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CARLSON, K. R., C. M. SAULNIER-DYER AND M. S. MOOLTEN. Selective breedingfororalopioid ucceptanceor 
rejection in rats. PHARMACOL BIOCHEM BEHAV 53(4) 871-876, 1996.-Lines of rats were selectively bred to diverge 
bidirectionally from a randomly bred control line in the propensity to self-administer an opioid orally. These lines seek or 
avoid the high-potency opioid etonitazene in a situation in which it is presented continuously as a choice with water. Over 
seven generations, preferences were measured and selection pressure imposed to develop the accepting and rejecting lines. 
These animals represent the only contemporary selective breeding program for opioid preference or self-administration, and 
hold the promise of being a useful resource in the drug-abuse field. 

Opioid Opiate Selective breeding Etonitazene Drug abuse Genetics Rat 

THE WIDE VARIATION in the propensity of humans to 
self-administer many drugs may be partly caused by genetic 
factors. The paradigm example of a genetic component to 
drug abuse is alcoholism, as has been demonstrated in numer- 
ous family, twin, and adoption studies [reviewed in (39)]. It 
has also been suggested that human opioid abuse might be at 
least partially genetically determined (4,35). 

Selective breeding has been used to develop many lines of 
rats and mice which differ with respect to their responses to 
abused drugs or in their propensity to ingest drugs [for re- 
views, see (16,28)]. The latter effort has met with particular 
success in the field of alcohol abuse, where five pairs of rat 
lines differing in their willingness to drink ethanol have been 
developed. The most thoroughly investigated are the Finnish 
AA (ALKO, alcohol) and ANA (ALKO, nonalcohol) lines 
(42) and the Indiana University P (preferring) and NP (non- 
preferring) lines (29). 

Only two prior attempts have been made to breed selec- 
tively for opioid preference. In the first (32), Sprague-Dawley 
rats were made dependent on morphine by injection, and then 
were subjected to a regimen of varying fluid availability which 
induced morphine drinking. After a morphine-water choice 
trial, morphine was withdrawn, the rats were ranked for sever- 
ity of the abstinence syndrome, and the most susceptible and 

most resistant were identified. These two groups were selec- 
tively bred and were found to diverge significantly over the 
three generations tested in the percentage of morphine drunk 
in the choice trial. These data suggest that opioid intake can 
be brought under genetic control, even when selection is based 
on the severity of withdrawal symptoms rather than on the 
ingestive behavior itself. More recently, Sprague-Dawley rats 
which drank large amounts of morphine-adulterated liquid 
diet were used to selectively breed a high-preference line (36). 
Over two selected generations preference increased, but in 
generations 3-8, preference for morphine was not transmitted 
to offspring and there was a high mortality rate among new- 
born pups. 

Many drugs, including opioids, serve as reinforcers when 
ingested by rodents and other species, and oral drug self- 
administration is a practical and accepted animal model of 
drug abuse in humans [reviewed in (30)]. Its use has been 
limited in opioid research, however, by the bitterness of opi- 
oids in solution; disguising the taste is often necessary to in- 
duce significant consumption [e.g., (27)], with possible con- 
founding effects. This problem can be overcome by employing 
very dilute solutions of the high-potency opioid etonitazene 
(ETZ). This synthetic opioid is selective for the p receptor (31) 
and qualitatively equivalent to morphine, but approximately 

’ Requests for reprints should be addressed to K. R. Carlson, Dept. of Pharmacology and Molecular Toxicology, U. Massachusetts Medical 
Center, 55 Lake Ave. North, Worcester, MA 01655-0126. E-mail: kristin.carlson@ummed.edu 

In abstracts reporting parts of this work @-lo), the lines were named preference, random, and aversion. The names have been changed to 
accepting, control, and rejecting, respectively, to reflect more accurately the animals’ behavior. 
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1000-2000 times more potent in the ability to serve as a posi- 
tive reinforcer (37,44), in producing physical dependence (47) 
and such behaviors as catalepsy and analgesia (1,18,37), and 
in identification as an opioid in a drug discrimination task 
(21,40). At behaviorally active concentrations, the taste of 
ETZ does not appear to be aversive to rats, and the drug 
is used frequently in oral self-administration paradigms (7, 
11,12). 

