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ABSTRACT 1',

TILSO._, H. A. ANn S. B. SPARBER: Similarities and differences between mescaline, ly- l:

sergic acid diethylamide-25 (LSD) and d-aml)hetanfine on various components of fixed
('1"

interval responding in the rat. J. Pharmacol. Exp. Ther. 184: 376-384, 1973. I.
J Three male albino rats were trained to lever press for food on a fixed-interval 75-second r,:

schedule of reinforcement. Responding in the first and last 15 seconds of the interval, as er,,.
well as overall response rates, were analyzed. After stabilization of fixed-interval re- I_'1
sponding, the effects of lysergic acid diethylamide-25 (LSD) (0.005-0.150 mg/kg), d-am- tioL
phetamine sulfate (0.10-0.96 mg/kg) and mescaline hydrochloride (i-12 mg/kg) on fixed- ha_.
interval responding were investigated. LSD (0.015 mg/kg) hacreased responding in all of I
portions of the interval, whereas higher doses tended to decrease responding, d-kmpheta- ule-
mine (0.15 and 0.48 mg/kg) increased rates of responding except at the highest dose (0.96 tok,
mg/kg) which decreased responding in the last 15 seconds of the interval. Mescaline on "_
(3--12 mg/kg) produced dose-related increases in responding in the initial 15-second seg- re/,,

: ._ merit while decreasing responding in the last portion of the interval. In rats tolerant to the ca li_
":< effects of mescaline (3 mg/kg), there were indications of cross-tolerance to the effects of i of

0.15 rag. of d-an_phetamine per kg, but no cross-tolerance was observed when the order of
of drug presentation was reversed. A two-way, partial cross-tolerance was observed be- re,
tween the effects of 0.045 mg of LSD per kg and 3 mg of mescaline per kg and rats tolerant ah,
to the effects of 0.015 nagof LSD per kg did not show cross-tolerance to the effects of 0.15 d-:,
mg of d-amphetamine per kg regardless of the order of drug presentation. These data sug- 31,
gest mescaline shares common mechanisms or components of behavioral action with both
LSD and d-amphetamine in the rat. do-

SFd
uh-

Studies of cross-tolerance between the effects (LSD) have led some investigators to suggest --tu

of mescaline and lysergic acid diethylamide-25 that they may act on the _me central receptor .y,.
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experiments, however, have indicated that these Methods
two psychotomimetics may differ in their neuro-

Subjects and apparatus. Three male albino
!E S- chemical (Freedman el al., 1970; Tilson and Sprague-Dawley (Simon.sen Laboratories, White

Sparber, 1972) eleetrophysiologieal (Wintel_, Bear Lake, Minn.) ratsserved as subjects in these
S D ) l_S; Aghajanian et al., 1970) peripheral 4Hollis- experiments. They were housed in separate cages
NTS ter and ,Moore, 1967, 1968)andsubjectiveeffects in a room with a 12 hours day/12 hours
1 (Synder el al., 1970). Furthermore, a critical night rhythm (6:45 A.M. to 6:45 e.x_.) and main-

analysis of data suplmrting cross-tolerance be- tained at 25°C and 50% humidity. The animals
tween LSD and mescaline also points to an equiv- weighed approximately 350 ;o 435 g each at the
deal relatiouship. For example Baldestrieri and beginning of the experimep_, and were food-de-
Fontanari 41959) reported a nmrked cross-toler- prived to 70 to 86% of their free-feeding body
mace in subjects tolerant to LSD and given mes- weight. Water was available in the home cage

ad libitum. Behavioral sessious were performedonline. When mescalhm-tolerant individuals re-
in a standard operant chamber (Foringer, Rock-

ceived LSD, only a partial cross-tolerance was ville, Md.) which has been described previously
demonstrated (i.e., one-way cross-tolerance). (Sparber and Tilson, 1971).
Similar indications of partial cross-tolerance have Training and response measurement, ini-
been reported to occur in nmn 4Wolbach eta!., tially, the animals were required to press a lever
1962) and animals (Freednmn and Aghajanian, once for food reinforcement. In subsequent daily
1959; Appel and Freedman, 1968). sessions, responses were reinforced intermittently

