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m- _ Abstract. d.I_D was employed as a discriminative stimulus in a two-lever, free.
choice procedure involving water reinforcement with rats. The results indicated31.
that 1. doses of 0.02--0.04 mg/kg of d-LSD were at the "threshold" level of
discriminability from no drug (saline), 2. 0.08 mg/kg was clearly discriminable

hi- a from no drug, 3. the same dose of d-I_D (0.08 mg/kg) was also discriminable from
ry, d-amphetamine, and 4. subjects could probably discriminate, albeit weakly,
• 0 between d-LSD and two other hallucinogens, mescaline and psilocybin.

When a variety of drugs which were not used during training were tested during
nt. _ subsequent extinction sessions, it was found that most non-hallucinogenic drugs

elicited responding predominantly on the non-drug lever; when hallucinogenic drugs
were tested, preferences in general depended on dosage of the test drugs. It was
also found that administration of PCPA, a drug which sensitizes rats to certain
disruptive effects of I_D also sensitizes them to discriminative effects of the drug.
Manipulations which might be expected to desensitize subjects (e.g., pretreatment
with chlorpromazine, or with d-I_D itself in an "acute.tolerance" regimen), how-
ever, had no effect.

Whether the discriminations of different drugs are due to qualitative or to
quantitative (dosage) differences between drug states has proved to be a problem
in the interpretation of drug discrimination experiments. It may, for example,
contribute to the discrepancy observed between the present results and those of
previous investigators who attempted to equate doses of LSD and mescaline.

Key words: I_D -- Discrimination -- State-Dependent Learning -- "Disso-
ciation" -- Hallucinogenic Drugs.

Numerous studies have been reported in which behaviors which were

acquired under some drug state are not observed under similar circum-

stances when the drug state is changed (e.g., John, 1967; Overton,

1968, 1971 a, b). This phenomenon has been called "state-dependent" or
"dissociated" learning. A variety of drugs seem capable of producing

dissociation including barbiturates, alcohol, and "minor transquilizers"
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(strong control); antimuscarinic and nicotinic drugs, narcotics, convul.
santa, amphetamines, and mescaline (moderate control); and scopol- 8ub_
amine methyl nitrate, physostigmine and phenothiazines (weak control) _ used. TL

(see Overton, 1968, 1971a, b). Indeed, the effect is sufficiently important weighedin a root
that Grossman and Miller (1961) have argued that the results of humor- Animals
ous studies which supposedly demonstrate other kinds of drug effects after the

(e.g., facilitation of learning) cannot be unequivocally interpreted because obtained
the possibility that dissociation may have occurred has not been ruled regimen.

App
out by using appropriate controls, nics, Me.

Drugs have also been employed in a variety of operant discrimination discrimil

procedures as discriminative stimuli (SDs), including an extensive series ber. A si

of experiments by Harris and Balster (1971). [While Overton, 1968, has levers. 1
discussed dissociated learning and the use of drugs an SVs separately, t in a sou]

132-04).
he has admitted that these two paradigms may, in fact, be the same-- ing roon
"nonetheless, the results obtained with these two procedures probably Dr_

reflect the same properties of drugs" (p. 918). In any case, no conclusive chloride

evidence has yet been reported that state-dependent or dissociated LSD-25New Jet
learning, and the use of drugs as SDs, are different phenomena.] Center t

Several hallucinogenic drugs have been found to have state-depend- (d.0TH(
ent effects. Overton (1971a, b) has classified mescaline (10 mg/kg) as and PC

a moderately effective S v. Harris and Balster (1971) found that 0.4 mg/kg Chemica

of psilocybin showed only weak control of lever choice when compared to hydrobrpromazi
saline and 0.2 mg/kg of psiloeybin apparently could not be discriminated Pa. Metl

from 0.025 mg/kg of LSD. In another series of experiments, Hirschhorn amine sl
and Winter (1971) reported that rats could discriminate both LSD and of pure

mescaline from saline; ability to discriminate (indicated by percent tionswe

choice on the correct lever) improved with increasing doses (up to ap. in kilogl

proximately 900/0 correct responses with 19.8 mg/kg of mescaline in one for two

group and 0.12 mg/kg of LSD in another group). However, subjects the righ
could not discriminate these two drugs from each other at doses which lever wt

produced approximately equal control at 700/0 correct responses (mesca- left, sulD

line at 9.9 mg/kg and LSD at 0.028 mg/kg). And Schechter and Rosecrans the sch_appropr
(1972) found that rats trained in a T-maze with 0.048 mg/kg of LSD and sides foJ

saline chose the LSD side when given psilocybin (2.62 mg/kg) or mescaline the corr

(approximately 22--30 mg/kg), but chose the saline side when given the sam

2--4 mg/kg of amphetamine. These data suggest that hallucinogenic approprthe drl,
drugs such as LSD, mescaline, and psiloeybin produce states which are scheduh
different from no drug, but are similar to each other, each of

The experiments to be reported below analyze the discriminative now trai

properties of d-LSD more extensively than has been previously reported, with tht20drl 2
The state induced by this compound is compared with that induced by a never _v
variety of other agents, both hallucinogenic and non-hallucinogenic. Curl
Various doses of different drugs are employed during both training and in the

testing (extinction) sessions involving a two-lever free-choice procedure, ss ix_
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General Methods

8ubject.s. Twenty-four naive male albino rats of Sprague-Dawley strain were
used. They were approximately 120 days old at the start of each experiment and
weighed between 250 and 300 g. Food ,was always available in separate home cages
in a room maintained at constant tempera, ture (24--26°C) and humidity (40--500/0).
Animals were run six days per week and were given free access to water for 24 h
after the last session of the week. No other water was available except that which was
obtained in the experimental chamber. All animals remained healthy under this
regimen.

Apparatus. A commercially available operant chamber (Lehigh Valley Electro-
hies, Model No. 143-24) equipped with two levers was used to train and test the drug
discriminations. The levers were mounted at opposite ends of one wall of the cham-
ber. A single dipper which delivered 0.05 ml of tap water was positioned between the
levers. The chamber was illuminated by a 28-v white house light and was placed

l in a sound- and light-attenuating outer shell (Lehigh Valley Electronics, Model No.
132-04). All programming and recording were done eleetromechanically in an adjoin-
ing room.

