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Thelpresent‘experiments were designed to’study the -

-

reported decrease in/’?oluntar?ethanol intakle during
t

£
pregnancy and to determine wh

4

her estrogens were *
reaponsible for the effect. The experiments w%re carried
out in rats given access to food, water and a 10%Z ethanol
solution. In Expefiment 1, pregnant animals deank
significantly less etharfol during the third trimester than
did non-mated animals, ;t did not d{ﬁfer from them during
the first two trimest;ré.‘ The specificity of the‘effect of
pregnancy on ethanol consumpt;on wa; investigated in ' -
Experimeng 2 by giving pbg nant animals free access to food
and water and to either ayzucrose solution isocaloric with
the ethanol selution or fo a non-nutritive sacch;rin S
‘golution. Con;umption of sucrose decreased during tﬂe third
'trimester, whereas consumption of the saccharin soiut@on
remained stable.

Since increasei/ﬁ; the the level of estrogens during’ ‘
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. pfegnancy coincide with the suppression of.gthanoi

- -

coﬁsumptibn, it was decfded to determine firectly the effect -

A

of estroéens on ethanol consumption. In Experiment 3, dagly

injections of estra&iél'bgnzoaté (EB)'weré administered to
ovariectomized rats., EB led to markgd,decfeases iﬁ\ethaﬁbl
consumétion.tﬂat were, however, transient, This pattéfn of
change paralleled préviously rgported effects of EB on f(-)Od
intake. The antiestrogenic somp;qnd,\ethamox&triphetol
(MER-25), which antaéonizes many¢estrogen;dependent effects
bu; which mimiecs the action of EB on food intake, also ied
to decr%ases in ethanol cons;mption (Experﬁment 4), (fn
Experiments 5 and 6 {h&sg behavioral effeEts of\EB and
MER-25fwere shown not to be due to altered ethanol
metabolism or to resulgwfrom malaise developing'out of an
intétaction betwéeq EB and ethanol. 1In the fipal experiment
(Expﬁriment 7), the ef;ect of daily 1njecti;ns‘of EB on the
patt@rn of food and ethanol congumption wag studied in |

ovariectomized rats. EB éuppressed both food and ethanol

' rd
AT e R I R I
.

intake. 'EEAAJal'1£Eie£§éé‘iﬁfiié“?Yéahéﬁgy of meals and of

e thanol-drinking bouts al}owed total food and ethanol intake s

to return to baseline.

The results of the experiments are discussed in terms

-

of the possible effects pfoduced by estradiocl on'taste and

olfactory reactivity, on ethanol metabolism, and on the

-

energy balance of the 'rat.

b
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Introduction '

- Ptk
- “w ' i
Consfderable evidence exists that ethanobl consumption,

’

,across a’ wide .range of  species, declines during, pragnancy.

Interest in this toplec has grown as’'a result of reforts that
A

an adverse’physiological reaction may be responsible for the

observation of decreased ethanol consumption by women during
>

pregnancy {(Hook, 1976; Little, Schultz, & Mandell, 1976).
*This finding, together with the kndu;ledge that ethanol is a

‘potent teratogen (Abel, 1981; Streissguth, 1978), has led to

Ay

~speculation concerning the existence of mechanisms that
'

lead various species to reject duridg pregnancy subs taunges

that are potentially toxic to the fetus (‘H‘ook, 1976 ; Little,

Schultz, & Mandell, 1976). Unfortqnatefy, the human

s tudies suffer from the common weakness thaf the iInformation

concerning ethanol drinking habits was based wupon

a
AY

retrospective delf-reports wvhich are not easily int%rpreted
because of‘ the nature of the iInformation being tapped --
health habits during pregnancy. The Yocial desirability of
‘a'nswering“in a predeterm;ned fashion could introduce a -
source of systematic‘bias into the results.

A study in non-human primates has revealed a similar ~
t endency for e}:hanoi td be ;voided during pregnancy (Elton_ &
Wilson, 1977).‘ This work while tountering some of the

t

s .
criticisms levelled against the human studies, repoorted
* v

results from only four animals. Moreover, the study

.concentrated on ethanol consumption during relatively short

periods prior and subsequent to conceptior and delivery,



while ignoring the intervening six months of gestation. Of
those four monkeys tested, threé showed an attenuation in

"ethamnol intake, post-conception.
Hamsters also decrease ethanol intake during pregnancy
in a situation ig which both a 107 ethanol solution and

water are freely available (Carver, Nash, Emerson, & Moore,

1953; Emerson, Brown, Nash, & Moore, 1952). The suppression

4 ¢

of ethanol intake was}shown to. be mbst marked during the
later stages of pregnancy. A speciegs difference might be
indicated by the report that C57BL/Crgl mice incregsé their
ethanol consumption slightly during pregnancy (Th%gssen,
.Whitworth, & Rodgers, 1966). This apparent inconsistency
nopwithstanding, these findings indicate.that pregnancy,
across a wide radge of species, 1s associated with

alterations in voluntary ethanol consumption.

H
.

Pregnancy 1s accompanied by diverse changes 1in
pituitary, ovarian, and placental function (Heap, Perry, &
Challis: 1973). It is thus plausible that alterations in
hormoge secretion are responsible for the diminished ethanol
consumption observed during gestation. A number of studiés
have grovided evidence indicating a role for 8varian
hormones in the determination of differences in ethanol
consunption. Women taking various oral contracgptive'
preparations have been reported to drink significantly less
ethanol than women not taking thgm (Jones & Jones, 1976,

1977). In addition, female rats treated with estradiol,

with the synthetic estrogen diethylstilbestrol, or with a

i



s .
commercially available contraceptive hormone ‘preparation,

J .
L 4
exhibit decreases in ethanol consdmption in a paradigm Jjn

which the }at has a choplce between water and “an ethanol \
solution (Aschkenasy-Lelu, 1960a,b; K. Eriksson, 1969).

Furthermore, and possibly most convincing, it has been
}

demonstrated that the voluntary ethanol consumption of

.

female rats and pigs varles at '‘different stages of the

’

estrous cyile, with less ethanol being consumgd during the
estrous than during the diestrous phase of the cygle
(Aschkenasy-Lelu, 1960b, Van Cleve, Tumbleson, Dexter,
Tinsley, & Middleton, 1980). Estrus 4s characterized

. hormonally in the female rat as a periég of heightened

»

éstrogen secretion and is associated with various behavidral

changes including decreased feeding (Tarttelin & Gorski,

[}

1971; ,Ter Haar, 1972). Diegtrus, in-contrast; is

. s

characterized by a relatively low level of estrogen ﬂﬁ

\

secretion. )

These studies suggegt that ovarian horm?nes, and in
. particular estrogens, have an inhibitory influence on
ethanol cqnéumption. B;t while there appears to be some

consensus about' the phenomenon itself, little attention has

been given to determining the mechanism mediating these

inhibitory effects.-
i

L e



The ?regent Investigation

- ' [ . . !
A.:ZHies of experiménts'ﬁasﬁdesigned to study reports
of decreased ethanél consumption duriné pregnancy and.ton'
evaluate the role that'estrogens might play in this veffect.
in the first study, changes in consumption of a 10%,ethanol
solution and of ggp waﬁg&aby prégnant'rats were
fnvestig?@ed In the sec;nd study, intake of solutions
other than éthgnoi, was studied. A calorically-rich
solution (14% sucrose) and a'non—nufritively sweetened
vfblution (:75% sodium saccharin) were used for this purpose.

ot

This study was conducted 1in order to determine the degree of

/;;ecificity df the changes observed in. ethanol intake"by the

. pregnant rats in the first experiment. In the third and
fourgh experiments, daily injections ;f estradiol benzoate
(EB) and of the aﬁtiestrogen, ethamoxytriphetol\(MER—ZS),
were administered to ovariec{omized rats given continuous -
acéess to a 10% ethanol solution, water, and lab chow.

! These studies were conducted in view of reports that
estrogen administration suppresses ethanol consumption and
fhe obﬁggvation that estradiol levels increase dramatically
during pregnancy (Shaikh, 1971; Soloff, Alexandrova, &

» Fernstrom, 197§). The fifth experiment was designed<to

¢

determine whether®the hormonal manipulations‘made in the

- previous two eiperiments led to changes in either ethanol or, !

- acetaldehyde elimination =~ changes thét might serve as the
basis for the development of a toxic reaction. Using a

similar rationale but a different methodological approach,

3

LAY

e
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N t@pbsixth‘q;perimept-;i;mined tﬁe'pSasibilit; that the
changes oﬁﬁe;vgd in ethanol consumption subsequent to
estrogen tréatmernt migﬁt be attributable to a‘ma}aide
resulting ﬁrom an interaction betweeg ethanoi gnd es£¥adiol,
In the seventh and fipal eXperiment, the effects ‘of EB on

the=patterns of both food and ethanqlcintake were assessed

in tﬁe same §nimal.

' ' evaluate the degree of symmetry between the effects produced

The purpose of th}s study was to
f . . -

by EB on food iftake and ethanol consumption.

The descEiption of the separate experiments willlbe

L]

N . .
-followed by a discussion of the various action of estrogens

- that might account for the Effegfs observed on ethanol

) con}umptidn;

2

v . , o i

o

o e e e e
-4




Experiment 1 i

v

The first experiment was carried out to determine

\
@hether changes. in ethanol consumption observed during

. ‘

. H
pregnancy in other species (Carver et al., 1953; Elton & G

Wilson, 1977; Eﬁerson et al., 1952; Hogk, 1976; Little, et

.al.,<L976; Little & Strelssguth, 1978; Thiessen et al.,

~
e .

1966) take place'during gestation in the albino rat.

Method

-~ J

_Three separate replications of Eiperiment 1 were

condudted over a one-year period.’' In this and all *

gubsequént studiesh -70 day-bld_Wistaf rats weighing
175-2Z00 g and purchased\from Gamadian Breediné Farms
Laborétories, served as subjects. Animal roomsiwere
illuminated. 10 h per day. Animals were housed iﬁdividually
-and were given continuoug access to food, an eth?nol

s&lution;,and to tap water. The fluids were dispensed from

Richter tubes attached ‘to-the front of the cage and

pgsithpned imm@hiately adjacent .to the source of food. Tube

° s
position was alternated daily #o counteract the effects of a

position preference, Fluid consumption from each tube was
.measured to the nearest ml and the tubLs weré ref}lle& with
e v

fresh solutions daily. The rats were also weiihed daily.

The quantity of ethanol consdumed was then €omputed, in terms
i

1



of grams of absolute ethanol and in terms of the body
weight. Water intake was also calculated in terms of body

welight. For statistical analyses, the“daily Eonsumption of

water and ethanol was summed over two-day periods. This was _ i

.

necessary because the amount of eth#nol, consumed depended an

the position of the ethanol tube. Such a finding has been

5

reported previously by Gillesple and Lucas (1958). Ethanol
con;entration was incre;sed from 6% (v/v, 95% ethanolj (
(‘\\ during the first week to 87 in. the second; at the outset/o}
“\the third week the concenttation was rafsed to 10% and

~

remained at thisilevél for the remainder of the study (Veéle
& Myers, 1969).

At the end ;f the third week, one group of females was
housed for six days with stud males of the 'same strain; two
females with Bne male. A second gfoup of females 'was housed
with gonadectomized males for the same period. A choice of

,A
10% ethanol and tap water was avallable during this period,

bdt theqamount drunk was not measured. At the end of the
mating period the females were rehoused in 1ndividuél cages,
and daily measurements of fluid consumption and bo&y welght
were resumed. Parturition of the pregnant females” marked ~
the end of the study. , The number of offspring born 'in each
litter was_recﬁrded_!t that time.

For data analyses, the date of conception was estimated
by assuming the medan length of gestakion to be 22 days.‘ By
this method it was determined that almost all the animals
conceived on the fifth or sixih day of cohabitation.

. ¥ ..

<

e A B LT

.
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. -

‘Therefore, changes in drinking patterns could be analyzed
o~

only from.the third day of gestation. The data from those

animals that were housed with stud:males but that did ‘not’

4 \d
become pregnant were added to those from the group that were

/
N

not mated.

¢ " ve

Separate statistical analyses of the data from each of

the three replications ofiExperiment 1 revealed very similar
AY

results and thus theigﬁta were combined for presentation.
Figure 1 illustrates a'Eomparison of ethanol consumption by

pregnant and nonpregnant rats over consecutive 2-day peribds
N “ S

during gestation, : ° .

