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Abstract

Effects of alterations in stress hormones and their actions were investigated on alcohol preference, by intraperitoneal administration of RU38
(a Type Il glucocorticoid receptor antagonist, also given by the intracerebroventricular route), spironolactone (a Type | glucocorticaid recep
antagonist), metyrapone (a corticosterone synthesis inhibitor), corticosterone, adrenocorticotropin (ACTH1-39), or intracerebroirgatticuia
of corticotropin releasing factor (CRF) or a CRF antagonist (alpha-helical CRF9-41). Intracerebroventricular or intraperitoneal admufistratio
RU38486 did not alter the alcohol consumption of mice with high preference for alcohol, or, on first administration, the intake of those with lo\
alcohol preference. When given by repeated intraperitoneal injection however this drug prevented the increase in alcohol consumption see
“low preference” mice after 3 weeks vehicle injections. Spironolactone did not alter alcohol preference when given by intracerebroventricular
intraperitoneal routes. Repeated, but not single, administration of metyrapone reduced alcohol preference in both high and low preference ani
and prevented the increase from low alcohol preference caused by repeated vehicle injections. ACTH1-39 or corticosterone administered by s
or repeated intraperitoneal injection, or CRF given i.c.v., did not alter alcohol preference, but the CRF antagonist, alpha-helical CRF@-41, cau
a transient increase from low alcohol preference. Blood corticosterone concentrations prior to preference measurements did not correlate witt
alcohol preference of the mice. The results indicate that delayed consequences of corticosterone acting on Type Il glucocorticoid receptors me
involved in the increases in alcohol preference after injection stress. They also suggest that central actions of CRF may influence the low alc
consumption of the low alcohol-preferring mice.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction drawal syndrome involves increased release of corticosterone
[31] and raised corticotropin releasing factor (CRF) concentra-
Much evidence now implicates hypothalamic—pituitary—tions[21,30]
adrenal (HPA) hormones in drug dependence. Corticosterone Early work demonstrated increases in voluntary alcohol
has been found to increase self-administration of psychostindrinking after stress produced by immobilizati@a,32]or foot-
ulants[12]. Metyrapone, that inhibits corticosterone synthesisshock[34], although not all studies have found such an effect
reduced the reinstatement of self-administration in rats whichwith these types of stress (e[@1,23]). Rodents vary consider-
had undergone extinction of self-administration of coc§&3. ably in the amount of alcohol that they consume voluntarily. A
Footshock stress reinstated operant self-administration of alc@onsistent pattern in the effects of stress has been the demon-
hol [17]. Considerable evidence has been presented by Fahllgtration of increased alcohol consumption after stress in low
and co-workers for the involvement of corticosterone in vol-preference animals, with less, or no, effect on the consumption
untary alcohol consumption by rafg—10]. In addition, rats  ofindividuals with high preference for alcohol prior to the stress.
will self-administer corticosterone to achieve plasma concenThis pattern was seen by Volpicelli et al. (1990) and Rockman
trations (1-1.uM) in the stress rang27] and will also self- et al.[32] and in our previous workl8,24,25]
administer adrenocorticotropin (ACTH6]). The alcohol with- Our previous studies on alcohol consumption by the
C57BL/10 (line ScSn) line of mic§l8] showed they have a
wide range of preference for alcohol, when tested in a two bot-
* Corresponding author. Tel.: +44 208 725 5641. tle, free choice model. Although the C57 strain of mouse has
E-mail address: hilary litle@sgul.ac.uk (H.J. Little). been widely used for many years as an alcohol-preferring strain
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[1,20,29] when mice from our breeding line are placed in a freebecause these compounds do not enter the CNS after systemic
choice situation with a bottle of dilute alcohol (8%, v/v) and aadministration.
bottle of tap water, a considerable percentage (10—40% of mice Owing to the limited availability of the mice in this colony
in any tested group) had a low preference for alcohol, consuming was not possible to examine a range of doses of each drug.
the majority (70-100%) of their fluid in the form of watd8]. Single doses were therefore chosen that have been shown to
The preference was consistent for individuals, and a biphasicause behavioural changes in other stuf2es3—15] In addi-
distribution was seen, with the large majority of the individualstion to the effects of drugs on alcohol preference, we mea-
having either high or low alcohol preference and very few fallingsured the circulating blood corticosterone concentrations prior
in the intermediate range. The differences in alcohol preferenc® alcohol preference screening, and after 3 weeks once daily
did not appear to be inherited and were not due to differences isaline injections to determine whether or not there was any
alcohol metabolisnfil8]. Our previous work also showed that correlation between circulating hormone levels and alcohol
once daily intraperitoneal injections of saline for 3 weeks signif-preference.
icantly increased the alcohol preference of mice characterised
as “low preference” (i.e. which showed consumption ratios o2. Methods
dilute alcohol to total fluid of less than 0.35, in a free choice _ _ _ o _ _
two bottle preference test choice of 8% alcohol and tap water Al animals in these investigations were bred "in house”. The animals
. . originated from the Bristol Medical School animal facility, and breeding has
[18’24])' Thisincrease in preference was seen Only after at Iea% ntinued for 15 years with no introduction of new stock. The bimodal dis-
a week of daily injections. Preference for a sucrose solutiofpution of alcohol preference in these mifk8,24,25]has been maintained
was unaffected. The change was prevented by administration dgfroughout this time.
a CCKg receptor antagonist, but unaffected by diazefjasj. All mice were housed_at 2t 1f’C, with 55+ 10% relative humidity, and
The effect of the multiple saline injections was shown to be? 12 h light/dark cycle, with the light phase between 08.00 and 20:00 h, and
N . . free access to tap water and laboratory rodent chow (CRM) at all times. The