In preference paradigms, the consumption of the drug is 
compared with that of concurrently available water. The usual 
procedure is to present two bottles side by side in the home 
cage. However, rats have strong position preferences and will 
often drink from the same bottle regardless of its contents 
(12,13,20). Thus, daily alternation of the side of the drug 
bottle can measure merely the strength of the rat’s position 
preference, rather than preference for the drug. We used a 
device developed in this laboratory, which presents both drug 
and vehicle at the same position in relation to the rat, thus 
permitting an accurate measure of an animal’s preference for 
one or the other (7). 

We report here the successful establishment of opioid- 
accepting and -rejecting lines of rats, and compare them to 
each other and to a randomly bred control line. 

METHODS 

Animals 

At all times, the rats were housed under a 12 L : 12 D cycle 
(lights on at 0700 h) at 22 -t 3’% with ad lib chow. When not 
under experimentation, they were kept in same-sex groups of 
3-4 in 30 x 34 x 16~cm-high Plexiglas cages with ad lib wa- 
ter, and when females were with a litter they were housed in 
large maternity cages. Pups were weaned from their mothers 
at 21-28 days old. While being tested for drug preference, 
each rat was housed individually as described below. 

Drug 

Etonitazene base (NIDA, Rockville, MD) was prepared as 
a 2.5Fg/ml solution in tapwater. 

Selective Breeding 

The foundation stock was 30 males and 30 females of the 
maximally heterogeneous N : NIH strain (24), representing the 
genetic diversity necessary to begin such a project (14,28). 
These rats were tested for ETZ preference (see next section), 
and those with the highest consumption of ETZ as a percent- 
age of total fluid were mated to begin the accepting line; those 
with the lowest percentage began the rejecting line; and from 
the remainder the control line parents were chosen at random. 
This resulted in three to five pairs to begin each line. In each 
generation all rats were tested for preference, and those with 
the most extreme preferences appropriate to their line were 
chosen, generally >40% for the accepting line and < 15% for 
the rejecting line. Individual selection, in which animals were 
chosen solely on the basis of their individual scores, was used, 
rather than within-family selection. Breeders in the control 
line were always picked at random, without regard for their 
preference, while avoiding sibling pairs. The number of mat- 
ing pairs per line was gradually increased to 10 by generation 
4, and has been maintained at this number in subsequent gen- 
erations. 

Preference Testing 

The rats were housed continuously and individually in 30 
x 34 x 16-cm-high Plexiglas cages with ad lib food. At the 

end wall of each cage was a switching device (7) which elimi- 
nated the influence of the rats’ position preferences when they 
were given a choice between drug and water, by presenting 
both solutions at what the rat apparently viewed as the same 
location. Two SO-ml centrifuge tubes with leakproof spouts 
were mounted side by side behind a shutter with a small round 
hole through it. The shutter was driven back and forth by a 
motor, placing the hole alternately every two min in front of 
one of the spouts. The rat had access to the hole and the spout 
behind it through a large rectangular opening in its cage wall. 
When both spouts contained water, the vast majority of rats 
drank equally from both, but any rat exhibiting a preference 
under these conditions was excluded from further experimen- 
tation. Each cage contained a IO-cm length of pine (2 x 4); 
while rats were drinking ETZ they developed intense stereo- 
typed chewing on the wood, a characteristic of chronic intoxi- 
cation with ETZ (12,47). 