Drugs. The fluid used for drug dilutions and saline injections was 0.90/0 sodium
; chloride and 0.90/0 benzyl alcohol in distilled water, d-LSD was prepared from

LSD-25 (Delysid) powder manufactured by Sandoz Pharmaceuticals, Hanover,
New Jersey, and obtained from the National Institute of Mental Health (NIMH),
Center for the Study of Narcotic and Drug abuse. Delta-9-tetrahydrocannabinol
(LI'0THC), psilocybin and L-LSD were also obtained from NIMH. Mescaline sulfate
and PCPA (para-ehlorophenylalanine-methyl-ester) were obtained from Regis
Chemicals, Chicago, Illinois. Scopolamine was injected from ampules of scopolamine
hydrobromide, obtained from Burroughs-Wellcome, Tuckahoe, New York. Chlor.
promazine HCI (CPZ) was obtained from Smith, Kline, and French, Philadelphia,
Pa. Methyl atropine nitrate was from Sigma Chemical, Chicago, Illinois. d-Amphet.
amine sulfate (administered by weight as the salt; all others were given as weight
of pure drug) came from K and K Laboratories, Plainview, New York. All injec-
tions were administered intra-peritoneally (i.p.) ;volume in milliliters equalled weight
in kilograms.

General Procedure. After two days of water deprivation, all animals were trained
for two days to bar-press for water on a continuous reinforcement schedule (eft) on
the right lever. The animals were then shaped to press on the left lever (the right
lever was present but had no programmed consequences). After two days on the
left, subjects were shifted back to the right lever. On the second day on the right,
the schedule was changed from crf to drl 2 sec and each subject was given the
appropriate drug SD (below) before the start of each subsequent session (correct
sides for training drugs ,were different for different subjects). From this point on,
the correct side was reversed randomly between sessions with the restriction that
the same side was never correct more than three successive days. Each day, the
appropriate drug was administered 15 rain before each animal's 30 rain session and
the drl was gradually raised to drl 20 (this usually required 6-8 sessions). On this
schedule, subjects learned the drug discriminations in about 20 sessions, 10 with
each of the two training drugs (or drug and no drug). In all situations in which s
new training drug was introduced, at least eight further training _esiona were given
with the new drug(s). Thus, the schedule could be considered to be s multiple drl
20 drl 20 with drug states as the SVs and stimuli changing randomly between, but
never within, seesions.

Outlines of the specific procedures of each of the four experiments are presented
in the text, and the results are reported both in the text, and in Figs. 1 to 4, below,
as per_n(_Kes _°/o). The 8ide (lev_, drug) on which (;he pel,oen_t_e is bsoed is
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indicated on each figure. For subjects which distributed their responses fairly
equally between both levers the number of responses on one lever before one
response, and before five responses, on the other lever are reported in the text.
These data indicate the side (lever) of the animal's initial tendency to respond. Less
than 10 total responses has been arbitrarily designated as the cut-off point below
which the data are presumed to be unreliable; nevertheless, these data are reported
(and are noted in the figures with asterisks) as suO_estive of preferences. Situations
in which the number of responses on the favored side did not exceed 60°/0 are
arbitrarily designated "ehsnee" responding (no systematic eholee of one side or the
other). In ce_es where differences between groups are suggested, but are not clearly
identified, statistical tests (one-t_il F tests) were performed. The validity of these
testa perhaps can be questioned, however, because of the small number of subjects.

Experiment I

Procedure. Four animals were trained with d-LSD (0.02 mg/kg) and saline
according to the above procedure, and then tested, two with d-LSD and two with
saline. These subjects were than retrained with 0.04 mg/kg of d-I_D and saline
for eight trials (sessions) and tested, again two with d-LSD and two with saline.
Testing always consisted of administering the test drug and running the subject
for one complete 30-rain session of extinction (no water available). No subject in

any oftbe four experiments was re-tested until the discrimination was re-established; Fig. 1. Shc
this usually required 2--4 training sessions. Finally, the same four subjects were 2 or 3 sub_
tested with a discrimination "reversal" in which saline was administered, but the Each datt
operative lever (reinforcement available) was the one which had been associated that subje
previously with d-LSD. This was done in order to assess how much control was istered bet

exerted by dipper "cues" (reinforcement) and how much by the actual drug state, is employ
After one "reversal day", subjects were returned to the original discrimination for d-LSD v8
one session. Fig.2 LSI

Results. After nine initial training trials with each stimulus, subjects of d-I_D

were emitting, on the average, 800/0 correct responses during training operative,
test (G) d

(Fig. 1 at A and B). However, when a test day was programmed after a which ha<
total of 20 training trials (at C) subjects given LSD emitted fewer respon, test for

ses on the LSD side (310/0 and 450/0) than those given saline (both a_ operation

660/0) indicating that no control was exerted by the drugs. In addition, ' (side) was

no early reponse preference was evident (not shown), tions wen
pre_nted

Following four more training trials (two with LSD and two with

saline, this last training day shown at D), on a subsequent test day

(at E) one subject given LSD responded above "chance" (750/0) on the

I_D side while the other did not (58°/0). One subject which was given kg is ab
saline responded more on the saline side (760/s) but the other saline under t_

subject emitted 710/o of its responses on the LSD side. These two groups Whel
were not significantly different from each other (F ---- 1.0, P _ 0.05. were giv
d1 ---- 1,2) on this test day. However, the early response data on the same was app
test day did suggest that the drugs exerted some control over choice were gi_

behavior, i.e., three of the four subjects emitted their first response on the respecti_
correct side and, in addition, emitted five correct responses before giving LSD sid,

five incorrect. These data suggest that a dose ofd.LSD at or near 0.02 rag/ ent (F =
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shed; Fig. 1. Short horizontal lines designate a datum for one subject (unless labelled as
were _ 2 or 3 subjects); vertical lines connect all subjects whichwere given the same drug.
Itthr Each datum indicated the percent of the total responses which were emitted by
_iated that subject on the designated (on the ordinate) side. The drugs whichwere admin-
1 was istered before the trial being represented are indicated for each group. (This format
state, is employed in all figures.) In Experiment I, four subjects were trained with
m for d-LSD vs. no drug (saline) at different doses of LSD (in this figure, and in

