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Abstract

Indorenate (5-methoxytryptamine 3-methylcarboxylate, INDO) is a serotonin (5-hydroxytryptamine, 5-HT) agonist that has affinity for 5-
HTianB2c receptors. Unlike other anxiolytics such as 5-HT receptor agonists, INDO may not share tolerance or dependency with the
benzodiazepine anxiolytics. It has been reported that the discriminative stimulus properties of 5-HT | 4/1/2c agonists, but not those of 5-HT5/4
agonists, generalize to INDO. Therefore, the aim of the present study was to obtain further evidence on the differential involvement of 5-
HTa/1B/2c receptors in the discriminative stimulus properties of INDO by evaluating its interactions with antagonists of the 5-HT 4, 5-HT g,
5-HT,c, and 5-HTj;,4 receptor subtypes. Rats were trained to discriminate INDO from saline in a conditioned taste aversion paradigm. For
Group D*S ™, administration of INDO signalled that saccharin flavour was followed by LiCl, while injection of vehicle signalled safe
consumption of saccharin solution. Group D ~S™ had the contingencies reversed. After this training, rats had generalization tests where
INDO administration was preceded by different doses of the following antagonists: WAY 100635 (5-HT; ), NAN190 (5-HT) 4), methiothepin
(5-HTan1B2¢), GR127935 (5-HT;g/1p), ketanserin (5-HT,a»c), ritanserin (5-HT5c/24), mesulergine (5-HTc/24), metergoline (5-HT5c/n4),
SB206553 (5-HT,g,5¢), and tropisetron (5-HTs,4). In Group D *'S ~, the order of potency to block the discriminative stimulus properties of
INDO was WAY 100635>ketanserin>ritanserin>GR 127935>mesulergine=2SB206553>metergoline>methiothepin>NAN190, while in Group
D~ S*, the order was WAY100635>GR127935>ketanserin>ritanserin>mesulergine22SB206553>metergoline>methiothepin>NAN190.
Tropisetron did not produce any alteration of the discriminative control by INDO. These results suggest that the discriminative signal of
INDO is mediated by 5-HT s»c/18 receptors and that blockade of any of its components produces a degradation of its discriminative effects.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction dez-Guasti and Lopez-Rubalcava, 1990), and sexual (Fer-
nandez-Guasti et al., 1990) effects of INDO, and the

Indorenate (5-methoxytryptamine (3-methylcarboxylate production of some components of the 5-HT syndrome

HCI, INDO) is a serotonin (5-hydroxytryptamine, 5-HT)-
related compound with high affinity for the 5-HT; receptor
site (Benitez-King et al., 1991; Dompert et al., 1985),
particularly to the 5-HT; 4, 5-HT;c (5-HT,c after Hoyer et
al., 1994), and 5-HT, receptor sites (Hoyer et al., 1985). It
has been reported that cardiovascular (Hong, 1981; Hong et
al., 1987; Nava-Felix and Hong, 1979), anxiolytic (Fernan-
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(Fernandez-Guasti et al., 1990), are mediated by the stimu-
lation of 5-HT;, receptors. However, an anorectic action
related to 5-HT ;g receptors has also been reported (Lopez
et al., 1991; Velazquez-Martinez et al., 1995). Recently, it
has been shown that the anxiolytic activity of INDO was
GABA-benzodiazepine-independent while that of other 5-
HT;4 agonists (8-OH-DPAT, ipsapirone, and buspirone)
was modulated by GABA; this observation suggests that
INDO is a promising compound that may not share tol-
erance or dependency as the benzodiazepine anxiolytics do
(Fernandez-Guasti and Lopez-Rubalcava, 1998); therefore,
we have further examined the behavioural effects of INDO,
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particularly its discriminative function, since this beha-
vioural preparation allows an in vivo evaluation of the
molecular action of the drugs and may provide the basis
for a further study of its dependence liability.

