiological Effects

of Prior Beverage Administration in Study 1

-

(/'/\
Hours of Ad Lib Drinking

Physiological Measures N .5 1 1.5 2 2,5 3 3.5 b b.s 5 5.5

”

Alcohol Condition
Blood Alcohol Elimina-

tion Time i -.039 -.095 .095 224 .199 187 .205 B LY .190 .190 i [T
Peak BAL 13 243 469 .285  .155 .170 152 L1210 L1500 .156 .119
Mean Urine Specific -

Gravity 13 -.b10 -.423 -.668 -.706 -.734 -.630 -.642 -.582%= -.61h -.645 -.668
Peak Urine Output k02 335 157  .082 ,063 .200 .176 .167 .49 .119  .fo1
Fluid Balance 14 -.450 -.&é& -.353 -.306 -.304 -.364 -.328 -.322 -.313 -.298 -.284

Placebo Condition - . -
Mean Urine Specific

Gravity - 13 -.519 -.504 -.h55 -.350 -.306 -.254 -.278 -.273 -.311 -.247 -.246
Peak Urine Qutput 14 242 .213 .169 .154 .077 .060 .010 -.030 -.058 .039 .05h
Fluid Balance o -.172 -.094 -.060 -.026 001 .037 .056 .085 .098 .02k  .013

N
P

Underlined: p«.05 (one-tailed test)
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Individual Subject Characteristics:

o

Appendix F

Study 2

Problem

Formal Age at first Alcohol Consumption/Day Brinking
Marital Education Alcohol, (oz. of 80 proof liquor History
~ Status Occupation (yr.) Consumption or equivalent) (yr.)
1 35 separated Cook 9 % 25,6 . 6
2 L2 divorced Bartender 1L 17 25.6 25
-3 33 separated Bus driver 12 21 17.6 12
L 35  married Security guard " 12 18 Lg,0 5
5 30 single Bank teller 12 17 25,6 5
6 38 divorced Machine worker 9 18 30.0 20
7 29 married Drug counsellor 13 15 32.0 2
8 30 - -single Cook 11 21 L8.0 8
9 L single Motel worker 12 16 32.0 15
-10 30 divorced Taxi driver 12 20 32.0 10
- 11 35 divorced Carpenter 10 % 32.0 /’*%}//
12 34 separated Construction worker 10 20 25.6 10
13 29 single Factory worker « 11 24 32.0 5
14 i separated Doorman 12 18 25,6 10
15 48 divorced Mason 12 * 32,0 20
16 Lg separated Bartender 12 20, - 32.0 /é”/ 6

\

°

/’
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, Individual subject Characteristics: Study 2 N
. » ’ ; .
Treatment for - . Alcadd - - .
w . , . Alcholism Test
» ¥ Subject - Withdrawal Symptoms (Hospital admissions) Score
1° Blackouts, tremors, muscle cramps . Hospitalization (1) 39
2 Blackouts, tremors: » Qut-patient clinic te . 32
L 3 " Blackouts, tremors, nausea . Hospitalization (4), out-patient clinic, “A.A. 3L
L Blackouts, tremors, muscle cramps . None 27 )
5 Blackouts " Out-patient clinic, A.A. ¢ o 19 '
6 Blackouts ) : Ho"spitalizatio&(”, out-patient ¢linic, A.A, 34
., 17 Blackouts, tremors None . 23 /
8 Blackouts, tremors Hospitalization (4), out-patient clinic 35
9 Blackouts, tremors Hospitalization (4), out-patient clinic, A.A. Lo P
10 Blackouts, tremors, nausea Hospitalization (1) . Lo »
11 Blackouts, muscle cramps, nausea “° Hospitalization (3), out-patient clinic, A.A. _bsg .
12 Blackouts, tremors, diaphoresis Out-patient clinic, A.A. 27 -
13 ‘Blackouts, tremors Out-patient clinic, A.A. 1)
h ==Blackouts, nausea None , . 35
15 Blackouts, tremors None 33 \
16 Blackouts, tremors, nausea None ; 25 - , '
- T A !
G T
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Appendix G :

g Craving Scale

.
Most people feel from time to time like having an alcoholic beieradg

to drink - be’ it heer, wine, whiskey or any other preferred beverage.
It is also true that people somet}mes feel more in the mood for a
drink than at other times.