Fig. 2 LSD dose is designated in microgramsper kilogram).A to E per 0.02 mg/kg
jects of d-I_D vs. saline, training days (A, B, D), on which the correct lever was

ining operative, and extinction tests days (C, E). F and G training (F) and extinctiontest (G) days with 0.04 mg/kg vs. saline. H saline "reversal", in which the lever
_er a which had been paired with LSD was operative, but _line was administered, to
pen- test for control exerted by the drug discrimination vs. control exerted by dipper
_h at operation cues (reinforcement); I saline given, but now the originally correct lever
tion, " (side) was again functioning ("return"). (In H and I the conditioned discrimina-

tion8 were with 0.04 mg/kg of d.I_D vs. saline.) All data in Experiment I are
presented as the percent of total rmponseswhich were emitted on the LSD side

with

day
i the

liven kg is about at the "threshold" level of discriminability from no-drug
_line under the conditions of the experiment.

oups When the LSD dose was increased to 0.04 mg/kg and the subjects

0.05. were given eight additional training days, (last are at F) more control

_m_ was apparent; on the first extinction test day (G), the two rats which
loice " were given I_D emitted _°/o and 680/0 responses on the LSD side,
I the respectively, while saline subjects emitted only 300/o and 32e/e on the
iving LSD side. Moreover, on this test d_y, the groups were statistically differ.
:mg/ ent (F ffi=24.64, P _ 0.05, df -----1,2), even with this very small sample,
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i The same subjectswere then given salinebut the operativebar was
reversedsuch that the bar which had been functionalwhen d-LSD was

givenwas now functional,and the otherwas not (atH). At the lastdose
of d-LSD used to trainthese subjects (0.04mg/kg), more controlwas

exerted by the dipper cues than by the drug (saline),i.e.,allsubjects

responded primarily on the operative bar (77°/o, 80°/o_ 82°/o, and 98°/0

respectively), even though this was the lever which had been associated _
with LSD during training. In addition, subjeet_ responded primarily on _,

the operative bar (72°/0, 770/0, 840/0, and 880/0) when the lever which
was originally correct when saline was administered was again made g
functional and saline was given again (at I).

Experiment II

Procedure. In Experiment II, two subjects were trained with 0.08 mg/kg of
d-LSD and 8.0 mg/kg of mescaline, and two with 0.08 mg/kg of LSD and 0.8 mg/kg of
psilocybin. These doses of LSD, mescaline, and psilocybin have been shown to have r
approximately equal potency with respect to their ability to disrupt appetitive
behavior (Appei and Freedman, 1965). Following training and testing with these
doses, the dose of LSD in both groups was reduced to 0.04 mg/kg for eight addi-
tional training sessions; doses of mescaline or psilocybin remained the same. These
subjects were then tested with the lower dose of I_D, and mescaline or psiloeybin.

Eight additional subjects were run--four with 1.0 mg/kg of d-amphetamine Fig.2. Tw.
and saline, and four with 1.0 mg/kg of d-amphetamine and 0.08 mg/kg of d-I_D, psilocybin.
These animals served as controls in order to compare the ability to discriminate (I_D dose
hallucinogenic drugs (d-LSD, mescaline, psiloeybin) from each other with the or 0.8 mg/]
ability to discriminate an hallucinogen from a drug which is presumably not hallu, training aIdoses. H
cinogenic at the dose tested, i.e., d-amphetamine (1.0 mg/kg), legend, Fi

Results. In this study (Fig. 2) two subjects were trained initially with operative-
LSD and mescaline, and another two were given LSD and psilocybin LSD side.

designatiol
(at A, B, C, D, and E). Good control was evident on training days. This (Group 3)
was true after a total of 17--18 training trials (at A and B) and also after _ K a test ds
a total of 22 trials (at D). However, on test days (C and E) the control amine vs.

was only fair. While the subjects tested with LSD never fell below 50°/0 amphetam

responses on the LSD side, they never exceeded 700/0 (590/0, 640/0, and

67%). While the subjects given mescaline or psiloeybin never emitted

more than 40°/0 of their responses on the LSD side (mescaline--23°/0, apparent
38 °/o, 13 °/o; psiloeybin -- 30 °/o, 39 °/o), only one mescaline subject emitted (at G) ; il
more than 800/0 correct responses. Early responses on test days also Note thai

indicated only fair control. Statistically, the subjects given LSD were seemed t

different from those given the other drugs (both groups considered as This, ho_
one); F -----25.81, P _ 0.005, d/---- 1,6. (Note that the eight percentages doses use

obtained are from only four subjects--two mescaline and LSD, two Imilo- _ After
cybin and LSD--esch tested twice.) discrimin

When the LSD dose was reduced to 0.04 mg/kg, the control observed indicated

during tzltining wIW lztsint_tined (at F), but little improvement wM the drugm
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ine Fig.2. Two subjects trained with d-LSD vs. mescaline, and two with d-LSD vs.
_D. • psilocybin. ,4 to E training (.4, B, D) and testing (C, E) with 0.08 mg/kg of LSD
ate (LSD dose again designated in figure in micrograms) vs. 8.0 mg/kg of mescaline,
_he or 0.8 mg/kg of psilocybin. (x marks the animals trained with psilocybin.) F and (7
lu- training and testing with 0.04 mg/kg of LSD vs. the same mescaline or psilocybin

doses. H "reversal" (0.04 mg/kg of LSD given, but other lever operative-ace
legend, Fig. l). I "return" (0.04mg/kg LSD given again, "correct" bar again

ith operative-see legend, Fig. 1). Data A to I presented as percent responses on the
dn LSD side. Note again that x marks animals trained with psilocybin; drug

zis designations on figure indicate test drug. J a test day for four other subjects
(Group 3), trained with d-I_D (0.08 mg/kg) vs. d-amphetamine (l.0mg/kg).