caused by the actual Injection procedure, not the admm'Strac'onditions of housing of the breeding pairs were kept consistent among the
tion of fluid, as it was apparent after sham injections, when N@airs. The mean litter size was seven, and the pups were weaned at 19-21
fluid was injected, but not when mice were only handi24. days, at which point they were transferred to new cages in single sex groups
We also found that repeated injections of the vehicle used fopf 10 per cage. In these, mice frqm _different litters were mixed e_md this housing
administration of non-aqueous soluble drugs, 0.5% (v/v) Twee%as kept.c'onsste.nt between this time and the alcohol screening or other tests.

. our initial studies had shown that there was no influence of gender on the
80, increased the alcohol preference of the low preference C cohol preferencgl8], both male and female mice were used in the present
mice, with a delayed effect as was seen in the effects of the dailytudies.
saline injection$18].

In the present study, the involvement of the components of.1. Alcohol preference measurements

the HPA axis in the alcohol preference of these mice was exam-

ined. The studies measured the effects of drugs acting on each Al tests of preference were made on mice housed individually. In the pref-
. P erence measurements, two fluid bottles were made available to the animals, for
of these components in turn, the g|UCOCOI’tICOId receptors, glu_he whole of every 24 h period. For all the studies, one bottle contained tap

cocorticoid SyntheSiS and the_ Effe(j‘ts of ACTHv_ and of CRF aNGyater and the other, alcohol diluted to 8% (v/v). with tap water. The positions
a CRF antagonist. The studies aimed specifically to examings the bottles in the different cages were randomised with respect to which side
the effects of the drugs on the raised alcohol preference in lowf the cages they were placed. In all experiments, the ratio of alcohol to water
preference animals caused by repeated vehicle injections and &¢f'sumed, and the total fluid consumption, were calculated.

. . . . To establish the alcohol preference of each animal prior to the studies on
the innate hlgh alcohol preference in other animals. The eﬁem{%e effects of drugs, a screening procedure was used in which the animals were

of the Type Il glucocorticoid receptor antagonist, RU38486,,oseqd singly, and two bottles, one containing 8% alcohol (v/v) and one con-
the Type | glucocorticoid receptor antagonist, spironolactonetaining tap water, were made continuously available for 3 weeks. Measurements
and the corticosterone synthesis inhibitor, metyrapone, weref fluid intake were made, three times per week (Monday, Wednesday and Fri-
studied in order to determine whether or not glucocorticoidday' at 09.00-10.00 h), and the amount drunk from each bottle used to calculate
receptors were involved in the range of alcohol preferencelt.he preference for 8% alcohol compared with water..The mean ratios for the

