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SUMMARY

Given that a number of the techniques used to test drug abuse liability are not free
from criticism, a series of oral free-choice experimental procedures was adopted.
When simultaneously offered as alternatives to glucose using the classical
polydipsic procedure, no preference for buprenorphine (0.025 mg/ml), morphine
(0.5 mg/ml) or fentanyl (0.005 mg/ml) solutions was shown by premedicated rats.
The same result was obtained when the two-bottle procedure was used for at least
one month to offer etonitazene (10 ygfml), buprenorphine (60 gg/ml), cocaine
(300 gg/ml) and haloperidol (25 ug/ml) solutions as simultaneous alternatives to
aspartame. This absence of preference was maintained even when the rats showed
evident pharmacological effects and, in the case of the opiates, tolerance and
withdrawal syndrome. However, when a gustatory marker (quinine) was
introduced into one of the two solutions, preference was always shown for the
other. Finally, in a conditioned taste aversion (CTA) test, etonitazene (5 or
40 pgfkg, i.p.) and haloperidol (0.5 or 2 mg/kg, i.p.} did not induce any reduction
in saccharin consuemption, while morphine (40 mg/kg) did. Pretreatment with
naloxone (120 ug/kg, i.c.v.) did not antagonize morphine-induced CTA, while it
did antagonize morphine-induced analgesia.

Kev worns: drug abuse; oral self-administration; conditioned taste aversion.

INTRODUCTION

Although on an anecdotal basis, it is often reported that many wild animals show a
craving for vegetables capable of providing a pleasant intoxication [1]. Over the
last 20 years, it has also been shown that primates and laboratory rodents seek and
intravenously self-administer the majority of the drugs abused by humans, even if
they are not made physically dependent [2]. With the exception of some
hallucinogens, self-injecting behaviour agrees well with the abuse potential for
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humans of many classes of agents, although some classes (e.g. benzodiazepine
anxiolytics) are equivocal. Making drugs orally available in animal research poses
scveral problems, such as the intervention of gustatory factors and the relatively
delayed production of reinforcing effects.

Nevertheless, given that, under various circumstances, humans prefer to take a
number of drugs with abuse potential orally, investigation of the variables
determining excessive drug ingestion is of interest. The schedule-induced
polydipsia method [3] has been widely used to induce animals to ingest large
volumes of opiates [4], ethanol [5], cocaine [6] and benzodiazepines [7]. A simple
and more physiological drinking procedure in which animals are offered the drug
in their home cage has also been tried, although its extensive use has been
restricted to alcohol [8]. However, neither of these methods is free from the
criticism that it involves a stress situation (confinement) and the constant
availability of a drug without the possibility of choice. Voluntary development of
a dependent state in laboratory animals with free drug availability and without any
previous treatment has been only occasionally tried with opioids, but intensively
used with alcohel [9]. Few and contradictory data exist concerning the
consumption of narcotics in monkeys [10] and rats [11-13], and their
demonstrated preference for drug solutions could be due to premedication or to the

TRAINING FORCED CHOICE

glucose 53X buprenorphine 0.025 mg/mit buprenorphina va gluccss

A 9

o] o’
120 . . . 0% / o c>/
B0 oo 00/ OOOO/ \OOC\OIO

60 00/ ‘o°°\°/

ML/KG/60'

A TF/60"

-8 -2 2 ] 10 14 18 22 28 o 2 [} 10

DAYS

Fig. 1. Top: Fluid intake {(ml/kg/60'} of glucose (A) and subsequently of BS (O) of one rat
submitted to polydipsic regimen. Bottom: Analgesic effect (A s) tested at 60'. From | the same
parameters evaluated in a free-choice situation for 11 days.
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type of schedule adopted. The aim of the present study was to investigate the
critical factors affecting rat oral self-administration of addicting drugs in a free-
choice paradigm: (i} the adopted schedule; (i1) palatability of the offered solutions;
(iii} premedication; (iv) the relevance of the temporal dissociation between
gustatory and pharmacological cues.

MATERIALS AND METHODS

Animals

Male Wistar rats, initially weighing 180-300 g lodged in a climatized room
(humidity 505%; temperature 22+2°C; 12 h light) were individually housed in
standard laboratory cages.

