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Abstract. To determine whether opiate consumption is
affected by laboratory housing, individually caged and
colony rats were given a choice between water and
progressively more palatable morphine-sucrose so-
lutions. The isolated rats drank significantly more of
the opiate solution, and females drank significantly
more than males. In the experimental phase during
which morphine-sucrose solution consumption was
greatest, the isolated females drank five times as much,
and the isolated males sixteen times as much morphine
(mg/kg) as the colony females and males respectively.
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Under appropriate conditions, laboratory rats self-
administer opiate drugs, either orally (Stolerman and
Kumar, 1970; Khavari and Risner, 1973; Ternes, 1975)
or through indwelling catheters (Weeks and Collins,
1964; Woods and Schuster, 1970). These techniques
have permitted investigation of various physiological,
biochemical, and environmental influences on opiate
consumption.

Some authors have considered that self-admini-
stration of opiates by rats and other laboratory species
suggests a fundamental vulnerability of mammals to
the development of opiate dependence (Goldstein,
1972, 1976; Jaffe, 1975). In almost all rat studies,
however, the animals have been isolated in small, bare
metal cages. This is an unnatural condition, since rats
are highly social, curious animals (Lore and Flannelly,
1977; Berlyne, 1955).

Using pre-addicted rats in a morphine water choice
situation, Alexander et al. (1978) found that colony-
housed rats drank far less morphine hydrochloride
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(MHCI) solution than individually caged rats, indicat-
ing that some aspect of colony housing strongly inhibits
morphine consumption. If this housing effect proved to
be a general phenomenon, it would suggest that the
influence of laboratory conditions per se must be
emphasized more in the interpretation of self-
administration studies.

The present experiment compared morphine con-
sumption of rats in colony versus isolated housing,
using animals that had no prior exposure to
morphine.

Materials and Methods

Subjects. There were nine male and nine female albino rats of Wistar
origin (University of British Columbia breeding stock) in both the
isolated and the colony groups. At the beginning of the experiment
they were 85— 87 days of age.

Apparatus and Procedure. Isolated rats were housed from weaning in
standard 18 x 25 x 18 cm rat cages with sheet metal walls that
prevented visual contact with adjacent animals. They received fluids
through stainless steel drinking tubes from bottles fastened on the
outside of each cage.

Colony rats lived together from weaning in a large open-topped
wooden box, with a floor area of 8.8 m®. The box contained a layer of
cedar shavings and 12 small, open-topped metal cages for climbing
and nesting. The rats had continuous access to fluids in a transparent
plastic tunnel, 25.4cm long and just wide enough to accomodate a
single rat. The inside dimensions were 4.4 x 5.8 cm. At the end of the
tunnel were two drop dispensers, one containing tap water and the
other morphine-sucrose solution. Each dispenser was positioned over
a small well. A light beam between each well and dispenser was
interrupted when a rat drank from the well, and restored when it
withdrew its head, thus dispensing another drop. All animals learned
to operate this device smoothly and rapidly the first day it was
introduced.

A photo-electrically controlled video camera recorded rats
entering the tunnel and the number of drops released by the previous
animal, which was displayed on digital counters. Animals were
individually marked with black dye for identification when the tapes
were transcribed. A beaker collected any spillage, which was weighed
daily.
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Table 1. Order of experimental phases. In each phase the rats of both
groups had a choice between tap water and the solution described in
the table

Phase Morphine-sucrose solution Days
0—5 (pretest) water + 5% sucrose 3
0.5—0 0.5 mg MHCl/ml water 5
0.5—-1 0.5 mg MHCl/ml water + 19, sucrose S
0.5—5 0.5 mg MHCl/ml water + 5% sucrose S
0.5-10 0.5 mg MHC]/ml water + 109, sucrose 5
0.3—-10 0.3 mg MHCI/ml water + 109 sucrose 5
0.15—-10 0.15mg MHCl/ml water + 10% sucrose 5
0—10 (post-test) water + 109 sucrose 5

To determine the amount of water and morphine-sucrose
solution consumed by the isolated rats, the bottles were weighed each
day. The weight loss was corrected for leakage and evaporation by
subtracting the average loss from two bottles placed on an empty cage
for the same period.

After the rats were weighed, both groups were given continuous
access to both water and 59, sucrose solution for 3 days. For the
following 30 days they were given access to water and a series of
morphine-sucrose solutions, each solution being presented for a 3-
day phase. Finally, the rats were given 5 days access to water and 10 9
sucrose. The order of the phases is given in Table1. Left-right
alternation of fluids occurred at the end of each phase for both
groups.

