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Suppression of Alcohol Preference
in High Alcohol Drinking Rats

Efficacy of Amperozide versus Naltrexone

R. D. Myers, Ph.D., and Miles F. Lankford

The selectively bred high alcohol drinking (HAD) line of rat
is considered as a potential model of one type of alcoholism.
The purpose of the present experiments was to compare the
efficacy of two drugs on the volitional drinking of the HAD
rats: the 5-HT 24 receptor antagonist, amperozide, and a
nonselective antagonist of opiate receptors, naltrexone. To
determine the pattern of alcohol drinking of the HAD rats, a
standard preference test was used in which water was
offered with alcohol increased in concentrations from 3% to
30% over 11 days. The maximally preferred concentration
of alcohol of each rat was offered for 4 days and ranged from
7% to 20% with a mean intake of 6.9 g/kg per day. Initially,
1.0 mg/kg amperozide, 2.5 mg/kg naltrexone, or the saline
vehicle were injected twice daily for 4 days at 1600 and
2200 hours. Secondly, 2.0 mg/kg amperozide, 5.0 mg/kg
naltrexone, or the saline vehicle were administered also for 4
days. After the drug sequences, alcohol preference tests
continued for another 4 days. Whereas the saline vehicle
was without effect on drinking, the administration of either
drug caused a significant dose-dependent reduction in the

daily intake of alcohol by the HAD rats in terms of absolute
g/kg and proportion of alcohol to water consumed. A
comparison of the drinking response to the higher doses of
the two drugs showed that amperozide was more efficacious
in suppressing alcohol intake than naltrexone. Neither
amperozide nor naltrexone exerted any significant effects on
food and water intakes or on body weight. These results
support the concept of a functional link in the brain between
the serotonergic and opioidergic systems postulated to
underlie, in part, the aberrant drinking of alcohol. A marked
dissociation between the temporal patterns of drinking after
naltrexone and amperozide treatment suggests that the
opiate receptors mediate the immediate reinforcing effects of
alcohol, whereas the more vegetative phenomena underlying
addictive properties of alcohol are regulated by 5-HT 24
receptors postsynaptic to serotonergic neurons. Finally, the
inhibitory actions of both drugs imply that multiple
receptor mechanisms within the mesolimbic and other
systems in the brain underpin the addictive liability to
alcohol. [Neuropsychopharmacology 14:139-149, 1996]
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Recently it was shown that the antagonism of the
5-HT>4 receptor subtype in the brain can suppress the
volitional intake of alcohol in the rat. To illustrate,
amperozide attenuates significantly the intake of maxi-
mally preferred concentrations of alcohol in the Sprague
Dawley rat induced to drink alcohol by cyanamide
treatment (Myers et al. 1992). Amperozide also exerts
the same suppressant effect on alcohol drinking in the
genetic line of alcohol preferring P rats (Myers et al.
1993a). Further, the inhibitory effect on drinking behav-
ior caused by the sustained delivery of amperozide by
osmotic minipump can persist for up to 5 months after
discontinuation of the drug (Myers et al. 1993b). Inter-
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estingly, treatment with amperozide for 3 days signifi-
cantly reduces the oral consumption of a cocaine
solution in rats (McMillen et al. 1993). A most signifi-
cant finding is absence of adverse side effects in the rat,
because amperozide neither impairs the intakes of food
or water nor alters body weight (Myers et al. 1992) and
is without effects on rotarod performance or the neuro-
leptic ptosis test (Gustafsson and Christensson 1990).
This unique action of amperozide thus differs from that
of other serotonergic drugs, such as p-chlorophenyl-
alanine (pCPA), sertraline, buspirone (Myers 1985; Myers
and Quarfordt 1991; Privette et al. 1988), and other com-
pounds unrelated to 5-HT, which interfere with caloric
regulation and other functions (Myers 1994). Amper-
ozide also is a potential antipsychotic and antidepres-
sant drug (Axelsson et al. 1991; Bjork et al. 1992), which
enhances the release of dopamine from mesolimbic
neurons in vivo (Grenhoff et al. 1990; Kimura et al. 1993;
Yamamoto and Meltzer 1992). The effect of amperozide
on alcohol preference implicates further the role of sero-
tonergic neurons in the brain proposed historically to
underlie aberrant drinking behavior (Myers and Mel-
chior 1977).