Procedure

Schedule-induced polydipsia. The body weights of three groups of four rals
each, were reduced to 85% of their initial level over a 2-week period by limiting
daily food rations. The animals were then kept at these weights for the duration of
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Fig. 2. Top: Fluid intake (ml/kg/60') of glucose (A) and subseguently of FS (O) of one rat
submitted to polydipsic regimen. Bottom: Analgesic effect (A s) tested at 60'. From | the same
parameters evaluated in a free-choice situation for 15 days.
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the experiment. After their weights were stabilized, they were submitted to daily,
1-h, schedule-induced polydipsia according to our previously described technique
[14]. After a period of training during which their glucose solution intake was
stabilized, the animals were offered buprenorphine HCl (BS) (0.025 mg/ml),
fentanyl citrate (FS) (5 gg/ml) or morphine HC1 (MS) (0.5 mg/ml), all dissolved in
glucose 5% (as sweetener). At the end of each daily session, recordings were made
of fluid intake (ml/kg), analgesia [tested by the tail-flick method [15] and
expressed as the difference (A in s) between threshold latency and baseline
values], catatonia (evaluated according to Dunstan er ¢l. [16] with a maximum
score of 6), and jumpings (according to Huang et al. [17]).

Two-botrle drinking test. The classic two-bottle technique, originally
developed by Myers for alcohol [18], was used as previously described [19] in
order to offer a free choice in a familiar environment withouyt the use of
premedication. Rats initially weighing 240-260 g, and water deprived for 23 h,
were allowed to drink for only 60 min a day from two graduated bottles. Since, in
previous experiments (unpublished data), we had tested increasing concentrations
of BS (0.06-0.12-0.6 mg/ml) and ES (2.5-5-10-15-17.5 pg/ml) in a free-choice
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Fig, 3. Top: Fluid intake (ml/kg/60") of glucose (A) and subsequently of MS (Q) of one rat
submitted to polydipsic regimen. Bottom: Analgesic effect (A s) tested at 60'. From | the same
parameters evaluated in a free-choice situation for 11 days. (0J), Quinine 0.1 mg/ml dissolved
in glucose 5%.
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Fig. 4. Top: Mean velumes consumed in a free-choice situation (ml/kg/60") of BS (60 tig/ml)
(O), aspartame (M) and both together (—). Bottom: analgesic effect (A s). At | naloxone
(5 mg/kg, i.p.) administration followed by withdrawal syndrome score (N=12).
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Fig. 5. Top: Mean volumes consumed in a free-choice situation (ml/kg/6(") of ES (10 gg/ml)
(O), aspartame (W) and both together (—). Bottom: analgesic effect (A s) (O) associated with
catatonia (@) or jumpings (®). At | naloxone (5 mg/kg, i.p.) administration followed by
withdrawal syndrome score (N=12).
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situation, in order to check palatability and behavioural modifications, we decided
to use only the concentration best satisfying the above-mentioned requisites. In a
first series of experiments, one bottle contained aspartame (0.18% in water) and
the other contained ectonitazene HCl (ES) 10 gg/ml (assumed as full g-opiate
agonist), BS 60 yg/ml or cocaine HCI (CS) 300 ug/ml dissolved in an aspartame
solution; in a second series, to check whether the animals were unable to choose
simply because the two offered solutions had the same taste, a gustatory marker
was introduced. Thus, quinine sulphate 0.1 mg/ml (Q) was added to the bottle
containing ES 10 yg/ml for one group of animals, and to the bottle containing
aspartame for the other. Finally, a non-addicting but behaviourally active drug,
haloperidol 25 ug/ml (HS}), was offered simultaneously first with aspartame and
then with a Q) solution.

At the end of every drinking session, fluid intake (ml/kg), analgesia, catatonia
and jumpings were evaluated as described above. Withdrawal syndrome was
precipitated by naloxone (5 mg/kg, i.p.) and scored according to Grant and
Redmond [20] with a maximum attainable score of 15. CS-induced behavioural
stimulation was measured by evaluating sniffing, licking and rearing activities
according to Roy er al. [21].
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Fig. 6. Top: Mean volumes consumed in a free-choice situation (ml/kg/60') of CS (300
Hgfml) (@), aspartame (J) and both together (. . .). Bottom: Behavioural stimulation evaluated
by sniffing, licking and rearing scored and expressed as I score (N=12).
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Conditioned Taste Aversion (CTA) test. Since the relevance of the temporal
dissociation between gustatory and pharmacological cues is well known [22], a
conditioned taste aversion {CTA) test was carried out. The CTA test was
performed according to Garcia er al. [22]. Rats, weighing 180-200 g were trained
for 7 days to a 10 min period of access to water every 24 h. Subsequently, every
third day, they received a 0.1% saccharin solution during the 10 min drinking
session. Five min after the end of each saccharin session, the rats received an intra
peritoneal (i.p.) injection of isotonic saline (5 ml/kg), ES (5 and 40 ug/kg), HS
(0.5 and 2 mg/kg) or MS (40 mg/kg). Thirty min after the injection, analgesia and
catatonia were scored as described above. These drinking sessions and subsequent
drug administrations were repeated 10 times. Naloxone HCl 120 ug/kg was
injected intracerebroventricularly (i.c.v.) 5 min before MS in a group of rats
previously prepared for icv injection according to Altaffer [23].

