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CRITCHER, E. C., C. 1. LIN, J. PATEL AND R. D. MYERS. Atrenuation of alcohol drinking in tetrahydroisoquinoline-
treated rats by morphine and naltrexone. PHARMACOL BIOCHEM BEHAYV 18(2) 225-229, 1983.—In rats of either the
Sprague-Dawley or Long-Evans strain, either tetrahydroisoquinoline (THP) was infused chronically ICV, or one of three
protoberberine (PBN) compounds was administered subcutaneously at birth. When the animals were 120-180 days of age, a
constant concentration of alcohol was offered simultaneously with water to those rats which demonstrated a clear-cut
preference for alcohol. This concentration was selected on the basis of an alcohol preference screen. After alcohol intakes
had stabilized, naltrexone was injected subcutaneously in a dose of either 1.0 or 5.0 mg/kg twice a day for three consecutive
days. The higher dose (10.0 mg/kg total) of naltrexone suppressed the voluntary intake of alcohol by 26%, whereas the
lower dose (2.0 mg/kg total) attenuated alcohol drinking by 14%. Both doses of naltrexone reduced food intake but did not
appreciably affect water intake or body weight. When morphine was injected according to the same regimen in a dose of
10.0 or 2.5 mg/kg twice per day, a 49% reduction in alcohol intake was produced by the higher dose and a 32% decline
followed the lower dose. Although morphine attenuated food intake, neither water intake nor body weight was affected.
Saline control injections administered twice daily in the same way failed to alter any of the intake measures or body weight.
These findings indicate that the long-lasting opiate antagonist naltrexone attenuates the voluntary consumption of alcohol
in a manner similar to that produced by naloxone. The present results are discussed in terms of the evidence that an opiate
agonist and antagonist may exert their actions by different mechanisms in the brain, possibly through separate sub-

populations of opiate receptors.
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RECENTLY, it was shown that the opiate antagonist,
naloxone, attenuates the voluntary drinking of alcohol in the
rat given repeated intraventricular (ICV) infusions of tet-
rahydropapaveroline (THP) [21]. This observation has pro-
vided further support for the viewpoint that the excessive
self-administration of alcohol produced by an amine-
aldehyde condensation product [22] may involve an opiate
receptor mechanism in the brain [3,26]. Other evidence for
such a functional relationship between alcohol and opiate
mechanisms includes the findings that: (1) opioid and certain
tetrahydroisoquinoline (TIQ) compounds exhibit structurally
similar chemical characteristics [18]; (2) pharmacologically
efficacious doses of a TIQ can produce analgesia in the ro-
dent which is blocked by naloxone [8]; and (3) certain TIQs
possess an affinity for opiate binding sites as measured by
naloxone displacement in homogenate of rat brain [34,35].
That an aldehyde-condensation product could be involved in
the disease state of alcoholism has received further support

by the fact that salsolinol has not only been detected in the
cerebrospinal fluid (CSF) but also in subcortical structures of
the alcoholic patient [5,33].

In view of these findings and the fact that naloxone is a
short-acting drug, the present set of experiments was de-
signed to determine the differential effects of an opiate
antagonist and agonist on the volitional drinking of alcohol
produced by prior treatment with TIQs. In this study, nal-
trexone was selected rather than naloxone because of its
longer action and because this drug reportedly suppresses
the intravenous self-administration of ethanol in the monkey
[1]. In addition, the opiate agonist morphine was employed
following the same paradigm because of previous reports
that suggested that self-selection of alcohol is affected by the
systemic administration of morphine [29,32].

METHOD
Male rats of either the Sprague-Dawley (n=27) or Long-
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Evans (n=25) strain, weighing between 420 and 750 grams,
were housed individually in a colony room maintained at an
ambient temperature of 21 to 23°C and on a 12-hr light cycle.
Each animal was given ad lib access to Wayne Lab Blox and
water throughout the experiments. Measures of body
weight, food and fluid intakes were taken at the same time
each day.