Previously, we reported that INDO can serve as a dis-
criminative stimulus in either an operant (Velazquez-Marti-
nez et al., 1999) or a conditioned taste aversion (CTA)
paradigm (Miranda et al., 2001). The discriminative effects
of INDO have been related mainly to 5-HT,g/»c receptors,
since the 5-HT 4,15 receptor agonist RU24969 (Glennon et
al., 1984; Pazos et al., 1984), the 5-HT,g/»c receptor agonist
TFMPP (McKenney and Glennon, 1986; Peroutka, 1986),
the 5-HT,c agonist MK212 (Conn and Sanders-Bush, 1987),
the 5-HT,c/1p agonist mCPP (Schoeffter and Hoyer, 1989),
and the 5-HT,¢/»a receptor agonist a-Me-5-HT (Ismaiel et
al., 1990) produced between 70% and 90% generalization to
INDO (Miranda et al., 2001; Sanchez and Velazquez-Marti-
nez, 2001), while some 5-HT;, agonists like 8-OH-DPAT
(Middlemiss and Fozard, 1983), buspirone (Peroutka, 1985),
or yohimbine (Winter, 1988; Winter and Rabin, 1993)
produced—even at high doses that, in some cases, interfered
with behaviour—between 60% and 80% generalization
(Sanchez and Velazquez-Martinez, 2001; Velazquez-Marti-
nez et al., 1999). The 5-HT; agonist 2-Me-5-HT (Ismaiel et
al., 1990) or the 5-HT,4 agonist cisapride (Dumuis et al.,
1989) produced no generalization at all (Miranda et al.,
2001). These results suggest that INDO may exert its
discriminative control mainly through 5-HT, /¢ receptors,
although there may also be an important contribution of the
5-HT; o receptor site. The present study was designed to
obtain additional evidence of the differential participation of
the various 5-HT receptor sites on the discriminative prop-
erties of INDO. With this aim, the low intrinsic activity
partial 5-HT, o receptor agonist 1-(2-methoxyphenyl)-4-(4-
phthalimidobutyl) piperazine (NAN190) (Glennon et al.,
1988), the 5-HT ;4 receptor antagonist N-[2-[4-(2-methox-
yphenyl)-1-piperazinyl]ethyl]-N-(2-pyridinyl) cyclohexane-
carboxamide trihydrochloride (WAY100635) (Critchley et
al., 1994), the nonselective 5-HT 5/1p/» receptor antagonist
methiothepin (Hoyer et al., 1994), the 5-HT,;g,;p receptor
antagonist 2’-methyl-4'-(5-methyl-[1,2,4]oxadiazol-3-yl)-
biphenyl-4-carboxylic acid [4-methoxy-3-(4-methyl-pipera-
zin-1-yl)-phenyl]-amide (GR127935) (Centuriéon et al.,
2001; Davidson and Stamford, 1995), the nonselective 5-
HT, receptor antagonist metergoline (Hoyer and Schoeffter,
1991), the 5-HT, /5 receptor antagonist ketanserin (Leysen,
1981; Hartig, 1989), the 5-HT,c/,pa receptor antagonist
ritanserin (Leysen et al., 1985), the 5-HT,ca receptor
antagonist mesulergine (Hoyer, 1988; Hoyer et al., 1985),
the 5-HT,¢/»p receptor antagonist 5-methyl-1-(3-pyridylcar-
bamoyl)-1,2,3,5-tetrahydropyrrolo[2,3-f]lindole (SB206553)
(Kennett et al., 1996), and the 5-HT;/4 receptor antagonist
tropisetron (Hoyer et al., 1994) were administered to deter-
mine their ability to block the discriminative cue of INDO.
Since several of these antagonists have affinity for more than
one receptor, it was considered useful to determine their

relative ability to produce antagonism in order to clarify the
contribution of the receptor subtypes involved in the dis-
criminative effects of INDO.

2. Materials and methods
2.1. Subjects

Twenty male Wistar rats, 120 days old and weighing
200-250 g at the start of the experiment, were obtained
from the breeding colony of the FES Iztacala. They were
housed singly in stainless steel cages with food (Teklad
LM485 Rat Diet; Harlan) freely available, and were main-
tained under a 12-h light/dark cycle with lights on at 0800 h
and a temperature of 23+1 °C. Housing, handling, and
experimental procedures complied with the National Insti-
tutes of Health Guide for Care and Use of Laboratory
Animals (Publication No. 85-23, revised 1985).

2.2. Apparatus

Experimental sessions were conducted in stainless steel
cages of 30 x 20 x 20 cm (length x width x height), located
in a sound-attenuated room with white noise continuously
present to mask all extraneous noise. Depending on the
experimental condition, the rats had access to liquid sol-
utions through one or two inverted graduated cylinders
placed in the front wall of the cage.

2.3. Procedure

Subjects were trained to discriminate drug from saline
administration (see Miranda et al., 2001). Briefly, subjects
were trained for 7 days to drink their daily water in a 30-min
period. Thereafter, they were trained to drink a saccharin
solution (0.15% wt/vol) in 30-min sessions for 2 days.
Subjects were randomly assigned to two groups (n = 10 each),
Groups DS~ and D~ S *. For training in the CTA proced-
ure, subjects underwent drug or saline trials as follows.

2.3.1. Drug trials

After INDO (10.0 mg/kg ip), subjects were placed in the
experimental cages where, 90 min later, they had a 20-min
period of access to an inverted graduated cylinder contain-
ing the saccharin solution. Immediately thereafter, subjects
from Group DS~ received an intraperitoneal injection of
LiCl, while subjects from Group D~ S received isotonic
saline, and were returned to their home cages.

2.3.2. Saline trials

After the administration of isotonic saline (1.0 ml/kg ip),
subjects were placed in the experimental cages where, 90
min later, they had access to the saccharin solution for
20 min. Immediately thereafter, rats from Group DS~ re-
ceived isotonic saline, while subjects from Group D~ S™
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received an injection of LiCl, and were returned to their
home cages. For Group DS, INDO signalled that
toxicosis followed saccharin consumption, while saline
administration signalled “safe” intake of saccharin; in the
case of Group D ~ S, the contingencies were reversed, so
INDO signalled “safe” intake of saccharin.