Operant behavioral technics have gained gen- at increasing 15-second intervals until F1 75-sec-
t eral acceptance as tools to measure drug-induced ond responding was maintained. The training t

behavioral effects. The fixed-ratio schedule oI procedure required approximately one week. Each i

i reinforcement has been used with rats to study animal then received 35 consecutive daily sessions, ]
each of which was terminated after 50 reinforce- I

s cross-tolerance between LSD and mescaline (Ap-
ments. Experiments to determine dose-response

pel and Freedman, 1968; Winter, 1971). In addi- effects of i.p. injections of mescaline (1, 3, 6 or
tion, Freedman et al. 41964) and Sih'a et al. (1968) 12 mg/kg), I_D (0.(105,0.015, 0.045, 0.090 or 0.150
have reported tolerance to the disrul)tive effects mg/kg) and d-amphetamine (0.10, 0.15, 0.48 or

il of I_SD or mescaline on variable interval sehed- 0.96 mg/kg) then were initiated. Each dose-re-
des of reinforcement, but investigations of cross- sponse experiment began with lour consecutive

1_ tolerance between the effects of these two drugs days of injections of 0.5 nfl of isotonic saline
e on variable interval performance have not been (NaCI). Drug sessions followed which were sepa-

;- reported. To our knowledge, the effects of rues- rated by at least 72 hours and additional NaCl
e caline and LSD on fixed-interval (FI) schedules control sessions were given during this interim.

*f of reinforcement have not been studied, in spite Responses were automatically recorded by a
r of extensive use of the schedule with A 8- or A9- digital print-out counter, which was activated i

every 15 seconds in order to divide responding in
_- tetrahydrocannabinol (Frattkenheim et al., 1971) each 75-second interval into five equal segments. !
.t and central nervous system stimulants such as The response measures analyzed were mean over-
5 d-amphetamine (Smith, 1964; McKearney, 1968; all response rate (segments 1 through 5, re-
;- _Ie3lfllan, 1968). sponses/75 see) and mean responding in the first

h The present studies sought to investigate the and last 15-second segments 41and 5, responses/15
dose-related effects of LSD and mescaline on re- sec) of the 75-second interval. Each of the three

sponding during various segments of a FI sched- dose-respouse experiments required approxi-
ule of food reinforcement. We have also included matety one month to complete and at least two

suggest studies with d-amphetamine since it produces weeks separated the end of one experiment and
the beginning of the next one. NaCI was injected

eceptor sympathomimetic effects similar to the hallu- in at least I0 sessions during each study and at
pel and einogens but reportedly does not produce cross- least two observations (ascending-descending drug _o_
ler and tolerance to LSD (Rosenberg et al., 1963; Appel order) were made for each drug. From the NaCl
Recent and Freedman, 1968) or mescaline (Sparber and control data of each experiment, a mean control

in par- Tilson, 1972a). In addition, we have tested for rate (100%) was established for each subject.
degree the development of tolerance and the possibility Drug-induced alterations of responding were cal-

rmacol- of cross-tolerance to the behavioral effects of culated as a percentage of the animal's own control :_
_ansing, L.qD, mescaline and d-amphetamine with the and individual upper and lower limits of control

FI schedule of reinforcement, responding based on -4-2 S.D. were established. '_

: _. . _._,_._ _. _" _7_,_. _._z_ _ '_ _"_'_ _::! _?_. __ . ._ ;_'_ _';_ i_'r_ °"
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All individual values were then averaged to obtain ---econds). Although the base-line rates tended

a group mean. For purposes of this discussion, to shift during the nine-month l)eriod from train-
a significant drug response will be defined as that ing to completion of the tolerance studies, re-
point at which the average behavioral measure spending during e:'ch block of experiments was
is equal to or greater than 4-2 S.D. from group more stable. For all three subjects, control ratescontrol means.

in the last stages of each experiment were withinApproximately three weeks after completion
of the dose-response experiments, tolerance and 4-1 S.D. of mean NaCI control respondiPg pre-
cross-tolerance studies began. In most cases, the ceding each study
drugs did not produce identical behavioral effects Dose-related effects of the drugs on FI
on all measures and the rationale for each choice responding. The lowest dose of mescaline (1 rag/
of dose is described in the tolerance and cross- kg) did not produce significant alterations (be-
tolerance studies section of "Results." Response yond 2 S.D.) in FI responding (fig. 1). Three and
measures were the same as those used in the dose- six mg of mescaline per kg produced dose-related
response experiments. The procedure was the increases and decreases in responding in the