On the 1st day, rats had access to one spout containing 
water behind a stationary shutter. They were then given 2 days 
to learn to drink water from both spouts with the shutter 
moving; the latter one also represented a water-water baseline 
day. Beginning with generation 2, for 4 days they then had 
available only one spout which contained 2.5 pg/ml ETZ with 
the shutter stationary, to ensure that all rats had experienced 
the effects of this drug (otherwise, one could argue that the 
rejecting line rats did not choose ETZ because they had never 
tried it). Finally, they were given a choice between 2.5 pg/ml 
ETZ and tapwater for 7 days with the shutter moving. ETZ 
and water consumption were measured daily by weighing the 
centrifuge tubes, and the rats were weighed daily. Testing was 
done when they were 3-5 mo old, equalizing as much as possi- 
ble the number of rats from each line in each batch of 40 
rats (the number was determined by the number of switching 
devices). Beginning with generation 7, the number of days in 
the ETZ-only phase was reduced to two, because rats drank 
the same amount of ETZ during the last 2 days as they had 
during the first 2 days. Similarly, the number of choice days 
was reduced to 4, because acceptance or rejection was well 
established by then, and there was little additional informa- 
tion to be gained from the last 3 days (see Results). 

Statistics 

For each generation, differences among the lines in the 
amount of ETZ consumed during the ETZ-only phase, and in 
ETZ consumed as a percentage of total fluid or as a percent- 
age of baseline intake during the choice phase, were analyzed 
by analysis of variance with repeated measures on the day 
variable (48). 

RESULTS 

Rats of all lines remained healthy and fertile. Although 
accepting males weighed less than those of the other two lines 
in generation 4 and later, the females weighed the same and 
there were no line differences in litter size in any generation 
(average about seven pups). Thus, by generation 4 and there- 
after, when it was possible to have 10 breeding pairs per line, 
the number of rats in each line tested for preference averaged 
67.9 (range 57-84). 

During the ETZ-only phase of testing, there were no differ- 
ences between the accepting and rejecting lines in the amount 
of ETZ consumed until generation 6, when the accepting line 
drank significantly more ETZ solution when it was the sole 
source of fluid than did the other two lines (29.5 vs. 19.0 
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and 19.1 ml; p < 0.00001). This difference was also found in 
generation 7 (28.4 vs. 21.9 and 20.3 ml; p < 0.00001). 

Figure 1 shows the divergence of the selected lines over 
generations in preference for ETZ, both as a percentage of the 
total fluid intake (top) and as a percentage of baseline water 
intake from that spout (bottom). In all but generation 1, the 
difference among the three lines was statistically significant (F 
= 11.1-87.7, p < 0.00001). In generations 2-7, the control 
line continued to have preference scores between the other 
two lines, and both the accepting and rejecting lines differed 
significantly from those unselected rats. 

Detailed data from generation 7 are shown in Fig. 2. On 
day 0, the baseline water-water choice day, there were no 
differences among the groups in the amount of water con- 
sumed from the spout which would subsequently deliver ETZ 
(top panel). In the ETZ-water choice phase, however, the 
lines were significantly different in the consumption of ETZ 
as a percent of total fluid (top panel; p < 0.00001) and of 
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FIG. 1. (Top) ETZ consumption as a percentage of total fluid intake 
(mean + SEM) during the ETZ-water choice phase for the accepting 
(Act), control (Con), and rejecting (Rej) lines in each generation. 
(Bottom) ETZ consumption as a percentage of baseline intake from 
that spout (mean ? SEM). 
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FIG. 2. (Top) ETZ consumption as a percentage of total fluid intake 
(mean ? SEM) for generation 7 rats of the accepting (Act), control 
(Con), and rejecting (Rej) lines. The day 0 data represent the percent- 
age drunk in a water-water choice from the spout which would subse- 
quently deliver ETZ. Arrow: an ETZ-water choice was imposed dur- 
ing days l-4. (Bottom) ETZ consumption as a percentage of the 
baseline intake from that spout during day 0 (mean * SEM). 

baseline (bottom panel; p < 0.00001). As in previous genera- 
tions, avoidance of ETZ was established in a few days in the 
rejecting line, and in general, the behavior of all the lines 
either remained the same or stabilized within the 4 choice 
days. 