Please put a mark anywhere across the line below to indicate how

much yé:\feel like a drink right now.

Not at Extreme
all \ ) .+ craving for

L a drink

/ | : / )
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Appendix H “
Name Check one: Drink 1
Dafe . Drink 2
Drink 3

/ /

ESTIMATES OF ALCOHOL CONTENT

-

-

Please circle a number below to indicate your estimate of the amount

of 80 proof whiskey in the drink you have just finished:
: OUNCES OF 80 PROOF WHISKEY

0 5 1 15 2 - 2573 3 b 5




Appéndix 1

Table 1.

ANOVA of Post-ingestion Urine Output:

Study 2

Source df MS F
. Between Subjects
L Order (0) 1 78.165 1.871
’ d Subjects w. groups 14 41.780 //“\
z o
! . Within Subjects |
Beverage (8) 1 340.556 35.739"
08 1 2.787 .292
‘ ~~ B x Subj w. groups 14 '9.529
[ Periods (P) 4 506.453 30.555"
| oP N 7.980 .81
F P x Subj w. groups 56 16.575 )
Bp | 4 43,934 5.3017"
0BP L h.sshk .553
BP x Subj w. groups 56 8.288
*p .0001
0 < 0015 ‘
f
. \

O




Appendix I
Table 2

ANOVA of Post-ingestion Urine Specific Gravity: Study 2

1

Source df MS F

+ Between Subjects

Order (0) 1 .00000192 T.122
subjects w. groups 15 .00001568
Within Subijects

Beverage (B8) -1 .0000756k 20.375

, 0B | \ 1 .00000178 AN 480
B x Subj w. groups 13. .P0900371
Periods (P) b .00011797 31.549%
opP L .00000050 134
P x Subj w. groups | 52 .00000374L
BP L .00000346 1.651
08P ' L 00000061 | .290
BP x Subj w. groups 52 .00000210

b

*p<.0001

<
-~

**p<.001
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Appendix 1 -
Table 3
ANOVA of Fluid Intake: Study 2
Source df MS F
Between Subijects ]
Order (0) 1 6L45.627 1.909
Subjects ‘we. groups 14 338.272
Within Subjects
Beverage (B) 1 158.176 7.6147F
08 : 1 ;037 .002
B x Subj w. groups 14 20.773 ‘
Periods (P) | 10 329.897 15.407"
oP | 10 17.797 831 .
P x Subj w. groups ' 140 21.413
BP ' 10 37.741 1.476
oBP 10 b41.311 1.615
BP x Subj w. groups 140 25,575
*p <0001
" p<.015 —
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Appendix I

Table L

Intercorrelations Among Self-Ratings:

1

Study 2

Self-Ratings Dry Mouth (g)

Craving (rpbil

Alcohol Condition

-
Thirst: 1st Rating .378 .035
2nd Rating 7337 ,207
3rd Rating 5457 .009
Dry Mouih: 1st Rating - - .038
2nd Rating -- .278
3rd Rating -- \ .383
\
Piacebo Condition
Thirst: 1Ist Rating 775" .032
2nd Rating .832" -.181
3rd Rating ) 4b29 © .090
Dry Mouth: qu Rating ‘L- .195
2nd Rating -- -.099
3rd Rating -- .309
- -
*p<.01
**p<.05 \
|
| .
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Appendix I
Table &5
Inter-Correlations Among Self-Ratings and Cumulative Fluid Intake in Study 2 ;
. Hours of Ad Lib Drinking )
' Self-Ratings "N .5 1 1.5 2 2.5 3 3.5 . L.s5 5 5.5
N Alcohol Condition
@
{hirst 1st Rating 16 .107 --.063 .145 .223  .185 .195 .194 .166 .214  .232 .23]
r,.) a -
. pbi 2nd Rating 16 .073 .166 .043  .102 .139 .050 .116 .116 117  .148  .130
. 3rd Rating 16 .040  .189  .004- .000° ﬂzaﬂ; -.066 -.040 -.034 -.041 .—s03L4 -.069
. \\ ~ — Vet r ;
Dry Mouth 1st Rating 16 .70 .478  .511 ) .553  .542 428  .456  .439 452  .L71  .L38
(r pi) , :
pb 2nd Rating 16 -.014  .084 -.001 .066 .109 .036 .100 .111  ,122 ,155 .138
3rd Rating 16 -.092 -.033 -.084 -,053 -.072 -,059 ~-.069 ~-.081 -.072 -.072 -.103
Craving ~1st Rating 16— .191 .062 .024 -.040 .000 .086 ~ .089 .101 .065 .056- .063
(r) ,
2nd Rating 16  .460° .376 .329 .331 .418  .403  .hoo  .LO1  .381 .386 .379
3rd Rating 16 .207 .127 .048  .ohk0 .118 .189 .178 .190 .159 .162  .158

