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Apparatus antagonism tests. During any test session, rats were placed
into experimental chambers as during training sessions.

Eight commercially-available operant chambers (BRS/LVE However, once the rat had emitted 32 responses on either of
Model No. 143 - 24), housed in light- and sound-attenuating the two levers, i.e., after successfully completing the required
shells, located in two rooms designated for testing ratio, no reinforcer was delivered, the house lights were
(four/room) were used throughout the experiment. Each box turned off, no further responses were recorded and the rat was
contained two levers separated by a dipper which supplied removed from the chamber. Thus, during test sessions,
0.1 ml tap water as reinforcement. Programming and record- extinction conditions were in effect. This was done to prevent
ing of data were controlled by electromechanical and solid- spurious learning which might bias results when different
state equipment located in an adjacent room. doses of the same compound were subsequently tested.

During test sessions, data were expressed as the per-
Procedure centage of responses occurring on the drug lever before the

ratio was completed on either of the two levers or before
Shaping. Subjects were injected intraperitoneally (IP) once a 15 min had elapsed, whichever occurred first. Only the data
day with either LSD (0.08 mg/kg) or sterile saline (0.9 o/,, from those rats making at least ten responses were analyzed.
NaCI) and placed in experimental chambers 15 min after Test sessions were conducted no more often than twice per
injection, During this phase of the experiment, only the week; at least one LSD and one saline session occurred before
stimulus-appropriate (drug or saline) lever was present; the each test. Saline sessions always preceded test sessions to
other lever was removed. Half of the animals were trained to minimize possible residual drug effects.
respond on the left lever following drug; the right lever was
.rog-appropriate for the other half. Responding on the Dose-ResponseTests. Rats were injected with various doses of

opposite lever was correct following saline. Throughout the LSD and tested for lever selection in dose-response tests
shaping procedure the order of drug-saline administration which indicated the relative specificity of the cue to the
was random, with the restriction that no condition was particular training doses; that is, the amount of LSD needed
present for more than three consecutive sessions; sessions to produce each cue.
were conducted 5-7 days per week.

During the rats' first exposure to the chamber under each Substilution Tests. Substitution tests were conducted to
condition (drug and saline), the apparatus was programmed determine the degree of similarity between a novel compound
for continuous reinfi_rcement (CRF or FR 1) such that each and different doses of LSD. During these sessions, rats were
depression of the lever resulted in presentation of water. After injected with the novel compound 15- 30 min before being
stable bar pressing was evident, the schedule of reinforcement placed into the chamber and then tested for lever selection. To
was gradually increased until all rats were responding reliably test thoroughly for substitution of a drug to the training drug
under a fixed ratio 32 (FR 32) schedule following either drug cue, a wide range of doses of each test compound was
or saline, examined.A drugwassaid to have substitutedonlywhen

performance under at least one dose of a test compound did
Discril_ination Training. After responding under the desired not differ significantly from performance obtained under the
ratio (FR 32) was acquired by all animals on each lever, both training drug.
levers were presented simultaneously. The ratio requirement
was maintained on the stimulus-appropriate (correct) lever; Antagonism Tests. Rats were injected with either a 5-HT or a
there were no programmed consequences for responding on DA antagonist 60 min before injection of LSD. Fifteen
the incorrect lever. The order of drug-saline administration minutes after LSD, rats were tested in extinction sessions as
continued as during shaping. All discrimination training described above. A drug was said to have had an antagonistic
sessions were 20 min; accuracy (per cent correct) was defined effect whenever there was a significant difference between
as the proportion of correct to total responses before the first performance after the drug-antagonist combination and
reinforcer was delivered, i.e., before 32 correct responses performance after the training drug alone.
occurred.