Test of Alcohol Preference

Preference for alcohol was determined for each rat by the
three-bottle, two-choice method [24}. One bottle contained
water, a second contained alcohol and the third remained
empty. The positions of the tubes were rotated daily to pre-
vent the development of a position habit. The concentration
of alcohol was increased systematically on each day so thata
preference-aversion curve over a range of solutions from 3 to
30% (v/v) could be obtained [19].

TIQ Induction of Alcohol Drinking

One of two TIQ treatment procedures was used to induce
alcohol drinking in the rat. In one set of animals, THP HBr
was infused ICV either unilaterally or bilaterally on a once
daily basis. An artificial CSF solution [17] containing 0.1
mg/ml of ascorbic acid to retard the degradation of THP [25]
served as the carrier vehicle. The dose of the alkaloid con-
densation product ranged from 0.1 to 1.0 ug according to
procedures described previously [23].

In the remaining rats, one of three protoberberine (PBN)
compounds was injected subcutaneously in the neonatal
animal along the dorsal midline of the body near the head.
The injection was given during the first 24-hr postnatal
period and once again 24 hr later. Each protoberberine solu-
tion was injected in a volume of 50 ul under aseptic precau-
tions taken to prevent rejection of the rat pups by the dam.
The respective doses of PBN compounds administered were
selected on the basis of their toxicity (LD50) as determined
by H. Bruderer (personal communication) as follows: 1.0 mg
of PBN 37 (12-0637/001); 0.5 mg of PBN 35 (12-0635/001); or
25 ug of PBN 36 (12-0636/001). Each rat was then returned to
its litter with no additional intervention. At 70 days of age
and again at 100 days, each rat was tested for its alcohol
preference as described previously.

In subsequent tests, animals were selected following TIQ
treatments which drank at least 2.0 g/kg of alcohol during the
preference tests. Water and a singie fixed concentration of
alcohol, which was ordinarily the solution of greatest intake,
were offered again in the two-choice, three bottle paradigm.

Preparation and Injection of Drug Solution

Naltrexone (Endo Labs) and morphine suifate (Mal-
linckrodt, Inc.) were prepared following sterile procedures in
0.9% physiological saline with pyrogen-free glassware. The
drug solutions as well as the saline control solution were
stored at —20°C between injections.

Naltrexone was injected in a dose of 5.0 mg/kg or 1.0
mg/kg administered twice daily. Morphine in a dose of 20.0
ng/kg or 2.5 mg/kg was injected twice a day. Each drug or an
isovolumetric amount of saline was given for three days ac-
cording to the injection schedule described as follows.

Following at least four days of stable baseline alcohol
drinking, either the drug or saline was injected subcutane-
ously twice a day for three consecutive days within the three
hours before or after the beginning of the light/dark cycle.
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FIG. 1. Effect of naltrexone (NTX) or saline (SAL) on alcohol intake
(G/KQG). Bars represent the mean intake of alcohol for the four-day
baseline (PRE), the three-day injection period (DURING), and the
four-day period following injections (POST). Vertical lines represent
standard errors. Doses are expressed as the total daily dose and n
indicates the number of experiments. *p<0.05.

After injections were terminated, alcohol intake was meas-
ured for at least four days or until the intake of alcohol re-
turned to pre-injection level. A repeated measures design in
which each animal received both saline and drug injections in
a counterbalanced order was employed.

RESULTS

In the THP- or protoberberine-treated rat, both the opiate
agonist and antagonist attenuated the voluntary consumption
of alcohol. Although the ingestion of food was also suppres-
sed by the two drugs, body weight was differentially af-
fected. Successive injections of the control saline vehicle failed
to alter any of the intake measures or body weight. The
attenuation of alcohol preference by naltrexone was dose-
dependent, whereas the intake of food was reduced equally
by the two doses of naltrexone.

Since the mean intakes of alcohol of the Long-Evans and
Sprague-Dawley strains were not statistically different either
prior to (1(20)=1.03, p>0.05) or during (+(20)=1.12, p>-0.05)
the three-day period of injection, the data were pooled for a
composite analysis. No order effects were observed when
the differences in alcohol consumption were compared in
those animals treated with the drug during the first or second
injection sequences. f(11)=-0.95, p>0.05.