: ast week of measurements were used to allocate mice to the preference cate-
Effects of the receptor antagonists, and of metyrapone, on t%ries. Mice with a ratio of 0.75 and above for the consumption of 8% alcohol
action of repeated vehicle injections in increasing the alcohob total fluid intake were classed as “high” drinkers, and those showing a ratio
preference of low preferring mice were investigated, to deterof 0.34 and lower were classed as “low” drinkers. The cages were not cleaned
mine whether the increase in preference could be prevented tﬁiyring the last week of the screening procedure, in case this altered the alcohol

these drugs. The short term effects of the receptor antagonista s-mPton. . . . .
This standard screening procedure was carried out on all animals prior to

When_g|Ven by the intracerebroventricular (i.c.v.) route were alSge tests described below (with the exception of the experiment in which blood
examined. samples were taken prior to the screening, see below). From this mice were then

The effects on the alcohol consumption of low alcohol-clas;ed as “high prefergnce" or “low preference”, the small number_s of “inter-
preferring mice of intraperitoneal administration of corticos- Mediate” preference animals (alcohol preference 0.35-0.74) not being used.
terone and of ACTH1-39 were studied in order to determine > b Iminisirati
whether or not the innate low preference could be increased k> P78 administration
exogenous administration of thege hormones in the ,Short term' In the studies on the glucocorticoid receptor antagonists, RU38486 and
Effectsof CRFanda CRF an_tagqut Were_m_easu_red 'n_bOth hidkyironolactone, the aims were to determine whether or not the drugs decreased
and low alcohol-preferring mice, i.c.v. administration being usedhe alcohol preference of high preference mice, when given over a period of
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1 week, and whether or not the drugs prevented the increase in preferen@e’. Administration of CRF and of a CRF antagonist

caused by vehicle injections previously demonstrated to occur over a period

of 3 weeks. The effects of ACTH and of corticosterone were examined to deter- Effects of h/rCRF (Sigma) and of the CRF antagonist, alpha-helical
mine if the low alcohol preference could be directly increased by acute effect€RF9-41 (Sigma) were examined on the alcohol intake of mice with low and
of these hormones. CRF and its antagonist, alpha-helical CRF, could only beith high alcohol preference. The compounds were injected i.c.v. (in conscious
examined after i.c.v. injection, as these compounds do not penetrate the CNBice, see above), at 17.00 h, both at doses 0§ per mouse, in gL. The

after systemic administration. Because the i.c.v. injection method is suitableompounds were dissolved in isotonic saline and controls received correspond-
only for single administration, the short term effects of these compounds werig saline injectionsN values were 6 per treatment group. Fluid intake was
studied. measured 12, 24 and 36 h after the injections.

2.3. Administration of glucocorticoid receptor antagonists 2.8. Measurements of corticosterone concentrations

The effects of the glucocorticoid Type Il receptor antagonist, RU38486, and Samples of tail vein blood were taken prior to screening for alcohol pref-
of the Type | receptor antagonist, spironolactone, were investigated on alcoh&r€nce, in order to determine whether or not the plasma corticosterone con-
preference by once daily intraperitoneal injection in mice with low and high centrations differed in high and low preference mice prior to their exposure to
alcohol preference, between 17.00 and 18.00 h, just prior to the nocturnal actticohol. Samples were taken from 48 mice, 25-30g. Of these, 24 were sam-
vation phase. RU38486 was suspended in its vehicle (Tween 80, 0.5% (v/v) jRled at 08.00-08.30 h, and 24 at 20.00-20.30 h, to provide information on both
distilled water). Once daily injections of either RU38486, 100 mg/kg, or its vehi-Morning and evening corticosterone levels. The method of Durschlag[é} al.
cle, or spironolactone, 50 mg/kg, were given for 3 weeks. The fluid consumptioivas used for obtaining the blood samples from the base of the tail vein.
was measured three times per week (Monday, Wednesday, Friday), starting on After the blood sampling, the mice were placed in single cages, in a different
Day O (Friday) when the first drug injections were given. The first intake mea-Stock room, and screened for their alcohol preference for the next 3 weeks, as
surements were therefore obtained on Day 3 (Mondaslyjalues were 8 per above. Comparison was made with the results of alcohol preference screening
treatment group. on a different set of 48 mice which were not subjected to the sampling procedure,