Subjects underwent drug and saline trials until saccharin
consumption in each condition did not vary by more than
15% of the mean over the last 3 days; this was attained in
9—11 trials on each condition. Each successive drug and
saline trials were separated by 2 days, in which the rats
remained in their home cages and had access to tap water for
30 min a day. Drug and saline trials alternated randomly,
with the restriction that drug trials did not occur on more
than two consecutive occasions.

2.3.3. Generalization tests in the presence of antagonists
Tests were carried in a 4-day cycle. On the first day, the
subjects had a drug trial as described previously. On the
second day, the subjects remained in their home cages and
had a 30-min period of free access to tap water. On the third
day, the rats had a saline trial as described previously.
Finally, on the fourth day, the subjects received a particular
dose of an antagonist followed by the training dose of INDO
(10.0 mg/kg). Thereafter, they had a two-bottle test for 20
min; one bottle had tap water and the other had saccharin
solution. No saline or LiCl was administered on these
occasions. The dose (of the salt) and time intervals between
administration of the antagonist and the administration of
the training dose of INDO were selected from the literat-
ure—NAN190: 0.3-3.0 mg/kg (0.63—6.32 nmol/kg), 30
min (Barrett and Gleeson, 1992); WAY100635: 0.01-0.1
mg/kg (0.019-0.186 nmol/kg), 20 min (Mos et al., 1997);
GR127935: 0.3-3.0 mg/kg (0.56—5.62 nmol/kg), 30 min
(Meneses et al., 1997); SB206553: 0.3—3.0 mg/kg (0.91—
9.12 nmol/kg), 25 min (Grignaschi et al., 1999); methiothe-
pin: 0.3-3.0 mg/kg (0.66—6.63 nmol/kg), 30 min (Trickle-
bank et al., 1987); ketanserin: 0.3—3.0 mg/kg (0.55-5.50
nmol/kg), 30 min (Tricklebank et al., 1987); ritanserin: 0.3—
3.0 mg/kg (0.63—-6.28 nmol/kg), 30 min (Arnt, 1989);
mesulergine: 0.3—3.0 mg/kg (0.75—7.51 nmol/kg), 30 min
(Callahan and Cunningham, 1994); metergoline: 0.3-3.0
mg/kg (0.74-7.43 nmol/kg), 120 min (Neill et al., 1990);
and tropisetron: 0.03—1.0 mg/kg (0.09-3.1 nmol/kg), 30
min (Stefanski et al., 1996). The dose of the antagonist to be
tested was chosen randomly and the cycle was repeated until
all doses of the antagonist had been evaluated; the order of
testing of the drugs was also randomised. The training dose
of INDO and the administration of saline were evaluated (in
a full 4-day cycle that ended in the two-bottle test) imme-
diately after the training period, and was then repeated be-
fore the evaluation of the various doses of each drug tested in
order to have an independent estimation of discrimination in
the same conditions of testing (e.g., the two-bottle test). If
consumption of drug or saline trials of the 4-day testing cycle
was outside the mean consumption (for each subject) of the

three last drug or saline training trials =1.0 S.D., testing was
postponed.

2.4. Data analysis

During acquisition, saccharin intake on the last three
drug trials was compared to that of the saline trials using
two-way ANOVA for repeated measures with drug—saline
condition as the first factor and trial number as the
second factor. During the two-bottle generalization tests,
water and saccharin intake were recorded and a pref-
erence index (PI) was derived according to the formula A/
(4+B), where A was saccharin intake and B was water
intake. With this formula, an index of 0.0 indicates a
strong aversion to saccharin, while 1.0 indicates strong
preference for saccharin. Preference data were analysed
using two-way ANOVA for repeated measures with dose
as the first factor and Groups D'S~ /D~ S* as the
second factor. When ANOVAs were significant, the New-
man—Keuls test (P<.05) was used for a posteriori
comparisons. The dose of the antagonists to reduce the
PI to 50% (inhibitory dose 50, IDs;) was estimated by
interpolation after linear regression.

2.5. Drugs

The drugs used in this study were INDO hydrochloride
(CINVESTAV-Miles, México City, México), NAN190 hy-
drobromide, methiothepin mesylate, ketanserin tartrate, ritan-
serin, mesulergine hydrochloride, metergoline, WAY 100635
maleate, SB206553 hydrochloride, tropisetron (all from
SIGMA-Research Biochemical, St. Louis, MO, USA), and
GR127935 hydrochloride (TOCRIS Cookson, Balwin, MO,
USA). GR127935, methiothepin, mesulergine, SB206553,
tropisetron, and WAY 100635 were dissolved in water. Ketan-
serin, ritanserin, metergoline, and NAN190 were dissolved in
propylene glycol (40%). All drugs were administered intra-
peritoneally (1.0 ml/kg) and dose was calculated from the
salt. LiCl was administered intraperitoneally at dose of 0.34
mEq (2.0 ml/kg of a 0.177 M solution). Saccharin solution
(Ely-Lilly, México, DF, México) at 0.15% (wt/vol) was
dissolved in distilled water and made up daily.