-

A repeated measures analysis of variance revealed a

hiéhly significant interaction between groups by blocks of

days, F(9;621) = 4.18, p<{.00l., The pregnant group consumed

progrgssively less ethanol over days while the nonpréénant

females maintained a stable pattern of consumption. Nelther

the group effect, F(1,69) = 0.84, p>.35 nor the
blocks~of-days effect, F(9,621) = 1.70, p>.05 was
significant in itself. Post hoc-analyses were done to

determine when during pregnancy the ‘groups began to differ.

a

Hira .mn..i‘ﬂ
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Analyses of the 1ndividual blocks of dafs revealed that the
pregnant rats were consuming significant%y less ethanol by

days 19-22 of gestation than the nonpregnant rats (p<.0l,

F-test for simple main effects). The trend towards

diminished ethanol intake, however, appears to have

commenced as early as day 14 of gestation. In contrast), as

ment'ioned, the nonpregnant femidles maintained a stable |

~ /-

intake throughout,. /
v .
Watet intake during the same period is illustrated in
Figure 2. Consumption by the two groups did not differ

significantly during the six days prior to .the mating period

(F(1,69) = 0.61, p>.40)(not illustrated in figure). During

gestation, however, the preg%ant group consumed
significa;tly more water as pregnancy progressed; the
analysis revealed highly significanf Grouﬁ (F(1,69) = 17.81,
p<.001) and Blocks of Days (F(9,621) = 3.97, p§ﬁ001)
effects. In addition, the intake of the pregnant females
varied as a function of the period of gestation‘(F(93621) =
6.14, p<.001). There were no significant changes in

consumption by the nonpregnant females. Post hoc analyses

revealed that the wa%}x consumption of the pregnant females

X was significantly elevated above that 'of the nonpregnant

group beginning on Days 5-6 of gestation (p<.,00l, F-test)
and declined to levels not significantly different by Days
21-22.

{

The weight gain of the pregnant females over the course

of gestation appeared to be normal and the mean litter size

-

- N\

f e

e
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¢

*

was 11.3 pups, well within the normal range for this stfain.

o
t

Discussion

-The results of Experiment ! are in agreement with those
of others who have shown that mice (Thiessen et al., 1966),.

-

':hamste}s (Carver et al{,’;953; Emersod et al., 1952),
monkeys (Elton & Wilson; 1577), and humans (Hook, f976;
Little et al., 1976; Little & St?eissguth, 1978) decrease
their ethangl consumption over the cour;e of gestation.
Since conducting the present study, there has been an
additiona’l report of an experiment that investigated the
effect of pregnancy on eéhanol conshmption‘in mice (Randall,
Lochry, Hughes, & Boggan,‘¥980), In that-study, pregnant

‘'mice were glven a choice betweetd water'and,a IﬁZ %thanol
sqlution, beginnin; ;n the fifth day of pregngﬁcy. Ethanol
consumption declined during pregnaﬁcy relative to a
non-mated contrgl group. The effect was most marked duriﬁg
the second half of pregnancy; a finding similar to the
present results. It i8 noteworthy that estradiol levels
dqripg pregnancy in the rat and mouse are negligible except

during the last trimester of pregnancy when they rise

sharply (Shaikh, 1971; Soloff et al.,1979; MCCJ}mack &

Greenwald, 1974). 1In contrast, the ovary secretes large

amounts of progesterone throughout prégnancy (Pepe &
e '

Rothchild, 1974; McCormack & Greéenwald, 1974). It is thus

"
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-

.plaﬁsible that increasing estradiol levels during the last

[N

- trimester of prégnancy are responsible for the present

o

-

finding of reduced ethanol consumption during this same

pgrtod.

In conclusion, there is considerable evidence, . N
. 14

including the present data, indicafing that. pregnancy,

across a wide range of species, results in a reduced intake
of ethanol., Moreover, there 1s reason to beligve that i:/);
increase in the level o% estr;diol.is responsible for this '
effect. It'is impossi@le, however, to determine from these
reports whether pregnancy has,an effect on consummatory
behaviors that is reétrfzted to the suppression of ethanol
consumption. It was thus cbnside;ed necessary to test for
' ;hé specificity of this apparent avoidance respo;se. In ‘ . -
Experiment 2 the intake by pregnant rats of othér solutions .

was studied. \£~ ' ’

" ’ ' ! ) )
. : \ 2
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/ Experiment 2 .
/ Investigators that have documented the phenomenon of

A
reduced ethanol consumption during pregnancy have, untii

-

now, discussed their findings in terms of an adaptive

behavioral response designed to guard the developing fetus

>agaiﬂst the feto-toxie actions of ethanol (Hook, 1976;

Little et al., 1976; Little & Streissguth, 1978). An

S — [

alternative iﬁtérpretation of these findings, might be that
preghant animal?, reduce their ethanol intake as part of a
general shift ’in diet selection away from fogﬁ—stuffs that
provide rapidl§ metabolizable calorigs, and towar%s

proteins and fats that will better provide for the needs of

i
i

the growiﬁg fetus. Pregnant rats have on several occasions,
been used to test the hypothesis that animals can adapt
their eatling habits to accomodage changing nutritional needs
(Leshner, Siegel, & Collier, 1972; Richtgr & Barelare,
1938). In those studies-the dletary self-~selection patterns
of the p}egnant rat were found to follow the varyi;g
nutritional requirements of the organism. In both these
studies, protein intake was observed to increase during
pregh§ncy while carbohydrate intake either declined
moderately (Richter & Barelare: 1938) or remained constant
(Leshner et al., 1972).

The present experiment was designed to determine
whether the reduction in consumption observed in Experiment

1l was specific to ethanol, or whether pregnant rats would

also reduce their intake of other ‘calorically+rich



i

'\nutrients. A sucrose solution with a caloric density .equal

.to that of the 10% ethanol solution used in Ekperiment 1 was
\ . .
‘chosen to test this hypothesis. In addition, the effect of

’

pregnancy on the intake of a noncalorically sweetened
golution w;; determined. It was considered interesting to.
monitor the intake of a saccharin solution beca!se there
have been reports that preénancy in the rat is associated
with changés in taste reactivity (Wade & Zucker,i}9é9b,
1970b). TIf the intake of the sazcharin solutiqn were to
éﬁange during gestation, there would be reason to suspect
that the reduction'in ethanol consumption observed in
Experiment 1 was,due to changes in responsivity to the

gustatory property of an ethanol solution,

Method

In this study sixtéén female rats weighing 175-200 g at
. “
.the outset served as subjects. The housing of the animals,

the presentatioﬁ of the drinking tubes and the calculation

) n .
of fluid intake were carried out as in Experiment 1.

Eight animals were presented with a choice between a

147 sucrose solution (calculated to be isocaloric to the 10%
- »r
ethanol solution) and water. The other eight animals were

given a choice between a .75% sodium saccharin solution
(Wade & Zucker, 1969b) and water. S -

At the end of four weeks, half of the animals in each
’ \ L}
\

\



condition were housed with stgd males of the same strain,

‘the other half were housed with gonadectomized males. The
. /'

day of conception was determined by the sighting of sperm in

the vaginal smear. As in the previous experiment both water

and one of the sweet solutions were available during this
period, but measurements were not taken, After sperm was

sighted animals were rehoused singly and fluid consumption

! 0

was meaéured daily.

Results

Sep:rate analyses of variance were carried out on the
data from animals in the sucrose and daccharia conditions.
A repeated meas;res analysis revéaled a significant
interaction between Groups (Pregnant ;s ?onpregnant) by
'blocks of Days in the gucrose condiéion (§(9,54) = 3,36,
p<.01) and no significang interaction in the saccharin
condition (F(9,54) &f 0.77, p>.6). It éan be seen from .
Figure 3a that in the case of the sucrose condition the
significant interaction arises from the faéf that
consumption of sucrose decreased dramatically during the
last week of pregnancy, paralleling the Wecrease in ethanol

»

intake seen in Experiment 1.
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"Post héc analysdes of {ndividual blocks of days showed

that pregnant rats drank significantly less sucrose on Days

.19 éo 22 than did nonpregnant rats (p<.05). Figure 4a

shows, on the other hand, tham,sacéhariﬁ intake' remained
relatively stable throughout pregnancy showing no tendency

L 4 . .

"to decrease systematically over the last frimester-although

there was considerable variability. ,

o

Water iﬁtake, recorded for the same period, is shown in
the lower half of each of Figures. 3 and 4. No statistically
significant effects were found for water intake in eithsr

the sucrose or saccharin conditions. It should be noted

1

that the very large dincreases in wacerlconsumption‘found

during pregnanc} in Experiment,l d1d not occur &n the

°
.

shctosespondition. This may pe duie to the fact that the

volume of fluid®intake was extremely high, approximately
L &

three times that observed in the ethanol study. On the

other hand, in the saccharin condition, where the volume of
. .
saccharin consumed was closer to the volume of ethanol drunk

»

in Experiment 1, there was a tendency for water intake to

¢

increase 'during pregnancy. v

&, . - < N -

! ‘ Discussion

~ . 0 e\ ' - /\/“

A

,In Experiment 2, it was seen that,pregnanc rats ‘reduced

their intake of a solution of high caloric value (sucrose) .

-
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in the same way they had reduced their intake of ethanol in

Experiment 1. One explanation of this result might be found

in the changes in carbohydrate metabolism that occur in both
. .

rkts‘and humans. During the last trimester there is

. decreased carbohydrate tolerance despite incteased

!

“concentrations of circulating insulin (Freinkel, 1980;‘

. )
Friesen, 1973). 1In Experiments 1 and 2, consumption of both

ethanol and sucrose decreased during the same period; days

)

19-22. 1t is possible, therefore, that the observed'
decrease in ethanol intake reflects a change 1in carbohydrate
metabolism. Such an*explanatiﬁn would al®o account for the

¢ .
fact thét the intake of the noncaloric substance, saccharin,

~

did not decrease systematically over days. . ’
The findings of Experiment 2 suggest that common
factors control the intake of ethanol and carbohyarates-in
the p}egnant rat. The fact thﬁt the levels\of ;strogens
rise sharply duriﬁg the last trimeste® of :pregnancy may be

relevant (Shaikh, 1971; Soloff et al.,"1979). As '

previously mentioned, the administration of contraceptive
v 4

-hormones (K. Erikéson, 1969), diethylstilbestgdl or

estradiolfibenzoate (Aschkenasy~Lelu, 1560a,b) to rats has
| " N

been shown to inhibit ethanol-consumption by rats.
Furthermore, Wurtman and Baum (1980) have recently

demonstrated that estradiol benzoate selectively reduces

’
o

cdrbohydrate intake in ahimals given a choice of diets
varying in corncentrations of carbohydrates and proteins.

It would aypear that diet selection in pregnancy,

a

&t

(]
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including the chofce of a substance such as ethanol, is

dictated by the changing nutritional réquirements and

o

metabolism of the pregnant animals. If such an hypothesis

i8 correct, then the decrease in ethanol intake seen in
4
Experiment 1 can be viewed as a fortuitous consequence of

"the changes id nutritional needs rather than the ;esult'of a

£
specific feto-protective mechanism. Furthermore, the

finding that pregnancy does not affect saccharin intake
suggests that the reductions observed in both ethanol and
sucrose consumption are not the result og.altered taste
reaétivity.

‘In' the following study, the role that'est:pgenslplay in

the modulation of ethanol consumption was assesged.
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Experiment 3 .

Studies of the effects of ovarian hormones on ethanol
consumption have %ound in general that increased estrogen
levels are associated with decreased ethanol intake
(Aschke&asy-Lelu, 1960a,b; K. Eriksson, 1969; Jones & Jones,
1976). Since the concentration of estradiol in the blood of
pregnant rats rises sharply only during the last trimester
of pregnancy (Shaikh, 1971; Soloff et al., 1979), the
finding in Expe;iment i, that et?anol consumption decrea;ed
only at that time 1{s consistent with the hypothesis that
eetrogené maintain an inhibitoryx influence on ethanol
consumption.' ' . .