Another neurochemical link in the central mecha-
nisms of alcoholism is thought to involve the in vivo
formation of a family of aldehyde adducts such as a tet-
rahydro-isoquinoline (TIQ) or B-carboline (Collins 1985;
Davis and Walsh 1970; Myers 1978, 1980, 1985). These
aldehyde adducts are synthesized in brain tissue, after
prolonged exposure to alcohol, by the condensation
reaction between an endogenous amine and an alde-
hyde (Melchior and Collins 1982). One of the TIQ deriv-
atives, tetrahydropapaveroline (THP), is the biological
precursor to morphine in the opium poppy. When THP
is infused intracerebroventricularly (ICV) in the rat or
monkey, or directly into specific structures in the meso-
limbic system of the rat, abnormally high drinking of
alcohol occurs spontaneously (Melchior and Myers
1977; Myers and Privette 1989). As a consequence, the
concept evolved that opiate receptors are involved in
the pathologic development of abnormal drinking, sec-
ondarily to the formation of the aldehyde adduct. Sup-
port for this viewpoint is provided by the fact that
opiate receptor antagonists assuage the preference for
alcohol in different species. For example, naloxone and
the longer acting compound, naltrexone, significantly
reduce the intake of alcohol (Critcher et al. 1983; Myers
et al. 1986); however, this effect depends on both the fre-
quency and dose of their administration and the con-
centration of alcohol offered to the test animal (Froeh-
lich et al. 1990; Hubbell et al. 1991; Myers and Critcher
1982; Volpicelli et al. 1986).

The present study was undertaken to compare the
efficacy of amperozide and naltrexone on the intake of
alcohol in the selectively bred high alcohol drinking
(HAD) rat. Initially it was found that naloxone adminis-
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tered daily in a dose of 20 mg/kg to genetic drinkers of
the Long Evans strain failed to lower their alcohol
intake (Myers and Critcher 1982). However, in other
strains of rat it was found that naloxone can induce a
dose-dependent decline in the intake of different con-
centrations of alcohol (Myers and Critcher 1982; Froeh-
lich et al., 1990; Volpicelli et al. 1986). In the present
experiments, the maximally preferred concentration of
alcohol was first determined individually for each HAD
rat. Then either one of two doses of the 5-HT»4 or opi-
ate receptor antagonist was administered to the HAD
rats when alcohol was freely available. After treatment,
intakes of preferred solutions of alcohol were recorded
to ascertain the subsequent effects of each drug on the
patterns of drinking.

METHODS

Naive male 30-day-old HAD rats from the original N/
Nih heterogeneous strain (Li and Lumeng 1984; Spuh-
ler and Dietrich 1984) were obtained from the Indiana
University Alcohol Research Center. On arrival, the rats
(n = 17) were quarantined until treatment with iver-
mectin for pinworms was completed. At 60 days of age,
10 mg/kg cyanamide were administered subcutane-
ously twice daily to the rats for 3 days to sustain their
preference for alcohol (Barwick and Myers 1992; Myers
and Critcher 1982). At 90 days of age, each rat was
housed in an individual wire mesh cage at an ambient
temperature of 22°C to 24°C and on a 12-hour illumina-
tion cycle with lights on at 0630 hours. Water and
Purina NIH rodent chow were provided ad lib, and food
and fluid intakes as well as body weights were recorded
daily at 0730-0830 hours.

Alcohol Preference Tests

The pattern of preference for alcohol versus water was
determined individually for each HAD rat using a stan-
dard three-bottle test procedure (Quarfordt et al. 1991).
One tube contained a v/v solution of alcohol in tap
water, a second tube served as a blank, and the third
tube was filled with tap water. The drinking tubes were
rotated daily on a semirandomized schedule to prevent
the development of a position habit (Myers 1978). An
11-day preference test was carried out in which the con-
centration of alcohol was raised on each morning as fol-
lows: 3%), 40/0, 5%, 70/0, 90/0, 11‘%), 130/0, 150/0, 200/0, 250/0,
and 30%. After completion of the test sequence, each rat
was offered water and a solution of its maximally pre-
ferred concentration of alcohol, as based on the 3% to
30% test. The individual test solution was the highest
concentration at which the largest volume of alcohol
was consumed prior to a downward shift below the
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50% level in the proportion of alcohol to the total fluid
consumed (Lankford et al. 1991).