In a separate study, a single injection of either RU38486 or spironolacton@UtWhiCh were otherwise treated concurrently in exactly the same way, in order
was given by the i.c.v. route. The injections were made in conscious mice, usin@ check whether or not the sampling procedure affected the subsequent alcohol
acustom made apparatus that enables injection into the third vef@6ii€ach  Preference. These animals were not used for further experiments.
antagonist was given at 15@/mouse in 2.L. The vehicle was 0.05% Tween In a separate set of animals, the effects of repeated intraperitoneal saline
80 in distilled water, and control animals received corresponding i.c.v. injectiondnjections were examined on circulating corticosterone concentrations in mice
of the vehicle. Previous studies showed thati.c.v. injection of this Tween vehicl@ith low alcohol preference. The mice were first screened for alcohol preference,
had no effect on the behaviour of mice in volumes up {a.535]. N values as described above. Two groupés 6 per treatment group were selected that
were 6 per treatment group. The injections were carried out between 17.00 ant@d low alcohol preference, as defined above, their alcohol bottle was removed

18.00h, just prior to the nocturnal activation phase, and the fluid drunk fron@Nd they were supplied with normal tap water only for the remainder of the
each bottle was measured 6 h after the injections. experiment. One group was injected once daily, between 17.00 and 18.00h,

with isotonic saline for 3 weeks; the other group were handled, once daily, in the
o . same way for the injection procedure but no injection was made. Atthe end of the
2.4. Administration of metyrapone 3 weeks, blood samples were then taken from the tail vein, between 20.00 and
21.00 h and blood corticosterone concentrations assayed by radioimmunoassay.
Effects of the corticosterone synthesis inhibitor, metyrapone, were deter-  Bjood corticosterone concentrations were measured by radioimmunoassay.
mined by single and repeated intraperitoneal injection in mice with low andcorticosterone concentrations were determined by radicimmunoassay using a
high preference for alcohol. Metyrapone was suspended in Tween 80 (0.5%gpecific corticosterone polycolonal antiserum raised in rabbits from ICN diag-
vlv), and the suspension sonicated prior to injection. A preliminary study showegiostics. The antibody had a cross-reactivity of <3% to deoxycorticosterone and
that a dose of 50 mg/kg metyrapone had no effect on alcohol preference or alc@-01-0.3% to other steroids. Plasma samples were diluted 0.05 M Tris—HCI, pH
hol intake. These experiments therefore used a dose of 100 mg/kg metyraporg,0.1 M NaCl, 0.1% bovine serum albumen and 0.1% sodium azide. Aliquots of
given twice daily (09.00-10.00 h and 16.00-17.00 h). The drug administratiojijyted sample were heated to 98 in a water bath for 10 min to inactivate the
was continued for seven days for the high alcohol preference mice, with th@orticosterone binding globulin, then#g-corticosterone (10,000 cpm/0.1 ml)
first injections on Day 0 (Friday) and fluid consumption measured once dailyand 0.1 ml of anti-corticosterone (ICN) were added and incubated°@t 4
thereafter. For the low preference animals, metyrapone administration started @Vernight. The following day, ice-cold 0.5% dextran coated charcoal suspended
Day 0 (Friday) and continued for 3 weeks, with the first intake values obtainedn Tris—HCI buffer was added, then the tubes were incubated for a further 20 min,
on Day 3 (Monday). Control animals received corresponding vehicle injectiongentrifuged (2506« g) for 15 min at 4 C, the supernatant decanted and scintil-
throughoutN values were 8 per treatment group. lation fluid added before liquid scintillation counting.

2.5. Administration of ACTHI-39 2.9. Statistical analysis

This experiment examined the actions of the ACTH fragment 1-39 (Sigma)  The results were compared by two-way analysis of variance (drug treatment
on alcohol preference of mice with low preference for alcohol. The peptide wayersus days), followed by Bonferonni post hoc tests for comparisons between
dissolved in sterile saline and given intraperitoneally once daily between 17.00rug and control for each day and between measurements on first day compared
and 18.00h, for 4 days. The fluid intake of all animals was measured on thith subsequent days.