If one considers ETZ consumption as a percentage of base- 
line water intake from that spout, then the rejecting line exhib- 
its a strong aversion and the accepting line a true preference 
for the drug (Fig. 2, bottom). However, a comparison of ETZ 
and water in terms of ETZ consumption as a percentage of 
total fluid shows that the rejecting line avoided ETZ in prefer- 
ence for water, but that the accepting line did not yet drink 
ETZ as >50% of total fluid (Fig. 2, top). The explanation 
lies in the absolute amounts of fluid consumed, as shown in 
Fig. 3 (top). For every generation except the first, the 
accepting line drank significantly more total fluid and sig- 
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FIG. 3. (Top) Fluid consumption (mean + SEM) during the ETZ- 
water choice phase for the three lines in each generation. The upper 
set of data lines represents total fluid intake (ETZ + water) and the 
lower set ETZ intake. (Bottom) Fluid consumption (mean t SEM) 
during the 4 days of the ETZ-water choice phase for generation 7 rats 
of the three lines. The upper set of data lines represents total fluid 
intake (ETZ + water) and the lower set ETZ intake. 

nificantly more ETZ than the other two lines (p = O.Ol- 
O.OOOOl), thus keeping the percentage of ETZ to total at about 
50%. 

The fluid consumption of generation 7 is shown in Fig. 3 
(bottom). There were no differences among the lines on day 0, 
either in total fluid intake or in water intake from the spout 
which would later contain ETZ. Total and ETZ intake by the 
accepting line rose gradually on choice days 2-4, whereas the 
control and rejecting lines had fairly constant total fluid in- 
take. The rejecting line’s decreased consumption of ETZ was 
compensated for by increased water intake, keeping total fluid 
consumption at the same constant level as that of the control 
line. 

The possibility that the accepting line’s increased ETZ in- 
take was caused by polydipsia was not supported by the total 
fluid intake on day 0. With the exception of generations 3-5, 
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when the control line drank slightly less than the others, there 
were no differences in fluid consumption (data not shown). 
Most important, there was never any difference between the 
accepting and rejecting lines, although their intakes were very 
different when a choice between ETZ and water was offered. 

In no generation was there a difference between the sexes 
of any line in ETZ preference, i.e., the amount of ETZ con- 
sumed in relation to water, or in the absolute amount of ETZ 
drunk, during the ETZ-water choice phase. However, females 
of the accepting line took in a significantly higher dose of ETZ 
than males; because their body weights were lower, the dose 
they received was higher, even though they drank the same 
volume of ETZ as the males. For example, in generation 7 
the accepting females consumed 253 k 12 pg/kg per day vs. 
the males’ 140 + 7 pg/kg per day (p < 0.00001). Because the 
other lines drank relatively little ETZ (Fig. 3), there were no 
sex differences in dose for the rejecting animals and only 
small, insignificant ones for the control animals. 

DlSCUSSION 

This study demonstrates bidirectional selective breeding for 
opioid acceptance. It is clear that the lines are diverging, al- 
though the course of each line is not straight. This was ex- 
pected, as the response to selection pressure is often uneven, 
with one line changing more than the line selected to go in the 
opposite direction (17,33,34) and with variations in progress 
over generations (15,17). Thus, it is necessary to maintain a 
control line to determine whether both lines are diverging 
from a randomly bred population (5,16,28), as are these selec- 
tively bred lines. 

The two previous attempts to breed selectively for opioid 
preference began with a Sprague-Dawley foundation stock. 
One project was abandoned after three generations (32), and 
the other was unsuccessful in establishing a high-preference 
line and also encountered high infant mortality (36). The pres- 
ent program has not experienced the latter difficulties, most 
likely because the foundation stock was maximally heteroge- 
neous and because the duration of exposure to the opioid 
during selection tests was far shorter. In addition, the rats 
remained fertile, probably because the necessary 10 pairs were 
bred per line (14,17). 