Experimental Design

Each of the series of tests of alcohol drinking was car-
ried out over a 12-day interval; a period of 6 to 10 days
separated each series. After the HAD rats drank their
preferred concentration for 4 consecutive days, the ani-
mals were divided randomly into treatment groups. A
counterbalanced experimental design was used so that
the rats were given either one or both doses of the drugs
as well as the saline control vehicle. The rats were
divided into three groups and initially given one of two
doses of amperozide or naltrexone as well as the saline
control vehicle. The groups were rotated in both the sec-
ond and third series, so that rats in each group received
the opposite drug or saline. In all test sequences, an
injection of either amperozide (Pharmacia Therapeutics
AB, Lund, Sweden), naltrexone (Sigma, St. Louis, MO),
or the saline vehicle was given subcutaneously at 1600
and 2200 hours for 4 consecutive days. The preferred
alcohol concentration and water were available contin-
uously, and, following the set of injections, consump-
tion of alcohol was recorded for an additional 4 days.
During the 6- to 10-day interval between each 12-day
test sequence, only water was available as the fluid
source.

The number of animals in each treatment group was
as follows: 1.0 mg/kg amperozide (n = 9); 2.0 mg/kg
amperozide (n = 10); 2.5 mg naltrexone (n = 9); 5.0 mg
naltrexone (n = 9); and the saline control vehicle (n =
11). The doses of each drug were selected on the basis
of: (1) their efficacy on alcohol drinking (Critcher and
Myers 1983; Myers et al. 1992); and (2) the fact that
doses higher than 5.0 mg/kg suppress normal feeding
and drinking in the rat (e.g., Kirkham and Blundell 1987;
Cooper and Turkish 1989). The schedule of drug admin-
istration corresponded to the periods prior to onset and
mid portion of the waking cycle. Only those rats that
consumed greater than 5.0 g/kg per day of absolute
alcohol prior to each test of a given dose of either drug
were included in a respective test sequence.

Data Analyses

The means and standard errors were calculated for all
groups in terms of both the daily g/kg per day intake of
alcohol and the proportion of alcohol to water during
the pretest as well as during the injection sequences and
the posttest period. Further, the means and standard
errors were analyzed in terms of the amount of food
and water consumed as well as body weight under each
test condition. Analyses of variance were performed
using the Instat software program (GraphPad, San Diego,
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CA) to compare each value obtained under successive
test conditions. An F test with a p value of <.05 was
considered to be statistically significant.

RESULTS

The maximally preferred concentration of alcohol of
this group of HAD rats ranged between 7% and 20%.
The mean intake of alcohol of the animals was 6.9 + 0.9
g/kg per day whereas the proportion of alcohol to total
fluid averaged 0.77 = 0.05 per day, both of which values
corresponded to those of a previous study (Lankford
and Myers 1994). After amperozide or naltrexone was
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Figure 1. Mean *+ SE composite intakes of alcohol in HAD
rats in terms of the proportion of alcohol to total fluid (upper
panel) and absolute g/kg per day (lower panel) 4 days before
(PRE), during 4 days of subcutaneous injections (INJECT)
b.id. of saline vehicle (open bar) (n = 11) or amperozide
(AMP) in a dose of 1.0 mg/kg (diagonal lined bar) (n = 9) or 2.0
mg/kg (solid bar) (n = 10), and 4 days after (POST) treatment.
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given subcutaneously for 4 days in low or high doses,
the voluntary intake of each maximally preferred solu-
tion of alcohol was attenuated significantly in the HAD
rats.