_r ; K a test day for four more subjects (Group 4), trained with 1.0 mgfkg of d-amphet-
:'ol amine vs. saline. For J and K, the designated percent of total responses was on the

0/0 amphetamine side. Asterisks mark days on which a total of less than I0 responses
_d was emitted by the designated subject (also done in Figs.3 and 4)

ed

/0, apparent during testing after 10training days at the decreased LSD dose
_d (at G); indeed, control was poorer here than with 0.08 mg/kg of LSD.
so Note that, in the situations where some control was suggested, mescaline

re seemed to be slightly more discriminable from LSD than psilocybin.
as This, however, may be a quantitative difference caused by the particular
es dosesused.

o- After re.establishment of the d-LSD and mescaline or psilocybin
discriminations, a reversal trial was given (at H). The resultS again

_i indicated that more control was being exerted by dipper cues than by

ss _ the drugs.
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The "return" trial (at I) shows that when the "correct" lever was of the two te_

again operative, subjects pressed it more often that the "incorrect" with no intershas been sho_
lever, but control was still only moderately good (81, 80, 74, and 66 °/0 on administratio]
the LSD side). Thus, at the doses used, some control was exerted by the two test sessk

training drugs, but the amount of control was not as great as with LSD the drug givez

and no drug. Re_u/ts.
Four different subjects in this experiment were trained with LSD and between 0.0

d-amphetamine. As can be seen, the control demonstrated in the LSD- the exceptic

amphetamine subjects on the extinction test day (J) was excellent (with correct reap

the exception of the one LSD animal unexplained) and, hence, consider- regimen (at
ably better than that obtained when two hallucinogens were used (above). was given d

The last four subjects in Experiment 2 which were trained with that less coI

d.amphetamine and saline (K), demonstrate that d-amphetamine is not On the t

being discriminated from LSD simply on the basis of its inability to previous tr_
produce a characteristic state. That is, d-amphetamine also produces "guide" the
a characteristic state which is discriminable from no drug, a finding emitted less

which confirms those of Harris and Balster (1971). The data of Experi- less than

ment 2 suggest that hallucinogenic drugs may produce qualitatively (F----11.07,
different stimulus characteristics (contrary to the findings of Hirschhorn

and Winter, 1971, and Schechter and Rosecrans, 1972), but that 100
at least one non.hallucinogenic drug, d-amphetamine, is clearly more

distinctively different from d-LSD than are the two hallucinogens tested.

It is possible, however, that quantitative, i.e., dosage, differences may .80
have been at least partially responsible for the observed effects.

Experiment HI _ 6o
Procedure. Four rats were trained with 0.08 mg/kg of d-LSD and saline, and

were tested with the same agents. After re-establishing the training discrimination
two of these subjects were tested in extinction with amphetamine (1.0 mg/kg), and 40
the other two were tested with an "acute tolerance" regimen of LSD (0.08 mg/kg
at --2 h, --1 h, and 0 h). This regimen has been shown to produce tolerance to the
behaviorally disruptive effects of 0.08 mg/kg of LSD on at least one appetitive
schedule (Freedman et al., 1964). Following these tests, all four animals were tested 20
with 1. CPZ (0.5 mg/kg), or CPZ (0.5 mg/kg) plus d-LSD (0.08 mg/kg), 2. L-I_D
(0.08 mg/kg), 3. PCPA (50 or 100 mg/kg two subjects each), and 4. lower doses of
d-I_D (i.e., 0.04, 0.02 or 0.01 mg/kg) given to the PCPA--pretreated animals
(see below). During this testing regimen saline was also given to two of the PCPA
pretreated animals during extinction to determine if the initial training discrimina-

tion was maintained. At least 2--4 training sessions were always interspersed be- Fig.3. Percen
tween test sessions (extinction) in order to re-establish the discrimination, discriminate

All drugs given during testing were administered approximately 15 rain before D a trainin_
test sessions except at the end of the study (last two test sessions "4" above) on LSD "acute
which days LSD or saline was given at --15 min but was given to PCPA-pretreated or CPZ plus
animak. The pretreatment regimen was three consecutive daily dosos of 100 mg/kg drug telt d
(to the subjects test_ with 100 mg/kg of PCPA), or of 50 mg/kg, 150 mg/kg, and (50.0 mg/kg,
100 mg/kg in three consecutive doaes (to the subjects test_ with 50 mg/kg), for m saline on d_
total of 300mg/kgin beth gnml_ on day_mw_ miz,sad fivepzviom to the flrnt
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er was of the two test days; the second of these tests followed three days after the first

erect" with no interspersedtraining trials. This PCPA regimen (300 mg/kg over 33 days)

30/0 on I has been shown to deplete 5-HT (serotonin) in the brain at seven to ten days postadministration (Koe and Weissman, 1966; Appel et al., 1970a). Therefore, the last
by the two test sessions must be considered not as simply the test drugs at 15 min, but as
h LSD the drug given to "abnormal" _i.e., serotonin.depleted) subjects.

Resulta. All subjects in Experiment III were able to discriminate

',D and between 0.08 mg/kg of LSD and saline during training (Fig.3). With

LSD- the exception of one animal (at C), no subject emitted less than 800/0,

(with correct responses on any of the last three days of the initial training

_sider- regimen (at A, B, and C) ; in fact, on none of the days during which LSD

,bove). was given did the percent correct of any subject fall below 900/0 . (Note
I with that less control of choice behavior was exerted by saline than by LSD).

is not On the first extinction test day, control was not as good as on the

lity to previous training days (probably because there were no dipper cues to
educes "guide" the animals). However, some control was evident; no subject
_nding emitted less than 500/o correct responses and only one of the four emitted _

'.xperi- less than 600/0 correct (D). The F-ratio was "marginally significant"

_tively (F ---- 11.07, 0.10 > P > 0.05, d! = 1,2). Reoorde of the number of
_hhorn

L th_ Loo T_.cPZ- T"

,mo,_ _ 14o)tested. 3ffi_ -- LSO (100)

_smay .80 LSD PCPAI_OI

_ kS
.60 LSi

ne, and _ I LSDII

dnation g _ (50) (10)[] .

petitivee'[g)' andmg/kgto the _ _ .40 I hiT _$aI CPZ !S i_ I " 1 i_

e tested .20 saI.
L-LSD sa amp m.
loses of T
animals sa£ I- D (lO0)
PCPA

;rimina- A B C D E F G H I J K L M

_ed be- Fig. 3. Percent responseson the LSD side for four subjects trained throughout to
discriminate d-I_D (0.08 mg/kg) from saline. A, B and C initial training days.