same for each of the three studies, which were first and last 15-second segments, respectivelv,separated by at least two weeks. Briefly, each
experiment began with three consecutive NaCl while not significantly affecting overall response Flql

control sessions, followed the next day by a drug rates. The highest dose of mescaline (12 mg/kg) sec,,mi
control session. Another NaC1 control session also increased responding in tl-.e first 15-second for q.:t,
followed 48 hours later and, on the next day, the _gment, but the change was less than that ob- (O •,

av(=r;l_,

second drug was given as a control. Consecutive served with the two lower doses. The increases Filled
daily drug sessiotm followed in which the second in responding in the initial segment were suffi- limit.-
drug was given until all responding was within ciemly offset by response decreases in the last and O'

resp* *h -

upper and lower limits (2 S.D.) of control rates. 15-second segment and the mean overall response rates _.,
The day after tolerance, the rats were given a rate was within the 2 S.D. range, respecti_
challenge dose of the first drug and injections The lowest dose of LSD (0.005 mg/kg) pro-were continued until tolerance developed. A test
for cross-tolerance in the other direction was duced marginaleffects on FI responding, whereas and 0.l_!
followed by two additional NaCI control sessions. 0.015 nag of LSD per kg produced significant matcly ,

Only one determination was made per rat during increases in FI responding. The two intermediate last 15-,
each manipulation and results are described for in- doses of LSD (0.045 and 0.090 mg, kg) produced meat, _i
dividual subjects. Control rates (100,%) are based dose-related decreases in resl)onding in the first to four _:

on six NaCI control sessions given each subject, and last 15-second segments which were beyond tion f,r
Drugs. The drug forms injected were mescaline the 2 S.D. limit. However, the overall rate was dueed ,i=

hydroehloride (Aldrich Chemical Company, Inc., not sigtfificantly altered by these two do_s. The Sl)°ndil_'-'

Milwaukee, Wis.), d-amphetamine sulfate (K & highest dose of LSD (0.150 mgkg) significantly resl_'(li
K Laboratories, Plainview, N.Y.) and d-lysergic decrea_d all FI responding. _ were w,acid diethylamide-25 (LSD) in saline and tartaric

The lowest do_ of d-amphetamine (0.10 ing of lacid (FDA-USPHS psyehotomimetics agents ad-
visor)- committee). :LII drugs were injected i.p. mg/kg) produced a slight, but nee.significant, first al_
immediately before each session. Dilutions of increase in FI responding (fig. 1), whereas 0.15 overall

drugs'from stock solutions were made daily and and 0.48 mg of d-aml)hetamine per kg elicited of all t l
the same stock solution was not used for more rate increases beyond the upper 2 S.D. limit for LSI) fi,,

than one week. Volumes administered were 1 nfl/kg all measures. The highest dose of d-amphetamine returxi,

of food-deprived body weight. (0.96 mg/kg) increased and decreased responding Siguifi,.
in the first and last 15-second segments, respec- ob_,rv,..

Results tively. Respon2,,e increases early in the interval to thi_

FI responding after i.p. injections ofNaCl, were negated by decrea_s later in the interval next d::
Responding under control conditions resembled and the overall response rate was not significantly " respon, h

the "scalloped" performance in which higher affected, meres, :
response rates are generated near the end of the Tolerance and cross-toleranee_Mesealine stantial

interval and minimal responding is ,_en in earlier and LSD. In the dose-respouse experiments, the fir,"
drug e,,:

portions of the interval (Ferster and Skinner, it was shown that the effects of LSD on FI re- ; rates _.
1957)..-ks expected, intermediate rates of re- sponding were generally different than those of

drug ('-:
sponding were emitted in _gments 2 to 4 (30-60 mescaline. However, 3 mg of mescaline per kg caline f:
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[ respon_ FIG. 1. Dose-related effects of LSD, d-amphetamine and mescaline on responding during a FI 75-
2 mgkg) second schedule of food reinforcement. Each point is the mean of six observations per experiment (two
15-second for each of three rats). The data are presented as percentage of NaCl control responding in the first
t that oh- (O • ) and last (A, A) 15-second segments, as well as overall rates (El, II). The vertical lines indicate

average upper limits (2 S.D.) of controls, based on at least 10 NaC1 control sessions per rat in each study.
increases Filled characters indicate drug-induced alterations in responding which are bevond upper or tower

rere sutii- limits. Average NaCI control rates (10(O_) of responding in the first 15-second seffment were: 0.79, 0.84
and 0.95 response/15 sec for LSD, d-amphetamine and mescaline experiments, respectively. Control

I the last response rates in the last 15-second segments were 5.01, 4.35 and 4.75 responses/15 see, and mean overall
I t-esponse rates were 8.82, 8.51 and 9.07 responses/75 see for the LSD, d-amphetamine and mescaline experiments,

respectively.