On the basis ofnthe~f1n&yng in Experiment 2, that
pregnant rats suppreés their intake of 'a sucrose solution
Just as they had ethanol, it was decided to study the’ A
effects of estradiol benzoate (EB) on ethanol consumption in
an exﬁeriment that was designed to paréllel studies on the
effects of estradiol on food intake (Mook, Kenney, Robeéts,.
Nussbaum, & Rodier,‘l972;Nance & Gorski, 1975; Wade, 1975).

Daily injections of EB to ovariectomized rats lead to
suppression of food intake and to weight loss (Wade & Gray,
19793.: Food intake 1s suppressed for a period of
approximately two weeks, -but with coqtinued da;ly EB
administration total intake gecovers tlo levels coﬁparable to

“oil-treated control animals (Tarttelin & Gorski, 1973; Wade,

1975). It was predicted that if the rat was responsive to

Frt ey
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the caloric property of ethanol then the adminbstration of
EB would be followed by decreases in ethanol cpnéumption

similar to those reported‘for food intake (Wade, 1975).

™

Method"

In this ;nd all following experiments, femple Wistar
rats were ovariectomized soon ‘after arrival in the animal
colony and at leasg one month prior to théip participation
in an experiment. Twenty-seven ovariectomized rats welghing
300-360 g at the outset of the study served as subjects.

The animals had continuous access to both an ethanol
solu;ion and tap water. . Ethanol consumption was computed in
terms of daily absolute amount of ethanol ingesteﬁ (mean g’
ﬁer kg body weight). Water intake wasrkalculated in term#
of body weight. The daily‘qater and ethanol consumption
data were summed over periods of two days and all
statistical analyses were performed on these two-day ;otals.
Body wédights were averaged over two-day perlods to make’
these data dirhct%y comparable to the drinking data.
Furthermore, body weights are ;eported and analyzed in terms
of change in body weight prior to hormone administration.

4

The mean body weight of an animal over six days prior to

N

treatsment was taken as its baseline.

Mmﬁ.«\- S
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Upon 1ni£ial exposure to ethanol the concentration of
the solution was increased by steps of 2% (v/v; 957 ethanol)
ivery two days commencing with a 27 and terminating with a
10% solution.. The concentration of the ethanol‘solucion
remained fixed at 10% for the remainder qf the study. ‘After
an additional three weeks'of exposure to this concentration,l
the animals were divided into three groups matched for
ethanol and water consumption and for body weight.

. ¢

Subcutaneous injections of either EB (5 pug in 0.1 ml peanut
0il) or the o0il vehicle alone (0.l ml) were begun at this
time. This dose of EB was chaosen because it produces a\
plasma level of estradiol that {is r&hghly equal to that seen
during the proestrous peak in intacg and regularly cycling
rats (Henderson, Baker, & Fink, 1977). One group (DAILY EB)
recelived dally injections of EB for ; period of 22 days. A
second group (SINGLE EB) was administered EB for one day
only. Subsequently, this group continued to receive‘
injections of the oil vehicle alone for an additional 21
days. The third group (QIL) received injections of the oil
vehicle for each of the 22 days of the treatment perfiod. All
injections were a&ministered t the time when solutions were
changed and body weights'recorded. At the end of the
treatment period tall injections were Qiscontinued ;nd the
intake of the animals was measured for an additional 12

!

days.

[PoReEae—.



Results

2l

)
Ethanol conshmption in response to EB administrgtion‘is
illustrated in Figure Sa: The repeated measure; analysis of
variance revealed a significadt Days effect, F(16, 384) =
5.34, p<.001 and Group x Days i;teraction, F(32, 384) =
4.71. p<.001. No differences were evident prior to hormone
administration. The éroup receiving the SINGLE EB injection .
consumeé less ethanol during the first four days following
the injection. The trend was not statistically significant,
‘hoﬁever. On the other hand, DAILY EB injectiogs led to a
much_ greater decrease in consémption that was ;;atistiéally :
different from that of the oii-treated control group animals
even during’' the first two days of treatment (Tukey, p<.01).
In spite of the continuatidn of hormone administration,
ethanol consumption Pecovered to levels of control group
animals by Days 13-14 (Block 7) of daify EB administration,
Withdrawal of the hormone did not lead to any -further
changes in consumption.
The effects of SINGLE and DAIL& EB administration on
body weight are illustrated in Figure 6. The mean body
weights for the rats were 32545 g, 331+6 g and 32146 g,

respectively, and were not statistically different from one

another, . '
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Figure 5. Mean (+SEM) ethanol (Panel A) and

vater (Panel B) consumption of ovariec-
tomized rats in Experiment 3 .administered
eitier a single injection ¢of estradiol -

. benzoate (5 ug; SINGLE EB) on Day 1 of the

injection period, daily injections of
estradiol benzoate (5 pg/day; DAILY EB) on
Days 1 through 22 of the injection period,
or peanut ofl (0IL) throughout the injection
period. :
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\.Fignre 6. Effects ;:f either a single (5 ng

eltrqdiol benzoate on Day 1) or daily :
™njections of estradiol benzoate (5 ng/day)
on mean (1SEM) change in body weight 1n

" ovariectonized rats in Experiment 3.
Injections took place during the first 22
days. This wvas followed by an additional 12
days during vhich no injections vere
administered.
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The ahglysis. of variance conducted on the change s-corés ‘
fol‘lowin'g hormone administration revealed significant Group,
F(2, 24) = 39.29, p<.001 and Days, F(16, 384) = 185.67,
p<.001l effects and a Group x Days, F(32, 384) = 10.38,
p<.001 interaction. It.c‘an be seen that DAI;,Y EB 4 .
administration produced the largest decreases in body
welght, The SINGLE EB injection produced a 'mild and
transient decrease in body weight ‘that first became
stétisticall.y‘ significant on Days 3-4, (Tukey',‘ p<.05), The
body. weight of this group . was not different 'from that of the
OIL'gron by Days 17-18 (Block 9) of the stu.dy. In
contrast, the DAILY EB group showed a much more pron%unced
weight loss .during the injection period, first expressing ° . j
itself on Days ‘3-4 (Block 2), (Tukey, p.(.Ol). These animals
" continued to lose welght for an additional six days. From
that pc:int onwards they gained weight at a rate sifpnilar to
the grovu;; receiving injections of the ofl vehicle ;lone, but
their body weight remained approximately 8% below that of
the OIL control group. ”Upon termination of the injections
there appeared to be an acceleraged rate of welight gain,

An ac.iditional find‘ing,of interest was that DATLY EB
injections led to la'rge increases in water intaice (Figure.
S5b). While cons;umption by'all groups was virtually
identié:al during the baseline period, a .repeated measures
hnaiysis of ;raria’nce revealed significant Group, F(2, 24) =

16.84, p<.001 and Days, F(16, 384) = 2,22, p<.005 effects.

It can be seen that the DAILY EB group showed large

[
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increases in water consumption relgtive to the'other two
groups. The difference between consumption by the DAILY EB
group and the OIi control;gig?p became statistically
significant by Days 7-8 (Block 4) of treatment gTukey,
p<.01). In addition there were further increases in
consumption d;ring the second half of the injecﬁioﬁ period.
After discontin?ation of EB injections water consumption by
the DAILY EB grogp.returned to levels comparable'to the 0IL

< -

group (py Block 3 of the “no injection’ period). Messihsa

and Webb (198l) have reported a Similar finding from a study

in which they determined the effects of.- estrogen treatment,
on both water and‘ethanol consumptions Other studies
‘ s

measuring changes 1in water consumption subsequent to

variations in‘estrogen levels have produced mixed results..,

Tarttelin & Gorski (1973) assessed the effects of EB on both

food and water intake in ovariectomized rats.. Compared to
an oll-treated control group the water intake _ of animals
receiving estradiol treatment increased. These enhanced

levels of consumption were not different, however, from
14

those of intact females. .There also exists evidence against

’ &
a direct dipsogenic action B8f estradiol. First, water

.
.

intakﬁ declines on the day of vaginal estrus in a paradigm
in Lhich the rat has free‘accesé to'fodd and'waQer
(Tarttelin & Gorski, 1971)., In addition, increases in
estradiol/ﬁevels at the time of estrus (Danielson &‘Buggy,
1980) or exogenous administration of EB (Fregly, 1980) both

result in an attenuated dipsogenic responsé to angiotensin

P
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in rats. The possibility thus exists that the increaes in

water consumption in this present study are the result of an

-effect peculiar to the present paradigm. It is as yet

v
P

~

unclear which features of the situation or possibly

£

7
characteristics of .tie subjects can account for these

‘discrepant findings.

Il

An alternative 1nterprq€ation'for the increased water

1

PR SR SR 7% it

consumption might be that the rats in the group recelving
DAILY EB injections compensate fqr decreased ethanol
consumption by increasing water intake. This explanation

does not seem likely however. First, increases in water

- E

iintake, in particular during tﬁe second half of the

treatment period, are more dramatic than decreases in |

ethanol., Also, the time course of the two effects 1s very f)
\ 2
different. While it is true that the water intake begins to

rise as ethanol intake decreases, water consumption

H

. Y
.qontinues to increase and pegks at a time when ethanol

consumption has returned to control levels (Figure 5a and

o

5b). ' _ :

. " Discussion . . .
‘ N .

.

The results of Experiment 3 indicate that estradiol \e
E ' B

inhibits consumption of a 10Z% etﬁhnol solution in paradigm

ip which the rat has continuous access tg both ethanol and

water. Ehf ttime~-course of change in ethanol consumption - %




1

resuwlting Srom DAILY EB‘injections is strikingly similar to
that seen when changes in food intake are measﬁred
subsequent to EB administration. Wade (1975) réported.that
daily.administration of 2 ug EB to dvariectmizga rats led to
decreases in food intake. With continuedifdminiét;ation of
EB, ;:od\intake returned to control l;vels by Day 18. In ’
the present study, DAILY EB, while initially suppressing
ethanol consump®™ion, faiygd to maintaj)n this effect; ethanol
consumption returned to the levels of the ofl;tréated

/jﬂimals by Day:14. It 1is on the basis of this similarity

- ¥ ' =
together with the results of Experiment 2, that it is

. suggested that the mechanism leading to inhibitory effects

of estradiol on food intake is the same that leads to
¢ . . P
decreases in ethanol consumption.

4
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suppress ethaRol consumption just as it dees food

_Experiment 4 . . y

]
a ‘

As a further test of the idea that the mechanisms

mediating the effects of EB on ethanol intake are;the same:

4

~as those involved in the effects of EB on food intake, it

was decided to assess the effects of MER-25, an antiestrogen

on ethanol éonsumption,‘ MﬁR-ZS, while interfering ‘with many

¢

of the actions of estradiol, mimics in part the action of

estradiol on food intake and body weight (Roy; Maass, &

Wade, 1977; Roy & Wade, 1976; Wade & Blaustein, 1978). The

mechanism mediating this effect is as yet undetermined (Boy,

Schmit, McEwen, & Wade, 1979). It was reasoned, haﬁever,

that if the rat when exposed to the situation'déécriped in -

Experiment 1 is drinking ethanol, i{n part, for its caloric

content, then MER-25 injections would be expected to

consumption (Roy & Wade, 1976). ) o

14

. ﬂethod

o ’ ‘\ ¢ .
Eighteen oﬁariecgomizéd'réts weighing 295-350:g at the

- ot

outset of the study served as subjects. The_hbusiné of the
animals, the presentation of the drinking tubes, and the

calculation of fluid intake were carried out as in
1 ‘ ¥ .
Experiment 3. The only change from the previous . experiment
I

was that animals received a 6% (v/v; 952 ethanol)'ethanol

P -
o

ot et s e i T8




, solution gn the first exposure.. The concentration of. the .

&

-

solution remain fixed at this level for three days and.was :
y - " finally set at 10% for the remainder qf the study. Just as :
. N ¢

in Experiment 3, the rats had three weeks experience with a

0
- v “

choice between a 10X ethanol solution and water, prior to.

« » ' -

. hormone administration. At the end of this period the

°

o e HMS e S

animals were divided into two equal groups, matched on all
B \dc A

measures. The injection period began the following day aad «

B .
_lasted for 36 days. One group received daily subcutaneous_

injections of 10 mg/animal MﬁR-;} dissolved inJO.l ml peanut -
) » oil. TFhis dose has previo&gly been shown ;t suppress food .&
intake (goy & Wade, }976). A seéond group (OIL) receiQed
gaily injections of the oil vehicie alone for the same
° period. At the end of ;his‘phase of the study, injections :3

‘were discontinued and the fluld rintake of the animqls was

- N

measured for an additional 14 days.