Amperozide Treatment

During the administration of 1.0 mg/kg and 2.0 mg/kg
amperozide given twice daily, the overall mean propor-
tion of alcohol to total fluid consumed by the HAD rats
was reduced in a dose dependent manner, F(2,119) =
13.12, p < .01. Further, both doses of amperozide simi-
larly attenuated the overall mean daily intake of abso-
lute g/kg of the maximally preferred alcohol concen-
tration, F(2,119) = 26.99, p < .01. As portrayed in Figure
1 (upper panel), the 1.0 mg/kg, and 2.0 mg/kg doses of
amperozide attenuated the mean daily proportional
intakes of alcohol to total fluid consumed prior to treat-
ment from 0.76 + 0.01 to 0.54 £ 0.03, F(1,71) = 324, p <
.01, and from 0.78 * 0.03 to 0.51 = 0.05, F(1,79) = 19.6 p <
.01, respectively. The lower and higher doses of amper-
ozide also reduced the absolute intakes of alcohol (Fig-
ure 1, lower panel) from a mean of 8.5 + 0.3to 54 = 04
g/kg per day, F(1,71) = 36.9, p < .01, and from 6.3 = 0.2
t0 2.9 + 0.4 g/kg per day, F(1,79) = 39.8, p < .01, respec-
tively.
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As shown in Table 1, the mean daily volume of alco-
hol consumed by the HAD rats declined during treat-
ment with 1.0 mg/kg amperozide from 37.1 £+ 1.5 ml to
21.5 = 1.9 ml per day, F(1,71) = 34.6, p < .01. The total
fluid values also declined from 47.4 £ 1.9 ml to 36.5 = 1.7
ml per day F(1,71) = 18.2, p < .01. The 2.0 mg/kg dose
of amperozide decreased the total ml of alcohol from
28.9 = 2.0ml to 13.5 = 1.6 ml per day F(1,79) = 364, p <
.01, and total fluid intake from 37.6 = 1.3 ml t0 26.0 + 1.3
ml per day, F(1,79) = 38.9, p < .01. Table 1 shows also
that the decline in alcohol consumption following the
lower and higher doses of amperozide paralleled the
intakes of water, which rose from 11.6 = 1.1 ml to 16.6 =
1.2 ml per day and 8.2 = 1.3 to 12.0 = 1.6 ml per day,
respectively. Neither dose of amperozide nor the saline
control vehicle had significant effects on body weight or
daily food intakes of the HAD rats.

Naltrexone Treatment

The mean daily intake of alcohol of the HAD rats
decreased significantly during injections of both the 2.5
mg/kg and 5.0 mg/kg doses of naltrexone in terms of
both the proportional values, F(2,115) = 14.89, p < .01,
and absolute g/kg intakes F(2,115) = 11.90, p < .01. As
portrayed in Figure 2 (upper panel), 2.5 mg/kg naltrex-
one did not reduce the mean proportional intake of

Table 1. Mean * SE Daily Body Weight (Gm), Intakes of Food (Gm), Water (ml), Alcohol Solution (ml), and Total Fluid {mi)
of HAD Rats During Treatment with Amperozide or Naltrexone (bid) in the Presence of Preferred Alcohol versus Water

Body Weight Food Intake Water Intake ETOH Intake Total Fluid
Pre 497.0 £ 6.9 206+ 1.2 116+ 11 371*15 47419
AMP 1.0 mg 493.0 £ 6.6 21.0+09 16.6 + 1.2 215+ 194 365+ 1.7
Post 4956 * 6.5 197 £ 1.1 146+ 1.1 362=*21 483 *+21
(n="9)
Pre 4545+ 7.0 18.9 £ 0.9 822*13 28.9 £ 2.0 376*13
AMP 2.0 mg 451072 194 £09 120 £ 1.6 135 > 1.6% 260+ 1.3
Post 4517 = 7.7 21.8 £ 1.0 124+15 256 £25 380x23
(n =10)
Pre 466.7 = 10.3 215+ 1.3 98+14 30119 399 +21
NLTX 25 mg 459594 18.7 = 0.9 10213 241 %= 1.7b 34.3 + 1.6b
Post 458.0 £ 9.9 195+ 1.3 11.2 1.4 325+25 43.7 £ 20
(n=9)
Pre 459.7 £ 7.9 193 =07 13.8 £24 31.8x25 407 + 2.1
NLTX 5.0 mg 456.3 = 8.1 180 1.2 10.6 £ 1.9 245+ 23b 329 = 1.8
Post 4567 = 4.6 192 x07 96 +1.1 305x24 402+ 20
(n=9
Pre 461.8 £ 7.0 194 £ 0.6 85+12 345+18 435+20
Saline 4622+ 71 21.3x1.0 11.8 £ 1.5 32322 435+22
Post 4633 £ 7.6 201 +£0.82 109+ 1.3 349 x25 457 =26
(n=11)