,,kg) pro-
,, whereas and 0.045 nag of LSD per kg produced approxi- drug to alter FI responding and, by four to seven
;igafificant mately the same decrea_ in responding in the days, all response measures were within upper
ermediate last 15-_cond segment (fig. 1). In this expert- or lower limits. LSD (0.045 nag, kg) the next day

produced ment, _hich was conducted approximately three significantly increased responding in the first
: the first to four months after the do_-response deternfina- 15-_cond _gment, as well as increasing the

re beyond tion for mescaline, 3 nag of mescaline per kg pro- overall response rate. Responding in the last
rate was duced significant increases and decreases in re- 15-_cond _gment was affected in all animals

bses. The sponding in the fimt and last 15-second _gments, and the increa_ was significant for rat A15. This

;nificantly respectively (table 1). Overall response rates behavioral effect is almost identical to that ob-
were not affected. Seventy-two hours later, 0.045 tained with the dose of 0.015 mg of LSD per kg

ne (0.10 mg of LSD per" kg decreased responding in the (rate increase, fig. 1). Tolerance may be defined
ignificant, first and last 15-second _gments, whereas the as an effect of a specified drug dosage resembling
_reas 0.15 overall response rate was within the 2 S.D. limit that of a snmller dose and the data of this ex-

g elicited of all three subjects. The repeated injection of periment indicate a partial cross-tolerance be-
. limit for LSD for three to four days resulted in a gradual tween mescaline and LSD.
)hetamine return of all responding to within the lower limits. Mescaline and d-amphetamine. During the

_,ponding Significant increa_s in response rates were not two weeks intervening between the end of the
rs, respee- observed during the development of tolerance preceding experiment and the beginning of this
e interval to this dose of LSD. Mescaline (3 mg/kg) the study, the base-line responding of each rat tended
e interval next day significantly increa_d and decreased to decrease (tables 1 and 2). However, the NaCI

,qaificantly responding in the first and last 15-second _g- controls obtained at the end of this study were
ments, respectively. However, there was a sub- within 1 S.D. of the mean control responding of

lescaline stantial reduction in the response increase in each rat,

)eriments, the first 15-second _gment as compared to the As in the dose-response ex_riments, 3 mg of
on FI re- drug control of each rat. Decreases in response mescaline per kg and 0.15 mg of d-amphetamine

rates were a'lso les,s than that observed in the per kgproduced appro.,dmately the same increa_sI those of
drug control. Continued administration of mes- in responding in the first 15-second _gment (table

ae per kg online further decreased the effectiveness of the 2). Mescaline generally decreased, whereas d-am-
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TABLE 1

Tolerance at_d cross-tolera_we u'ith _ mg of mescaline per kg al_d 0.0_5 rng of LSD per kg T,,:.

Mean Response Rate

Tr_'atment Subject First 15 sec i Last 15 sec Total (75 sec)

._.11i .,,t, t als .,,u :_ :,12 t :,is All : :,12 AIS
responses/i_erra_ responses/interral respvnses/inlerval

NaCI_ I N :d '

Upper 0.80 0.83 0.38 4.34 7.20 i 3.97 8.20 15.25 7.75 l':
Mean 0.53 0.65 0.26 3.38 6.80 3.53 6.60 11.20 5.40 M,
Lower 0.26 0.47 0.14 2.42 6.40 3.09 5.00 7.15 3.05 !.,

Mescaline, drug con- 1.07 2.12 1.75 2.24 4.64 1.07 5.60 7.40 5.25 .Mt.-
trol b (102)" (_¢r24) (573) (-34) (-32) (-70) (-15) (-34) (-3) t_.