Although maintaining independent replicate lines (two ac- 
cepting, two rejecting, and two control lines) is considered 
theoretically desirable (14), in practice that proved impossible. 
There were not enough rats with strong preferences in the 
foundation stock to establish replicate lines, and even if there 
had been, the expense of maintaining them would have been 
prohibitive. This appears to be the situation with most modern 
selective breeding programs related to drugs of abuse; only 
two of nine such programs using rats have established repli- 
cate lines (1638). Further, the use of replicate lines in elimi- 
nating spurious correlations has been challenged (41). 

Although this possibility has not yet been tested directly, 
selection does not appear to be for polydipsia in the accepting 
line. These rats were not polydipsic when only water was avail- 
able on day 0, and they only gradually increased their total 
fluid consumption when ETZ was presented with water. In 
addition, elevated intake of ETZ during the ETZ-only phase 
was not observed until generation 6, whereas increased fluid 
intake during the choice days began with generation 2. If poly- 
dipsia were responsible, it seems logical that it would be pres- 
ent during both phases. 

It might be argued that the rejecting line is more sensitive 
to the weak bitter taste of ETZ, and as a consequence avoids 
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drinking the drug. Two pieces of evidence are inconsistent 
with this position. In a short preliminary study, drug-naive 
generation 4 rats were presented with a choice between water 
and increasing concentrations of quinine; at each concentra- 
tion, the rejecting line demonstrated an aversion equivalent to 
those of the other lines. Second, as shown in Fig. 2, both the 
accepting and rejecting lines showed gradual changes in ETZ 
consumption over the first 3 choice days. Using this presenta- 
tion device, preferences based on taste are established in a few 
hours, whereas opioid preferences develop over days (7). 
Thus, our working hypothesis is that acceptance and rejection 
are based on postingestional effects, presumably in the CNS. 
A similar conclusion has been reached in most studies using 
ethanol-preferring and -avoiding selectively bred lines (3, 
19,46). 

We have only preliminary data concerning the specificity 
of selection. Generation 2 breeders (with high levels of ETZ 
preference or aversion) were offered a choice between water 
and increasing concentrations of ethanol; the lines showed 
similar preferences at all concentrations. However, these data 
were obtained very early in the selection process and repre- 
sented only 1 day per concentration. If later confirmed and 
extended to other drugs such as cocaine, those observations 
would sharply differentiate these animals from most inbred 
strains and selectively bred lines. Preferences for different 
drug classes often covary; for example, ethanol, ETZ, mor- 
phine, and cocaine by the oral route serve as strong positive 
reinforcers for Lewis rats, but none is a reinforcer for Fischer 
344 rats (22,43-45). With respect to selectively bred lines, in 
one report of breeding for differential morphine ingestion the 
line of rats which drank the most morphine also drank more 
ethanol than the other line (32). In addition, AA rats preferred 
low concentrations of ETZ and cocaine solutions over water, 
and they drank more of them at all tested concentrations than 
did ANA rats (26), suggesting that there may be a common 
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genetic determinant to psychoactive drug consumption (22, 
23). It has also been shown that p-opioid antagonists decrease 
ethanol drinking in AA rats (25), suggesting an ethanol-opioid 
relationship in this line. 

The importance of pharmacokinetic factors in strain differ- 
ences has been demonstrated recently with Lewis and Fischer 
344 rats (6). If differences in the metabolism of ETZ have 
been developed by selective breeding, they could be responsi- 
ble for the observed differences in acceptance of the drug. 
This possibility remains to be addressed in future work. 