L

A8 , R ,

.Results ' . ° ¢

e

‘ : : ‘- ?' ] SN \ ;
. ‘ . . S \ 1
© 'Ethanol consumption in respohnse éo_MER-ZS s -

~

' ¥
.~ administration decreased rapidly and dramatically (Figure
~ l
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The repeated measures analysis of variance revealed

both Group, F(1,16) = 5.89, p<.05 and Days, F(24, 384) =

4.36, p<.001 éffects in addition to a Group x Days .

%
interaction, F(24, 384) = 2.23, p<.00l1. Ethanol intake in

the MER-25 group was dépressed by Days 3-4 of treatment
(F-test for simple main effects, p<.05). With continued
injpctions, however, consumpfion by thege animals returﬁed
to, levels comparable to those of ghenOIL group {(by Days
17~-18 of the treatment period, F-test for simple main
effects, p>.10). Subsequent sporadic decreases in ethanol
consumption were seen at se‘eral points during the
'contfnuation of treatment. Intake returned and stayed the
same as that of the OIL group once hormone administration
" had ceased.
| Water intake, 1llustrated in Figure 7b, increased in.
the group receiving daily MER-25 injections. The analysis
of variance revealed statistically reliablie Group, F(1l, 16)
= 9,13, p<.0l and Days, F(24, 384) = 3,72, p<.00l effects,
in addition to a s+dignificant Groﬁp x Days interaction, F(24, . ‘ .
384) = 1.74, p{.05. The intake of the MER-=25 group first
became signific;ntly elevated on Dafs'13-14 of the injection

|
period (F-test for simple main effects, p<.0l), but

subsequently decreased on bays 23-26 to levels not
significantly different from that of the OIL control group{

Intake-spontaneously rose once again and remained

signiﬁécantly elevated until 12 days after the termination -
¥
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of treatment with the hormone.

. The effect of MER-25 injections on body weight is
iliustrated in Figure 8. A repeated measures analysis of
these data revealed highly significant Group, F(l, 16) =

106.61, pk.OOl and Days, F(24, 384) = 22.05, p<.00l, in

addition to a significant Group x Days .interaction, F(24,

-
N

3843 = 63,73, p<.001. The MER-25 group -was first observed
&£o lose weiéht by‘Days 7-8 of the treatment period (F-test "

for simple main effects, p(.Ol)K and the animals in this

group continued to lose weight’ for an additional 24 days.

The pe}cent weight loss at this time, as calcuiated by
considering the weiéht of the OIL control group as the

.pre41c£ed weight of thg\gEﬁrZS group had they not received

the antiesfrogen, was approximately 12%. This weight loss

13 somewhat highgr than the 87 decrease in body‘weight -
produced by chronic estra{lol administration (Experiment 3).

It can be seen that with termin#tion of the MER-25

injections these animals gained weight at an qccelgrated,

n

rate.

\
/ | | | ‘ )
" ‘ .

! Discussion

\

~paradoxical effects on food intake ‘of the antiestrogen ,

The results of Experiment 4 demonstrating that the

~

MER-25 are generalizable to ethanol consumption, Tend

1

support to the mnotion that the rat given continuous access

- AY
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to ethanol 1s responsive to%the caloric ;ontent of the-
solupion. Not only did daily injections of MER-25 suppress
ethanol consumption, . but the time course of the éffect
paralleled to a remarkable degree the effect of MER-25 on
food intake reported by Roy and Wade (1976).

Although the significance of the eff;ct remains
unclear, the water intake of the group receiying MER-25
injections increased just as it Had subsequent to EB
administration (Experiment 3)., 1In both cases the intake éas
seen to return to levels observed in oll-treated animals
once the agent haa begn withdrawn,

In summary, the results of the last two experiments
(Experiments 3 and Af:demonstrate that both EB and MER-25
bring abputrdecteases in ethanol consumption. More;ver, the
time course of change seen in response to these hormonal

)m;nipul;tiohs is very similar ti that observed when food
intake 1is considéred (Roy & Wade, 1;76). These similarities
suggest Fhat the mechagism leading to hormonally~induced
inhibition of food intake is the saﬁe that contributes to

decrements in ethanol consumption. .
Alternative interpretations for these fihdipgs'do
exist, however. Decrements in ethanol consumption
subsequent to a pharmacological manipulation could be the
result of either a direct toxic effect exerted by the -
injected substance or as a result of a malaise developing

through an interaction with ethanol. These possibilties

were tested in the next two experiments. In Experiment 5

med e e ek il

RO N T 2 *W R S
.

Py Yot



' \ '
£ .
— , . ‘;a 1
{
‘ - - . . . 39
[l . o '
the effects of EB and “MER-25 on ethanol and acetaldehyde
elimination from the blood were determined. ‘o
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Experiment 5

]

? Only 2%Z-10% of the ethanol aSsorbed by the éut is
eliminated through the kidneys and lungs, the rest Qust be
oxidized prihcipally in the liver, which contains ;he bulk
of the enzymes c;pable of eth;nol 7xidation ( Wallgren & ‘
Barry, 1970). Ethanol }s &etabolized by alcohol
dehydrogenase (ADH) into acetaldehyde. Acetaldemyde is, in
tur;, rapidly oxi@ized to acetate by the mitochondrial
enzyme aldehyde dehfdrogenase (ALDH). ALDH-inhibitors (e.g.
disulfiam) can result in the accumulation of toxic levels of
acetaldeﬁyde subsequent to echanolladministration (Kitson,
1977). Excessive%y high “bloed acetaldehydg levels could
thus result 'in the reduction of voléntary ethanol ' .
consumption, or any other consummatory response 335 that
matter. ‘it was considered important, therefore, to evaluate
the possibility that the suppression of ethanol intake

w ?
following EB administration resulted from altered ethanol

-
- v

metabolism. The need to do this was further reinforced by

the fact that several studles have indicated a role for

ovarlian hormones in the regulatlion of ethanol metabolism.
A}

Jones and Jones (1976) have reported that upon

ingestion of a fixed dose of ethanol, blood ethanol levels

.in women were higher during the premenstrual than during

other phases of the menstrual cycle. 1In other studies

conducted by these same investigators (Jones & Jones, 1977),

hl

"
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it was reported that women using oral contraceptive pills’
constimed less ethanol than women not using them. Together,

3

these findings suggest’a‘reduction in the rate of ethanol
metabolism might be associaFedlwith high estrogen levels;

Several studies, conducted in rats, have specifically
looked at the effects .of estrpgens o;’the activities of both
ADH (Mezey, Potter, & Tsitodras, 1981) and ALDH'(Messiha,'
Lox, & Heine, 1980;-“ Messiha, Lox,’Heine, & Webb, 1985?

. Messiha & Tyner, 1980). Reports of an inhibitory action on

. ALDH activity are of particular interest because such an

acéion coﬁld result in the accumulation of acetaidehyde
during the course of voluntary ethanol consumpcién. Because
the accumulation of:acetalﬁbhyde, has' been linked to ‘
"decreases in the voluntary consumption of ethanél in rats
(c. Eriksson, '1980), it seemed {mportant to study the
effe&ts of the hormone treatment used in our experiments.
The elimination of ethanol and acetaldehyde from the blood

of rats intubated with a moderate dose of ethanol was

studied. In additton, it became possible, by using hbrmonal\

treatment regimens that replicated those of Experiments 3
] N . \
and 4, to evaluate whether any observed changes in

ﬁetabolisﬁ.bould account for the behavioral data.
) .

~ Method : ' .

Thirty-three female rats ovariectomized three months

1 A

/N

- f b
’
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s’

prior to the outget of the study and weighing 260-375 g with

a mean weight of 333129 g served as subjects. The animals

had continuous access to both a 10Z ethanol solution and tap

water dispensed from Richter tubes for 22“days priof to the
int&ba;ion of ethanol. Tubes were refilled with fresh
Qolutions daily. Intake of flulids was not recorded but body
weight was measured on alternate days. The animals were
rg;domly assigned to one of four groups; eight animals in
each of three groups and nine animals in the fourth., All

injections were administered subcutaneously in a volume of

0.1 ml between 1400~1600 h, The DAILY EB group received

"daily in;ections of EB (5 ng/apimal) for a-period of 22

days, a duration identical to the' treatment received by the

DAILY EB group in Experiment 3. A second growmp (MER-25) -

‘received 'daily injections of MER-25 (10 mg/animhl) over the.

same perrdd as the DAILY EB group. The'third group (SINGLE

EB) received the oil vehicle alone for the first 21 days but

[

.were‘administered EB (5 ug/animal) at 2000 h on Day 22 of .

the study.. The fourth group (OIL) received the oil vehicle
gldne 0.1 ml)/and served as a control group. .
On the morning 609004?Y'?f Day 23 of the study all
animals were in;ubhted with a 2.0 g/kg body‘weight dose o}v
ethanol ¢30% v/v; 95% ethanolj. Blood samples (0.2 ml) were
taken ffom.the from the tip of the taii at 0.5, 1, 2, 3, andl
5 h_after intubation. -The samples were analyzed for ethanol

and écetaldehyde according to the procedure described,by

Stowell (1979).

1
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Results o
!

\ ot
. >
DA Fepeated mgasufes zaalysis of variance of the data
presenﬁed in Fighrerda revealed that the concentration of
ethanol in the blood decreased over time, F(4,112) = 142.90,
p(.OOl: NeitHer the Group nor Group x* Time interaction ,
achiévéd’statistical significance. Thus it can be concluded
that'ﬁhder tﬁe conditions of the pregent experiment‘neithet,
administration of EB nor ﬁER-ZS significantly affected the
rate at whiéﬁ ethanol was eliminated fsom the blood.
Acétal&ehyde levels are 1llustrated in Figure 9b. -
These data reveal that one group was distinctively‘dijﬁerént
from-ghé others. Higher biood acetaldehyde levels were
exhibited by the group that héd received chroéic EB.
treatment p&ior to intubation (DAiLY\EB). The overall
analysis of variance revealed significant Group, F(3,29) =
9.01, p<.001,:and Tiﬁe, F(4,116) = 18.14, p(.OOl'effécts.
In addition, the increased peak of the DAILY En\éroup with a
gradual decay to Eontrol levels led to a significant Group x-
Time interaction, F(12,116) = 3.29, p<.00l. The'/ 00 ~
acetaldehy&e levels of the.DAILY EB groupdretur;ed to"

-

control levels by the third hour after intubation (Tukey,

$>.05). : « b . .
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Figure 9. Mean (+5EM) blood ethanol (Panel A) : o .o
and acetaldehyde (Panel B) levels of . !
ovacriectomized rats in Experiment 5 Iinjected
for 22 days with eifther estradiol benzoate
(Sug/day; DAILY EB), MBR-25 (10mg/day), or
peanut oil (OIL). A fourth group received a
single injection of estradiol benzoate ( 5
ug; SINGLE EB), 13 hr prdor to intubation of

) ethanol.

1
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With tﬁe exception of the SINGLE EB group, none of the

S

other treatment conditions led to significant differences,

L]
o e —hr ’u.\..w. e 1 espmins 7 o Sl

from the oil-treated animals either in the presence or’tK{:\

,of elimination of acetaldehyde, as determined by a post-hoc

~

R M.J.-rw‘-n‘:“ b

analysis (F-test for simple main effects) of th dafa. The
blood acetaldehyde level of the SINéLE EB group wasl er
than that of the oil-treated group at 0.5 h Tukey,\p(.OSf.

e
/ ‘ ;

/ \ . R ) f

Discussion ' o

3
P

The present finding that DAILY EB can enha&ce levels of
acetaidehyde subsequent to ethanol administratio; is 4
4interesting but mot altogether surprlsing. There 1is a
recent repor£ that estradiol can interact with eghanol
metabolism Ey inhibiting liv?r‘mitochondrialialdeﬁyde . 1
dehydrogenase (ﬁessiha & Tyher, 1980). This, in p;inciple,
could lead c0'1ncreases in blood aéetaldehf&e subs%quent to
ethanol exposure. In the present expé}iment the ounly group

!
démonstrating increased levels of acetaldeh?d? was %he group :
that had received 22 daily injectlons of EB at the time of 3
ethanol intubation. It should be recalled that ;Hi e EB
produced a transient inhibi}ion of voluntary‘ethano h

consumption (Expe}iment 3),.1ntake had returned to the level

of the control animals within 14 days and remained

AT TR

comparable to the oll-treated group in spite of continued EB
- @

¥

+
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administration; ethanoluconsumption by the DAILY

R . . Y N -
was essentlally identical to that of the control

]

22 days of daily EB treatment. Furthermore, thé

had received daily injections of MER-25 did no;ryévyal an

- ‘r

-, N

EB group ~°

£y

.group after

érodp that

t

accumulation of acetaldehyde relative to the oil-treated

. " c¢ontrol group.