After all rats reached a criterion of a least 85 % correct Data Analysis, Data from test sessions are presented as the
responding for five consecutive sessions, a fading precedure mean percentage of drug-lever responding of all rats success-
was introduced. The rats were divided into three groups fully completing at least ten responses. Data from each
which were equivalent with respect to accuracy of discrimi- treatment (test drug) were analyzed by means of a two-factor,
nation. In one group (Group 0.02) the dose of LSD was mixed-effects analysis of variance (ANOVA) with repeated
decreased gradually (from 0.08 mg/kg) in 0.01 mg/kg decre- measures (Keppel 1973). In this ANOVA, the two factors
ments until the rats were discriminating 0.02 mg/kg from were training dose (group) and dose of test drug (dose). The
saline. The second group (Group 0.08) was maintained at the individual main effects of dose and group were analyzed
original training dose. The third group (Group 0.32) was further using Dunn's procedure with x = 0.05 as the error rate
trained to discriminate a relatively high dose by increasing the experimentwise (Keppel 1973) in order to isolate those groups
LSD dose in 0.04 mg/kg increments until the rats were or doses contributing to significant effects. Significant in-
discriminating 0.32 mg/kg of LSD from saline without severe teractions were analyzed further with an analysis of simple
disruptionin responserates, main effects(Kcppel1973).

In order to compare each treatment to the preceding LSD
Testhlg. After all animals were reliably discriminating the or saline performance, a one-way ANOVA with repeated
final doses of LSD (0.02, 0.08 or 0.32 mg/kg) at or above measures (Keppel 1973) was performed which included
criterion, testing was initiated. There were three types of test performance at each dose of the test drug as well as the LSD
sessions: (1) dose-response tests, (2) substitution tests and (3) or saline sessions immediately preceding those test sessions.



22

Individual means were compared to LSD or saline perfor- ,0.
mance using Dunnetrs procedure for comparing all treat-

menl levels to a control with _t= 0.05 as the error rate ,.
experimentwise(Dunnett 1964). _,

Differences in response rates on LSD and saline sessions g
for the three groups were analyzed using a two-way ANOVA _'®,
with repeated measures (Keppel 1973). The slopes of the dose- "

response curves for LSD were calculated as the ratio of the
EDa4 to EDs0 (Iog-probit coordinates) using the method of , '*
Litchfieldand Wilcoxin(1949).

l - i!Drugs. In addition to d-lysergic acid diethylamide bitartrate
(LSD), the drugs tested in this experiment were: quipazine
maleate, MK-212 [6-chloro-2-(l-piperazinyl)-pyrazine] HCI, o I I I .......

0.00125_ 0.006 GOt 0.02 0.04 0.08 0.16 0.32 0.64

5-methoxy-N,N-dimethyltryptamine, 5-methoxytryptamine, LSD Do_ [mg/kg]
d-amphetamine sulfate, apomorphine HCI, methiothepin
maleate, cyproheptadine HCI, haloperidol (Haldol) and Fig. I. LSD dose-response relationships for rats trained to discriminate
xylamidine tosylate. All doses refer to the above forms, between saline and either 0.02, 0.08 or 0.32 mg/kg of LSD. Each pointrepresents the mean of eight rats
Cyproheptadine was dissolved in 15% aqueous propylene
glycol; apomorphine was dissolved in deionized water.

Haloperidol was diluted with saline from solutions provided ,** _t,,L'k_ ,*0 ux._2 :
by McNeil Laboratories, Fort Washington, PA, USA. All

°ther c°mp°unds were diss°lved in is°t°nic saline (0"9°/° __1ml/kg.. _

NaCI). All solutions were injected (IP) in a constant volume of ,_ " '°

_e

Results _-

Acquisition. All 24 rats learned the initial 0.08 mg/kg LSD vs i
saline discrimination by Session 29. The mean number of - I ; ;;;/;_1
sessions to criterion (85 % correct) was 20 (range: 8 - 29). The I " *""" I _
rats were divided into groups and the fading procedures were . _ . , i i _ t
initiated on Session 31 ; thereafter, the group that underwent ................
progressively decreasing doses (Group 0.02) experienced no
difficulty in maintaining accurate discriminative performance Fig. 2. Results of substitution tests with quipazine and MK-212 in rats
and the group that underwent progressively increasing doses trained to discriminate between saline and eith_ 0.02, 0.08 or 0.32 mg/kg
(Group 0.32) showed little deterioration in response rate. By of LSD. Each point represents the mean of eight rats. Open symbols
Session 55, the three groups were discriminating accurately a represent points that do not differ significantly from LSD performance
16-fold range of LSD doses from saline (0.02-0.32 mg/kg).
Throughout the study the percentage LSD responding in all