befo- D a training drug test day. E testing with d-amphetamine (I.0 mg/kg), or the
eve) _ LSD "acute tolerance" regimen (see text). F and Gt testing with CTZ (0.5 mg/kg),
_treated ' or CPZ plus LSD (0.5 mg/kg and 0.08 mg/kg, respectively). H another trainin_
E)mg/kg drug teat day. I L-I_D test (0.08 mg/kg). J a saline test. K PCTA test
kg, and (50.0mg/kg, or 100.0mg/kg).L and M testing with lowerdosesof d.I_D and
g), for a _iine on days five (L) •nd eight (M) following the end of the 300 tn_ PCPA
the flint i lwetrmtmemt regimen (ramtext)
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incorrect responses before either one correct or before five correct also LSD-saline
indicated that, on both training and extinction days, subjects could strong at thi
discriminate which compound they had received (thus, they were not responses en

relying solely on dipper cues); even on extinction days subjects emitted (when "now
most of their early responses on the correct lever, half the nun

Following re-establishment of the discrimination, two subjects were 200 to 300).
tested with the "acute tolerance" regimen of LSD (3 × 0.08 mg/kg of LSD, Next, th
at --2 h, --1 h, and 0 h), and the remaining two subjects were given a At the dose
single dose of 1.0 mg/kg of d-amphetamine 15 rain before testing (at E). subject emi
The "tolerance" regimen did not produce tolerance to the discriminative However, th
properties of the drug; that is, both subjects were "correct" (more than Note that w'.
80°/0 of their responses were on the LSD side) even though extinction was effects in o
in effect. The two subjects which were given d-amphetamine, a "novel" remains tha
test drug, both responded as if d-amphetamine were more similar to employed h
saline (870/0 and 990/0 responses on the saline side), than to 0.08 mg/kg dosages use
ofLSD. Finally,

Following re-establishment of the original discrimination two sub- of PCPA (a!
jests were tested with CPZ (0.5 mg/kg) and the other two with CPZ responses o
(0.5 mg/kg) plus LSD (0.08 mg/kg) administered at the same time, 15 min given 100 n
before the start of the session (at F). On the next test trial (at G), the two emitted by
rats which were tested with CPZ were given CPZ and LSD while those Followil

originally given both CPZ and LSD were tested with CPZ. more daily
On all test trials in which subjects were given I_D vlus CPZ, respond- of not runn

ing was primarily on the LSD side (740/0, 870/0, 930/0, and 100°/0); thus, of d-LSD,
at this dose, CPZ did not disrupt the discriminability of LSD from no- of LSD or s

drug. When given CPZ alone, two subjects responded at "chance" levels, regimen hs
although early responses were pledominantly on the LSD side. The other levels of sex
two animals responded primarily on the saline side (13°/0 and 330/0 on the to increase

LSD side). Hence, subjects could discriminate the LSD state "through" eta/., 1970_

the combination of CPZ and LSD. The F-ratio for all eight trials was jeers abilit:
18.13, P < 0.01, d/-_ 1,6. These results indicate that CPZ does not to choose t

antagonize rats' ability to discriminate LSD, in contrast to the findings tion, the rq
of Appel and Freedman (1964), Ray and Marrazzi (1961), and Bradley animals w]

and Elkes (1964) who found that CPZ would antagonize LSD under a been pretr
variety of circumstances. And these results were probably not due to the

animals' discrimination of CPZ as being similar to LSD because (a) CPZ
alone produced saline-lever responding predominantly and (b) CPZ appar-
ently does not induce any distinctive state (see Harris and Balster, Procedu
1971 ; Overton, 1968). and saline i:

Following re-establishment of the original discrimination, all sub- during exti'of d-LSD (O
jests were retested in extinction with the original training drugs (at H). (0.8 mg/kg
With the exception of one animal which was given LSD, animals could kg), 7. L-I_
still make the LSD-saline discrimination, and all rats emitted early addition, a
responses primarily on the correct side. However, the control which the aese_ the ¢

9 X_yehopl_



Some Discriminable Properties of d-LSD 127

correct also LSD-saline discrimination was exerting over choice behavior was not as

Lbjects could strong at this point as it had been originally. While the total number of

Ley were not responses emitted on this test day was larger than on previous test days

jeers emitted (when "novel" drugs were administered), the number fell to less than
half the number observec_ during initial training (50 to 100 responses vs.
200 to 300).ubjects were

g/kg of LSD, Next, the diseriminability of L.LSD (0.08 mg/kg) was tested (at I).
were given a At the dose used, L-LSD produced responding similar to saline ; only one

_sting (at E). subject emitted more than 400/0 responses (470/0) an the drug side.
scriminative However, the control was not as good as with saline itself (at D and H).

' (more than Note that while L-LSD is not hallucinogenic in man and has few biological
:tinction was effects in other species (Snydcr and Richelson, 1968), the possibility

e, a "novel" remains that L-I_D is qualitatively similar to d-LSD in the task being

'c similar to employed here; the observed difference may he due to the particular

) 0.08 mg/kg dosages used (see Experiment IV, below).

Finally, all animals were tested with either 50 mg/kg or 100 mg/kg

on two sub- of PCPA (at K). Little control was evident either on the basis of percent

o with CPZ responses or on early response choices. The results of the two subjects

time, 15 rain given 100 mg/kg were unreliable; a total of less than 10 responses were

G), _' " two emitted by each of these animals.

while _hose Following the first PCPA day, all subjects were administered two
more daily doses of PCPA for a total of 300 mg/kg. Then, after five days

?Z, respond- of not running, subjects were tested with either 0.04 mg/kg or 0.02 mg/kg

_°/0); thus, of d-LSD, followed five days later by another test day with 0.01 mg/kg
_D from no- of LSD or saline, two subjects tested with each (at L and M). This PCPA

race" levels, regimen has not only been demonstrated to selectively deplete brain
e. The other levels of serotonin (Koe and Weissman, 1966; Appel eta/., 1970a) but also

33 °/0 on the to increase the sensibility of rats to the disruptive effects of LSD (Appcl

"through" a a/., 1970a). Would this PCPA pretreatment regimen also increase sub-

t trials was jects ability to discriminate the LSD state (hence, increase the tendency
'Z does not to choose the LSD side, even at lower LSD doses)? To answer this ques-

the findings tion, the results obtained here (L and M) must be compared to those of

_nd Bradley animals which were given similar low doses of LSD but which had not

$D under a been pretreated; this was done in Experiment IV (below).
t due to the

use (a) CPZ

CPZappar- ExperimentIV

nd Balster, Procedure. Four animals were trained and tested with 0.08 mg/kg of d-LSD
and saline in the same manner as those in Experiment IH. The regimen of testing

c)n, a__ db- during extinction consisted of 1. two tests with the training drugs, 2. lower doses
of d-LSD (0.04 mg/kg or 0.02 mg/kg), 3. mescaline (4, 6, or 8 mg/kg), 4. Imflocybin

rags (at H). (0.8 mg/kg or 0.4 mg/kg), 5. scopolamine (4 mg/kg), 6. THC (2.5, 5.0 or 10.0 mg/
imals could kg), 7. L-LSD (0.25 mg/kg), and 8. d-LSD (given at I or 8 h before testing). In
dtted early addition, a "reversal day" (see Experiment I) was given betweea 4" and 5. to
1 which the assess the control the drug was exerting.