°

however, in suppressing ethanol consumption In Eipetimént

This treatment was extremély effective, = .

. ' ]
. ' 5

4.
4,

In conclusion, while chronic estradiol administration can be

-demonstrated to interfere with the elimination of’ .

12

experiments., t - - .

v, o -
A . R t R
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acetaldehyde, this faect would fot appear to eiplain the -

decreased -ethanol consumption in the previous two = . .
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Experiment 6

-

In this experiment Fhe possibility that the Eh—produced
decreases in ethanol consumption were attributable to a! h
malaise resulting from an 1nteraétion between e{hanpl and 7
estradiol was examined. To that end a conditioned taste
aversion (CTA) study{&as-dpvised in which ovariectomized
animals, injected with either EB or the oil .vehicle, were
exposed to a novel sodiu;_éacchgrin solution and.
subsequently injected with éthanol. Several studies have
reported that administration of ethanol by various routes,,
paired with the or?i intake of a saccharin solution; induce;
in ;ats a CTA to the flavored solution (Berman & Cannon,
1974 Cannon; Bermanﬁ;Baker, & Atkinson, 1975; Cappell &»
LeBlanc,1973;,Lestér, Nachman, & LeMagnen, 1970). The
ra{idnale beh;nd this study was that 1if, in Experiment 3, gB
were interacting with ethanol to produce a toxic reaction;
and thereby resulting in decreased ethanol consumption, then./,~.
EB cgmbined with ethanél as the uncoqditioned stimulus in
the CTA par;digm should lead to an enhanced aversion to the

T F4 "
novel saccharin solution.

¢ ) ‘ “_‘\‘,

v

s S S n )

e

|




Method

! The 31" ovartectomized sti}ects used in this study had

N

~

previously been used in Experiment 5.7 A perdod of 30 days
had elapséd since the time of the last hormone injection of
Experim;nf S and the beginning of the present study. The
animals wereuassigned tg\one of four groupsg in such a way
thatvanimals coming from different groups in Experiment 5
were, equally represénted in each group. Food was available
ad libitum but‘water was‘présented only 10 min/24 h. The
presentatfdn'occurred‘daily'at noon. 'An ethanol solution
waq not present. Water was disp;higg from plaslic tubes
with double ball-bearigg spouts. Flui¥ intake and body
“welght were measured at the end 6; this“lq-min period. This

~phase of the experiment continued until fluid consumption

during the 10-min period had stabilized. ‘

Pre-exposure stage. During ﬁh;s phase of the study all
animals received two pre-exposures to the unconditioned
stimulus (1.5 g/kg eth;nol;‘ZOZ w/v in saline) injected

~‘1n;raperitoneally 7 and 4 days prior to the presentation of
the conditioned stimulus (0.17 sodium saccharin). The
purpose of ttjse”pre—exposures was-to attempt to partially’

¢ recreate the experience with ethanol that the rats in
1 ‘ ;

) 4+
Experiments 3 and 4 had had prior to hormone administration.

EB administration. Two days after the last

pre-exposurefto ethanol, two of the groups (EB + EtOH and EB

v

P

[

P
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"paired with injections. ' ' ' *

49

_+ SAL) began to receive daily subcutaneous .injections of 5

pg EB in 0.1' m1 oil at approximately 1000 h. 1Injections

continued until the end of the study. The remaining two

.

groups (OIL + EtOH and OIL + SAL) received daily injections

L] r

of the vehicle alone (0.1 ml o0il) during the same period.

s

"

Pairing days. Two ans following the beginning of

hormone administration, the animals in all groups were given:

.

a 0.1%2 sodium saccharin solution for 10 min in place of
water., Immediately following the 10-min drinking period two

of the groups (EB + EtOH 'and OIL + EtOH) were given\;g i.p.
injection of 'ethanol (1.5 g/kg ethanol; 20% w/v in sai}nefh'
. : 3 3

. /
"The remaining groups (EB + SAL and OIL + SAL) received

injectioﬁs of saline, alone. Two additional pairing days
identical to thdt described above were given. Each pairing

followed at 2-day intervals. On intervening days wvaler was

presented instead of saccharin. Subsequent to the third

pairing day, animals in all éroups received an-additional
: ¥

three exposures to saccharin, but these trials were not

4
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4 Results

.

. \ .
A repeated measures ad&%ﬁ:is of variance of the data
the

from the six days on which saccharin solution was
available revealed highly significant Group, F(3, 27) =
46.39, p<.001 and Days, F(5, 135) = 14.84, p<.001 effects,
in addition to a Group x Days interactioﬁ,‘F(IS, i35) =-
15.79, p<.001 (Figure 10). There were no statistically
significant differences between the groups either in
consumption of water on the day prior to or on the flrst da&
of)saccharin exposure, . Furtherﬁore, it can be seep that the
levels of saccharin intake in all the groups were comparable
to those seen on the previous day when water was available,
gtffe;ences between the groups appeared first on’¥he‘§econd
day of conditioning (F-test f;r simple main effects, p<.0l).
This in fact would be the earliest poilnt at thch the Qegsae
of aversion to the saccharin solution inducedxthrouéh its
asgociatidn witﬁ ethanol could be assesed. EFhanol

administration ser&ed as an extremely effective

unconditioned stimulus fox the development of a conditioned *
, X )
P2

'avoiqance of the sodium saccharin solution. Moreover; it

can be seen that the presence of EB did not in any way
enhance the degree or rate of extinction of the aversion to

the saccharin solution.
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/ ’ piscussion

7 ' ‘ ! . '
. The ;;;$1ta of Experiment 6 confirm and extend those of

Experimen 5 by Hemonsttating behaviorally that EB does not

enhance the toxicity of ethanol. Togéther, the results-of
Experiments 5 and 6, by eliminating the toxic-reaction
explaqation of the effectd of EB on ethaqplAintake,'lend

support to the hypothesis that eé;tadiol inhibits ethanol

consumm‘%on,by virtue of 1ts anorectic properties.
’ L , ’ o L |
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Experiment 7

The present experiment extends the comparison of the

f effects of EB on food intake and ethanol intake to a study

2
occur in response to EB administration. Blaustein and Wade

»"

01976) have shown tth EB administered to ovariectomized
' 4

rats leads to an immediate and permanent shortening of the

of meal patterns\\ Lasting changes in meal patterns of rats

duration of each meal consumed, accompanied by a gradual

7

increase in the frgquency.of meals initiated. Initially,
this change in frequency only partially compensates for ;he
decfeases in durq}ioni The trend towards increased
frequency of meals continues, however, and the total food

s

intake returns to levels, indistinguishable from those of an
oil-treated control group within three weeks of the onset of
ﬂormoné treatment (Blaustein &;Wade,‘1976). .By
deﬁon;trating .an effect of EB on the duration of food intake
that persists beyond the period of kemporary hyﬁspgagia,
these data reinforce the idea that estradiol can directly}
influence consummatory behayior. In the present experiment
ovariectoﬁized'rats wére given free access to food, a 102

. .
ethanol solution and water. The effects &f dally injection

of EB on the pattern of feeding and drinking were evaluated.

e
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Me thod

Five female Wistar rats, purchased from Canadian

L TR

Breeding Farms L%o\rat.ories‘and weighing 175-200 g at the

s o

beginning of the study were ovariectomized and one month
later individually hodsed with water and a 10 % ;athanol
(v/v; 95% ethanol) solution and standard laborlator'y chow . !
:vailable at_al.l times. ' Prior tvo the present study the

anima'ls had. been maintained ¥n this fa¥hion for

approximately four months during which four animals served ‘:I ,
as oll-treated control subjects in Experiment 4. The fifth ;
animal had been given a singie subcutaneous injection of 5
ng EB three months prior to participationgin the present !
8 tudy. . |

v

‘In this, as in the previous studies, animals were given
.prolonged experience with _ethanol in order to stabilize
consumption prior to EB treatment. This permitted a
comparison, without any confounding influences of the

novelty of the ethanol solution,.of the effects of EB on

ethanol drinking with its effects on food intake. .

’

For purposes of- the present study the animals were’

'transferred to and housed at all times in transparent
p‘}lastic boxes with metal grid floors. Water and the 101
ethanol solution were dispensed from plastic centrifuge
tubes with rubber stoppers affixed with double ball—bearing
metal spouts to reduce leakage. In addition, the spouts ’ !
Were recessed behi‘nd'plasti,c covers in order to further/

minimize the possibility of leakage resulting from -
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« Co

inadvertent shaking of the tube. 1In order to permit
continuous recording over the 24 h period, the tubes were

connected to drinkometer circuits and an Esterline-Angus

0

mul ti-pen recorder. Contacgt with the water or ethanol
: [l

»

spouts caused the pens to deflect but umless the animal
broke contact with the spout the record would be continuous.
In addition, even if the® animal paused within bout, it would ’

be impossible to 're,cord individual licks unless the pauée

' —ZYasted séveral seconds. The position of the tubes was _ .
- < x’) . ‘ ' 2
/ alternated daily. Fluid consumption was measured daily (to -

the nearest ml) between 1400-1700 h; fresh sdlutions were . !
provided at that time. Body weights of the animals were
also recorded daily. Each.cage was also equipped with a
lever which when pressed led to the }'elease of a 45 ng .food §
~pellet (P.J. Noyes Company,’ Lancaster, N.H.) and was
automati\cally noted on the same recox:d as the drinking data. .
The cumuia.tive‘qumber of bar-presses (pellets consumed) for
t’he' previbus 24 hr period was recor;ied on a counter.

/The criteria. used for the calculation of both meal/s and
drinking bouts closely approximates those of Levitsky | .
(1970). 1In order'to be scored as a meal ¢r drinking bout
‘contact with the lever or drinking tube had to have lasted a ’ s
u.11'nimum of 35 sec. Any activity of a shorter duration was
not ~s'cor:ed. This minimum duration was long enough to ensure ' {
that Iinadvertent contact with a drinking spout or the bar ' - |
would not be counted as drinking or eating. Analysis of. the

. data revealed that such svhort duration responding occurred
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very infrequently,' Further, when calcullating the durat/io‘n.
of an individual eating or drinking bouts the pauses in
tehavior within a bout were subtracted from the total
~dgrat‘1on:o‘f the meal or drinking bout. Additional licks or
bar—l‘aresse‘s within 10 min of the last event were scored as
part of the same meal or drinking bout. -

The hormone treatment period lasted 20 days during

’

which each rat recelived daily subcutaneous injections of 5
1

ng EB dissolved in 0.1 ml oil.. The timing of the injections
coincided with all other daily measurements. This treatment

period was preceded and tollowed by eilght daily injections

/
/

of the oil vehicle alone (0.1 ml).

/
! '
’ ‘

. . ' Results
_ . “ {\
Data are presented as daily mean values for blocks of
. \
four days. In each case the effects of treatment were
evaluated by t-test for dependent samples in which a

1

comparison was made between the last four-d'ay block prior to
EB treatme‘nt, the first (Days 1-4) and last (Days 17 -20)
blocks of EB treatment. The effects of EB on body weight
are 1l1lustrated in'Figure 11. Body welight was reduced )
significantly (p<.02) 'within' the first four days of |
treatment. With continued hormone administration bpd‘y'
weight *decreased further, resting finally 29 g or
approximately 8% below baseline (p< cl).
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Figure 11. Mean (2SEM) daily body veight of '
ovariectonized rats prior. to, during, and / ’
following daily EB treatment. Each point , '

! rapresents a block of four days. 1In this /
- and following figures, the ,first and last
K ‘ blocks of treatment were compared ‘to the
J . last baseline (block prior to EB treatment o
C using tvo-tail paired t-tésts (*p< .05; .
" i ‘ ! **p< 001)0 '

.
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Increases in body weight coincided with hormone withdrawal.,
. o K .
The effects of EB injections on food, ethanol and water
conéumption are 1llustrated in Figures 12 through 14,

Changes from baseline consummatory behavior were assessed

LR PEREE Y ]

aior;g a ndmbgr of dimensions. The effects of EB on‘ the

daily t.o§31 consumption of food, ethanol, and water are

illustrated i:{.\the top 'panellof each of these three éigures. ' :

Meal, ar;d drinkin"g bout durations are summarized in the . ’

mi‘ddle panels, and frequency of bouts in the bottom panels, =
, The data for the day and night of the light/dark cycle are '

1llustra£ed separately.