three groups remained between 95-100% on LSD sessions significant effects of dose [F(3,54) = 5.4, P < 0.01], group
and between 0- 5 % on saline sessions. Analysis of response [F(2,18) = 3.58, P < 0.05] and group × dose interaction
rate data for the last 14 discrimination sessions (seven LSD; [/7(6,54) = 2.44. P < 0.05]. Analysis of the simple main effects
seven saline) revealed no differences between LSD and saline indicated that the largest differences were between Group
sessions for any of the groups and no differences between the 0.02 and the other two groups at the 0.25, 0.5 and 1.0 mg/kg
groups, doses. Significant substitution occurred in all three groups

with the maximum effects being 89 % at 0.5 mg/kg in Group
Dose-Response Tests. Figure 1 shows the dose-response 0.02, 83 % and 80 % at the 2.0 mg/kg dose in Groups 0.08 and
curves for the three LSD groups. Least-squares analysis 0.32, respectively.
revealed that the slope of the dose-response curve for Group Figure 3 shows the results of substitution tests with two
0.02 (4.5) was less steep than those of Group 0.08 (2.0) and tryptamine derivatives. 5-Methoxy-N,N-dimethyltryptamine
Group 0.32 (!.7). The EDs0 values were 0.002, 0.012, and (5-MeODMT) produced significant dose [F(4,72) = 26.1,
0.054 for Groups 0.02, 0.08, and 0.32, respectively. P< 0.001] and group effects [F(2,18) = 9.77, P< 0.01]; the

interaction was not significant. There were significant differ-
Substitution Tests. Figure 2 shows the results of substitution ences among all three groups, especially at the lower doses.
tests with the 5-HT agonists quipazine and MK-212. Significant substitution occurred in ail three groups with peak
Quipazine produced a dose-related substitution for LSD effects of 919/o, 87% and 84_o at the 4.0mg/kg dose in
[F(3,54) = 4.48, P < 0.001] as well as a significant group Groups 0.02, 0.08 and 0.32, respectively.
effect [F(2,18) = 3.63, P < 0.05]. The group × dose in- 5-Methoxytryptamine (5-MeOT) produced little substi-
teraction was not significant. Peak substitutions were 87'_,,, in tution except in Group 0.02. Thus, there were no significant
Group 0.02 at 1.0 mg/kg, 83,% in Group 0.08 and 88 % in dose or group effects. There was a significant interaction
Group 0.32, both at 4.0 mg/kg. [F(6,54) = 2.42, P< 0.05] due primarily to the 40-70%

The curves for MK-212 are similar to those for quipazine LSD-appropriate responses in Group 0.02. No dose of 5-
except that MK-212 was about twice as potent. There were MeOT produced a significant substitution for LSD.
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The results of substitution tests with DA agonists d-am- training dose. Note that responding following apomorphine

phetamine and apomorphine are shown in Fig. 4. Neither of was much more consistent across dose than following d-am-
these drugs produced any significant effects. Both drugs phetamine.
caused only 10-50% responding on the LSD lever, which
was not related either to the dose of test drug or to the LSD Antagonism Tests. The results of antagonism tests are shown

in Fig. 5. Methiothepin (MTP) caused a significant dose-
related decrease in the percentage of LSD responding
[F(2,30) = 6.88, P < 0.005] when administered 1 h prior to

,., s-u_r ,_, S-L_,OT LSD. There were no significant differences between the
groups and there was no interaction. Cyproheptadine (CYP)

i _ also antagonizedall three LSDcues;however,therewereno

i _ significanteffectsof dose,group, or the interactionof thesevariables. Thus, all doses of CYP were equally effective in
reducing the discriminability of LSD. Xylamidine tosyhtte

, ,, significantlydiminishedthe lowdose LSDcue{Group0.02).

,t _.*_ Haloperidol had little effect on the LSD cues except for a

,t slightattenuationin Group 0.02.Neitherof thesecompounds
produced significant dose, group or interaction effects.