Effect of Naltrexone on Alcohol Intake

The 5.0 mg/kg dose of naltrexone injected twice daily
(i.e., 10.0 mg/kg per day) reduced alcohol consumption by
26%. As illustrated in Fig. 1, the mean basal intake of alcohol
of 4.6 g/kg declined significantly to 3.4 g/kg during the three
successive days of the naltrexone injections, r(21)=2.45,
p<0.05. During the four-day period following naltrexone
treatment (POST) the intake of alcohol increased but did not
reach the pre-injection baseline level.

Although the lower dose of 1.0 mg/kg of naltrexone given
twice per day also suppressed alcohol drinking, this decline
was not statistically significant, 1(11)=1.19, p>0.05. Figure |
shows that the mean intake of alcohol of 4.3 g/kg decreased
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FIG. 2. Effect of morphine (MOR) or saline (SAL) on alcohol intake
(G/KG). Bars represent the mean intake of alcohol for the four-day
baseline (PRE), the three-day injection period (DURING), and the
four-day period following injections (POST). Vertical lines represent
standard errors. Doses are expressed as the total daily dose and n
indicates the number of experiments. *p<0.01.

to 3.7 g/kg during the injections of naltrexone, with alcohol
drinking once again increasing following treatment. In con-
trast to the pattern of alcohol intake exhibited by the
naltrexone-treated animals, the preference for alcohol in the
saline-treated controls was slightly enhanced due
presumably to acclimation [37].

Effect of Morphine on Alcohol Drinking

Both the 20.0 mg/kg and 2.5 mg/kg doses of morphine
given twice daily significantly suppressed the voluntary con-
sumption of alcohol below the pretreatment base-line level,
1(22)=7.15, p<0.01 and 1(17)=3.13, p<0.01, respectively. As
presented in Fig. 2, the intake of alcohol in terms of g/kg was
reduced by 49% in the animals given the 40.0 mg/kg dose and
by 32% in the rats treated with 5.0 mg/kg of the agonist.
Control injections of saline, on the other hand, did not sub-
stantially affect alcohol preference (Fig. 2).

In contrast to the short-term decline in alcohol intake
produced by naltrexone, the consumption of alcohol during
the four-day period following morphine treatment (POST)
remained significantly below the base-line value. This result
is portrayed also in Fig. 2. During the post-injection period,
the intake of alcohol of the animals treated with 40.0 mg/kg
per day remained at 34% of the pre-injection level,
1(22)=4.56, p<0.01, whereas alcohol drinking of the rats in-
jected with 5.0 mg/kg per day remained at 28% of the level
prior to injections, 1(17)=3.03, p<0.01.

Comparison of Naltrexone and Morphine on Food and
Watrer Intake

The intake of food was reduced significantly by both the
10.0 and 2.0 mg/kg doses of naltrexone, 1(21)=2.85, p<0.01
and 1(11)=2.45, p<0.05, respectively. As shown in Table l,a
slight but insignificant decline in water intake was also
produced by both naltrexone and saline; however, in both
cases body weight was relatively unaffected.

Food intake declined by 50% during the treatment with
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TABLE 1

EFFECT OF NALTREXONE OR SALINE ON BODY WEIGHT AND
INTAKE OF FOOD AND WATER

Body

Weight (g)  Food (g)  Water (ml)

Naltrexone PRE 586 + 18 22 + 0.7 14 + 2.4
5.0 mg 2xD DURING 583 = 18  *19 + 1.0 11+ 2.1
n=22 POST S87 + 18 24 = 0.9 14 + 2.5
Naltrexone PRE 645 + 24 24 + 1.2 12 = 3.0
1.0 mg 2xD DURING 648 + 25 20 £ 0.9 12+ 2.8
n=12 POST 651 = 25 25 = 0.9 11 = 3.6
Saline PRE 630 + 23 24 = 0.8 11 +29
n=12 DURING 634 + 23 24 = 0.9 9+ 3.0
POST 635 + 23 23 £ 0.7 8+24

PRE denotes the four-day baseline, DURING the three-day injec-
tion period and POST the four days following injections. Values
represent means=standard errors. *p<0.01; tp<0.05.