It can be seen that daily hormone treatment led to an

approximately aoi sﬁppression of food'intake'within the

fi'r,st four days oif treatmendt' (p< .001; Figure 12a)., This h )

suppression was transient, however, and absolute intake \

dpproached baseline levels by Days 13-16 of.EB treatment \ ’

(Block 4). Followi}lg the termination of EB injections,
large increases in food intake were observed; by Days 5-8
after removal of EB, food ‘intake was approximatel‘y 160% of
’baseline.

N These changles in overa}l food intake resulting from
DAILY E‘? treatment’ were assoclated with changes 1in m‘ea,l

.’patterns. The duration of individual meals decreased

’

significantly d{xring both the day and night periods within

.

the first four days of EB treatment (p<¢ -.05) 'and -stabilized .

v
- .

at,approximately 50% of %e (Figure 12b).

[N -
.
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Figure 12. ) Hu&: (xSEM) daily food intake (Panel

u(+p( .01, *p( «05; **%p,  ,001).
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Toa Figure 13. Mean (iSEM) daily ethanol intake -

i : . (Panel A), ethanol-drinking bouts duration.
. . (Panel B) and ethanol-drinking bout freq+ -

. i : , i uency (Panel C) of ovariectomized rats prior

. . . to, during, and following daily EB treat- -

' ! . . ment. Each point represents a block of four .

. .days. Ethangr—drinking bout duration and -
. Co . : .frequency during the'day and night are BT
. ) o . graphed separately (*p< .05; *#*p< ,01). . : -
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It can be seen from Figure 12c¢c that the frequency of

meals increased during the night (p<.02), but was not i
significantly affedted during the day. The frequency of.

w
night meals increased by Days ;-8 of EB treatment to

approximately 150% of baseline, and remained stable .. »

thereafter, In summary, the‘anorexia produced by EB results

o vt he "

from a change in meal duration., Its transience is due td an
increase in frequency that occurs gradually and - '
cona}stenély, bringing the totdl food intake to baseline

/ <

levels. -

Changes In the pattern of ethanol consumption in

R

response to EB are i1llustrated in Figure 13. Ethanol

s

consumption declined during EB treatment (Figure 13a). The

Bimmrnat N L

suppression was mosat marked early in treatment, when animals
X '

consumed approximafely 60X of their baseline ethanol intake
N j

, /
(p<.01). Just as was the case with food intake, however,
total ethanbl intake increased gradually over days, despite
continued hormone administration and returned to baseline by

Days 17-20 of EB treatment (p>.05). It can be seen from

Fd

Figure 13b that Ehefe was little effect of EB on the

duration of ethanol-drinking bouts. EB did, however,

.

produce an increase in the frequency of bouts (Figure 13c)

: "~ .

L)
~"-similar to that seen in the frequency of meals
. {/2tFigure 12¢). - | §
~ The effects of EB on water intake are illustrated in . 3

Figure 14. Total water intake increased three-fold over the

_!.J
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§
course of EB treatment (p<.05) with mean mean intake rising

from 2746 ml/kg!/day prior to horméne administration to 86117
ml/kg/day duf‘ng Days 17-20‘of’EB treatment (Figure léa).

L]

?his increased overall intake was accompanied by increased
frequemcy of drinking bouts (Figure lé4c). There w;s no
effect of EB however, on the duration of water-drinking
bouts (Figure l4b). Upon withdrawal of EB treatment, mean
water intake remained élevateq but did not differ
significantly from baseline. This lack of significance is

attr&putable to the fact that one animal showed a large

reduction immediately following hormone withdrawal.

Discussion
Iﬁ the fresent study, EB admi@istration induced the
pattern of changes in food iqtakg reported by others in the
ovarlectomized rat (Blaustein & Wade,‘1976; Mook et al.,
1972; Tarttelin & Gorski, 1973; Wade, 1975). Hypophagilia wag
-transient, lastiﬁg approxjimately two weeks, but was .
nonetheless accompanlied by weight loss which persisted

throughout the injection period. Furthermore, as reported

previously, meal duration decreased and frequencyjof meals

’gradually increased (Blaustein & Wade, 1976). W& can now _

.
»

compare directly the effects of EB on ethanol conSumﬁtion to
, .

, these highly-replicablé findings of EB on/food intake. In
the present study the rats exhibite& §hifts in their pattern
|
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of ethamol consumption in response to treatment with EB that

paralleled both in time-course and maénitude the effects

~

observed in food intake. ' This finding of decreased ethanol

consﬁmp:ion in ovariectomized rats in response to treatment
with EB confirms the finding in. Experiment 3 and extends it
by demonstrating that in the same animal the magnitude and
time course of the effects on both food and_gthanol intake
are virtually Edentical.

. o
At first glance it 1is puzzling that while a decrease in

meal duration was clearly observed, mo systematic change in

-

the duration of ethanol drinking bouts was recorded.
Considering the similarity in effects along the othef two
dimensjfﬁﬁ described (i.e., decreased total intake and‘
increased frequgncy of meals and drinking bouts), the
absence of a decrease in the duration of ethanol drinking
bouts 1s difficult to underptang. A decreise in total
ethanol intake that is assoclated with an increase 1in th;
overall frequency of drinking bouts, must ﬁecessarily be
accompanied by a decrease in the volume consumed during an
individual bout. It“therefor} must be conclﬁded that the %
measure of ethanol bout duration used in the present
experiment was not an adequate index of the volume of
ethanol consumed. Whilé effoéts were made to eliminate
pau;es in r;spondiqg from the calculations of the dufatioh
of about, this éffort was not sufficient to detect changes

hd

in the density or rate of lickiag (see Method). Thus, it

NS
must be inferred from the results illustrated in Figure 13

S

i
;

1
i
!
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that the rate of ethanol drinking mustlhave decreased wfth
EB treatment despite the absence of change in the duration
of the bout., This decrease in the rate of licking would
thus contribute to the decrease observed iin totai ethanol
infake. \

In sharp contrast to those similarit#es described above
in the effects produced by EB on the pattéerns of both“food
and ethanol intake, water consumption underwent very

different types of changes. Total water intake increased

dramatically early during EB treatment, resting finally 3002

“above baseline levels. This dipsogenic effect was achieved

4

by increases in the frequency of drinking.bouts during the
night period. Durations during the light period remained
v'I;n‘ir'mfluenc&d by the presence of EB.aﬁessiha‘and Webb (1981)

have reported similar increases in total water intake in

‘response to EB administration in a situation in which the

rat had free access to both an ethanol solution and water.
That the increases in water intake are not siﬁply a
compensatory response to EB-induced decreases in ethanol
consumpfﬁén becomes apparent wﬁen both the magnitude and the
time course of thé two events are compared. ., First, water
increases are greater than deéreases in ethanol. Also,
water intake continues to rise and peaks at a time when,
ethanol consumption has returned to'céntrol leme%s (Figures
13a and l4a). As already mentioned in Exp;riment 3, these

©

large increases in water intake that occur when animals
’

consuming ethanol are administered EB are puzzling in view

</
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of several reports that increased levels of estradiol

inhibit angiotensin-induced drinking (Danielson & Buggy,

1980; Fregley, 1980). 1In view of the fact that the same

C—_—

effect was obsetved in Experiments 3 and 4 &and once again in
the present study, it would appear that tEis phenomedn is
réliablg.
By demonstrating that daily EB administration t&
ovariectomized rats leads’ to similar changes in both overall

intake and the patterns of eating and ethanol consumpéion,

the results of the present study further support the notion

i .
that that the rat, given free access to ethanol, responds to
-

the caloric property of the solution. ¢
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General Discussion

The consumption of ethanol by animals, in particular

.rodents, has been demonstrated to be undér the influence of

several factors auih as the taste and odor of the ethanol
solution, the'source of caio?ies that ié pfovides, and, the
ability of the sbecies studied to metabolize eth;nol )
kWallgren & Barry, 1970). Furthermore, estiogens have been
reported to alter sensitivity to gustatory and olfaétory
stimuli, to produce‘changes in energy balance, and, as
discussed in Experiment 5, to alter ethanol metabolism
directly. It was concluded in that discussion that changed
ethénol metabolism, brought about by estrogens, did not
provide a satisfactory explanation of the data. 1In the
following section, the known effects of estrogens on taste
and smell and on energy balance will be reviewed.' The
possibility that the present findings could bé accounted fo:
by one or more of the proposed mechanismg of action of -

Ny

estrogens will be explored. . ’ > ¢

’

Ovarian hormone effects on taste and olfactory stimuli

A .
One way in which estrogens might act to suppress ethanol

s

intake would be by intensifyinglthe aversive taste and smell

properties of ethanol solutions. Ethanol consumption has

been demonstrated to be suppressed in experimental animals

-
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by both the tasée and smell of hiéher concentration
solutions. K. Eriksson (1969; cited by Wﬁllgren énd Barry,
1970) reported that in rats, ihc;eases in int;ke‘of a 102
ethanol solution are observed when a very low concentration
of nonnutritive sweetener (0.0034% saccharin) is added to
the solution. Under these clrcumdtances, a heavy-drinking
straln of rats consumed quantities of ethanol that
_apparently exceeded their tabolic capacity.. SimilarIy,
Rogers and McClearn (1964) demonstrated in-mice, that the
addition of a range of quantities of s;crosq to’a 107
e;hanol soluti;n, resulted in concentration-dependent
(sucrose) increases fn the. volume of the ethanol solutidn
consumed. Dicker (1958; cited by Wallgren and Barry, 1970)
reported that theladministration of a drug which interferes
with taste, tgmporanily enhanced consumption of a 20%
eth;nol solution in a‘majority of rats that had previously
rejected i&. These studies all indicate that ethanol
consumption is partially influenced by the aversive
gustatory properties of higher concentration solutigns.
Evidence indicating that the odor of high concentration
ethanol limits intake, comes from a study by Kahn and
Stellar (1960) in which olfactory bulbectomized rats
demonstrated a marked shift in preference for ethanol,
solutions of higher cogcentrations. In contrast, the rat’s
preference for lower concentrations of ethanol was disrupted

by the same manipulation.

Ovarian-hormones have been reported to influence

ity A 92 A o e i ”
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responsivity to both gustatory and olfactory stimuli. Rats
exhibit a se;ually dimorphic response to palgtable
solutions, such that nondeprived female rats consume
signif;céntly greatér quantities of both nutritively- and
.nonnutritively sweetened solutions than do qales/(cabrtc &'
Soljacic, 1975; Valenstein, Kokolews&i, & Cox, 1967),
Ovariect;my has been reported to attenuate the preference of
femaie rats for a 0.75% saccharin solution in a situation in
which‘the rat ‘'is given unlimited access. to the test
solution, and to waEer and laboratory chow (N;nce, 1976;
Zﬁcker, 1969). Pri;r experience with the saccharin

solution, however, blocks tbis inhibitory efﬁect of .
.ovariectomy, indicaéing an 1pportant rale for learning in
the expression of taste preferences (W§de & Zucker, 1969a).

Injectiong of low doses of both eécradioi and
progesterone to ovariectomi;ed rats has been shown to
elevate the s;ccharin préferenée of these animals to ‘the
level of intactlanimalé (Zucker, 1969). “Note, however, that
neither’estradioi nof progesferone administration alone was®
effective in altering the saccharin breference. The
importance of this point will become apparent later in this
discussion.

Ovarign hormones have been fouhd not ;n{y to increase
responsivity towards sweetened'solutibns but also to
heighten the aversiveness of a bitter taste stimulus,

"quinine-adulterated water., Ovariectomized rats have been

reported to drink significantly more of .a very bitter .0075%

1
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solution of quinine sulphate than intact females (Wade & '

-

Zutker,; 1970b)., Treatment of ovariectomized rats with the ’ ‘—

estradiol and‘progestgrone combination, effective 1nl,

enhancing the preference for saccharin, glso enhanced the

aversion to the quinine solution (Wade & Zucker, 1970b). .