ap < .01

bp < .05.
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Figure 2. Mean * SE composite intakes of alcohol in HAD
rats in terms of the proportion of alcohol to total fluid (upper
panel) and absolute g/kg per day (lower panel) 4 days before
(PRE), during 4 days of subcutaneous injections (INJECT)
b.i.d. of saline vehicle (open bars) (n = 11) or naltrexone
(NALTREX) in a dose of 2.5 mg/kg (diagonal lined bar) (n = 9)
or 5.0 mg/kg (solid bars) (n = 9), and 4 days after (POST)
treatment.

alcohol to total fluid significantly from the pretreatment
level of 0.72 = 0.02 to 0.69 *+ 0.03. However, 5.0 mg/kg
naltrexone attenuated the mean proportional values
(Figure 2, upper panel) significantly from 0.76 + 0.01 to
0.68 = 0.03, F(1,71) = 5.99, p < .05. As shown in Figure 2
(lower panel), both the 2.5 mg/kg and 5.0 mg/kg doses
of naltrexone suppressed the mean g/kg intakes of alco-
hol significantly from 6.1 = 0.16 g/kg per day to 5.3 =
0.33 g/kg per day, F(1,71) = 5.2, p < .05 and from 6.3 =
0.2 to 43 £ 0.4 g/kg per day F(1,71) = 214, p < .01,
respectively.

Injections of 2.5 mg/kg and 5.0 mg/kg of naltrexone
decreased the daily volume of alcohol ingested by the
HAD rats (Table 1) from 30.1 = 1.9 to 24.1 * 1.7 ml per
day, F(1,71) = 5.49, p < .05 and from 31.8 * 2.5 ml to
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245 *+ 2.3 ml per day F(1,71) = 4.62, p < .05, respec-
tively. The total fluid ingested also declined during the
administration of the lower and higher doses of naltrex-
one from 399 = 2.1to0 34.3 * 1.6, F(1,71) = 4.67, p < .05
and from 40.7 + 2.0 ml to 32.9 = 2.1 ml per day F(1,71) =
8.24, p < .05, respectively. However, these doses of nal-
trexone or the control saline vehicle did not alter body
weight nor intakes of food significantly (Table 1).

Temporal Patterns Of Drinking: Amperozide
versus Naltrexone

The shift in the daily patterns of drinking of the maxi-
mally preferred concentrations of alcohol in HAD rats
treated for 4 days with either amperozide or naltrexone
varied in terms of their effects as well as duration. As
shown in Figure 3 (upper panel), the proportional intakes
of alcohol per day differed significantly during injec-
tions of saline, 1.0 mg/kg amperozide and 2.5 mg/kg
naltrexone F(2,115) = 9.50, p < .01. Although the drug-
induced decline in drinking was paralleled by a similar
but not significant fall in the daily g/kg consumed (Fig-
ure 3, lower panel), alcohol drinking rebounded to pre-
treatment levels upon discontinuation of the drugs.

As presented in Figure 4, the shift in the daily con-
sumption of alcohol on the first and following days of
injections of the higher doses of amperozide and naltrex-
one was significant in terms of both mean proportional
values (Figure 4, upper panel), F(2,119) = 827, p < .01,
and g/kg intakes (Figure 4, lower panel), F(2,119) =
26.36, p < .01. Further, on the second through fourth
days of administration of 2.0 mg/kg amperozide, both
the mean daily proportional intakes (Figure 4, upper
panel) and absolute g/kg of alcohol consumed (Figure 4,
lower panel) continued to be suppressed. Conversely, the
mean daily proportional and g/kg values of alcohol
ingested during the injections of 5.0 mg/kg naltrexone
rebounded on the second day and then rose on the fol-
lowing days. The differences between amperozide and
naltrexone given to the HAD rats also were significant
in terms of the daily proportional intakes, F(1,75) =
8.02, p < .01, and g/kg consumed, F(1,75) = 6.77, p <
.05. The daily intakes in g/kg alcohol consumed during
amperozide and naltrexone injections also were signifi-
cantly different from that of the saline controls F(1,83) =
43.2,p < .01, and F(1,79) = 32.2, p < .01, respectively).