Although drugs of many classes which are abused by hu- 
mans are also self-administered by animals, genetically deter- 
mined differences in preference or self-administration have 
been studied only with respect to ethanol, cocaine, and ETZ 
(23). Regarding selective breeding, the vast majority of pro- 
grams are for responses to acute drug administration (16); 
within the opiate field, it is remarkable that there is only one 
such program, for the analgesic response to levorphanol (2). 
To our knowledge, there are currently only two selective 
breeding programs for preferences other than for ethanol: one 
for cocaine (38) and the present for ETZ. Thus, this colony 
represents a unique resource which should prove useful in 
studying the genetic basis of opioid preferences. 

ACKNOWLEDGEMENTS 

This project was supported by NIH DA06539. The foundation 
stock of N : NIH rats was the generous gift of C. Hansen, NIH. 
Etonitazene was supplied by the Research Technology Branch, NIDA. 
The expert technical assistance of L. Dean is gratefully acknowledged. 
Animals were maintained in accordance with recommendations in the 
NIH Guide for the Care and Use of Laboratory Animals (NIH Publi- 
cation No. 85-23, Revised 1985). In accord with the PHS Grants 
Policy Statement, the contents of this publication are solely the re- 
sponsibility of the authors and do not necessarily represent the official 
views of the National Institute on Drug Abuse. 

REFERENCES 

1. Barnett, A.; Goldstein, J.; Fiedler, E.; Taber, R. Etonitazene- 
induced rigidity and its antagonism by centrally acting muscle 
relaxants. Eur. J. Pharm. 30:23-28; 1975. 

2. Belknap, J. K.: O’Toole. L. A. Studies of aenetic differences in 
response to opioid drugs. In: Crabbe, J. Ci Harris, R. A., eds. 
The genetic basis of alcohol and drug actions. New York: Ple- 
num; 1991:225-252. 

11. 

3. Bite, P. J.; Kiefer, S. W. Taste reactivity in alcohol preferring and 
nonpreferring rats. Alcohol Clin. Exp. Res. 14:721-727; 1990. 

4. Braude, M. C.; Chao, H. M. Recommendations for further re- 
search on genetic and biological markers in drug abuse and alco- 
holism. In: Braude, M. C.; Chao, H. M., eds. Genetic and biolog- 
ical markers in drug abuse and alcoholism. NIDA Research 
Monograph 66; 1986: 109-l 11. 

12. 

13. 

14. 
5. Brush, F. R. Which twin has the Toni? Commentary on J. D. 

Sinclair. Behav. Genet. 22:25-27; 1992. 
6. Camp, D. M.; Browman, K. E.; Robinson, T. E. The effects of 

methamphetamine and cocaine on motor behavior and extracellu- 
lar dopamine in the ventral striatum of Lewis vs. Fischer 344 rats. 
Brain Res. 668:180-193; 1994. 

7. Carlson, K. R. Taste vs. CNS effects in voluntary oral opiate 
intake: Studies with a novel device and technique. Pharmacol. 
Biochem. Behav. 34:419-423; 1989. 

8. Carlson, K. R.; Moolten, M. S.; Saulnier, C. M. Selective breed- 
ing for opioid self-administration in rats. Sot. Neurosci. Abstr. 
18:371; 1992. 

15. 

16. 

17. 

9. Carlson, K. R.; Saulnier-Dyer, C. M. Characteristics of rats selec- 18. 

10. 