Neither estr&diol nor progesterone alone, however, was . :

effective in restoring-responsiveness of ovariectomized rats

to the quinine solution. Thus, oncelagain it appears that~

Ehese two hormones th synergistically in a fashi;n that

cannot be Yeproéuced thrqugh,the administration of either

hormone alone. ' . . v
It should be mentioned tﬁ;fiania;;ét§tioh %figﬂél h » i

procedure used in the ﬁade & Zucker (1970b) study, using a

lower concentrati;n of quinine, failed to demonstrate an

]
effect of ovarlectomy on quinine aversion (Hirsch &

bt s

Bronstein, 1976). It is possible that this discrepancy is
attributable to the fact that lower concentrations of the
quinine soluti;n were chosen in this later study. .This idea
Is suggested because it has previousgly be;n observed that,
the effeét of qQarian hormones on saccharin taste preference
depends upon the specific concentration of.the te;t stimulus
employed (Nance, 1976), Should this factor account for the
discrepancies between these two studies, then the finding

that ovarian hormones enhance the reactivity to 'an aversive
taste stimulus would provide support for the idea that EB s

suppresses ethanol intake by heightening the aversive

.gustatory properties of an ethanol solufion.
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To summarize, Ehe findings presented above are

7 consistent with the conclusion that ovarian hormones can

alter Fhe responsivity of feﬁale rats to tast;s and these
. changes, in turn, nFsult in alterd? intake. Could such

effetts on taste re;po?sivity‘account fpr the suppression of
ethanol intake observed in ovariectomized rats in Experiment
3 subsequent to EB administration? Such a possibility
appears unlikely. First, taste preferences,;nd ayetsiqns in

. . ovariectomized rats have been .demonstrated to change only

v

N
when both estrogen and progesterone were administered;

either of the hormones in iéolation was ineffective (Wade &

Zucker, 1970b; Zucker, 1969)., In Experiment 3, daily

injections of EB alone suppress%d ethanol consumption.

Second, it has been shown that prior experience with the‘

test solutioq interfered with tﬂe effects produced by these

combined hormonal ﬁénipulations (Wade & Zucker, 1969a). In

Experiment 3, EB inhibited ethanol consumption in rats that
: had received four weeks experience with the-ethanol solution
prior to hormone administration. Finally, the effects of EB
.administration on ethanol consumption in Eiperimeﬁt 3 were
transient. In contrast, combined estrogen/progesterone
injections resulted’in susta{gea ‘alterations in taste
preference that persisted beyond the termination of hormone
treatment (Zucker, 1969).

Finally, it is interesting to note that the saccharin

Y consumption of rats in Experiment 2 did not change during

, , pregnancy. Thig finding provides further support for the

s e e we
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idea that reduced bonsumptioh of ethanol can not bénreadily

accounted for. in terms of altered taste reactivity. . .

y

It thus appears that the effects of estradiol on

ethanol consumption are probably not mediated by changes in

- \

gustation. But what of the possibility of estradiol-induced

-changes in olfaction resulting in suppressed ethanol intake?

t

In a series of elegantly conducted experimegts, Pietras and
Moulton (1974; delineated the role that o;arian horgones
play 1in olfactory detection. The performance of intact .
tycling feqales'on an odor deéection task was shown to
flucéuate according to the phase of the estrous cycle. The

>
induction of pseudopregnancy both eliminated these

o

fluctuations and depresséd detection perfotmancé. In r\\\\// )

contrast, ovariectomy elevated but still elimigated the
¢cyclicity in performance. . It was concluded by fhesé
investigators that low levels of ‘estrogens in combination
with high levels of progesterone increase discriminati&n\
thresholds, and that high. levels of estrogens in combination
with low levels of’progésterone decrease thresholds..
Further support for c;e view that increased levels of
circulating estrogen are accompanied by lowered detection

%
thresholds comes from an experiment in which it was found

that deteé¢tion performance improved following elevations in

the level of endogenous estrogens (Pietras & Moulton, 1974).

N
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As already mentioned, the odor of ethanol can either

L)

facilitate or suppress consumption in rats depending upon
the concentration of the ethanol solution (Kahn & Stellar,
1960). A 10% ethanol solution (the concentration that 'had,

been chosen for allashe.behabioral experiments 1in this

thesis) has been shown to be well beyond those

@ "

concentrations that support optimal intake. Anosmia has
béen demonstrated to result in a ift in the

preference-~aversion function of nats towards higher

L4 A4

concentrations (Kahn & Stellar, 1960). ’Sincé it has bgen
proposed that estro%en‘reduces olfactory detection
thtegholds of 'rats (Pietras é Moulton, 1974), it is possible
Fhat suppression of ethanol intake by estradiol is the
result of the enhancement of the averigve olfactroy property
of the ethanol solution. While such a possibility is
certainly feasible, a number of important questions relevant
to verification ;f this hypothesis remain to be answered.
First, it is uncleﬁr whether a reduction in the olfactory
thréshold produc;d by estrog;n nécessari}y implies an
enhancement of the aversive odor of a solution th;t lies
above the detection threshold. Also, to the best of my
knowledge,\there are no data ind}cat#ng that the effects of
repeated estrogen administration on olfactory sensitivity
change over time. If estradiol’s suppression of ethanol
consumption results from changes in olfactory acuity, then
it would be necessary to demonstrate that chronic estrogen

v

administration produces only a temporary enhancement of

-~
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sengitivity. It is dot unlikely, howe&er, that this Wéula

occur: habituation fo_the olfactory stimulus could serve as

A

the basis for such changes to occur over time.

ﬁd . ‘
. .

" Estrogenic effects on energy balance

/ . -
It has repeatedly been suggested that the food~like
quality of ethanol i1s a primary factor iLnvolved in the

e

manintenace of ethanol consumption by experimental animals

(Aschkenasy-Lelu, 1962; Freed, 1972; Freed & iesier, 1970;

:

Lester & Freed; 1973; Marfaing-Jallat, iarue, &’LeMagneh,
1970; Palfali & Reckhow, 1977; Purdy &.Lee, 1962; Rfchte;ﬂ .
1953; Westerfeld & Lawrow, 1953)., Since afgram of ethanol

contains almost twice as ﬁany calories as a gram of sucrose,

ethanol can comprise a substantial portion of the caloric

L 3

intake of an animal when it is consumed in significant ,
’ .

Y

volumes. The idea that animals consume ethanol as a source

[

of calories has received support from studies that have

-

utilized widely differing experimental paraddigms.

o

Richter (1953) demonstrated that rats that were either
P .

forced to drink ethanol or that were given a choice beEWeen
ethanol and water, réduced their food intake directlyiin
pfoportion to the calories obtainedffrpm the ethanol
solution. 'The fact that weight gain under such

’

circumstances was normal 1s consistent with the idea that -

rats maintain their caloric intake regardless of whether the

7~
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v calories came from stoeck fdod or ethanold In a more

t;ce;;ly.céuducted study, golden hamsters were obser ed to :
reduce their iﬂtgke of a stock food source when thet 1n;aké
of ethanol increased. ‘The compensatory response resdited in
- \the caldric total befag unaffected by ethanol conslm’tion.

This relationship endured even when ethdmol-derived alqrﬂfs

. Fhﬁ‘_\

“eoqprised over half pf the caloric intake (McCo§, Haisley,

T e e — A b

Powchik, & Tambope, 1981). Rodents will not only dedrease

‘their food igtake to compensate for the calories ingested in

I3

T the form of ethanol, but they will also increase thet

consumption of ethanol when the supply of standard food is
~ 3 | . '

limited (Aschkenady-Lelu, 1962; Palfai & Reckhow, 1977

NN

Waller, McBride, Lumeng, & Li, 1982; Westerfeld & Lawro

©

1953). ~ T -

B S N T

» Procedures that result in'overeatlﬁg in animals als
bring about increases in ethanol intake. Le{ions in the
area of the Qentromedial nucleus of the hypothalamus (VMH)
result in hyperinsulinemia, hyperphagia and obesity (Poﬁl Yy

v ‘ 1977). ﬁ%ts sustaining such lesions have been reported tg

" . increase their intake of an 82 (w/v) ethanol ,solution '
(Marfaing- Jallat et al., 1970). The effect was so marked |in
the ¢case of some VMH-lesioned animal; that thﬂ»ﬁhypérphagi"

. i
»

was expressed entirely 1ﬁ‘germs of an enhanced intake of the

. [y

. _ethanol solution. This finding lends additiohal support t

v SRR Ak e VT e

} the contention‘that,w?nder numerous circumstances, ralks
Lo ! ~
. " treat an ethanol solution as an alternative source of
foo - s

; 'V .. calories.
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development of an apparent aversion towards ethaqsl;aﬁ
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A differené procedure that can also result in the .
elicitation of hyperphggia and the eventual development of
obesity is treatment with insulin (Larue-Achagiotis &
LeMagnén, 1979; DeCastro, Paullin, & DeLgﬁas, 1973). If an

animals’ response 'to an ethanol solution is dictated by the
¢ t.
same factors that determine food intake in general, then

one might expect that injections of insulin that lead to
increased feeding, would algo ldad to incre;sed ethanol
consumption. Forsander, Kohonen and Suomalainen :(1958)
demonstrated that raté that were treated daily with either
insulin (1 I.U. zinc protamine insulin; administered
subcutaneously) or with another insulin-like aéent?
substantially increased thelr intake ‘of a 15% (v/v) ethanol

solution. In addition, they showed that diabetes produced

L

by treatmenR with the g-cell toxin, alloxarn, resulted in the

. . &
In summary, ethanol consumption in rodents appears to )
* ’

ot

covdary with changes in feeding. This statement is based

@ ‘

upon several convergent findings: caloric intake from a

'

Stock food source declines when e¢thanol 18 consumed;

restrictions on feeding are followed by compensatory

B

increases in ethanol intake; and, manipulations that rqsulﬁ‘ .
- .

in the devéelopment of hypenineulinemia‘and hyperphagia also
result in the enhancement of ethanol cohsumption. ‘It~thus

appears that rodents respond "adaptively™ to the
- N )

calorically-related consequences‘gf ethanol ingestion, and,

3

under certain circumstances, select ethanol specifically for

d
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such post-ingestional effects. This conclusion is most
Yecently reinforced by the results of the present
experiments. In Experiments 3 and 4, EB and MER-25 were

shown to suppress ethanol consumption as they do food

R '

intake. The results of Experiment 7 replicated and extended
these findings by demonstrating in the same animal that the
suppression of eéhandl intake by EB administered to

ovarfectomized rats parallels both,in time course, magnitude

<

-~

¢
and pattern of effects observed in food 1ntake.x
At this point it becomes necessary to consider in

’

detail the possible ways in which estrogens bring about
changes in feeding and to détermine whetﬁer,éhese actions
can account for the pattern of effects produced by EB
administration in the present set of experiments.

Initially, investigators concluded that~estrogens were
exercising a Airect c&ntrol over conéummatory behavior.
Speculatian alo;g such lines was encouraged bf the
observation that implantation of crystalline estr;diol
directly into,the region of the VMH led to decreases in food
inugg;”(Beatty, 0’Briant, & V£lbeég, 1975; Jankowiak &
Stern, f974; Roy, Maass, & Wadem 1977, Wade & Zuckeé,
1970a). Strong suppression of food intake was achieved when
estradiol implants were restricted to the area of the VMH
(Wa&e & Zucker 1970a). “At the ‘time that the @arliest of
these studies was conducted, the VMH was considered by many

to be acting as a "satiety" center, producing its effects by

inhibiting neural activity in the lateral hjpothalamus, the

7
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‘"hunger" center. ‘Activqtion of the VMH, eithérnby
electrical or chemical stimulation, or by changegﬂiﬁ
the constituents of the blood,'was thought to lead }o
changes in the neuronal a;tivity‘in the lateral ,
hypothalamus, that would, in turn, modulate consummatory
behavior (see review by Rabin, 1972). According to such a
view, estradiol implants into the VMH were tﬁought to ’
stimulate directly the satiety center (Wade & Zucker,

1970a). Accompanying changes in body weight were considered

to result from estradiol’s effects on behavisor. A finding

that undermines this hypothesized link between behavior and

body weight changes, however, is that changes in food intake

are nei{her éecessary nor sufficlent to cause the body
‘weight changes {nduced by ovarian hormones (Roy & Wade,_
1977). This and related findings (éox & King, 1980; Geatry,
yade, & Roy, 1976) encouraged investigators to investigate
peripheral m;tabolic facéors associated with the actions of
estradiol.