Percent Decline in Drinking

As presented in Figure 5, amperozide injected in the
HAD rats at a dose of 1.0 mg/kg reduced the mean per-
cent proportional values of alcohol consumed by 29.2%
as well as the mean percent g/kg intake of absolute
alcohol by 37.0%. The 2.5 mg/kg dose of naltrexone
suppressed the mean proportional intake by 4.0% and
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Figure 3. Comparison of mean * SE daily intakes
of preferred concentrations of alcohol in HAD rats
in terms of the proportion of alcohol to total fluid
(upper panel: [] saline, N AMP 1.0, M NAL 2.5) and
absolute g/kg per day (lower panel: [] saline, ¥
AMP 1.0, ¢ NAL 2.5) for 4 control days before
(PRE), during 4 days of subcutaneous injections
(INJECT) b.i.d. of saline vehicle (n = 11), 1.0 mg/kg
amperozide (AMP) (n = 9) or 2.5 mg/kg naltrexone
(NALTREX) (1 = 9), and for 4 days after (POST)
treatment.

MEAN DAILY ALCOHOL INTAKE

the absolute g/kg intake of alcohol by 13.1% (Figure 5).
When the dose of amperozide was doubled to 2.0 mg/
kg, the mean proportional intake of the HAD animals
fell by 34.6%, whereas the mean g/kg intake declined
by 56.3%. However, naltrexone reduced the mean pro-
portion of alcohol to total fluid intake by 10.5% and the
mean g/kg intake of alcohol by 32.6% (Figure 5).

The magnitude of the decline in alcohol preference
from the 4-day predrug baseline, as a result of repeated
injections of amperozide, was greater proportionally
than that produced by naltrexone. An analysis of the
mean decrease in the g/kg intakes of alcohol during
treatment with 1.0 mg/kg amperozide compared to the
2.5 mg/kg dose of naltrexone was significant F(1,143) =
136.1, p < .01. Similarly, the higher dose of amperozide
produced a significantly greater mean reduction from
baseline in g/kg intake than the higher dose of naltrex-
one F(1,151) = 56.9, p < .01. Likewise, the mean devia-
tion from baseline of the proportion of alcohol to total
fluid intake in the HAD rats given amperozide at 1.0
and 2.0 mg/kg versus that after naltrexone at 2.5 and
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5.0 mg/kg was statistically significant F(1,143) = 29.2,
p <.01 and F(1,151) = 104.5, p < .01, respectively.

Individual Responses to Amperozide
and Naltrexone

To evaluate the effects of amperozide and naltrexone on
individual HAD rats, the percent change from the 4-day
predrug baseline in g/kg and proportion of alcohol to
total fluid consumed was calculated for the 4 days of
injections and 4 days postdrug. As presented in Figure
6, the percent reduction in the proportional and abso-
lute g/kg intakes of alcohol during the administration
of amperozide and naltrexone essentially was dose re-
lated. After the injections (POST) of 1.0 mg/kg amper-
ozide, the decline in the proportion and g/kg measures
of alcohol drinking persisted in 6 of 9 HAD rats. After
treatment (POST) with the higher dose of amperozide,
the percent change in proportion and g/kg consump-
tion of alcohol persisted in six of nine rats and in seven
of nine rats, respectively.
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Figure 4. Comparison of mean * SE daily intakes
of preferred concentrations of alcohol in HAD rats
in terms of the proportions of alcohol to total fluid
(upper panel: (] saline, N AMP 2.0, @ NAL 5.0) and
absolute g/kg per day (lower panel: (] saline, ¥
AMP 2.0, ¢ NAL 5.0) for 4 control days before

[L (PRE), during 4 days of subcutaneous injections

(INJECT) b.i.d. of saline vehicle (n = 11), 2.0 mg/kg
amperozide (AMP) (n = 10) or 5.0 mg/kg naltrex-
one (NALTREX) (2 = 9), and for 4 days after
(POST) treatment.
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The drinking response to the injections of the 2.0
mg/kg dose of naltrexone was somewhat more variable
than that after treatment with 1.0 mg/kg amperozide,
particularly in the intake measures after treatment
(POST). However, after the injections with the higher
dose of amperozide, the percent change in proportion
and g/kg consumption of alcohol persisted in five of
eight rats and in four of eight HAD rats, respectively.