tively bred for opioid preference or aversion. Regul. Peptides 54: 
41-42; 1994. 
Carlson, K. R.; Saulnier-Dyer, C. M.; Moolten, M. S. Selective 
breeding for opioid acceptance or rejection. Can. J. Physiol. 
Pharmacol. 72(Suppl. 1):389; 1994. 
Carroll, M. E.; Meisch, R. A. Concurrent etonitazene and water 
intake in rats: Role of taste, olfaction, and auditory stimuli. Psy- 
chopharmacology 64: 1-7; 1979. 
Carroll, M. E.; Meisch, R. A. Effects of food deprivation on 
etonitazene consumption in rats. Pharmacol. Biochem. Behav. 
10:155-159; 1979. 
Chipkin, R. E.; Rosecrans, J. A. Aversiveness of oral methadone 
in rats. Psychopharmacology 57:303-310; 1978. 
Collins, A. C. Genetics as a tool for identifying biological mark- 
ers of drug abuse. In: Braude, M. C.; Chao, H. M., eds. Genetic 
and biological markers in drug abuse and alcoholism. NIDA Re- 
search Monograph 66; 1986:57-70. 
Collins, R. L. Reimpressed selective breeding for lateralization of 
handedness in mice. Brain Res. 564:194-202; 1991. 
Crabbe, J. C.; Belknap, J. K. Genetic approaches to drug depen- 
dence. Trends Pharmacol. Sci. 13:212-219; 1992. 
DeFries, J. C. Selective breeding for behavioral and pharmaco- 
logical responses in laboratory mice. In: Gershon, E. S.; Mat- 
thysse. S.: Breakefield, X. 0.; Ciaranello. R. D., eds. Genetic 
research strategies for psychobiology and psychiatry. Pacific 
Grove, CA: Boxwood Press; 1981:199-214. 
Dykstra, L. A.; Wharton, W.; McMillan, D. E. Antagonism of 



876 CARLSON, SAULNIER-DYER AND MOOLTEN 

etonitazene’s effects in rats and pigeons. Pharmacol. Biochem. 
Behav. 6:215-219; 1977. 

19. Elder, N. B.; Bite, P. J.; Kiefer, S. W. Taste reactivity and con- 
sumption as measures of alcohol palatability in high alcohol 
drinking (HAD) and low alcohol drinking (LAD) rats. Sot. Neu- 
rosci. Abstr. 18:541; 1992. 

20. Forgie, M. L.; Beyerstein, B. L.; Alexander, B. K. Contributions 
of taste factors and gender to opioid preference in C57BL and 
DBA mice. Psychopharmacology 95:237-244; 1988. 

21. France, C. P.; Woods, J. H. Discriminative stimulus effects of 
opioid agonists in morphine-dependent pigeons. J. Pharmacol. 
Exp. Ther. 254:626-632; 1990. 

22. George, F. R. Genetic models in the study of alcoholism and 
substance abuse mechanisms. Prog. Neuropsychopharmacol. 
Biol. Psychiatry I7:345-361; 1993. 

23. George, F. R.; Goldberg, S. R. Genetic approaches to the analysis 
of addiction processes. Trends Pharmacol. Sci. 10:78-83; 1989. 

24. Hansen, C.; Spuhler, K. Development of the National Institutes 
of Health genetically heterogeneous rat stock. Alcohol. Clin. 
Exp. Res. 8~417-419; 1984. 

25. Hyytil, P. Involvement of p-opioid receptors in alcohol drinking 
by alcohol-preferring AA rats. Pharmacol. Biochem. Behav. 45: 
697-701; 1993. 

26. Hyytia, P.; Sinclair, J. D. Oral etonitazene and cocaine consump- 
tion by AA, ANA and Wistar rats. Psychopharmacology 111: 
409-414; 1993. 

27. Khavari, K. A.; Risner, M. E. Opiate dependence produced by ad 
lib drinking of morphine in water, saline, and sucrose vehicles. 
Psychopharmacology 30:291-302; 1973. 

28. Kiianmaa, K.; Hyytia, P.; Sinclair, J. D. Development of an 
animal model of ethanol abuse: Genetic approach. In: Boulton, 
A.; Baker, G.; Wu, P. H., eds. Neuromethods, vol. 24: Animal 
models of drug addiction. Humana Press; 1992:29-63. 

29. Li, T.-K.; Lumeng, L.; Doolittle, D. P. Selective breeding for 
alcohol preference and associated responses. Behav. Genet. 23: 
163-170; 1993. 

30. Meisch, R. A.; Carroll, M. E. Oral drug self-administration: 
Drugs as reinforcers. In: Bozarth, M. A., ed. Methods of assess- 
ing the reinforcing properties of abused drugs. New York: 
Springer-Verlag; 1987:143-160. 