Friday (Day 0) and Monday (Day 3) preceding the start of injections and then
once daily for 4 days (Days 4-7). Control animals received corresponding saling, Results
injections;N values were 9 per treatment group.

Total fluid intake was not significantly altered by any of
2.6. Administration of corticosterone the drug treatments and consequently, throughout the results
. . . _ the alcohol intake (measured in g/kg alcohol) changed in par-
Corticosterone was given by the intraperitoneal route to low alcohol prefer- llel with th lcohol f d th Hi f
ence mice, at 20 mg/kg, once daily between 17.00 and 18.00 h, for 1 week; aflel wi € alconhol preference (measure . as the rawo o
values were 9 per treatment group. Fluid intake was measured on the day priyolume of 8% alcohol consumed to total fluid). The ethanol

to (Day 0) and each day during the administration (Days 1-8). consumption of the low preference mice prior to drug treat-
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ments was 1-3 g/kg/day and that of the high preference animailsg injections of RU38486, 100 mg/kg, no change in preference
14-16 g/kg/day (blood and brain alcohol concentrations aftewas seen over timd={g. 1b). The difference between the pref-

these levels of consumption were giverj25)]. erence after RU38486 or vehicle administration was significant
on Days 15, 17 and 19(< 0.001).
3.1. Effects of glucocorticoid antagonists i.c.v. injection of RU38486 did not alter the alcohol prefer-

ence measured 6 h after the treatment (data not shown).

The Type | glucocorticoid receptor antagonist, spironolac-
tone, did not alter the alcohol preference or intake of mice withs.2. Effects of metyrapone
high or low preference for alcohol (data not shown), whether
given by the intraperitoneal or intracerebroventricular route. Administration of metyrapone, 100 mg/kg twice daily for 7
The effects of intraperitoneal administration of the gluco-days, significantly reduced the alcohol preference of mice with
corticoid Type Il receptor antagonist, RU38486 are illustratechigh alcohol preference~{g. 2a), compared with the prefer-
in Fig. 1 Once daily injections of RU38486 for 3 weeks, or ence after vehicle injectiong[1,112]=52.03,P <0.0001 for
the corresponding vehicle, did not significantly alter the alcohodrug treatment; no significant effect of day). The preference
intake of the high preference mic€ig. 1a, P>0.1). For the  was significantly lower on Days 3—-7 of the experimeh£(0.01,
experiment using low preference mice, there was a significan < 0.05,P <0.01 andP <0.001) in animals receiving the glu-
effectof both day£[7,112] =3.83P < 0.001) and drug treatment cocorticoid synthesis inhibitor, compared with that after vehicle
(F[1,112]=53.9;P < 0.0001). The schedule of daily injections injections on same day.
of the Tween vehicle significantly increased the alcohol prefer- In mice with low alcohol preferenceF{g. 2b), in the
ence of low preference mice by the third week of treatment, ametyrapone experiment the effects of both d&fy(112] =9.52,
illustrated inFig. 1b (P<0.01 for comparison between Day 1 P<0.0001) and drug treatment were significaRf1(112]=
and Days 15, 17 or 19), but in the mice that received correspond26.2, P <0.0001). The vehicle injections caused an increase
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Fig. 1. Effects of repeated intraperitoneal injection of the Type Il glucocorti- Fig. 2. Effects of repeated intraperitoneal injection of metyrapone on alco-
coid receptor antagonist, RU38486, on alcohol preference in “high preferencefiol preference in “high preference” mice (a) and “low preference mice” (b).
mice (a) and “low preference mice” (b). RU38486 was given once daily fromMetyrapone was given twice daily from the beginning of the experiments (i.e.
the beginning of the experiments (i.e. starting on Day 0). Open squares argtarting on Day 0). Open squares and circles = vehicle injections, black squares
circles = vehicle injections, black squares and circles = RU38486, 100 mg/kgand circles = metyrapone, 100 mg/KgP < 0.01; 1'1P<0.001 for comparison
tP<0.01 for comparison with Day 1" P<0.001, comparison with vehicle with first day of corresponding injectionsP < 0.05;™ P<0.01;™ P<0.001,
injections on same day. comparison between vehicle and metyrapone injections on each day.
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in alcohol preference that was significant during the third weelg.5. Effects of CRF and the CRF antagonist
of treatment, on Days 15, 17, and 18<0.01,P<0.001 and
P<0.001, for comparison with first day). The mice that were i.c.v. injection of CRF did not alter the alcohol prefer-
given metyrapone showed alcohol preference that was signifence of either high or low alcohol-preferring mice (data not
cantly lower  <0.01 Days 8 and 1®,< 0.001 other days) than shown).
those receiving vehicle injections in both the second and third The preference of high alcohol-preferring mice given alpha-
weeks of the study. In addition, the alcohol preference of the lovhelical CRF remained unaltered during the measurements
preferring mice given RU38486 was significantly lower than on(Fig. 4a), compared with both control values and with the base-
the first day from Day 8 onward®& 0.01 Day 8, other days line measurements.
P <0.001, for comparison with first day of measuring). In low alcohol-preferring miceKig. 4b), there were sig-
nificant effects of time £[3,56]=9.0, P<0.0001) and drug
treatment £11,56] = 2.9,P < 0.05). The CRF antagonist, alpha-
helical CRF, increased the alcohol preference significantly
ACTH1-39 did not alter the alcohol preference of low at the 12h measurement compared with vehicle injection
alcohol-preferring mice, when given once daily for 4 days(P<0.01). By the subsequent two measurements, the pref-
(Fig. 3a). erence of the low preferring mice given alpha-helical CRF
had decreased and was no longer significantly different from
baseline values. The preference of control animals, however,
increased during this time, and this change was significant
Administration of corticosterone for 1 week did not alter theat the 60h measuremen? €0.01 compared with baseline