3. Results

3.1. Acquisition of the discrimination and generalization
test with INDO

Rats acquired the discrimination in 9—11 trials under
each condition. The two-way ANOVA revealed significant
differences in saccharin consumption between the last three
drug trials and the last three saline trials, both in Group
DS~ [F(5,54)=20.150, P<.05] and in Group D~ S "
[F(5,54)=50.420, P<.05]; a posteriori tests indicated that
each drug trial differed (P<.05) from the corresponding
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Fig. 1. Effects of the pretreatment of 5-HT, 5 and 5-HT) antagonists on the discriminative stimulus properties of indorenate. A; corresponds to Group DS~
and B; to Group D™S". The stimulus control of the training dose of indorenate (10.0 mg/kg) is shown by IN and that of saline by S. * Significant ( P<.05)
differences to IN but no difference (P>.05) to S. ®Signiﬁcant (P<.05) differences only to IN after Newman—Keuls.

saline trial in both groups. During training, subjects had
access to only one bottle with saccharin; after training,
subjects underwent generalization test on a two-bottle test,
one with saccharin and the other with tap water in order to
asses the relative consumption of saccharin. The deprivation
level and the presence of the two bottles forced the rats to
taste the two solutions and, therefore, made it impossible for
the rats to obtain PIs of, or close to, 1.0 or 0; rather, the
extreme values were close to 0.75—0.80 and 0.25-0.20,
which compressed the PIs but by no means represented
poor discrimination. In several determinations during the
experiment, the index of preference with the training dose
(10.0 mg/kg INDO) in Group DS ~ yielded 0.275+0.038
S.E.M. while the PI obtained with saline was 0.718 +0.092
S.EM.; in Group D~ S * the index of preference with the
training dose of INDO yielded 0.714+0.04 S.E.M. while
the PI obtained with saline yielded 0.327+0.056 S.E.M.

3.2. Generalization tests in presence of 5-HT; 4,5 receptor
antagonists

WAY 100635 antagonized the discriminative cue of
INDO; the administration of WAY 100635 prevented the
decrease in saccharin preference in Group D *S ~ (Fig. 1A)
and prevented the increase in saccharin preference in Group
D~ S" (Fig. IB). Fig. 1 includes saccharin preference during
saline and INDO (training dose) two-bottle test sessions; dose
is expressed in nanomoles per kilogram to allow potency
comparison between the drugs, although in this section the ex-
pression in milligrams per kilogram is retained to allow
reference to the work of others. Two-way ANOVA revealed
significant main effects of Group [ F(1,10)=10.922, P<.05],
Dose [F(3,30)=6.214, P<.05], and Dose—Group inter-
action [ F(3,30)=15.494, P<.05]. In the figures are indi-
cated the occasions when the preference for saccharin had a

significant differences to INDO but no difference to saline
administration induced by a dose of an antagonist in Group
DS~ orD~S",i.e., full antagonism of the discriminative
properties of INDO. As shown in Fig. 1, 0.3 (0.06 nmol/kg)
and 0.1 mg/kg (0.19 nmol/kg) WAY 100635 produced ant-
agonism of INDO. Table 1 shows the IDs, for each antagon-
ist tested.

The discriminative stimulus effects of INDO were also
prevented by methiothepin. Pretreatment with methiothepin
induced a significant change in saccharin preference in both
groups of rats (Fig. 1A and B). Two-way ANOVA revealed a
significant main effect of Group [ F(1,8)=61.566, P<.05]
and a significant Dose—Group interaction [ F(3,54) =15.241,
P<.05], while the main effect of Dose [F(3,54)=0.118,
P>.05] was not significant. Pretreatment with 3.0 mg/kg
(6.63 nmol/kg) methiothepin produced antagonism of INDO
in both groups.

GR127935 also antagonized the discriminative cue of
INDO; after the pretreatment with GR127935, there was no
decrease in saccharin preference in Group DS ~ (Fig. 1A)
and no increase in saccharin preference in Group D~ S
(Fig. 1B) with INDO. Two-way ANOVA revealed a sig-

Table 1

IDso (nmol/kg) determined by intrapolation after linear fitting
Compound Group DS~ Group D~ S*
WAY 100635 0.72 0.66
Methiothepin 3.25 3.72
GR127935 1.923 1.633
NAN190 3.95 4.39
Ketanserin 1.63 1.81
Ritanserin 1.72 2.01
Mesulergine 2.11 2.02
SB206553 222 2.03
Metergoline 23 2.82
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nificant main effect of Group [ F(1,10)=8.652, P<.05]. The
main effect of Dose [F(3,30)=0.614, P>.05] was not
significant, while the Dose—Group interaction was signific-
ant [ F(3,30)=15.685, P<.05]; 1.0 and 3.0 mg/kg (1.90
and 5.62 nmol/kg) GR127935 produced significant antagon-
ism.