Oo_o_ _w [m,glk,w]

ig. 3. Results of substitution tests with 5-methoxy-N,N-dimethyl- Discussion
tryptamine (5-MeODMT) and 5-methoxytryptamine (5-MeOT) in rals
trained to discriminate between saline and either 0.02,0.08 or I).32mg/kg As in previous studies using a variety of compounds (Colpaert
of LSD. Each point represents the mean of eight rats. Open symbols et al. 1980a; Overton 1979), the present results demonstrate
represent points that do not differ significantly from LSD performance the usefulness of a fading procedure (progressively decreasing

doses) as a means of inducing discrimination of very low
doses of LSD (0.02 mg/kg). In addition, a new variant of

_oo Apomocpgdno _ d.Amld_qllallllaine fading, progressively increasing doses, proved snccessful in

enabling rats to discriminate an otherwise behaviorally,* ', disruptive th_se of LSD (0.32 mg/kg) presumably by inducing
behavioral tolerance to each incremented dose. Of particular

_,, ., importanceis the fact that, followingthe incrementeddose

" _ regimen, the original training dose (0.08 mg/kg) produced

_ _ only 58 ',',,;responding on the LSD lever. Thus, the 0.32 mg/kg
"* 'k, /_----_ / _ cue was specific to this higher dose of LSD.

_ The use of a wide range of LSD training doses (16-fold)

'* allowed a detailed and thorough analysis of the effects of this
variable on dose-response, substitution and antagonism tests:

* _, L _ /, * ,,, ..... quantitative differences among the discriminative properties

_** ¢__ [_/ko] of LSD in the three groups were often observed. For example,

Fig. 4. Results of substitution tests with apomorphine and d-amphet- comparison ofthe slopes of the LSD dose-response curve illus-
amine in rats trained to discriminate between saline and either 0.02, 0.08 Irates that, as the training dose declined, the slope of the LSD
or 0.32 mg/kg of LSD. Each point represents the mean of eight rats gradient became less steep. This relationship has also been

E
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Fig. 5. Results of antagonism tests with methiothepin, cyproheptadine, xylamidine and haloperidol given in combination with LSD in rats trained to
discriminate between saline and either 0.02, 0.08 or 0.32 mg/kg of LSD. Each point represents the mean of eight rats. Closed symbols represent
performance that is significantly different from LSD alone (represented at the left of each graph)
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demonstrated in rats trained to discriminate different doses of significant substitutions. Thus, even though the percentage of
fentanyl both with (Colpaert et al. 1980a) and without LSD-lever responding 120-55%) was greater than during
(Colpaert et al. 1980b) progressively lowering training dose. saline sessions (0- 5 %) the fact that this effect was not rehtted
However, in contrast to the data with fentanyl, the present either to the dose of these DA agonists or to the training dose
results cannot be attributed to deterioration of stimulus of LSD suggests that these results reflect random choice
control since there were no differences among the three responding(Shannon and Holtzman 1979)rather than partial
groups with respect to accuracy of discrimination, similarities of LSD and DA agonists. In addition, the results

The results of substitution tests with the direct 5-HT of antagonism tests with the potent DA blocker haloperidol
agonists quipazine, MK-212 and 5-MeODMT (Fuller 1980) (Janssen 1967) revealed no significant groups or dose cffccts
and antagonism tests with the 5-HT antagonists methiothcpin and no antagonism. Thus, these data indicate that: (I) DA
and cyproheptadine (Fuller 1980) reveal significant quanti- agonists produce a qualitatively different stimulus from that
tative differences among the three LSD training dose groups, produced by LSD; (2) DA is not intricately involved in the
For example, there were significant differences among the discriminative stimulus properties of LSD; (3) the lack of DA
three groups with respect to the doses ofquipazine, MK-212 involvement is not related to LSD training dose and (4)
and 5-MeODMT that elicited significant substitution for comparison across training doses can facilitate interpretation
LSD. Furthermore, as in the LSD dose-response tests, the of intermediate results and enhonce the value of drug
slopes of the generalization gradients for these agonists were discrimination procedures as an assay of pharmacological
less steep in the low dose LSD group. In fact, the highest doses action.
of quipazine and MK-212 caused decreases in LSD-lever
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