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RONNB.~CK, L. Is there a genetic control of morphine preference in rat? PHARMACOL BIOCHEM BEHAV 35(1) 15-20, 
1990.--Morphine preference was tested in two-bottle, voluntary-choice situations on physically dependent Sprague-Dawley rats. The 
animals ingested morphine which was dissolved in a fluid diet. Choice tests were performed under similar experimental conditions as 
the ingestions. Approximately 10% of the physically dependent rats voluntarily preferred large amounts of morphine already after a 
short treatment. The preference level was found to correlate with the animals' requirement for the drug. There was a gradual increase 
in morphine preference in F, and F 2 offspring of extremely high morphine preference rats. In F 3 (of such extremely high morphine 
preference rats) up to 65% died shortly after birth. The surviving rats showed a low morphine preference after ingestion when adult. 
Our result of increasing preference over two generations and death of a large number of rats in the third generation with a low morphine 
preference of the surviving rats was seen also in Fa-F 8. The data suggest that high morphine preference is under genetic control. 

Choice test Genetic Ingestion Morphine Physical dependence Preference Rat 

CONSIDERABLE attention has been devoted to the self-admin- 
istration of pharmacologically active drugs by nonhuman subjects, 
with the underlying hope of gaining insight into the complex 
etiology of human drug addiction. Separation between addiction- 
prone and addiction-resistant animals could facilitate the identifi- 
cation of causal factors in opiate addiction. Many self-administration 
routes have been used (3, 4, 10, 12-14). As it has been claimed 
that the stimuli associated with the effects of morphine adminis- 
tration are probably more important than the drug itself for the 
active drug-seeking behaviour (1,5), many authors have consid- 
ered voluntary preference tests by ingestion-intoxicated rats to be 
preferred when studying drug addiction. One problem has been the 
lack of suitable choice models. Morphine has been dissolved in 
water or sucrose with the result being a bitter taste and/or caloric 
imbalance. The differences in preference level found between 
various strains (2), to some degree, might be related to other 
factors than true drug proneness. 

It was earlier shown (7, 9, 15) that within one strain of rat there 
is a minor percentage of individual animals with the ability both to 
aquire high morphine preference in a two-bottle voluntary choice 
situation after a short ingestion period and to increase the prefer- 
ence further after a second treatment period. The aim of the 
present study was to evaluate whether or not this high morphine 
preference could be enriched by breeding, which has in fact been 
suggested earlier (6). High morphine preference rats within one 
strain might be a valuable tool in the search for a neurochemical 
basis for morphine addiction. 

METHOD 

Animals 

Male and female inbred Sprague-Dawley rats with a body 
weight (b.wt.) of 150 g were bought from A-lab, Stockholm, 
Sweden. 

Morphine Ingestion 

The rats, placed in individual plastic cages (33 × 23 × 12 cm3), 
received their fluid diet from plastic tubes, one for each rat. 
Morphine was dissolved in the fluid diet. The ingestion procedure 
and diet composition has been described extensively in earlier 
papers (8,15). The morphine dose was increased up to 340 mg/kg 
b.wt. during 8 days. Fluid diet and morphine consumption was 
determined daily. It was previously shown (8) that on this regime 
the rats were made physically dependent on morphine, as tested by 
precipitation of withdrawal signs after administration of antago- 
nists or by excluding the drug from the diet. 

Choice Tests 

Two tubes were accessible to each rat, one with morphine, and 
the other with control diet. The amounts of calories, nutrients and 
fluid were similar whether or not the rats chose morphinized or 
control diets. Morphine diet consumption was expressed either as 
% preference, i.e., amount of morphine diet consumed in percent 
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of total daily fluid diet intake, or as amount of morphine consumed 
in mg/kg b.wt./day. There was a statistically significant correla- 
tion between the two ways of expressing morphine intake (r = .98, 
47 male rats, weighing 225-275 g; r =  .97, 43 female rats, 
weighing 200-260 g; linear regression analysis). The placing of 
the diet tubes to the right or to the left in the cages did not 
significantly affect the preference level. 

Experimental Protocol 

Morphine preference (Fig. 1). Male rats ingested morphine up 
to a dose of 340 mg/kg b.wt./day during 8 days and were kept on 
that dose for another 1, 2, 3, 4, 10, 16 or 38 days in the different 
experiments. Twenty-five to forty rats were used in each experi- 
ment. Choice tests were performed for 6 days and the mean 
preference levels were calculated. 