DISCUSSION

The present results clearly demonstrate that amper-
ozide, a 5-HT, receptor antagonist, and naltrexone, an
opiate receptor antagonist, are efficacious in attenuating
the apparent drive, reinforcing quality or addictive prop-
erty of alcohol in the selectively bred, HAD rat. The daily
administration of either compound at both lower and
higher doses causes a significant, dose-dependent decline
in alcohol consumption with little or no adverse side-
effects. However, a comparison of the differential intakes

POST

of alcohol in response to the higher doses of these drugs
revealed that amperozide is more efficacious in sup-
pressing drinking in the HAD rats than naltrexone.
Moreover, during the period after the administration of
the drugs, the inhibitory effect of amperozide on drink-
ing persists in many of the animals. Thus, these find-
ings are not in accord with an earlier viewpoint that the
opiate system in the brain plays a more prominent role
than other transmitters in the mechanisms underlying
the consumption of alcohol (Hubbell et al. 1991). As the
experimental procedures for the administration of both
amperozide and naltrexone were similar to those
described in previous studies (Critcher et al. 1983;
Myers et al. 1992), a methodologic variable would not
seem to account for the differences in their potency in
reducing alcohol drinking.

The day by day pattern of alcohol drinking during
the administration of naltrexone and amperozide re-
vealed a clearcut dissociation between the effects of the
antagonism of opiate and 5-HT, receptors, respectively.
The immediate suppressive action of naltrexone on drink-
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Figure 5. Mean * SE composite percent decline from base-
line in intake of alcohol in HAD rats in terms of the propor-
tion of alcohol to total fluid (upper panel) and absolute g/kg
per day (lower panel) during 4 days of subcutaneous injec-
tions b.i.d. of amperozide (AMP) (solid bar) in doses of 1.0
and 2.0 mg/kg or naltrexone (NALTX) (grid bar) in doses of
either 2.5 or 5.0 mg/kg and 4 days after (POST) treatment.
Each percent value represents the mean of 4 days during the
respective injection series.

ing began to subside rapidly in that the preference for
alcohol returned to the predrug level even during its
administration. This phenomenon coincides with the
nature of the attenuation of alcohol drinking by nalox-
one in the rat (Myers and Critcher 1982) and by naltrex-
one in the monkey (Myers et al. 1986). The rapid action
of naltrexone is clearly apparent also in the monkey in
that alcohol drinking is diminished within 2 hours after
the opiate antagonist is administered (Kornet et al.
1991). In addition, naltrexone causes a dose-dependent
suppression of drinking in Wistar rats trained to drink
12% alcohol when the solution is made available for
only 1 hour on each day (Linseman 1989). Taken together,
these findings suggest that naltrexone exerts an imme-
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diate, short-term effect on the reinforcing properties of
alcohol and are in accord with the earlier proposal that
opiate receptors in the brain underlie, in part, the rein-
forcing action of alcohol (Critcher et al. 1983; Myers,
1989). In relation to this, alcoholic patients report di-
minished euphoric effects when they drink alcohol dur-
ing a “lapse” phase in their treatment with naltrexone,
in contrast to control patients who continue to experi-
ence the alcohol induced euphoria when they are taking
the placebo (Volpicelli et al. 1992). Clinically, this imme-
diate action of naltrexone on the euphoric characteris-
tics of alcohol apparently serves to reduce the urge or
drive to drink (O’Brien 1994). These subjective reports
correspond to the reduction in alcohol drinking ob-
served experimentally in the present study during the
first 24-hour period of naltrexone treatment.