3.3. Effects of ACTHI-39

3.4. Effects of corticosterone
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Fig. 4. Effects of intracerebroventricular injection of the CRF antagonist, alpha-
Fig. 3. Effects of repeated intraperitoneal injection of ACTH1-39 (a) or of helical CRF, on the alcohol preference of high alcohol-preferring (a) and low
corticosterone (b) on the alcohol preference of low preference mice. Open cialcohol-preferring (b) mice. Open squares, circles =vehicle injections, black
cles =vehicle injections, black circles=ACTH (a) or corticosterone (b). Greysquares, circles =alpha-helical CRF. Arrows indicate time of administration
bar in (a) indicates duration of once daily injections of ACTH; hatched bar inof the CRF antagonisfi’ P <0.01 for comparison with baseline preference;
(b) indicates duration of once daily injections of corticosterone. ™ P<0.01 for comparison between CRF antagonist and vehicle injections.
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Table 1 mice does not involve Type | or Il glucocorticoid receptors.
Blood corticosterone concentrations (nM) in low and high preference micepg\wever. the action of metyrapone suggests that glucocorti-
measured prior to alcohol consumption coid release is involved in the control of alcohol consumption

Treatment group and Blood corticosterone concentration  in both groups of mice. This is in partial agreement with results
time of sample ("M, meare= S.EM.) obtained by Fahlke and co-workers in rats. These authors found
Low preference, pm 80.% 26.2 administration of metyrapone at 50 mg/kg twice daily decreased
High preference, pm 1004 39.0 alcohol consumption only in high alcohol-preferring rg8k It

Low preference, am 352.¢ 76.7

is possible that our demonstration of this effect in both high and
low alcohol-preferring animals was due to the higher dose of
There were no significant differences between the corticosterone concentratiomgetyrapone used in the present study, but Fahlke and colleagues
in low alcohol preference and high alcohol preference at either time point.  fq,nd adrenalectomy decreased alcohol intake in both high and
medium alcohol-preferring animal9], but not low preferring
Table 2 7]. This suggests that there is a difference between the involve-
Blood corticosterone concentrations in low alcohol preference mice after 31,ant of glucocorticoids in control of alcohol consumption in the
weeks once daily intraperitoneal injections of saline . L
strains of rats used by Fahlke and co-workers and the mice in

High preference, am 3068 47.7

Treatment group Blood corticosterone concentration  the present study. In agreement with the present work, no effects
("M, meant S.E.M.) of the Type Il receptor corticosterone antagonist, RU38486, on