NAN190 antagonized the discriminative stimulus effects
of INDO. When administered before the training dose of
INDO, NAN190 prevented the decrease in saccharin pref-
erence in Group DS~ (Fig. 1A) and prevented the
increase in saccharin preference in Group D~ S (Fig.
1B). Two-way ANOVA indicated that the main effects of
Group [F(1,18)=64.891, P<.05] and the Group—Dose
interaction [F(3,54)=5.912, P<.05] were significant,
whereas the main effect of Dose [ F(3,54)=0.256, P> .05]
was not significant. The highest dose of NAN190 antago-
nized the discriminative stimulus effects of INDO in Group
DS~ while Group D~ S (Fig. 1B) showed changes in
the same direction that did not attain significance.

3.3. Generalization tests with 5-HT, receptor antagonists

Ketanserin, ritanserin, mesulergine, SB206553, and
metergoline antagonized the discriminative properties of
INDO (Fig. 2). In Group DS ~, pretreatment with ketan-
serin prevented the decrease in saccharin preference, while in
Group D~ S it prevented the increase in saccharin pref-
erence. Two-way ANOVA revealed a significant main effect
of Group [F(1,18)=5.457, P< .05] and a significant
Group—Dose interaction [ F(3,54)=17.430, P<.05], while
the Dose factor was not significant [ (3,54)=0.707, P> .05];
1.0 and 3.0 mg/kg (1.83 and 5.50 nmol/kg) ketanserin
produced significant antagonism. In the case of ritanserin,
two-way ANOVA revealed a significant Group—Dose inter-
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action [ F(3,54) =24.549, P<.05], while the main effects of
Group [ £(1,18)=3.866, P>.05 ] and Dose [ F(3,54)=1.669,
P> .05] were not significant. In both groups, 3.0 mg/kg (6.28
nmol/kg) ritanserin induced significant antagonism. With
mesulergine, two-way ANOVA revealed a significant main
effect of Group [F(1,8)=9.263, P<.05] and significant
Group—Dose interaction [ F(3,54)=32.112, P<.05], while
the main effect of Dose [ F(3,54)=1.977, P>.05] was not
significant; 1.0 and 3.0 mg/kg (2.51 and 7.52 nmol/kg)
mesulergine induced significant antagonism. In the case of
SB206553, two-way ANOVA revealed a significant main
effect of Group [ F(1,10)=6.397, P<.05]; the main effect of
Dose [ F(3,30)=0.068, P>.05] was not significant, while the
Dose—Group interaction was significant [ £(3,30)=19.511,
P <.05]. Significant antagonism was observed with 3.0 mg/
kg (9.12 nmol/kg) SB206553. Finally, for metergoline, two-
way ANOVA indicated a significant main effect of Group
[F(1,18)=9.838, P<.05] and a significant Group—Dose
interaction [ F(3,54)=9.471, P<.05], while the main effect
of Dose [ F(3,54)=0.202, P>.05] was not significant. Ant-
agonism was observed with 3.0 mg/kg (7.43 nmol/kg)
metergoline.

3.4. Generalization tests with 5-HT3,, receptor antagonists

Tropisetron did not affect the INDO discriminative
control. Two-way ANOVA indicated a significant main
effect of Group [F(1,18)=91.123, P<.05]; however, nei-
ther the main effect of Dose [ F(4,72)=0.342, P>.05] nor
the Group—Dose interaction [ F(4,72)=0.485, P>.05] was
significant. Any dose of tropisetron did not produce ant-
agonism. No determination of the IDs, was possible for
tropisetron since dose—response curves were almost flat, as
shown in Fig. 3.
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Fig. 2. Effects of the pretreatment of several 5-HT, antagonists on the discriminative stimulus properties of indorenate. A; corresponds to Group D'S™ and B;
to Group D~S". The stimulus control of the training dose of indorenate (10.0 mg/kg) is shown by IN and that of saline by S. * Significant ( P<.05) differences
to IN but no difference ( P>.05) to S. ®Signiﬁcant (P<.05) differences only to IN after Newman—Keuls.
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Fig. 3. Effects of the pretreatment with tropisetron on the discriminative
stimulus properties of INDO. The stimulus control of the training dose of
INDO (10.0 mg/kg) is shown by IN and that of saline by S.

3.5. Liquid intake in generalization tests

The total intake of liquids (saccharin intake plus water
intake during the two-bottle test, compared to total intake
after saline or INDO training sessions) was not disrupted
in either group of rats after NAN190 [F(7,72)=1.155,
P> .05], methiothepin [ F(7,72)=1.343, P> .05], ketanserin
[F(7,72)=0.646, P> .05], ritanserin [ F(7,72)=1.50, P>
.05], mesulergine [ F(7,72)=1.755, P>.05], metergoline
[F(7,72)=0.784, P>.05], WAY 100635 [F(7,40)=1.471,
P>.05], GR127935 [F(7,40)=0.339, P>.05], SB206553
[F(7,40)=1.537, P>.05], or tropisetron [£(9,90)=1.190,
P> .05].