0 PsychophsrnmooiosIs (BerlJ, Vol.
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Results. The four subjects of Experiment IV showed control on both wit]

of the last two training days and on a subsequent test day (Fig.4, A, B, 660
and C) although control was not as strong on the test day (F = 3.74, giv(
d] = 1,2, P > 0.05) and one subject given LSD emitted more responses on da_
the saline side (570/0). However, following two more training days (a (0.(
total of 12 LSD trials), control sharpened with LSD. On an intervening in t
saline training day (D), control was about as good as on the previously emJ
reported saline training day (A). On the next test day (at E), on which nor
control was not as apparent in the animals given saline as it previously resl
had been (C), the two rats given LSD emitted 94°/o and 96°/0 correct "se
responses on the LSD side. Moreover, the two groups were significantly fac
different (F = 110.11, P < 0.01, d] = 1,2). The early response data ses
support the finding that control was present on this day; three subjects pre
emitted five correct responses before any incorrect and all animals emit- thi;
ted five correct responses before five incorrect. PC

Following the second test day, and re-establishment of the original see
discriminstion, two subjects were tested with 0.04 mg_,tg of LSD and two all

th_

-- 25 4v
1.00 2::1:. -r mesc. -- X.25 8.0

I
T sal. delay el_

Q80

reversal -- (hrs.) 44

' e o.e -- 16

.6o kg0.4 5
I THC ' eel

sal. -- ° -- I gel
Ze .40 LSD 6 .L

O_ return I-LSD bu

i scopol, op

sal. ps_lo.
.20 LSD * _ of

sal. sah _F '_ Bet
sal. 2I 24 CO

A B C D E F G H I J K L M N 0 all

or
Fig.4. Subjects trained throughout with 0.08 mg/kg of d-LSD vs. saline..4 and B sa
training days. C extinction test with training drugs. D and E further training (D)
and testing (E) with the training drugs. F test with two lower doses of d-IzSD or
(0.04 mg/kg and 0.02 mg/kg). 6/a saline test day. H and I testing with different if
doses of mescaline (H) or psilocybin (I) (designated in figure in mg/kg). J saline 0.
"reversal" (see legend, Fig.l). K "return" (see legend, Fig.l). L, M, and N d(

testing, rewpe_ively, with _opolamine (4.0 mgfgg), several doses of THC (de- ca
sighted in mg/kg), _d 0.25 mg/kg of _I,SV. O t_tmg with 0.0S me/kg of
d.IJqD after two tempo_l delays, I h and 6h (X nmrime,pproxinmte levek usually

olm_cvedwith 0._ and 24 h delays) dl

9"
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_01on both with 0.02 mg/kg (at F). The subjects given 0.04 mg/kg of LSD emitted

'ig.4, A, B, l 660/0 and 780/0 responses respectively on the LSD side while those
(F _ 3.74, . given 0.02 mg/kg emitted only 42°[0 and 280/0 on the LSD side. These
_sponses on data are in contrast to those obtained following the same doses of LSD
lg days (a (0.04 mg/kg and 0.02_ng/kg) after pretreatment with PCPA (Fig.3) !

ntervening : in that animals given low doses of LSD after pretreatment with PCPA
previously i emitted a larger percentage of their responses on the LSD side than did
, on which i non-pretreated animals which were given the same doses of LSD. The
previously ' results of these experiments suggest that, indeed, PCPA treatment did
°/0 correct "sensitize" the rats to the discriminative properties of the LSD state; in
gnificantly fact, animals pretreated with PCPA gave a higher percentage of respon-
_onse data ses of the LSD side after 0.01 mg/kg of LSD (Fig.3M) than did non-

_e subjects I pretreatcd animals that were given 0.02 mg/kg of LSD (Fig. 4). However,
mats emit- this result is not as clear as might be desired because animals in the

PCPA group had emitted so few responses (above) ; nevertheless, it does
he original seem to be valid. After testing with these intermediate doses of LSD,
ID and two all four subjects were retrained, and then tested with saline; clearly,

the discrimination was still intact (G).
Testing the four animals with mescaline (8 mg/kg, 6 mg/kg, and

4 mg/kg) appeared to produce orderly control (H). Of the rats tested at75
8.0 mg/kg, one emitted 750/0 responses on the I_D side and the other

t LSD

delay emitted 86 °/0. In the one animal which was given 6.0 mg/kg of mescaline,
(hrs.) 44°/o responses were observed on the LSD side; with 4.0 mg/kg, only

16°/0 were on the LSD side.
) The effects of another hallucinogen, psilocybin (0.8 mg/kg and 0.4 mg/ i

kg), were also examined in Experiment IV. This drug produced little
control at either dose. Thus, as in our earlier results (above) one hallucino-

gen (mescaline) did seem to produce some control in LSD-saline animals,
f-LS but another (psilocybin) was not as strong.