LSD, drug control 0.16 0.44 0.05 2.40 5.10 2.96 5.05 8.50 3.80 d-A_
:i (--70) (--33) (--81) (--29) (--25) (--16) (--23) (--24) (--30) '
: I_D, tolerance 0.38 0.70 0.25 4.07 6.78 3.30 7.45 12.75 6.75 d-A z

(--28) (8) (--4) (20) (--.3) (--7) (13) (14) (25)
Mescaline, cross-tol- 0.91 1.20 0.76 2.40 4.71 1.98 6.70 8.85 5.70 .M_,_,

' erance (72) (86) (192) (-29) (-31) (-44) (2) (-21) (6) '

Mescaline, tolerance 0.49 0.72 0.24 3.47 6.78 3.21 6.90 12.30 5.20 .Me_,
(--8) (9) (--8) (3) (-- .3) (--9) (5) (10) (--4)

LSD, cross-tolerance 0.88 1.00 0.86 4.02 6.86 4.76 9.55 15.95 10.30 d-A,
' (66) (54) (231) (19) (1) (35) (45) (42) (91) '

_J

• Data given are the means of six observations for each animal. The upper and lower limits are 2 S.D. " I _:
above and below the mean rate. _ 1)_

b Drug controls were separated by at least 72 hours. All other drug sessions were performed on suc- on (',,_
cesaive days. _ 1',.

Percent change from control rate.

iR,i-im,
phetamine increa_d responding in the other two phetamine in rats tolerant to mescaline were toler:,
measures. The effectiveness of d-amphetamine lower than that obtained under drug control either

i '_ to increa_ responding gradually decrea_d with conditions._ '°:_i repeated injections and, by four days, the re- LSD and d-amphetantine. Doses of d-am-
sponding of rat All indicated the development phetamine (0.15 mg/kg) and LSD (0.015 mg/kg) TI

,_i of tolerance. Eight days of injections were re- that produced general increases in responding tie_
quired to produce tolerance in rats A12 and A15. in the dose-response stud)" were used for corn- cali_
Mescaline (3 mg/kg) the next day produced parison in this experiment. The repeated adminis- inje,
significant increa_s in responding during the tration of 0.015 mg of LSD per kg resulted in a of I,

first 15-_cond segment Likewi:-e, the overall gradual decline in the effectiveness of this dose do._,
response rate and responding in the last 15-second to increase responding and, after four to six days, l)r_, t
segment were decreased. The changes in rates all responding was with 2 S.D. linfits of control ing
were approx-imately the same as those ob_rved responding (table 3). The administration of d-am- indi,

during the drug controls for mescaline, suggest- phetamine (0.15 mg/kg) the next day produced ing
• ing the lack of cross-tolerance in this direction, respon_ increases which were approxinmtely the (.l:tv

Three eom_ecutive days of mescaline injections same as those in the drug controls. The ability 197 t
resulted in responding that was within 2 S.D. of this dose of d-amphetamine to increase re- simi

of the upper and lower limits of each rat's own sponding gradually declined with repeated in- (lb,-
NaCI control values, d-Amphetamine (0.15 jections of the drug and tolerance was observed tnot_
mg/kg0 on the following day significantly affected in six to nine days. The administration of LSD dirt,
all measures of responding except for the respond- (0.015 mg/kg) the next day increased FI respond- at _!
hag in the first 15-second segment of rat All. In ing and the effect was similar to that obtained the,
all cases, the increases in responding by d-am- during the initial exposure to LSD in this ex- toh._

]
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TABLE 2

er kg Talera,we aud attempted cross-tolera,we with 0.18 mg of d-amphetamine per kg and 3 mg of mescalil_e per kg

Mean Response Rate

5 sec) Treatment Subject First 15 sec Last 15 sec Total (75 sec)

I AIS :kll AI2 : AI5 All i :k12 AI5 All ! AI2 AI,_

zlt_l res_nses, interrai responses/interral responses,'inlerral

NaCI a : :

$ 7.75 Upper 0.51 0.39 1.45 2.25 5.18 1.64 6.75 7.42 4.51
_) 5.40 Mean 0.-'29 ' 0.24 0.95 1.81 4.29 1.24 5.25 6.65 3.55

3.05 Lower 0.07 0.09 0.45 1.37 3.40 0.84 3.75 5.88 2.59
) 5.25 Mescaline-drttg con- 0.82 0.73 2.18 0.98 1.80 0.09 3.10 4.65 3.25

t) (--3) trois (183), (204) (12)9) (--46) (--58) (_.98_3) (--41) (--30) (--8)) 3.80 d-Amphetamine, 1.10 0.94 1.79 3.80 6.78 8.80 12.10 5.89