4. Discussion

The observation that several 5-HT antagonists were able
to prevent the effectiveness of INDO as a cue to signal the
consequence of rat’s preference for saccharin in a CTA
procedure confirms the participation of 5-HT;,, 5-HTp,
and 5-HT,c receptor subtypes in the discriminative effects
of INDO. Data obtained with the CTA procedure were
consistent with previous reports of the discriminative
function of INDO using an operant paradigm (Sanchez
and Velazquez-Martinez, 2001); in particular, the perform-
ance and the acquisition curve of the discriminative
function in the CTA procedure were similar to that
reported previously (Miranda et al., 2001). When INDO
was correlated with toxicosis (e.g., saccharin consumption
was followed by LiCl administration: Group DS 7), the
animals learned to avoid saccharin after the administration
of INDO but their preference for saccharin increased after
INDO, if its administration was correlated with the safe
intake of saccharin (saccharin followed by saline adminis-
tration: Group D~ S™).

The discriminative cue of INDO was antagonized by the
prior administration of ritanserin, mesulergine, metergoline,
SB206553, or ketanserin. Table 2 shows the reported Ky
values of the antagonists for the 5-HT;,, receptors to show
their relative affinity for the various receptor subtypes
related to the discriminative cue of INDO. Ketanserin,
which has high affinity for 5-HT,a,nc receptors but not
for 5-HT;s/p receptors (Hartig, 1989), produced a dose-
dependent blockade of the discriminative stimulus prop-
erties of INDO. Ketanserin has also been shown to ant-
agonize the stimulus properties of DOI (Glennon, 1986;
Schreiber et al., 1994; Chojnacka-Wojcik and Klodzinska,
1997), LSD (Arnt, 1989, 1992), and partially those of mCPP
(Gommans et al., 1998). Ketanserin has also been shown to
block the generalization of LSD to 5-HTP (Amt, 1989;
Cunningham et al., 1985), but not the stimulus properties of
non-5-HT,a»c agonists such as 8-OH-DPAT (Arnt, 1989;
Tricklebank et al., 1987) or eltoprazine (Ybema et al.,
1992). However, it should also be mentioned that in some
studies, ketanserin failed to antagonize the stimulus prop-
erties of some 5-HT;p/»c agonists such as mCPP (Callahan
and Cunningham, 1994) or TFMPP (Arnt, 1989; Cunning-
ham and Appel, 1986); the basis of these differences
remains unclear.

Ritanserin has been described as an antagonist at 5-
HT,cna receptors sites (Leysen et al., 1985). Previously, it
has been shown that ritanserin can antagonize, to a similar
extent as that observed here, the stimulus properties of
INDO when the rats are trained in an operant paradigm
(Sanchez and Velazquez-Martinez, 2001). Ritanserin is able
to prevent the stimulus properties of other 5-HT;p/c
receptor agonists such as TFMPP (Cunningham and Appel,
1986) and mCPP (Fiorella et al., 1995) and those of the 5-
HT,c receptor agonist DOI (Kleven et al., 1997). Mesu-
lergine (Hoyer et al., 1985) has somewhat higher affinity
for the 5-HT,c than for 5-HT,4 receptor site (Hoyer et al.,

Table 2
K4 of antagonists to show relative affinity for 5-HT receptor subtype
5-HT,»  5-HTp 5-HTa 5-HT,g  5-HT,c
WAY100635  9.02 (2) <1.0(8)
NAN190 9.4 (3) 6.06 (5)
Methiothepin 7.3 (1);  7.70 (5) 7.6 (1)
7.88 (3)
GR127935 9.95 (5)
Metergoline 8.6 (1); 8.5 (5) 7.7 (4) 11.2 (4)
8.49 (3)
Mesulergine 6.54 3) 5.66 (5) 9.74 (4)
Ritanserin 8.8 (7) 83(7) 89 (7);
8.6 (1);
9.2 (4)
SB206553 <6.0 (6.0) 85(6) 8.0(6)
Ketanserin 7.0 (1) <51() 89() 54(7) 13

From: (1) Middlemiss and Tricklebank (1992); (2) Koek et al. (2001); (3)
Stanton and Beer (1997); (4) Hemedah et al. (2000); (5) Beer et al. (1998);
(6) Javid and Naylor (1999); (7) Baxter et al. (1995); (8) Vicentic et al.
(1998).
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1985); it also has a higher affinity for the 5-HT,¢ receptor
sites than ritanserin (Hoyer, 1988). It has been shown that
mesulergine is able to antagonize the stimulus properties of
some 5-HT,c receptor agonists such as DOI (Chojnacka-
Wojcik and Klodzinska, 1997), and partially to antagonize
the cue produced by mCPP (Callahan and Cunningham,
1994), although it should be mentioned that a conflicting
result has been reported with mCPP (see Bourson et al.,
1996). However, mesulergine is not able to antagonize the
stimulus properties of the 5-HT;s/ g receptor agonist
eltoprazine (Ybema et al., 1992). The present observation
that mesulergine was able to produce a dose-dependent
blockade of the discriminative cue of INDO also suggests
the participation of 5-HT,c receptors in the discriminative
properties of INDO.