Next, saline was given to all four subjects but the lever which was

operative (reinforced) was switched for one trial (session). The conditions
of the original discrimination were then reinstated during the following
session (another "reversal" test). Both drug and dipper cues apparently

x 2, controlled behavior in this group. When the operative lever was reversed
u 0 and saline was given, subjects emitted about an equal number of responses

on each lever (Fig. 4). When the original side was again operative and

ae. A and B saline was again given (K), subjects emitted many more responses on the
training (D) originally-correct side (97 °/o, 88 °/o, 67 °/o and 56 °/o respectively). Hence,vs of d-LSD
ith different if these results are compared with those of Experiments I and II when
_g). J _e 0.04 mg/kg of LSD was given it can be concluded that when the drug
,M, and iV dose is sufficiently large, (i.e., the "state" is strong enough) the drug SD
,f THC (de-
08mg/kg of can control behavior even when dipper cues are available.
_wls usually All subjects in this group were then tested with several "novel"

dru_--ocopolamine (4.0 mg/kg) (&t L), THC (10.0 mg/ir_, fl.O mg/kg, or

9*
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2.5 mg/kg) (at M) and L-LSD (0.25 mg/kg) (at 0); the original diserimina, perhaps psiloc3
tion was, of course, re-established between each treatment. Scopolamine Winter, 1971,
exerted little control over choice behavior at the dose given; the results doses were adjv

were quite variable (100°/0 ', 790/0, 470/0, and 31°/0 on the LSD side), hallucinogen (_
Early responses suggested a xesult opposite to that suggested by the amine), and is a
percentage data, i.e., three of the four rats initially responded on the noted that the
salineside. inExperiment

THC, at all three doses (at M), produced fairly good control; subjects Hirschhorn ant

responded primarily on the LSD side following THC (2.5 mg/kg--95°/0, of mescaline to
5.0mg/kg--73°/0, and 590/0, and 10.0mg/kg--71°/0), although the the present ex
percentage of responding on the LSD side for some reason was not clearly more like 0.08
related to dose. These results are in contrast to those of Kubena and seemed to be a

Barry (1972) who found that THC and LSD were not clearly discrimin- I_SD and salin_
able. These authors used/II-THC instead of Ag-THC. Finally, L-LSD at kg of LSD, as ]_
0.25 mg/kg (approximately 3 times the dose of d-LSD used in training should probabl
or in testing with LSD in Experiment III) produced some control--a 3 times the 0.01
shift towards the LSD side. Since 0.08 mg/kg of L-LSD produced respond, ter found a lar
ing primarily on the saline side (above), differences in effects of d-LSD mescaline than
and L-LSD may be quantitative rather than qualitative--at least as in dose effect is
far as state discriminations are concerned, ing dose (0.081

The last procedure to which this group was exposed involved allowing and Winter st_
different periods of time (1 h or 6 h) to elapse between injections of to equate dosa
d-LSD and measuring choice behavior (0). At 1 h, one subject responded "spread"--0.0.
primarily on the LSD side (71°/o), and one on the saline side {890/0). mescaline. But
At 6 h both subjects responded on the saline side (78°/0 and 94°[0). Thus, "most equival,
the data indicate that the discriminable properties of the state induced The d form
by 0.08 mg/kg of LSD dissipates between 30 rain and 6 h, probably (saline) if the

more precisely at 1--2 h after i.p. injection; this parallels the results of discriminable
neurochemical research, which indicate that LSD virtually disappears drug, as was r

from the brain by 40--60 min post injection (Rosecrans eta/., 1967). discriminable
Balster (1971)

amphetamine
Discussion theinducedst

The data of Experiment I indicate that a dose of about 0.02--0.04 rag. particular dos
kg of d-LSD is at the "threshold" level of discriminability. This finding is only a qual
agrees with those of Hirschhorn and Winter (1971), who employed a and by d-amp
similar procedure in studying a discrimination task, and Frredman, eta/. be discrimina
(1964) and Appel eta/. (1968), who found a dose of about 0.04 mg/kg saline (no dm
to be at the threshold level of disruption of an appetitive task (bar- amine dose ar

pressing on an FR schedule of food reinforcement). The fact that these suggest that t
doses did not control behavior when dipper cues were available support training drug_
the finding that these doses are not discriminated strongly, if anything, s

The results of Experiment II suggest that subjects may be able to our data ag_
discriminate at least some hallucinogenic drugs (d-LSD, mesoaline, and different elm
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iscrimina- perhaps psilocybin) from each other (in contrast to Hirschhorn and

)polamine , Winter, 1971, whose findings indicate that they could not, when the
he results doses were adjusted), although this ability is not as marked as when an
,SD side), hallucinogen (d-LSD) is compared to a non-hallucinogen (d-amphet-

,'d by the amine), and is at least partially dependent on the doses used. It should be
_d on the noted that the doses of d-LSD and mescaline found to be most equivalent

in Experiment II and III do not agree completely with the findings of
; subjects Hirschhorn and Winter. These investigators found a dose of 9.9 mg/kg
:g--95°/0, of mescaline to be equivalent to about 0.03 mg/kg of LSD whereas, in
_ugh the the present experiments, 8.0 mg/kg of mescaline produced responding
Lotclearly more like 0.08 mg/kg of LSD than like saline; 6.0 mg/kg of mescaline
bena and seemed to be at threshold (i.e., about "midway" between 0.08 mg/kg of

tiscrimin- LSD and saline). But if 9.9 mg/kg of mescaline is equivalent to 0.03 rag/
L-LSD at kg of LSD, as Hirschhorn and Winter report, then 8.0 mg/kg of mescaline
i training should probably be more like saline than like 0.08 mg/kg of LSD (almost
ontrol--a 3 times the 0.03 dose) but it wasn't. In other words, Hirschhornand Win-
[respond- ter found a larger "spread" between the equivalent doses of d-LSD and
of d-LSD mescaline than were found in this study. The reason for this discrepancy
b least as in dose effect is not clear; it may be related to the difference in LSD train-

ing dose (0.08 mg/kg) vs. approximately 0.120 mg/kg in the Hirsehhorn

l allo ag and Winter study, or to the method Hirschhorn and Winter employed
_ctions of to equate dosages. Schechter and Rosecrans (1972) found an even larger

'esponded , "spread"--0.048 mg/kg of LSD equal to approximately 25 mg/kg of
Le(89%). mescaline. But they did not test a range of doses. Their doses may not be
t/o). Thus, "most equivalent".

induced The d form of LSD was found to be clearly discriminable from no drug

probably _ (saline) if the dose was high enough (0.08 mg/kg). It was also clearly
results of discriminable from 1.0 mg/kg of d-amphetamine, a non-hallucinogenic

isappears drug, as was noted. In addition, d-amphetamine was found to be easily
d., 1967). discriminable from saline--a finding which confirms those of Harris and

Balster (1971). While it cannot be stated unequivocally that the LSD-

amphetamine discrimination is based on qualitative differences between
the induced states, i.e., that the observed differences are not due to the