Underlined: p<.05 (one-tailed test)
e *p=.07 (two-tailed test)
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. Table 5f
IntefLCorH§lations Among Self-Ratings and Cumulative Fluid Intake in Study 2
o Hours of Ad Lib Drinkin
Self-Ratings N .5 1 1.5 2 2,5 3 3.5 L.s 5 5.5
Placebo Condition
{hirst Ist Rating 16  .011  .165 .152 .246  .315 .274  .309 .342 .331 .306 .308
‘ r .) 1 » .
pbi 2nd Rating 16 .365 .303 .248 .241  .303 .240 .235' .248 .237 .231 .2hk
3rd Rating 16 .072_-.029 -.078 -.142 -.145 -.182 -.134 -.129, -.138 -.165 -.172
. 3 ) 0
Dry Mouth 1st Rating - 16  .215  .379  .374 .48 .477  .457  .486  .525  .517  .492  .h92
Ar ) .
-0 opbi 2nd Rating 16  .500 .463 414 .372  .383 .301 .324  .318 .308 .302 .308
3rd Rating 16 .087 .113  .051 .002 -.081 -.100 -.109 = J06  -.119 -.1h1 -,146
Craving Ist Rating 16  .091  .276 ~ .242  .221 150 .118 .191  .173  .175  .ih2 (132
“(r)
2nd Rating 16 -.055 .102  .088 .096  ,034 014  .,100 .106 .110 ,060 .0OLs
3rd Rating 16 -.103. .003° .001 -.019 -.081 -.093 .020 .034 .0LO -.016 -.036

Underlined: p<.05 (one-tailed test)
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Appendix I
Table 6 =
Inter-Correlations (r) Among CumuTative Fluid Intake and Physiological Effects
of Prior Beverage Administration in Study 2 <
. - Hours of Ad Lib Drinking
Physiological Measure N .5 1 1.5 2 2.5 3 3.5 4 L.s 5 5.5

Alcohol Condition
Blood Alcohol Elimina-

tion Time* ¢ 16 -lsh -.223 419 -453 -.b69 -.b36 421 -.383 -.h02 -.397 -.bog
Peak BAL™ 16 -.376 -.h62 -.453 -.408 -.415 -.415 -.374 -3985 -.365 ~.341 -.342
Mean Urine Specific . N

Gravity 16 -.325 -.154 -.249 -.,288 -.361 -.466 -.L66 -.L47 -.L45] -4h5 - 465
Peak trine Output 16  .540 .209  .520 .575 .608 .678 .749  .757 .748  .758 749

Fluid Balance 16 -.516 —.égé -.539 -.609 -.631 -.701 -.769 -.775 -.Zél -.773 -.764
Placebo Condition ’

Mean Urine Specific

Gravity 16 -.308 -.267— -.344 -.356 -.398 -.434 -.476 -.498 -.hok -.b91 -.478
Peak Urine Output 16 421 436 .b8h 480 458 .513 481 470 b5 463 437
Fluid Balance 16 430 -.bh2 513 -.5h1 -.558 -.631 -.621 -.626 -.611 -.620 -.592

Underlined: p<.05 (one-tailed test)
wo-tailed tests of significance applied to correlations with these measures.