D (-30) drug control (279) (292) (88) (110) (58) (52) (68) (82) (66)
i 6.75 d-Amphetamine, tol- 0.24 0.18 0.94 1.85 4.97 1.38 6.25 6.40 4.00

(25) eranee (-17) (--25) (-1) (2) (16) (11) (19) (-4) (13)
i 5.70 Mescaline, cross-tol- 0.97 0.67 2.50 1.09 2.09 0.08 3.75 4.80 3.30

i) j (6) erance (234) (179) (163) (_f_)(--51)(--94)(_.4_) (--28) (--7)

i 5.20 .Mescaline, tolerance 0.10 0.29 1.21 . 4.76 1.45 " 7.35 3.65[ (--4) (--66) (21) (27) (--7) (11) (17) (23) (11) (3)
10.30 d-Amphetamine, 0.30 0.91 1.60 2.64 6.30 1.79 7.05 10.50 4.80

(91) gross-tolerance (3l (279) (68) (46) (47) (44) (34) (58) (36)

ts are 2 S.D. ° Data given are the means of six observations for each animal -4-2S.D. (upper and lower limits).
Drug control sessions were separated by at least 72 hours. All other drug sessions were performed

ned on suc- on consecutive days.
Percent change from control rate.

periment. Theze data indicate the lack of cross- and LSD under different conditions (Rosenberg
_aline were tolerance between LSD and d-amphetamine in et al., 1963; Appel and Freedman, 1968).
'ug control either direction. Mescaline produced dose-related increases in

responding in earlier portions of the interval as

s of d-am- Discussion did d-amphetamine, while decreasing responding
)15 mg/kg) Theze investigations point to _veral similari- in the later portion of the interval. Further in-

responding ties and differences in the effects of LSD, rues- dications that the_ two drugs produce common
t for corn- caline and d-amphetamine after single or repeated effects were seen in the tolerance and cross-toler-

adminis- injections. The lowest behaviorally effective doze ance experiments. For e.xample when the rats

suited in a of LSD (0.015 mg/kg) and low to intermediate were tolerant to d-amphetamine, mescaline pro-
f this do_ do_s of d-amphetamine (0.15 to 0.48 mg/kg) duced an effect similar to that observed in the

:o six days, produced ahnost identical inereazes in respond- drug control. However, the prior exposure to
of control ing on all measures. Other investigators have d-amphetamine seemingly affected the time

)n of d-am- indicated that low dozes of LSD increaze respond- course of tolerance develol)ment to mescaline.

" produced ing under the control of timed contingencies Only three successive days of mescaline injections
mately the (Jarrard, 1963; Ahman and Appel, 1971; Appel, were required to produce tolerance as compared
['he ability 1971) and that d-amphetamine and LSD produce to the four to seven days needed when the rats

mrease re- similar subjective and sympathomimetic effects were tolerant to LSD. Furthermore, there was
peated in- (Rosenberg et al., 1963). In spite of theze com- an attenuated response to d-amphetamine when
s observed mon effects, the lack of cross-tolerance in either the rats were tolerant to the effects of mescaline.

m of LSD direction suggests different mechanisms of action This effect is similar to a previous report that
'I respond- at theze doses. This conclusion is supported by rats tolerant to the behaviorally disruptive effects
t obtained the work of other investigators showing no cross- of mescaline on fixed-ratio responding showed

a this ex- tolerance between the effects of d-amphetamine some degree of cross-tolerance to equieffective
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TABLE 3 f.
Tolerance and aff_mp_ed cross-tolerance leith 0.15 mg of d-amphetamine per kg s_d 0.015 mg of LSD per kg ir_

Mean Response Rate
ti

Treatment Subject First 15 sec Last 15 sec Total (75 sec) _ '

: A15
I I _ If*

responses/_nterral response:;,, inlerral responses, inler:a_ :_ "

NaCI_ _ ! ! I"
Upper I 0.41 i 0.38 0.59 2.66 4.82 2.58 6.90 8.75 6.30 i_.
Mean i 0.26 0.23 0.38 1.83 3.79 2.23 5.40 7.15 4.30 I,,
Lower 0.I1 0.08 0.17 1.00 2.76 1.88 3.90 5.55 2.30 II,

d-Amphet amine, 1.01 0.97 1.24 3.77 7.01 2.86 9.40 13.00 7.60 >,.
drug control _ (288)¢ (322) (226) (106) (85) _ (2)8) (74) (82) (77) r,.