This order was designed, on the basis of data reported by Khavari
et. al. (1975), to present the MHCI in solutions of increasing
palatability to rats. Since we were not concerned with the consum-
ption of particular concentrations per se, but only in finding if there
were changes in morphine consumption where housing and sex
groups differed, there was no attempt to control for order effects.

Analyses of variance for each phase were performed on the
proportion of MHCI solution to total fluid and on mg MHCl/kg
body weight. The latter was subjected to square root transformation
to decrease heterogeneity of variance. Total fluid consumption
(grams) was also analyzed. There were only eight male isolated rats
from Phase 0.5—1 on, as one was accidentally killed.

Results

Housing Effect on Morphine Consumption. On both
measures, isolated rats consumed more morphine than
colony rats. The statistical significance and magnitude
of the housing effect generally increased across the six
experimental phases to well beyond the 0.001 level by
Phase 0.15—10 (see Figs. 1 and 2).

The only inconsistency occurred in Phase 0.5—1,
where the isolated females drank /ess morphine, in
mg/ke, than the colony females, whereas the isolated
males drank more than the colony males. The Housing
x Sex interaction was statistically significant for this
phase.

The magnitude of the housing effect is somewhat
obscured by the necessity for square root transfor-
mation of the mg/kg data. The group means and
standard errors for untransformed mg/kg data in Phase
0.15—10 were as follows: isolated females, 36.64
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Fig. 1. Morphine consumption as mg MHCl/kg body weight.
Significance levels from analyses of variance for each phase are
summarized as follows: H Housing; S Sex; H x S Housing by Sex
interaction; * P < 0.5; ** P< 0.1; *** P< 0.001
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Fig. 2. Morphine-sucrose solution consumption as proportion of
total fluid consumed. Significance levels indicated as in Fig. 1
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Fig. 3. Total fluid consumption in grams. Significance levels indicated
as in Fig. 1

+ 2.70; isolated males, 24.09 + 7.10; colony females,
7.29 + 2.70; colony males, 1.46 + 0.73, a difference of
5:1 for the females and more than 16 : 1 for the males.

Gender Difference. Females generally drank more mor-
phine solution than males (Figs. 1 and 2). This differ-
ence was significant for both dependent variables in
Phases 0.5—5 and 0.3—10, and for mg/kg data in
Phases 0.5—0and 0.15— 10. In Phase 0.5 — 1, however,
the isolated females-drank less than the isolated males.
The Housing x Sex interaction in this phase was
significant.

Sugar Preference. All rats consistently preferred the
sucrose-only solutions to water (see Fig. 2). The colony
rats drank a significantly higher proportion of 10%
sucrose solution than did isolated rats in the post-test,
but the magnitude of the difference was small.

Total Fluid Consumption. All groups drank more fluid
in the pretest and post-test than in the experimental
phases (Fig. 3). Pretest consumption was significantly
higher in isolated rats than in colony rats.

Whereas there were significant Housing and Sex F-
ratios in the experimental phases, their importance is
questionable due to the significant Housing x Sex
interactions. The colony females drank more than the
colony males, (perhaps reflecting greater fluid needs
associated with gestation and lactation), whereas the
sex difference was reversed in the isolated rats, except
during the last two phases, in which the sexes were
similar.
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In the post-test there was a strong Housing x Sex
interaction, with colony females drinking about twice
as much as colony males and isolated rats of both sexes
drinking an intermediate amount.

Discussion

The results confirm and extend previous findings that
isolated housing is more conducive to morphine
consumption than colony housing and that females
drink more morphine solution than males (Alexander
et al., 1978).

There are several possible explanations for the
housing effect. First, morphine may have reinforced the
isolated rats by relieving anxiety resulting from social
and sensory deprivation. Khantzian (1974) suggested
that isolated rats self-administer morphine to relieve
the stress induced by laboratory conditions and han-
dling (p. 64).

This explanation, however, is contradicted by de-
monstrations that isolated rats avoid the pharma-
cological effects of drinking opiates. The finding by
Huidobro (1964), that rats with sectioned lingnal and
glossopharyngeal nerves reject morphine solution, in-
dicates that the aversion was to its effects rather than to
its taste. Wikler and Pescor (1967) found that naive rats
rejected the opioid, etonitazene, even though it is
essentially tasteless in the concentrations which were
used. Chipkin and Rosecrans (1978) found that isolated
rats rejected methadone when the alternative was an
equally bitter quinine solution. However, when given
naltrexone injections, eliminating the pharmacological
effects of methadone, the rats drank equal amounts of
the solutions. Therefore the initial avoidance was not to
the taste or odor of the opiate. We have confirmed this
finding (unpublished data) using isolated rats given a
choice between quinine and MHCl solutions before and
after naltrexone administration.