Handled 391.6-34.8 alcohol consumption in high or low preferring rats were seen

Saline injection, i.p. 417226.3 by Fahlke et al[10], although a lower dose was used (25 mg/kg

twice daily) than in our work (100 mg/kg once daily). The lack
of acute effect of corticosterone on the alcohol consumption

3.6. Corticosterone concentrations in our mice is in agreement with the results of Fahlke et al.
10].

The blood concentrations of corticosterone prior to aIcohoF (])nly a small number of studies have been carried out on
preference measuring are showrTable 1 There were no dif-  effects of the other stress hormones in alcohol consumption.
ferences in the plasma corticosterone levels of mice who wergcTH was reported to cause an increase in alcohol drinking
subsequently demonstrated to be high or low preference, eithgf rats[22]. CRF was reported to reduce alcohol consumption
when the samples were taken during the diurnal surge, just prigsf rats and CRF knockout mice demonstrated higher voluntary
to the nocturnal peak in activity, or during the basal levels wheryjcohol consumption than wild-type anim##s26]. Our results
the corticosterone remains low during the light phase. demonstrated that ACTH1-39, and CRF had no acute effects

The procedure of taking the blood samples did not affect thyn alcohol preference, at doses reported to cause behavioural
distribution of alcohol preference in the two sets of 48 mice,changes in other studig® 13,15] However, the CRF antagonist
when this was screened for 3 weeks following the samplingransiently raised the alcohol preference of our low preferring
(data not shown). animals. This suggests that CRF may be acting to reduce the

Three weeks, once daily, injections of saline did not alter thycohol preference in these animals, which would be compat-
blood corticosterone concentrations, when these were measurgfle with the results of Bell et al[2] and Olive et al.[26].

at the end of the procedur&gple 2. Alpha-helical CRF is not specific for any subtype of CRF
receptor[4]. The lack of effect of ACTH, however, suggests
4. Discussion that this action of CRF is not via ACTH release, but may be

a neuronal action, such as has been demonstrated for CRF

Administration of the Type Il receptor glucocorticoid antag- in behavioural studieg33]. An anxiogenic action of CRF is
onist, RU38486, did not alter the alcohol consumption or preferthought to be involved in the behavioural signs of alcohol with-
ence of high alcohol preference mice, at a dose that was effectivdrawal, as a selective antagonist of this hormone decreased
in preventing the rise in preference of low alcohol preference anianxiety-related behaviour during the acute phase of alcohol
mals induced by repeated vehicle injections. In the low alcohoWithdrawal [30]. CRF has also been shown to be involved in
preference mice, there was no effect of this antagonist, apart fromeinstatement of operant responding for alcdidl]. The low
the prevention of the increase in preference. The Type | recept@lcohol-preferring animals in our C57 breeding line may there-
antagonist, spironolactone, had no effects on alcohol preferendere have greater central activity or concentrations of CRF than
at a dose shown to have behavioural effects in other situatiortbe high alcohol-preferring mice; this is currently under inves-
[3,19], and the i.c.v. doses of both antagonists had no effectdigation. The fact that administration of CRF did not affect the
again at doses that have behavioural actidhsHowever, the alcohol preference of high preferring mice could have been due
corticosterone synthesis inhibitor, metyrapone, decreased the differences in responsivity to CRF; this is also under further
alcohol consumption of both high and low preference mice, thénvestigation.
effects being seen in both instances after 2 days administration The measurements of blood corticosterone concentrations
of this drug. showed that there was no direct relationship between the innate