-0.04 rag. particular doses chosen, the latter explanation seems unlikely. If there
is finding is only a quantitative difference between the states induced by d-LSD
Lployed a and by d-amphetamine, then, either 1.0 mg/kg of d-amphetamine should
san, eta/. be discriminated as, quantitatively, between 0.08 mg/kg of d-LSD and
04 mg/kg saline (no drug), or the d-LSD dose should fall between the amphet-
ask (bar- amine dose and saline; however, the data of Experiments II, III, and IV
hat t" e suggest that this is not the case. Not only did all three combinations of

support _ training drugs produce good control, but during testing, it appeared that,
if anything, saline (no drug) fell between LSD and amphetamine I Thus,

e able to our data agree with those of Overton (1966) who argued that several

dine, and , different classes of drugs do produce qualitatively different states. It

_ _'_,r_ _ • , _Zq _ . _%,y_,_--_': _' ' • _., _ ' _'_._`_._7_`v`:_._:_`_.`_._`_9_`!_:.y_._.g_?_`_%_!y_`_t`/_ _ .......
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should be noted, however, that the only conclusive way to determine subjects n
if there are indeed qualitative differences between the two drugs is to examine •
test if some dose A of drug X (for example, 0.08 mg/kg of LSD) is discri- which ha_

ruinable from all doses of drug Y (e.g., amphetamine), brain steI
Harris and Balster (.1971) report the results of extinction tests with criminabil

"novel" drugs similar to those that were employed in Experiments III physiolog
and IV. Using a one.lever schedule choice with an FR associated with While
1.0 mg/kg of amphetamine and a drl with saline, these investigators d-LSD fr

found that 4.5 mg/kg of methylphenidate (another "stimulant" similar pharmacc
to amphetamine) produced FR-like responding. In these animals, CPZ does
atropine (10.0mg/kg), on the other hand, produced saline-like drl the deve]
responding. In another experiment, with methyl atropine nitrate and which sin
saline as the training drugs, several interseting effects were observed, another e

First, methyl atropine nitrate (10 mg/kg), a primarily peripherally-- an organi
acting drug (see Longo, 1966), did seem to exert some control over choice criminabi
behavior. When tested with atropine (7.0 mg/kg) animals responded as tioned to

if methyl atropine nitrate had been given; when tested with amphetamine ability tc
(1.5 mg/kg), subjects chose the saline side. However, subjects trained reinforce]
with atropine vs. saline, when given methyl atropine nitrate, chose the become '
saline side. "react" t

These observations agree with the results of the present research; context,
when animals which were trained with drug and no drug are given drugs net, 196]

from classes which are different from the training drug, they usually pharmacq
chose the saline side. These "novel" drugs included d-amphetamine,
CPZ, scopolamine, PCPA and low doses of d-LSD, mescaline, and L-LSD. A_knoing Grant
While these effects were certainly based upon dose (i.e., were quantita. Dovelopm

tive) in the case of d-LSD and probably also with L-LSD and mescaline, i tist Devel_
they probably were not with d-amphetamine or the other drugs. In of Mental
contrast to this, higher doses of L.LSD and mescaline, as well as several _ Depsrtme

doses of THC, were discriminated as similar to d.LSD at the 0.08 mg/kg i
training dose ; all these drugs may be considered to be related to d.LSD,

either structure or in effect (i.e., they are all hallucinogenic). But another
hallucinogen, psilocybin, did not produce orderly control at either of the Appel, J. i
doses tested; the reason for this is not clear, effects

Appel, J.
When two subjects trained with d-LSD (0.08 mg/kg) and saline were Life S,

exposed to an "acute tolerance" regimen (Freedman et o/., 1964), no Appel, J.
effect on discrimination was observed: both subjects went to the LSD LSD
side. This suggests that subjects could still discriminate doses of LSD Psych,
which no longer would disrupt behavior [note, however, that the "acute Appel, J.
tolerance" regimen has been demonstrated only with a high-rate (FR) of LS:

Part
schedule, and a low-rate (drl) schedule was employed here]. However, _ Appol, J.
pretreatment with another compound, PCPA, demonstrated that there effect_

are some pharmacological manipulations which do affect drug discrimina- Bradley, i
tions. In contrast to "toleranoe", however, I_-_PA pretrestment made I brsi_
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determine subjects more sensitive to the LSD state. It would be very interesting to

rugs is to examine whether other neurological or pharmacological manipulations
) is discri- _ which have been shown to alter sensitivity to LSD--e.g., lesions in the

brain stem Raphe system (Appel eta/., 1970b)--would affect the dis.
tests with criminability of LSD from other compounds or from other "abnormal"
iments III physiological states in Similar ways.
ated with While PCPA did seem to have an effect on the discriminability of
estigators d-LSD from saline, CPZ did not. It may be that PCPA affects the

t" similar pharmacological "system" which mediates such a dicsrimination while
animals, CPZ does not (there are apparently different "systems" which mediate

e-like drl the development of tolerance and there may be a specific "system"
trate and which similarly controls the development of discriminations). However,
observed, another explanation is possible. Theoretically, PCPA should "sensitize"
Jherally-- an organism to LSD, while CPZ should antagonize the LSD effect (dis-
vet choice criminability). Given that these animals 1. have been very well condi-
3ended as tioned to make the LSD-saline discrimination and 2. must maintain the

_hetamine ability to make the discrimination effectively in order to obtain their
_s trained reinforcers, it would be "instrumental" to "react" to PCPA (thus to
chose the become "sensitized" to the LSD state), but not "instrumental" to

"react" to CPZ (and thus, to lose the ability to discriminate). In this
rese_,.ch; context, however, it must be noted that at least one investigator (Gard-
yen drugs net, 1961, cited in Overton, 1971a) apparently has observed specific

y usually pharmacological antagonisms of the discriminability of other drug states.
hetamine,
LdL-LSD. A_t-nowled_ements.This researchwas supported by USPHS PredoetoralTrain-

ing Grant HD-00001 from the National Institute of Child Health and Human
quantita- Development (to 0.G.C.), by USPHS Research Grant 13, 186, and Research Scien-
nesealine, _ tist Development Award 5-K-02-MH-09355(to J.B.A.) from the National Institute
drugs. In of Mental Health, and by Research Grant 103-13-RD from the state of Illinois,
as several Department of Mental Health.

.08 mg/kg
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