Statistical analysis

All the values were expressed as meantsem and analysed by ANOVA test.
Means of analgesic response(s) were analysed over the days using linear
regression line.
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Fig. 7. Top: Drinking pattern of ES (10 gg/m}) containing Q (0.1 mg/ml) (O), simultaneously
offered with aspartame (M) during 60" daily sessions in a free-choice situation. Bottom:
analgesic effect (A s) (O) associated with jumpings (D). At 1 naloxone (5 mg/ke, i.p.)
administration followed by withdrawal syndrome (N=12).
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RESULTS

Schedule-induced polydipsia. As shown in Fig. 1, when BS was added to the
glucose after training, fluid intake decreased for the first few days and then
progressively increased. This dramatic drop was probably due to the sedative
effects elicited by the drug. The consumption progressively increased when the
strong analgesic effect was submitted to tolerance. Thirty days after
premedication, when a choice between BS and a glucose solution was offered, no
significant preference (ANOVA) was shown over a period of 11 days. Similar
results were obtained in FS and MS premedicated rais (Figs 2 and 3). For MS, the
initial drop in intake was probably associated with the aversive taste of the
solution. For this reason, the analgesic effect of MS was generally less evident and
more variable than that of BS.

Two-bottle drinking rest. The daily intake of BS induced an evident analgesic
effect linearly related to the first 25 days. Despite the elicited analgesia, the rats
did not show any significant preference for either BS or aspartame over 35 days.
This lack of preference was present both after full tolerance to analgesia and 3
days or 1 h after naloxone-precipitated withdrawal syndrome (Fig. 4). The same
results were obtained when ES was offered in a free-choice situation (Fig. 5),
although once again there was evidence of the existence of pharmacological
effects (analgesia, catatonia and jumpings). With CS, no significant preference
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Fig. 8. Top: Drinking pattern of ES (10 gg/ml) (O) simultaneously offered with aspartame
containing Q (0.1 mg/ml) (M). Bottom: analgesic effect (A s) (O) associated with catatonia
(®). T represents one rat death (N=12).
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was evident for at least 13 days (Fig. 6), in spite of the presence of typical
excitatory behaviour characterized by more frequent sniffing, licking and rearing.

When Q was added to ES, the rats exhibited a significant preference (ANOVA)
for aspartame over 45 days (Fig. 7). The small amount of ES consumed had a
strong analgesic effect which showed tolerance with the onset of jumpings and
physical dependence elicited by the administration of naloxone (5 mg/kg, i.p.) on
the day 31. On the contrary, when Q was added to aspartame, a significant
preference for ES was elicited, leading to very strong analgesia and catatonia, and
followed by a high percentage of deaths (Fig. 8). As shown in Fig. 9, the rats were
unable to choose between aspartame and HS over 25 days, despite the fact that HS
led to severe catatonia. They showed a significant preference for HS (despite the
catatonia) only when Q was added to aspartame over 7 days.

CTA test. As shown in Fig. 10, ES did not induce any significant CTA, the
volume of ingested saccharin remaining unchanged both at the analgesic and
catatonic dose of 40 ug/kg, and at the behaviourally inactive dose of 5 ug/kg. The
same results were obtained with HS: neither the weak (0.5 mg/kg) nor the strong
catatenic dose (2 mg/kg) led to any reduction in saccharin consumption (Fig. 11).
As expected, MS elicited both CTA and analgesia. Pretreatment with i.c.v.-
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Fig. 9. Top: Drinking pattern of HS (25 ug/ml) (A) simultaneously offered with aspartame
(O); at 1 with aspartame containing Q (0.1 mg/ml) (@). Bottom: Mean catatonic score (N=10),



30 Pharmacological Research, Vol. 28, No. 1, 1993

80+
o 60+ 3
O 40+ \\_§ 3
>~ 4
1
= 20+
0 t } } + |
14
[~
g " 5
[ -]
< s \" s - <
L
—
H 5
<1
2
....1 + : 1 Ar 1 _}
0 2 4 6 8 10

SESSIONS

Fig. 10. Top: Mean saccharin intake in 10 min over 10 sessions of CTA, after i.p.
administration of ES 5 (<) or 40 ug/kg (#). Bottom: analgesic effect (A s) after ip.
administration of ES 5 (<) or 40 ug/kg (#). c, catatonia, (N=10).

administered naloxone HCI antagonized only analgesia and not the MS-induced
CTA (Fig. 12).