A second, and we believe more likely, explanation
for the housing effect is that the colony rats drank less
morphine because it interfered with their species-
typical behaviors. Alexander et al. (1978) have reported
that under conditions of forced consumption colony
rats engage in significantly less fighting and sexual
behavior. Natural activity patterns may be intrinsically
reinforcing, as suggested by Glickman and Schiff
(1967). Moreover, inability to perform them may have
aversive consequences in what appears to be a highly
competitive society.

A third possibility is that isolated rats were less
affected by morphine than colony rats and, therefore,
could tolerate more. Evidence that morphine affects
isolated rats less than group caged rats has been
presented by Katz and Steinberg (1970), Adler et al.
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(1975a), Sklar and Amit (1977), and Kostowski et al.
(1977). However, other data (Adler et al., 1975b; Katz
and Steinberg, 1972) argue against this explanation.

A fourth possibility is that the colony rats may have
a stronger aversion to bitterness than do the isolated
rats. However, this is not likely, since the greatest
difference between housing groups occurred in Phase
0.15—10 when the bitter taste (i.e., MHCI concen-
tration) was at its weakest and the sugar masking was
strongest. By contrast, in the first day of Phase 0.5—0,
there was no indication of a housing effect on either
measure (both Fs < 1.0). On this day, the bitter taste
(i.e., MHC! concentration) was at its strongest, there
was no sugar masking, and the rats had minimum
experience with the post-ingestional effects of mor-
phine. In the remaining days of Phase 0.5 —0 morphine
consumption of the colony rats declined sharply,
whereas consumption by the isolated rats remained
close to its initial level. |

A fifth possibility is that the isolated rats consumed
more morphine-sucrose solution because of a greater
caloric need for sucrose. However, this possibility
seems remote since there was no significant housing
effect in sugar solution consumption analyzed as a
proportion of total fluid on the pretest. On the post-test
the colony rats consumed a significantly higher pro-
portion of sugar solution than the isolated rats (Fig. 2),
a direct negation of the caloric intake possibility. When
separate analyses were run on the absolute quantity of
sugar solution ingested in the pre- and post-tests, there
were no significant housing effects.

Finally, there are two possible artifacts. The hous-
ing effect might result from an inhibition of drinking in
the colony, due to the unusual and complex drinking
response required of the colony rats. However, total
fluid consumption in the two housing groups was
similar (Fig.3) and in some experimental phases,
colony rats drank more than isolated rats. Also, it is
unlikely that the difference in proportion of MHCI
solution to total fluid intake resnlted from an inhibitory
effect of the colony drinking device, since such an effect
would reduce intake of both fluids. Finally, every
colony rat learned to use the apparatus smoothly and
rapidly on the day it was first introduced.

Another possible artifact is that the particular
sequence of phases could have affected the results.
Counterbalancing the order of the experimental phases
was impossible, because all rats in the colony group
necessarily received the phases in the same order.
Although the order could have influenced the shape of
the curve of increasing consumption, there is no reason
to suppose that it influenced the housing or sex effect
since both the isolated and colony rats received the
phases in the same order and since the housing effect
was significant in the first experimental phase.
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Hill and Powell (1976) reported that social vs
solitary housing did not influence morphine intake. In
their experiment, however, neither group consumed
appreciable quantities of the drug (the greatest mean
daily intake was about 1.5 mg morphine SO /kg). It is
probable that both their groups of rats, presented with
a choice between unsweetened morphine solution and
water, simply rejected the morphine because of its bitter
taste. Though the difference in methodologies provides
the most parsimonious explanation for the difference
between the two studies, the Hill and Powell study
raises the possibility that the housing effect is strain-
specific.

We can offer no explanation for the sex difference.
There was no indication of a greater sugar preference in
the females. In a previous study of unsweetened
morphine-water choice behavior, females also con-
sumed significantly more morphine solution than males
(Alexander et al., 1978). Hill (1978) found a similar sex
effect when the choice was between morphine-
saccharin solution and saccharin solution. When the
morphine solution and its water alternative were un-
sweetened no sex effect was found, probably because
intake for both groups was minimal.

Whatever the cause, it now seems established, at
least in one strain, that isolation is much more con-
ducive to morphine consumption than is colony
housing, and that females consume more morphine
than males. Broad generalizations from self admini-
stration data should, therefore, take housing conditions
and gender into account.
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