In terms of the mechanism of action of naltrexone in
attenuating volitional drinking, the delta opiate recep-
tor subtype may be responsible for the suppressant
effect on alcohol intake as based on experiments in the
C57BL/6 mouse (Le et al. 1993). Alternatively, naltrexone
administered intraperitoneally reverses alcohol induced
extracellular release of dopamine and homovanillic
acid in a dose-dependent manner, without affecting the
release or metabolism of serotonin (Benjamin et al.
1993). However, mixed effects of the opiate antagonists
on alcohol intake also have been reported. For example,
naltrexone fails to attenuate cadmium-induced alcohol
preference (Nation et al. 1990), and the drug induces
both an increase or decrease in alcohol drinking in rats
that showed high and low shock avoidance behavior,
respectively (Iso and Brach 1991). Interestingly, nalox-
one was found to reduce alcohol intake in the rat
induced to drink alcohol after the central administra-
tion of the dopamine-dopaldehyde adduct, THP (Myers
and Critcher 1982). Other studies revealed that nalox-
one also attenuates alcohol selection in the HAD rat
(Froehlich et al. 1990). The possibility also cannot be
excluded that naltrexone may enhance the aversive
taste of alcohol in the rat, thus making the fluid less pal-
atable and possibly negatively reinforcing to the animal
(Miceli et al. 1979).

In terms of the protracted inhibitory effect of amper-
ozide on alcohol drinking, its action is clearly differenti-
ated from that of naltrexone in that the action of this
5-HT4 receptor antagonist is even greater with its con-
tinued administration. Previously, it was demonstrated
that amperozide delivered chronically produces a sus-
tained reduction in alcohol intake of the rat long after
its termination (Myers et al. 1993a). Similarly, several
studies show that a tryptophan hydroxylase inhibitor
such as pCPA also exerts a prolonged action on drinking
after the treatment with the drug is terminated (Myers
and Melchijor 1977). A mixed 5-HT14/5-HT>4 agonist/
antagonist, FG5893, also has the same sort of prolonged
inhibitory effect on drinking (Singh et al. 1993). Because
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HAD rats used in the present study are known to pos-
sess a deficiency in the level of cerebral serotonin
(Gongwer et al. 1989), serotonergic pathways in the
brain may be particularly susceptible to their perturba-
tion by the blockade of 5-HT»4 receptors in relation to
the addictive nature of alcohol. Overall, these obsera-
tions would imply, therefore, that serotonergic neurons
underlie the cerebral mechanisms responsible for the
addictive component of alcohol drinking, which would
thus appear to be mediated, at least in part, by the
5-HT>4 subtype of receptor (Myers 1994).

Amperozide possesses multiple pharmacologic prop-
erties apart from its high affinity binding to 5-HTa
receptors (Grenhoff et al. 1990): an enhancement in the
release of dopamine from neurons in the mesolimbic
system (Eriksson and Christensson 1990; Grenhoff et al.
1990; Yamamoto and Meltzer 1992) and clinical effi-
cacy as a potential antipsychotic and antidepressant drug
(Axelsson et al. 1991, Bjork et al. 1992). Previously
amperozide was shown to suppress alcohol intake in
rats induced to drink by cyanamide (McMillen et al.
1994; Myers et al. 1992) as well as in the selectively bred
line of alcohol preferring P rat, but not in the nonalco-
hol preferring NP rat (Myers et al. 1993b). Further, the
oral consumption of cocaine in cocaine-addicted rats
was reduced by up to 47% after treatment with amper-
ozide (McMillen et al. 1993).

In conclusion, the present results indicate that in
light of previous reports, naltrexone attenuates signifi-
cantly the self-selection of alcohol by its action on endog-
enous opiate receptors in the mesolimbic system
involved in the rewarding effects of alcohol. The similar
magnitude in the suppression of drinking caused by
amperozide likewise supports the view that serotonin
receptors localized also within mesolimbic neurons par-
ticipate simultaneously in the phenomenon of excessive
alcohol drinking not only in the HAD rat but in other
strains as well. Differences in the amount of 5-HT in the
brain could comprise one explanation for the prolonged
effect of amperozide, and the somewhat greater efficacy
than naltrexone in reducing alcohol drinking behavior.
However, the dissociation between the temporal effect
of naltrexone and amperozide treatment over 4 days
suggests that the immediate reinforcing effect of alcohol
is regulated transiently by the opiate class of receptors,
whereas the more vegetative phenomena associated
with the addictive attributes of alcohol are mediated by
5-HT> receptors on serotonergic neurons or postsynap-
tic to them. However, this dissociation between the
actions of amperozide and naltrexone may be applica-
ble only to individuals genetically predisposed to drink
alcohol abnormally, rather than to those who use or
abuse alcohol intermittently as an anxiolytic agent or
for other reasons.
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