Morphine preference during prolonged choice tests (Fig. 2). 
Ten male and l0 female rats ingested morphine up to 340 mg/kg 
b.wt./day during 8 days and were kept on that dose for another 16 
days. The animals were choice-tested during 12 days and the mean 
preferences for each day were calculated. After 4 days on 
morphine, the rats were again choice-tested for 14 days. Thereaf- 
ter, the rats were treated with morphine and choice-tested with 550 
mg/kg b.wt./day morphine (choice period III). The rats were again 
treated with morphine and choice tested with 225 mg/kg b.wt./day 
morphine (choice period IV). 

Morphine preference and learning the preference behaviour 
(Fig. 3). Three groups with 10 or 11 animals in each ingested 
morphine according to the "experimental set-up" in the figure. 
One group received 4.0 mg/kg b.wt. IP naloxone at three different 
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FIG. 1. Mean morphine preferences during 6-day choice tests after varying 
ingestion periods. Each point represents the mean preference -+ S.E.M. 
(25--40 different male rats at each point). Preference increased after longer 
ingestion up to a mean level of 50%. Inset figures show the preference 
distribution of individual rats after short-term and long-term treatments, 
respectively. 

occasions during one week (group I). Abstinence symptoms were 
precipitated. The other group was going through a choice-test for 
5 days while the third group was treated with morphine all the 
time. After 24 days all animals were choice-tested. 
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FIG. 2. Preference tests for long periods and on different morphine doses of physically dependent male and female rats. There were 
no statistically significant differences (variance analysis) in mean morphine consumption expressed as mg/kg b.wt./day comparing 
the different choice tests. 
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FIG. 3. Three groups of 10-11 rats in each were treated according to the "experimental set-up." In choice test II, group 2 (which had gone 
through one prior choice test) showed an initial high preference for the morphine diet. However, there is no difference in morphine consumption 
by the three groups of animals at the end of the choice tests. The 3 most high morphine consumers ( . . . .  ) from the different groups do not 
show any significant differences in morphine intake during the whole choice period (variance analysis). 

Breeding high morphine preference rats (Fig. 4). Fifty-five 
male and 62 female Sprague-Dawley rats ingested morphine for 16 
days on 340 mg/kg b.wt. (including the 8 day dose increase), and 
were choice tested for 6 days. The 10-12 most high preference 
male and female rats were paired and eight generations (Fo-Fs) 
were treated with morphine and choice-tested in a similar way. No 
sister and brother pairing was performed. The preferences of the 
offspring of the 3 highest preference male and female rats from 
each generation were calculated. 

RESULTS 

Morphine Preference (Fig. 1) 

From Fig. 1 it is seen that the rats had a higher mean morphine 
preference after longer ingestion periods. A mean preference level 
of 50% was reached after 24 days of total treatment. Approxi- 
mately 10% of the rats showed a relatively large preference 
already after a short treatment period, while a similar percentage 
of rats avoided morphine in choice situations even after a long 
ingestion (inset figures). Thus, there is a variability between 
different rats concerning the preference level. 

Morphine Preference During Prolonged Choice Tests (Fig. 2) 

The mean preference level was not significantly different from 
one day to another during the choice tests, nor when comparing the 

two choice tests (I and II). When choice-tested on a higher dose 
(III), the mean preference level expressed in % decreased and 
when choice-tested on a lower dose (IV) the mean preference 
level increased. There were no statistically significant differences 
(variance analysis) in mean morphine consumption expressed as 
mg/kg b.wt./day comparing the different choice tests. The results 
indicate that the preference level is determined by the animal's 
respective pharmacological requirement for a certain amount of 
morphine. 

Morphine Preference and Learning the Preference Behaviour 
(Fig. 3) 

Those animals having undergone a previous choice test (group 
II) showed an initially high mean morphine preference, while the 
morphine consumptions of each group of animals were not 
significantly different from each other at the end of the choice 
situation (Student's t-test). Thus, the preference level is not due to 
unspecific factors. If the daily preference level is calculated for 
just high morphine consumers (mean >70% preference) from the 
different groups, no significant differences (two-way ANOVA) in 
morphine intake were found during the whole choice period. 