31. Moolten, M. S.; Fishman, J. B.; Chen, J.-C.; Carlson, K. R. 
Etonitazene: An opioid selective for the mu receptor types. Life 
Sci. 52:PL199_PL203; 1993. 

32. Nichols, J. R.; Hsiao, S. Addiction liability of albino rats: Breed- 
ing for quantitative differences in morphine drinking. Science 
157:561-563; 1967. 

33. Panocka, 1.; Marek, P.; Sadowski, B. Inheritance of stress- 

induced analgesia in mice: Selective breeding study. Brain Res. 
397:152-155; 1986. 

34. Phillips, T. J.; Burkhart-Kasch, S.; Terdal, E. S.; Crabbe, J. C. 
Responses to selection for ethanol-induced locomotor activation: 
Genetic analyses and selection response characterization. Psycho- 
pharmacology 103:557-566; 1991. 

35. Pickens, R. W.; Svikis, D. S. Genetic vulnerability to drug abuse. 
In: Pickens, R. W.; Svikis, D. S., eds. Biological vulnerability to 
drug abuse. NIDA Research Monograph 89; 1988:1-7. 

36. Ronnback, L. Is there a genetic control of morphine preference 
in rat? Pharmacol. Biochem. Behav. 35:15-20; 1990. 

37. Sala, M.; Braida, D.; Calcaterra, P.; Leone, M. P.; Gori, E. 
Dose-dependent conditioned place preference produced by etoni- 
tazene and morphine. Eur. J. Pharmacol. 217:37-41; 1992. 

38. Schechter, M. D. Rats bred for differences in preference to co- 
caine: Other behavioral measures. Pharmacol. Biochem. Behav. 
43:1015-1021; 1992. 

39. Schuckit, M. A. Biology of risk for alcoholism. In: Meltzer, H. 
Y., ed. Psychopharmacology: The third generation of progress. 
New York: Raven Press; 1987:1527-1533. 

40. Shannon, H. E.; Holtzman, S. G. Further evaluation of the dis- 
criminative effects of morphine in the rat. J. Pharmacol. Exp. 
Ther. 201:55-66; 1977. 

41. Sinclair, J. D. Reply to commentators. Behav. Genet. 22:35-42; 
1992. 

42. Sinclair, J. D.; L@, A. D.; Kiianmaa, K. The AA and ANA rat 
lines, selected for differences in voluntary alcohol consumption. 
Experientia 45:798-805; 1989. 

43. Suzuki, T.; George, F. R.; Meisch, R. A. Differential establish- 
ment and maintenance of oral ethanol reinforced behavior in 
Lewis and Fischer 344 inbred rat strains. J. Pharmacol. Exp. 
Ther. 245:164-170; 1988. 

44. Suzuki, T.; George, F. R.; Meisch, R. A. Etonitazene delivered 
orally serves as a reinforcer for Lewis but not Fischer 344 rats. 
Pharmacol. Biochem. Behav. 42:579-586; 1992. 

45. Suzuki, T.; Otani, K.; Koike, Y.; Misawa, M. Genetic differences 
in preferences for morphine and codeine in Lewis and Fischer 344 
inbred rat strains. Jpn. J. Pharmacol. 47:425-431; 1988. 

46. Wailer, M. B.; McBride, W. J.; Gatto, G. J.; Lumeng, L.; Li, 
T.-K. lntragastric self-infusion of ethanol by ethanol-preferring 
and nonpreferring lines of rats. Science 225:78-80; 1984. 

47. Wikler, A.; Martin, W. R.; Pescor, F. T.; Eades, C. G. Factors 
regulating oral consumption of an opioid (etonitazene) by mor- 
phine-addicted rats. Psychopharmacology 5:55-76; 1963. 

48. Winer, B. J. Statistical principles in experimental design. New 
York: McGraw-Hill: 1971. 