TABLE 2

EFFECT OF MORPHINE OR SALINE ON BODY WEIGHT AND
INTAKE OF FOOD AND WATER

Body

Weight (g  Food (g)  Water (ml)

Morphine PRE 462 +14 24 = 1.0 12+2.0
20.0mg2xD DURING 462 = 14  *12 + 0.8 14+ 1.9
n=23 POST 436 = 12 23+ 1.2 11 =14
Morphine PRE 679 = 23 24 = 1.0 13+ 2.5
2.5mg2xD DURING 678 x22 *I18 + 0.9 14 + 2.4
n=18 POST 671 + 22 25 £ 1.0 13+26
Saline PRE 467 + 8 24 + 1.5 18 = 2.7
n=16 DURING 470+ 9 25 = 1.3 14+ 27
POST 472 + 8 23 £ 0.9 11=19

PRE denotes the four-day baseline, DURING the three-day injec-
tion period and POST the four days following injections. Values
represent means=*standard errors. *p<0.01.

morphine in a daily dose of 40.0 mg/kg. Conversely, water
intake increased slightly as indicated in Table 2. In spite of
the substantial reduction in total calories consumed in the
form of alcohol and food during morphine injections, the
body weight of the rats was unchanged. However, during the
four-day period following morphine, the average body
weight declined even though the mean intake of food re-
turned to the base-line level. The 5.0 mg/kg dose of morphine
reduced food intake significantly by 25%. #(17)=4.80.
p<0.01, whereas water intake and body weight were not
appreciably affected. However, following this injection se-
quence, average body weight of the animals also declined
slightly.

An overall comparison of the effects of naltrexone and
morphine, both given twice daily, is presented in Table 3 in
terms of mean percent change in body weight and the intakes
of both food and alcohol. Whereas the body weight in the
case of both drugs remained stable, the baseline intakes of
food and alcohol were reduced by two- to three-fold by mor-
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TABLE 3

PERCENT CHANGE IN BODY WEIGHT AND INTAKE OF FOOD AND
ALCOHOL DURING TREATMENT

Body Weight Food Alcohol

Naltrexone  J10-0mg  —1% —15% —26%
rexone 1 2.0 mg 0 ~15% —14%
Saline : +19% - 1% - 2%
. 40.0 mg 0 —509% —49%
Morphine { 5.0 mg 0 —25% -39
Saline +1% + 4% +20%

Mean percent calculations are based on g for food intake and body
weight and on g/kg for alcohol.

phine in comparison with naltrexone. Although morphine
produced a dose-dependent decrease in alcohol and food in-
take, the effect of naltrexone on food intake was constant
being independent of the dose injected; however, nal-
trexone’s effect on alcohol consumption was dose-
dependent.

DISCUSSION

The present findings confirm and extend earlier reports
that both an opiate antagonist and agonist can suppress vol-
untary drinking of alcohol in a TIQ-treated rat [14,21]. As we
observed previously with the administration of naloxone
[21], naltrexone unexpectedly fails to enhance alcohol drink-
ing, which could be theoretically predicted according to the
viewpoint of a TIQ-opiate interaction [20]. The degree to
which naltrexone suppresses alcohol drinking is nearly iden-
tical to that produced by the shorter-acting opiate antagonist,
naloxone [21]. Moreover, the pattern of alcohol intake ob-
served not only during naloxone and naltrexone injections
but also after their administration is similar.

Although the effect of naloxone and naltrexone on alcohol
drinking is virtually identical, their effect on food intake is
dissimilar. As we reported previously, food intake over a
24-hr interval is not reduced by periodic treatment with
naloxone [21], whereas both doses of naltrexone used in the
present study suppress food intake. The longer-lasting action
of naltrexone presumably would account for the diminution
in feeding during its administration. This is also consistent
with other studies which show that an opiate antagonist can
suppress food intake, whereas an opiate agonist may
enhance the ingestion of food [6, 7, 12, 30].