Breeding High Morphine Preference Rats (Fig. 4) 

There were no significant differences in mean preference level 
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FIG. 4. Breeding high morphine preference rats for 8 generations. The 
mean preferences -+ S.E.M. for male and female rats (number of rats in 
parentheses) in each generation are shown. No statistically significant 
differences of morphine preference were obtained when comparing the 
whole generations with Student's t-test or variance analysis. Columns with 
hatched marks = rats which were paired. The three highest preference male 
and female rats from each generation is marked with arrows and their 
offspring is marked as columns with circles. The male F 1 offspring of the 
3 highest male and female morphine preference rats (marked columns with 
circles in the figure) showed a higher preference compared to the whole 
generation. The same result was obtained from the next generation (F2) 
where the female offspring also had a higher preference (Student's t-test). 
In the third offspring generation (F3), 65% of the pups from extremely high 
morphine preference male and female rats died within 24 hr after birth and 
the surviving rats showed a low preference when tested after morphine 
ingestion. Similar results were obtained in generations F4 to F 8. *p<0.05: 
offspring from rats with highest preference (bars with circles) vs. whole 
generation (male and female separated). **p<0.01: offspring from rats 
with highest preference (bars with circles) vs. whole generation (male and 
female separated). 

throughout the generations (31.3 up to 43.2% and 25.5 to 37.0% 
for male and female rats, respectively). However, the offspring of 
the 3 highest preference rats increased their preference over 2 
generations (F, and F2). In F 3, up to 65% of the pups of these 
extremely high morphine preference rats died within 24 hr after 
birth. The preference of the surviving F 3 rats (when adult) was 
significantly lower than that of the whole generation. In F 4 there 
was a restoration to a preference level which was not significantly 
different from the whole group. Similar results were obtained from 
generations Fs-F 8. 

DISCUSSION 

The rats were placed in individual cages and ingested morphine 
in the same environment and with the same vehicles as the 
preference tests were later performed. The amounts of calories, 
nutrients and fluid were similar whether or not the rats chose 
morphinized or control diets. The rats acquired a higher mean 
preference for morphine after a longer intoxication period, up to a 
preference level of approximately 50% (corresponding to a mor- 
phine consumption of 170 mg/kg b.wt.). Ten percent of the rats 
showed an even higher morphine preference, while other rats 
voluntarily went through an abstinence reaction. Furthermore, it 
was shown that the preference level is determined by the animal's 
respective pharmacological requirement for a certain amount of 
morphine. The mean preference level for a number of animals was 
affected by learning the specific behaviour. However, the very 

high morphine preference reached by some few percent of the rats, 
was not due to learning. Neither were there any correlations 
between this high morphine preference and the taste of the drug 
measured earlier as quinine diet preference, nor of serum mor- 
phine levels, food intake and body weight gain, differences in 
abstinence symptoms, precipitated by exclusion of morphine from 
the fluid diet or by the administration of the opiate antagonist 
naloxone (7,9). 

Thus, previous and the present experiments demonstrate that, 
within one strain of rats, the individual animals vary in morphine 
preference after similar ingestion conditions (from some few 
percent up to 70-80% preference) with the specificity of the 
experimental model. This means that a differential pharmacolog- 
ical need for the drug exists between individual rats. It might be 
that these rats contain or lack, can activate or deactive some 
nonsex-related factor(s) which is (are) genetically transformed, 
and the presence or absence of which correlates with high 
morphine preference. This is partly in agreement with Nichols and 
Hsiao (6). The next step was to examine if extremely high 
morphine-preference rats could be genetically enriched. A heavy 
accumulation or depletion of such a factor(s) in F 3 and F 7 is not 
compatible with life. It could be claimed that the results of this 
study could be explained in terms of morphine affecting the 
chromatin of both male and female rats. There are, in fact, 
experimental results supporting the possibility of morphine affect- 
ing the genetic material of the sex chromosomes even in males 
(11). In the present study, all animals were treated in a similar 
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way, which is why such an explanation could not completely 
explain our results. The inheritance pattern could not be evaluated 
within this study, although our results strongly suggest that high 
morphine preference is under genetic control. 
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