Wade E Gr;y (1979), in their review of gonadal hormone ,
effects on energy balance, focused on adipose tissue as the
site where bth estrogens and proge;tins act to elisit
changes in fat metabolism. They suggested that these
changes in metahoy;sm are respoﬂsible for estrogen-induced

™anorexia. Intra- and extracellular lipases are the ‘

o .
rate-limiting factors in the clearance of triglycerides from

the blood. These enzymes control the storage of ¢

triglycerides into. adipose tissue ’‘in times of caloric

k -
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surp}us and their breakdown under circumstances of caloric - ;
deficiency., Gonadal hormones can alter the synthesis of ?
i thfff enzymes and could in turn result in shifts in the %
. storage and breakdown of fats. Such an action could :
4
potentially result in alterations in the amounts of ;
nutrients that freely cir?‘laté in plasma and that would be i
‘ évailable for use as metaBolic fuels, Accotdigg to this g
‘ _formulatiow, estrogens reduce the activity of lipoprotein 'j
. ’lipase, thereby reducing the uptake of lipids into adipose _ ;
tissue. Tﬁe resulting elgvation in the level of lipids in
the édirculation could in turn serve as an additional source
of oxidizable substrate (Wade & Gray, 19?9).' It has :
previously .been suggested that such changes in the ‘ ;
® availability of m;Fabolic fuels can serve as signals for the ?
central nervous system to either initiate or terminate '
feeding (Frledman Q’Stricker, 1976). ’
The "metabolic hypothesis™, propos;d by Wade and Gray
(1979) has helped to clarify how gonadal hormones coéuld
produce changes in both body weight and composition. There
is at this time, howoyer, reason to suspect that the
proposed relation between estrogen-induced anorexia and
altérations in fat metabolism is incorgect. Logically, if
changes in fgt metabolism are considered to bo the immediate
cause of the anorexia that follows estrogen treatment, then : @
it would have to be demonstrated that the changes in lipids ;
// “ in ‘the circulotion precede the suppression of feeding. ;

Ramirez (1980) attempted to verify this prediction in a

. e
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series of studies that were designed to examine the relation
between estradiol-induced changes in food intakefand changes
in plasma triglycerides. It was found éhat although
incréasgs in the level of triglycerides followed EB
admtnistration this occurred only after the maximal
suppression of food intake was observed. This parti;ular
change in fat metabolism ;ould not appear to be responsible
for the suppression of food intake. This conclusion is

' -
supported by the observation that nafoxidine, an
/

»
antiestrogen that mimics estrogenic effects on food intake,
suppressed food intake without causing aﬂ elevation in the

vlevel of plasma triglycerides. In addition, combined
administration of EB and nafoxidine led to the suppression
of}food intake even though the elevation in plasqf
{;iglycerides that had previously been observed when EB was
administered alone was completely abolished (Ramiyez, 1980).
The related finding, that EB‘implanfs into the region of the
VMH suppress food intake without af?ﬂgting LPL activity, is
further suggestive of the possibility that estrogené have a
direct action on consummatory behavior (Nunez, Gray, & Wade,
1980).

An alternative mechanism that might account for the
effects of EB on sucrose and ethancl consumption involves
the actions of estr;gens én carbohydrate metabolism. The
possibility that altera%ion; in carbogydrate metabolism may

\

be responsible for the reduction of ethanol and sucrose

intake observed during the last trimester of pregnancy and

e e
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subsequent to treatment with EB will now be described. 1In

Experiments 1 and{? intake of either an ethanol or sucrose

Ay S AR A e e 2 .W

solution declined 4t a point during pregnancy that has
previously been associated with the development of insulin
resistancy and increases 1n the level of circulating insulin
(Freinkel, 1980;‘Fr1esen. 1973)., The observation that

elevations in placental estrogens develop concomitantly with

i
!
i
!
!

these changes 1n carbohydrate metabolism in both humans
(DeHertogh, Thomas, Bietlot, Vanderheyden, & Ferin, 1975) i
and rats (Shaikh, 1971) 1is suggestive of the possibility
that estrogens mediate theie effects. There are reports,
however, that estradiol can produce hyperinsulinemia that is
accompanied by improved glucose tolerance (Bailey & Matty,
1972; Costrini & Kalkhoff, 1971). It thus»appeérs ghat
estrogens may contribute to the development of
hyperinsulinemia during pregnancy without being a major
factor in the etiology of insulin resistance, Could an
estrogen-mediated increase in insulin secretion itself be
responsible for the suppression of ethanol andlsucrose
intake? The fizding that administration of insulin to C57Bl
mice dramatically }educes ethanol consumption in this straigs
is consistent with such an idea (Goas, Pelham, & Lippa,
1979).

The development of the insulin-resistant state in the
ngar—term‘rat could quite independently contribute to the

H

reduction of both sucrose and ethanol intake. Contfnued -

consumption of large volumes of a sucrose solution under

"
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such circumstances would be maladaptive since the uptake of
glucose 1into tissue would be reduced due to insulin
insensitivity. Such ‘an action could result 1in the
developmer}t of hyperglycenia. At the same time, sustained
intake of the ethanol solution could potentiate an
hyperglycemic response by suppressing the conversion of
glucgse to glycogen (Dornherst & Ouyang, 1971). It is
generally acknowledged that rats possess the capacity to
n}Pdify their diet under those circums tances in which
continued intake would 1resu1t in the development of a
metabolic imbalance, Little ifs known, however, of the
mechanism by whic¢h animals make 's?ch adjustments in diet
selection. It has been proposed that conditioned taste
aversions develop towards t’hose foods that are associated
with such imbalances (Rozin, 1976).
But w‘hat of the suppression‘of ethanol consumption by
EB administered to ovariectomized rats? It 1is unlikely that
AN
this effect 15 mediate‘a by insulin resistancy inasmuch as
estradiol increases plasma insulin levels, enhances glucose

tolerance (Bailey & Matty, 1972; Costrini & Kalkhoff, 1971),

and increases glycogen deposition in rats (Ahmed-Sorour &

Bailey, 1981). , As already mentioned, insulin administration

suppresses ethanol consumption in mice (Goas et al., 1979).
Even more interestingly, Vanderweele and his colleagues
(Vanderweele, Pi-Sunyer, Novin, & Bush, 1980) have reported

that slow infusion of modest doses of insulin using the

“Alzet’: osmotic minipump results in suppressed food intake

B R —
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and declining b&dy weight: When 1insulin is administered in
thiskfashion, total food intake is reduc;d through a
reduction in the size of individual meals. "These effects
produced by low dose infusions of 1insulin are of course
sim{lat to those produced by injections of EB., Further
support for the idea that EB-induced increases in insulin
may be responsible for‘the decrements in ethanol cohsumpti;n
observed in Experiments 3 "and 7 c;mes froq the‘suppleﬁentary
finding of these studies thachfhe EB‘LQiectiong led to
significant increases in water intake. Other investigatoés
have reported that administration of insulin also leads to
increased water intake (Forsander etsal., 1958; Goas et ;l.,
1979;.Vanderwee1e et al.,, 1980).

In summa;;, the reduégﬁ ethanol 1ntakg\by pregnant rat§
may be the consequence of either {increased secretion of
insulin or the result of the development of insulin
resistancy in the near-term rat. It is still unclear what
factors are responsible for the development of insulin
resistancy in the pregna;t rat. The increased insulin

levels, on thﬁ other hand, could be due to elevations in

'estradiol levels that are associated with this period of

gestation. In the case of ovariectomized rats, augmentation
of insulin secretion by administration of EB could be the

Immediate cause of suppressed ethanol intake and increased

. ' é?

water consumption. o

A very different account of the effects of EB on food

and ethanol intake comes from recent studies on the effects
- -
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of estrogens on the serotoninergic system of the brain.
Cone, Davis and Goy (198l1) demonstrated that acute
administration of EB to ovariectomized rats ::esult:s in
elevated levgls of basal serotonin (5-HT) in the raphé
nuclei. In a different study designed to assess the effects
of estrogens on 5-HT receptors, it was found that EB |
administration resilted in increased 5-HT receptor levels.
This effect was observed in the hypothalamus, the preoptic
area, and amygdala, all of which normally accunulate .
estrogens (Biegon & McEwen, 1982). )

There are several reports indicating that enhancement
of serotoninergic activitly through the use of 5-HT agonists

f o
results‘,‘ in the development of anorexia (Blundell & Latham,
1978; Blundell, Tombros, Rogers, & Latham, 1980;. Pollock &
Rowland,‘ 1981). Similar pharmacologic-al manipulations also
re‘sult in reduced e.thanol intak: (Geller & Hartman, 1981;
Rockman, Gustafson, & Amit,” 1982; Rockman, An}it, Carr, &
Ogren; 1979). It thus is plausible that the effects of
estrogen on food and ethanol intake could be mediated vi'a
chanées in serotoninergic activity.

Injections of either EB or agents that enhance
Vserotoﬂninergic neurotransmission result in decrem;nts in
,total food intake. D In both cases, the anorexia has been
shown to result from a selective avoidance of‘l carbohydrates.
P)rotein and fat {ntake remain relatively unaffected by such

treatments (Wurtman & Baum, 1980; Wurtman & Wurtman, 1977,

1979). In their discussion of these findings, Wurtman and

i
i
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“

Baum (1980) suggested that EB may produce its effects on .

diet selection wvia its effects on S-HT activity.

The transience of the anorexla produced by EB and by

T An——— s %

5-HT agonists 1s suggestive of the possibility that EB nmay
be acting through 5-HT to produce its effects on
consummatory behaviors. Dally administration of the 5-HT

agonist fenfluramine results 1in only a tedporary suppression

w v wmad e ——— -

of food intake (Levitsky, Strupp, & Lupoli, 1981) an ;.ffect
similarAto that fc;llowing daily administration of EB
(Experiments 3 and 7; Wade, 1975).. Recently, it has been
shown that daily injections of eifther zimelidine or
fluoxetine, both of which act as 5-HT reuptake blockers,
suppress ethanol intake {n rats,but only transiently
(Rdckman et al., 1982). .\
A final similarity between the effects of EB and 5-HT
agonists on feeding has been found in studies\of patterns of
feeding in rats. Both EB (Blaustein & Wade, 1976;
Experiment 7) and drugs that enhance serotoninergic
activity either by promoting synthesis and rele.ase, or by
blocking 5-HT reuptake (Blundell et al., 1980), reduce total
food intake by decreasing the size of meals eaten.
Fﬁrthermore, it should be noted that‘ drugs that produce
anorexia through the enhancement of catecholaminergic
activity. (e.g. gmbhet;amine) have markedly different effects 5
on meal ;;atterns from those produced b:y EB or the 5-HT

agonists (Blundell et al.,~+980).

It 1s hoped that the ideas' presented in this section

[




will help to generate experiments designed to ft{ttlher
elucidate the roles that carbc;hydrate metabolism' and that
brain 5-HT activity play in the “modulation of ethanol
consumption in rodents, It would be an added benefit 1f the

present results and discussiom also serve to stimulate new
4

thinking, about the waya‘in which estrogens alter
consummatory belhaviors.,’l'he idea that estroge;l—mediated‘
‘changes in carbohydrate metabolism milght be responsible for
" some of the effects on feeding has been all but put aside
(Dudley, Gentry, Silverman, & Wade, 1979; Wade & Gray,
1979). Perhaps the reasoning that leads one to conclude
that EB may be suppressing ethanol .consumptiop by altering
carbohydrate metabolism might also serve to revive interest
in the possible relation between estrogenic effects on
carbohydrate metabolism and feeding. In addition, the
possibility that e.strog;ns may be acting through 5-HT to
p;'oduce some of its effects of feeding is particularly
exciting, Little attention to date has been given'to the
idea that estrogens may interact with monoamines to&elicit
change in consummatory behavior. This is, peculiar in view
of the substantial amount of evidence that is supportive of
the hypo‘thesis,chat tl@e systems contribute to the
regulation of feeding. The techniques and strategles

necesgssary for experiments designed té study such a

relationship are readily available.
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