In the present study, the prototype opiate agonist, mor-
phine, attenuated the intake of food substantially, a finding
which in one sense contrasts with two previously reported
findings [30,36). However, this discrepancy may be readily
explained by the different regimen of morphine administra-
tion. In our study, morphine was injected twice daily for
three consecutive days, whereas in the other studies only a
single injection of the agonist was administered [30,36]. That
the repeated injections of a potent opiate agonist in a phar-
macologically efficacious dose can produce an effect oppo-
site to that of a single dose would be expected. In fact, an
analysis of the time course of the agonist’s effect reveals that
a single injection of morphine in the food-satiated rat may
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augment food intake immediately after the injection, but will
reduce feeding over a 24-hr interval [11]. Since the body
weight of the rat declines following morphine treatment at
the same time that food intake returns to the normal level, it
is likely that an alteration in the basal metabolic rate of the
animal could be produced by morphine when it is injected
repeatedly.

The finding that both morphine and the two opiate
antagonists suppress the voluntary intake of alcohol may be
explained in one of several ways. First, it is possible that the
attenuated intake of alcohol produced by naltrexone could
be due to a shift in the gustatory or olfactory threshold for
alcohol. A systemically given opiate antagonist reportedly
can enhance the taste aversion to saccharin produced by
alcohol [16] as well as alter the taste perception of the rat
[13]. However, this alternative is improbable since naloxone
exerts little effect on the genetic alcohol-drinking rat [21]. In
addition, neither naltrexone nor naloxone alters the discri-
minable property of alcohol [2].

Second, the decline in alcohol intake produced by mor-
phine, particularly if given in a high dose, could be due to a
transient but general malaise accompanied by an impairment
in caloric regulation [14]. In contrast to the morphine-treated
rat, naloxone fails to alter either body weight or food intake
during the interval when alcohol drinking is reduced {21].

Third, morphine and naltrexone may act on different
sub-populations of opiate receptors [15,38]. Although the
alcohol drinking induced by a TIQ is thought to be mediated
by an opiate receptor mechanism [20], the sub-type of opiate
receptor involved in the response has not yet been charac-
terized. Nevertheless, naloxone not only blocks the analge-
sic action of a TIQ [8] but it is also a competitive inhibitor of
opiate receptor binding [34,35]). The fact that naloxone re-
duces alcohol drinking in the rat infused ICV with THP but
not in the genetically selected, high alcohol drinking animal
[21] further supports the concept that different opiate recep-
tor mechanisms could mediate the effects of morphine and
naltrexone.

Although it has been shown that a TIQ can bind to opiate
receptors [34,35], once again the type of opiate receptor has
not yet been identified. For example, a TIQ can inhibit the
contraction of the guinea pig ileum [9,27], a tissue which
contains primarily u- or morphine receptors [15]; however,
since this inhibition can be blocked but not reversed by
naloxone [9,27], it is conceivable that a TIQ acts either as a
partial agonist or antagonist at the u-receptor or as an
agonist at an alternative opiate receptor, possibly the
8-receptor. In fact, when alcohoi either is added to a brain
homogenate of the rat or is administered chronically by a
forced-intake procedure, a reduction of 8-receptor binding
occurs in brain tissue [10,28]. Moreover, the level of leu-
enkephalin, a putative ligand with a high affinity for the
3-receptor, declines in the basal ganglia of the hamster fol-
lowing the rodent’s prolonged consumption of alcohol [4]. If
the action of a TIQ in inducing alcohol drinking is mediated
through &-receptors, it is unlikely that the suppression of
alcohol intake produced by naltrexone and morphine would
be caused by the respective blockade or stimulation of the
same receptor.

Finally, even though the present study again suggests that
the alcohol drinking evoked by a TIQ may be mediated by an
opiate receptor mechanism, the possibility cannot be ruled
out that the suppression of alcohol consumption by an opiate
antagonist could be due to a non-specific action of the drug
[31].
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