DISCUSSION

Our free-choice results agree well with those recently reported by Falk in relation
to a study using schedule-induced polydipsia [24]. He found that no preference
was shown for cocaine concurrently offered with water except when a sweetening
compound was added to the drug solution. This suggests that the development of
preference was due to an association of CS with the highly acceptable taste of the
compound solution rather than to any learned appreciation of pharmacological
effects.

In our experiment, it was only the introduction of a bitter gustatory marker
{quinine) which led to a preference being shown for the less aversive tasting
solution, regardless of the evoked pharmacological effect. Moreover, the use of a
constant and behaviourally active concentration did not seem to influence the
choice. In fact, a previous (unpublished) study using increasing concentrations of
BS and ES did not show any evident preference despite the induction of tolerance
and dependence,



Pharmacological Research, Vol. 28, No. I, 1993 31
80 -J-

60 +

ML./KG /10"
k3

20+

(] A
AN
AN
i
N
4(
\
\
l//
——

CATATONIA (score)

0 T $ ' Il

1] 2 4 & B 10
SESSIONS

]

Fig. 11. Top: Mean saccharin intake in 10 min over 10 sessions of CTA, after i.p.
administration of HS 0.5 ((J) or 2 mg/kg (). Bottom: Catatonic effect after i.p. administration
of HS 0.5 ((J) or 2 mg/kg (M) (N=10).

This lack of the development of a clear preference for drug solutions over
vehicles under concurrent presentation conditions contrasts with previous findings
obtained with cocaine in monkeys [25], and with morphine [26, 27] and ethanol
[28, 5] in rats. Although no satisfactory explanation of our results can yet be
offered, it is possible that the reinforcing function of the drug depends upon its
schedule of availability. For example, it has been difficult to demonstrate the
reinforcing efficacy of continuously available intravenous nicotine [29], but when
schedules permitting only intermittent availability are used, nicotine quite clearly
functions as a powerful reinforcing agent.

Furthermore, the introduction of conditions such as chronic pain, stress,
isolated or crowded housing, or modified social rank can positively interfere with
drug abuse consumption.

Another possible explanation is the inability of the animals to distinguish the
central pharmacological effect of the adopted drug. In this respect, the CTA
findings are contradictory: the flavour cue paired with morphine led to a
conditioned aversion; when paired with etonitazene and haloperidol, it did not.
Bechara and Van der Kooy [30] explained the opposite motivational effects they
found using a Conditioned Place Preference paradigm (CPP) by suggesting that
endogenous and exogenous opioids acting on peripheral receptors (especially in
the gut) produce aversion or nausea, whereas those mainly acting on central brain
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Fig. 12. Top: Mean saccharin intake in 10 min over 3 sessions of CTA, after administration
of saline i.c.v.+saline i.p. (O); naloxone 120 upg/kg i.c.v.+saline i.p. ((J) saline i.c.v.+MS
40 mg/kg i.p. (@) naloxone 120 ug/kg i.c.v.+MS 40 mg/kg i.p. (). Bottom: Analgesic effect
(A s) after administration of saline i.c.v.+saline i.p. (O); naloxone 120 pg/kg i.c.v.+saline i.p.
(O); saline i.c.v.+MS 40 mg/kg i.p. (@); naloxone 120 ug/kg i.c.v.+MS 40 mg/kg i.p. (H).

receptors have positive reinforcing or euphoric effects. Using the same test, it has
more recently been shown that etonitazene produces its reinforcing properties only
in a limited range of doses [31], an inverted U-shaped function being obtained
which is similar to that of buprenorphine [32]. As shown by Spyraky, haloperidol
(which was not refused in our free-choice experiments) also fails to induce CTA
(probably because of a lack of peripheral involvement) but does induce CPP [33].

On the other hand, it has been shown that i.c.v.-injected morphine does not
elicit CTA [34] and the lack of antagonism found by us using peripherally
administered morphine plus i.c.v. naloxone further supports the relevance of CTA
peripheral component. In conclusion, the methods of using the relative free intake
level of two fluids presented in a concurrent choice as indicators of their
respective potential as reinforcing agents may have limited utility depending
mainly on palatability. In fact this factor seems to overcome the intrinsic
reinforcing properties of a drug. Also, the CTA test is not free from criticism: the
obtained contradictory findings with morphine and etonitazene, suggest that
among addicting drugs only those having a peripheral component are able to
induce CTA.
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