The results using RU38486 suggest that the differencélifferences in alcohol preference of our C57 line of mice and
between the alcohol intake of low and high alcohol preferenceirculating levels of the hormone. This was also the case for
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the increased alcohol preference caused by the repeated vehicig C. Fahlke, J.A. Engel, C.P.J. Eriksson, E. Hard, B. Soderpalm, Involve-
injections, despite the evidence from the drug treatment that this  ment of corticosterone in the modulation of ethanol consumption in the
effect involves corticosterone (discussed below). [9] ?LFQLCIEQO:; I—(ii?c?zl)Rl?'ijnojs.son J.A. Engel, S. Hansen, Metyrapone
. The ef,reCtS of metyrapone and of RU38486 in pr.eveljltl.ng Fhe induced suppression of corticosterone synthesis reduces ethanol con-
increase in alcohol preference due to repeated vehicle injections  symption in high-preferring rats, Pharmacol. Biochem. Behav. 48 (1994)
clearly indicates that corticosterone is involved in this effect.  977-981.
That the increased preference was a response to the stresdfigl C. Fahlke, E. Hard, C.P.J. Eriksson, J.A. Engel, S. Hansen, Conse-
aspects of the procedure was suggested by our previous work quence of Iong-tgrm exposure to cort|co_ster0ne or dexamethasone on
L . ethanol consumption in the adrenalectomised rat, and the effect of type
Fhat S_howed t_hat the m]e_Ctlon_ procedL_Jre, !’ather than the afjm'”' | and type Il corticosteroid receptor antagonists, Psychopharmacology
istration of fluid, was crucially involved in this slowly developing 117 (1995) 216-224.
increase in alcohol preferenf@4], The increase was prevented [11] T.L. Fidler, V.M. LoLordo, Failure to find postshock increases in alcohol
by a CCKB antagonist, but diazepam, at an anxiolytic does, had preference, Alcohol Clin. Exp. Res. 20 (1996) 110-121. _
no effect[18]. The slow development of the increased prefer-12] N-E. Goeders, G.F. Guerin, Effects of surgical and pharmacological
. . . adrenalectomy on the initiation and maintenance of intravenous cocaine
ence, together with the Ia_ck of acute effects of corticosterone in self-administration in rats, Brain Res. 722 (1996) 145-152.
low alcohol preference mice, and the lack of prolonged changgssj A.G. Gunin, V. Emelianov, A.S. Tolmachev, Effect of adrenocorti-
in blood corticosterone, suggests that some adaptation to the cotrophic hormone on the development of oestrogen-induced changes
repeated minor stress is involved, rather than a direct action of and hyperplasia formation in the mouse uterus, Reproduction 123 (2002)
601-611.
thel:?:;?i:’:,les.ion the results su t that th ti t l14] S.C. Hienrichs, K.T. Britton, G.F. Koob, Both conditioned taste prefer-
. ) ! gges a - € _COI’ Icosterone Is ence and aversion induced by corticotropic-releasing factor, Pharmacol.
involved in the control of alcohol consumption in both low and Biochem. Behav. 40 (1991) 717-721.
high alcohol preference mice, but that the difference in alcohqghs] J.p. Hinson, D. Renshaw, M. Carrol, S. Kapast, Regulation of rat adrenal
preference in these animals is not due to differences in corticos- vasoactive intestinal peptide content: effects of adrenocorticotropic hor-
terone activity or in circulating levels of this hormone. However, ~ Mone treatment and changes in dietary sodium intake, J. Neurochem.
differences in the central activity of CRF, possibly involvin 13 (2001) 769-773. L
) . y . ! p_ " y . 9 [16] M. Jouhaneau-Bowers, J. Le Magnen, ACTH self-administration in rats,
neuronal actions, may be involved in this distinction in alco-  pharmacol. Biochem. Behav. 10 (1979) 325-328.
hol preference. The increased preference for alcohol in initially17] A.D. Le, B. Quan, W. Juzytch, P.J. Fletcher, N. Joharchi, Y. Shaham,
low preference animals caused by repeated vehicle injections Reinstatement of alcohol seeking by priming injections of alcohol and

appears to involve a release of corticosterone elicited by the _€XPosure to stress in rats, Psychopharmacology 135 (1998) 169-174.
[18] H.J. Little, M.J. O’Callaghan, A.R. Butterworth, J. Wilson, J. Cole, W.P.

Injection procedure, that acts on Typ_e I glucocortlcmd recep- Watson, Low alcohol preference among the “high alcohol preference”
tors, but this produces slowly developing neuronal changes that  c57 strain mice: preference increased by saline injections, Psychophar-
result in the increased alcohol consumption. macology 147 (1999) 182-189.
[19] D.L. McCullers, P.G. Sullivan, S.W. Scheff, J.P. Herman, Traumatic
brain injury regulates adrenocorticosteroid receptor mRNA levels in rat
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