Metergoline has also been described as a potent antagon-
ist of 5-HT,c receptors (Hoyer and Schoeffter, 1991). It has
been reported to block the discriminative signal of 5-HT,¢
receptor agonists such MK 212 (Cunningham et al., 1986),
mCPP (Callahan and Cunningham, 1994), and TFMPP
(Cunningham and Appel, 1986); however, it should be
mentioned that one study reported only marginal antagon-
ism of mCPP (Gommans et al., 1998). Using an operant
paradigm, it was found that metergoline dose-dependently
antagonised the discriminative control by INDO (Sanchez
and Velazquez-Martinez, 2001).

The 5-HT,p,»c receptor antagonist SB206553 (Kennett et
al.,, 1996) was able to block the discriminative stimulus
properties of INDO. To our knowledge, SB206553 has not
been used to block the discriminative effects other 5-HT
agonists, but its systemic administration, at doses compar-
able to those used here, reduced the hypophagic effect of 5-
HT reuptake inhibitor sibutramine (Grignaschi et al., 1999).

In some previous studies, it was suggested that 5-HT 5
receptor sites may mediate, at least partially, the discrim-
inative stimulus properties of INDO, since it was observed
that at 1.0 mg/kg, 8-OH-DPAT produced full (larger than
80%) generalization (Miranda et al., 2001; Velazquez-Mar-
tinez et al., 1999), while the partial agonists buspirone and
yohimbine produced only partial generalization (between
50% and 70% generalization) (Sanchez and Velazquez-
Martinez, 2001). In agreement with this suggestion, it was
observed that the 5-HT ;5 receptor antagonist WAY 100635
(Critchley et al., 1994) was able to block the discriminative
effects of INDO. Previously, it has been shown that
WAY 100635 is able to block the discriminative effects of
flesinoxan, another 5-HT;, agonist (Mos et al., 1997).
NAN190, initially described as an antagonist at 5-HTa
receptors (Glennon et al., 1988) but later as a partial agonist
with low intrinsic activity (Greuel and Glaser, 1992), was
also able to reduce the discriminative control of INDO. In
accordance with the low intrinsic activity of NAN190, it has
been shown to be able to block, or at least reduce, the
discriminative properties of the 5-HT, 5 receptor agonist 8-
OH-DPAT, both in rats (Schreiber et al., 1995; Kleven and
Koek, 1998) and pigeons (Barrett and Gleeson, 1992;

Kleven and Koek, 1998). However, it should be noticed
that in this study, it was not as effective as WAY 100635,
since in Group DS, the highest dose employed yielded
only marginal significance (P=.046) while in the second
group, although the graph suggests a reduction of the INDO
cue, no significant antagonism was observed. Nonetheless,
the observation that NAN190 partially antagonized the
stimulus control of INDO is consistent with its low intrinsic
activity and a possible limited involvement of 5-HTj,
receptors in INDO’s stimulus properties, as was suggested
in the previous studies.

To our knowledge, the 5-HT, g, p receptor antagonist
GR127935 (Centurion et al., 2001; Davidson and Stam-
ford, 1995) has not been used to block the discriminative
effects other 5-HT agonists, but at doses comparable to
those used here, it was able to block the effects of the 5-
HT A1 agonists RU24969 or CGS12066B on ethanol
intake (Tomkins and O’Neill, 2000). GR127935 was also
able to block the effects of the 5-HT;g receptor agonist
CP93129 on the amphetamine-induced facilitation of
responding for conditioned reward (Fletcher and Korth,
1999), and was able to facilitate consolidation of learning
in an autoshaping procedure (Meneses et al., 1997). In this
experiment, GR127935 was able to block the discriminat-
ive stimulus effects of INDO, suggesting that blockade of
a 5-HT,p receptor also reduces the discriminative effects
of INDO.

Methiothepin has been described as a nonselective 5-
HT, o/ antagonist; however, it also has antagonist action at
5-HT, receptors (Hoyer et al., 1994) and possesses affinity
for 5-HTs,s; receptors. In the present study, methiothepin
was able to antagonize the discriminative properties of
INDO. It is difficult to ascribe the observed antagonism
only to blockade of a particular 5-HT receptor site; however,
it seems likely that the blockade of INDO’s cue by methio-
thepin may be related to its activity as a nonspecific 5-HT,,
antagonist.

The lack of antagonism by tropisetron, an antagonist with
high affinity for 5-HT;/4 receptor sites (Hoyer et al., 1994),
is consistent with the observation that 2-Me-5-HT and
cisapride did not produce generalization (Miranda et al.,
2001). This evidence confirms that 5-HT3; and 5-HT4
receptors do not participate in the discriminative control
by INDO, and suggests that the stimulus properties of drugs
are receptor-specific, since INDO has no affinity for these
receptors.