Appendix J
Table 1
ANOVA of Fluid Intake after Alcohol:

Study 1 vs Study 2

Source df MS F
: 4 /
Between Subjects ;
» “\
Groups (G) 1 105.624 .819
Subjects w. groups 28 128.961
Within Subjects
Periods (P) 10 508 .46 17.583"
G x P \ 10 89.478 3,094
P x Subj w. groups 280 ’28.917 i :
1 v 'i :
* l
P <.0001 :
Y
5 <.0015 Z
— ‘u, L3
—— *,
v
| . '




4.

Appendix J
\ Table 2 )
ANOVA of Fluid Intake after Placebo:

Study 1 vs Study 2

Source df \ MS F
|
Between Subijects
Groups {G) 1 20.410 .15k
Subjects w. groups 28 132.718 ,
N 5
Within Subjects %
Periods (P) 10 436.528 19.517% ;
G x P ’ 10 21.533 963 5
‘ f
280 22.367 )

P J&Subj W. groups

P
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Appendi& J

Table 3 .

ANOVA of Urine Output after Alcohol:

Study 1 vs Study 2

|

]

Source df Ms F
\
.- Between Subijects '
Groups (G) 1 5.687 ; .f65
Subjects w. groups

27 34.420

Within Subjects

Periods (P) o
G xP

P x Subj w. groups

L . 3 .376 Lo .933* \/

L 4.907 .340

108 14 .LL47 o ! ’ //?

*b<.0001
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Appendix J
Table L

“{, - BANOVA of Urine Output after Placebo:
il

N e Study 1 vs Study 2
J/
)
Source i df — MS F
-
Between Sub-jects
Ea
Groups (G) \ 1 30.746 1.390
Y
Subjects w. groups’ 27 . 22.120
/’
Within Subjects '
/ ) ’ ES
«° Periods (P) 4 183.067 31.211
" GexP | 4 6.980 1.190

P x Subj w. groups 108 ° . 5.865

P Y
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A ‘ = 3 ° v ©
: Table 5
B T : ANOVA of Urine Spe?ific Gravity after Alcohol:
A \ ’ /Study 1°vs Study 2
» X % T
i $
' Source df MS F
: : 3 5
; v # .
" Between Subijects ’
< Groups (G)  * 1 .00000006 | 007,
T Subjlec'f'é"{u. groups 25 ) .00000884 1
\ Within Subjects
v . ,
- . Periods (P) T .00014270 56.517"

- ‘ e v
¢ G x P b .00000191 .756
; ) P x,Subj w. groups ) 100 .00000253
. ‘- & : \
‘q -

el r
cL *p<.0001
~ . . \]

|
'! - -
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Table 6

ANOVA of Urine Specific Grévity after Placebo:

Study 1 vs Study 2 3

Source df . MS F
A
Between Subijects ‘
Groups (G) 1 .00001042 6153 °
Subjects w. groups 25 _-00001693
Within Subjects
Periods (P) b .00008620 32.795°
G x P L .00000412 .392
P x Subj w. gLoups 100 .00026299
]

¥p<.0001

n

e s e



Appendix J’
Table 7
ANOVA of Fluid Balanke:

Study 1 vs Study 2

Source ’ df MS F
Between Subijects
Groups (G) 1 6648.172 .075
Subjects w. groups 28 ~ 89181.157
Within Subjects
, )
Beverage (B) ‘ ) 1 m!2983747.700 74.576*
G x B ! 1 2500.000 062
B x Subj w. groups 28 40009 .61
o
*b <.0001

bt =

B
B N RO S . TR S I W R, JERT  ri N
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Appendix J

Table 8

ANOVA of BAL:

Study 1 vs Study 2

+

P x Subj w. groups

Source df MS F
Between Subijects
- Groups (G) 1 00001214 .7632
Subjects w. groups 28 7 " .00013430
b
Within Subjects
Periods (P) * 10 .00478374 851.413"
h »
G x P 10 .0000%929 y 5.213°
280 .00000562

k]
*b<.0001 *