The antagonists showed somewhat different effectiveness
in blocking the discriminative effects of INDO in the two
groups. After the linear regression to estimate the IDsy, it
was determined that in Group DS, the potency was
WAY 10063 5>ketanserin>ritanserin>GR 127935>mesulergi-
ne==SB206553>metergoline>methiothepin>NAN190, while
in Group D~ S, the order was WAY100635>GR127935>
ketanserin>ritanserin>mesulergine=~SB206553>metergoli-
tergoline>methiothepin>NAN190. In neither group did the
order correlate with the affinities of the drugs for any one of



378 F. Miranda et al. / Pharmacology, Biochemistry and Behavior 74 (2003) 371-380

the receptor subtypes. Rather, the order of potency suggests
that in order to use the effect of INDO as a discriminative
cue, the subject has to attend to all of the elements that
compose that effect. Therefore, the order of potency denotes
the relative importance of the receptor sites involved in the
discriminative cue of INDO. If we effectively block 5-HT
receptors, the subject does not recognize the discriminative
cue. As mentioned earlier, ketanserin, ritanserin, mesuler-
gine, metergoline, and SB206553 all share an antagonist
action at 5-HT, receptors; they also have some affinity for
5-HT,A and/or 5-HT,g receptors, which may not be rel-
evant, since INDO has no affinity for these subtypes (Hoyer
et al.,, 1994). As shown in the graphs, the curves of
antagonism from these drugs were very close to one another,
which may explain the slight differences in the order of
potency observed in the two groups. Overall, the observed
antagonism of INDO supports the suggestion that 5-HT,¢
receptors are of particular importance for the discriminative
properties of INDO. Blockade of the 5-HT;y receptors also
“degrades” INDO’s cue, while partial agonists were much
less effective in blocking the INDO cue, as seen in the case
of NAN190.

It is noteworthy that most of the described pharmaco-
logical effects of INDO are related to its ability to bind the
5-HT; o receptor. However, in some instances, it has been
informed that at high doses (>17 mg/kg), its pharmaco-
logical effect does not fully mimic the effects of other 5-
HT, 5 agonists, such as 8-OH-DPAT or buspirone (Fernan-
dez-Guasti et al., 1990), and that its ability to induce the
“serotonergic syndrome” or its effects on sexual behaviour
were not prevented by the 5-HT;, antagonists pindolol,
aprenolol, or methiothepin while its anxiolytic action was
prevented by these antagonists (Fernandez-Guasti and
Lopez-Rubalcava, 1990). An explanation for these discrep-
ancies may lie in INDO’s ability to stimulate 5-HT ;5 and/or
5-HT,c receptors, as suggested by present results. INDO’s
anorectic action has been related to stimulation of 5-HT;g/»¢
receptors, since cinanserin, cyproheptadine, methysergide
(Velazquez-Martinez et al., 1995), and mesulergine (Ram-
irez et al., 1998) blocked its anorectic effect; the blockade of
its discriminative cue by 5-HT,c receptor antagonists is in
accordance with this observation.

A note on the some methodological issues may be
worthy. The CTA procedure and the two-bottle tests allow
the observation of graded changes in saccharin intake; this
may be appreciated from the size of the standard error,
which is smaller with the CTA procedure (these results with
INDO) than with an operant procedure (Velazquez-Martinez
et al,, 1999), although both procedures yield consistent
results. Also, the animals learned the discrimination faster
with the CTA procedure than with the operant procedure (in
the later procedure, training was extended up to 60 sessions,
30 in each drug condition; Velazquez-Martinez et al., 1999);
however, Group DS~ learned the discrimination after
fewer trials than Group D~ S ™. This difference may be
related to the familiarity and biological meaning of the

stimuli (Pearce, 1997, p. 73), since signals induced by drugs
may be easily related to aversive consequences than related
to no toxicosis. Familiarity with consequences may also
influence drug generalization and antagonism; indeed, gen-
eralization was observed at lower doses in Group DS~
(Miranda et al., 2001) but antagonism was observed easily
in Group D~ S" (see the case of WAY100635 or
GR127935 in Fig. 1), although IDsy and order of potency
were consistent in most cases for both groups, confirming
the usefulness of the CTA procedure to study the stimulus
properties of drugs.

In summary, the observed antagonism by ritanserin (5-
HT,c/na), mesulergine (5-HT,c04), ketanserin (5-HT54/2c),
metergoline (5-HT,cna), or SB206553 (5-HT,psc) con-
firms the involvement of 5-HT,c receptors in INDO’s
discriminative control. Although this evidence supports
the participation of 5-HT,c receptors in the discriminative
stimulus properties of INDO, the observed antagonist
action of WAY100635 (5-HT,4), GR127935 (5-HTp/1p),
NAN190 (5-HT;4), and methiothepin (5-HT;s/15/2c) indi-
cates the participation of the 5-HT;p/;5 receptor sites in its
discriminative properties. Moreover, these results suggest
that subjects are able to attend to all components of the
discriminative cue of INDO and that that blockade of any
of the components degrades its effectiveness as discrim-
inative stimulus.
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