I_D, drug control I 0.80 0.76 0.92 3.12 6.74 I 2.75 8.50 11.30 7.35 ._.
:, (k-_8) (230) (142) (70) (78) (23) (57) (58) (71) r,

LSD, tolerance ' 0.34 0.37 0.34 2.58 3.41 2.19 6.70 7.45 5.10

(31) (61) (-11) (41) (-10) (-2) (24) (4) (19) ._1
d-Amphetamine, 1.19 0.79 1.43 3.42 6.63 3.11 9.00 12.10 9.25

ernss-tolerance i (358)(243) (276) 1(897) (75) 2(.3295) (67) (69) (115) imd-Amphetamine, tol- _ 0.37 0.34 0.35 - 4.57 ' " 5.25 7.60 6.00 m,

erance (42) (48) (-8) (8) (21) 2(.8) (-3) (6) (40) 4.1:LSD, cross-tolerance 1.93 1.11 1.01 3.33 7.19 . 10.45 12.90 8.35 bil
i (642) (383) (166) (82) (90) (32) (94) (80) (94) il,

: l)ut

• Data given are the means of six observations for each animal. The upper and lower limits are 2 1
S.D. from the mean. to !
bDrug controlsessionswere separatedby atlea.st72hours.Allotherdrug sessionswere performed ar_,

on successivedays. vh:t_
• Percent change from control rate. fu|_,

doses of d-amphetamine applied ta_ the lateral duee differential effects on the release of nor- and
cerebral ventricles but not when injected i.p. epinephrine into lateral ventricular perfusate did

(Sparber and Til_on, 1972a). The indication of (Sparber and Tilson, 1972b; Tilson and Sparber, in_,
a partial cross-tolerance after i.p. injection in 1971), other investigators have propo_d the chr,
this, but not in the previous, study (Sparber involvement of norepinephrine in mescaline's (l.:i
and Tilson, 1972a) may be due to the greater mechanism of action (Menon et al., 1967; Leonard tr,
sensitivity 6f the FI schedule to detect the be- and Tonge, 1969). Further investigations to de- an,
havioral effects of these drugs, lineate the role that cateeholaminergic systems ap_

That d-amphetamine and mescaline produced may play in the behavioral effects of mescaline It,
similarbehavioral effects might be predicted are now in progress. Th,
since both drugs pos_ss similar chemical struc- The data reported here indicate that I,SD and l_,
tures and produce eonmxon sympathomimetic mescaline merely share similar components of P'3

effects (Rosenberg et al., 1963). Recent reports action rather than act in an identical fashion, th:.

have indicated additiotml similarities in the ef- or on the same receptor, as has been suggested by Ion
feets of the_ two drugs. For example, d-amphet- some investigators (Wolbach et al., 1962; Snyder lhv
amine reportedly increases the firing or produces and Richel_on, 1968; Rang and Green, 1970;

no effect on neurons lying in the midbrain raphe, Winter, 1971). If I._D and mescaline act on the _ in t
an area normally inhibited by LSD (Foote et al., same central receptor, they should produce es-
1969), whereas mescaline appears to have a mixed sentially the same behavioral effects and show er:t_
action by increasing the firing of some of the_ complete cross-tolerance, criteria not supported d-:,r

"1"
neurons and decreasing the firing of others by our data. Mescaline (1 to 12 mg/kg)did not
(Aghajanian et al., 1970)..Mthough d-amphet- produce an overall increa_ in responding similar dru,
amine and mescaline have been reported to pro- to the effect of 0.015 nag of LSD per kg nor did co,!
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L,_D (0.005 to 0.150 mg/kg)pr(×luce an increase the performance of the subject is initially af-

ILSD per kg ill responding in the first 15-second _egment fected by drug-related stimuli -rod, after repeated
with a eonvsl)onding decrease iu resl)nnding in administration of the drug, the subject learns
the last 15-_cond _gment. The lack of cro,s- to compensate for the_ stimulus changes

s s_) tolerance betwee,l the effects of LSD and d- (Thompson and Schuster, 1968). One of the
amphet-mfine and the possibility of a unidirec- problems with this interpretation is related to

! AtS tional, partial cross-tolerance between mescaline drug effects which enhance, rather than disrupt,

i,a_a/ _ and d-aml)hetamine also suggest different corn- responding. Schuster etal. (1966) have suggested

t ponents of action for LSD -rod mescaline. Recent that tolerance would not de,elol) under such

'5 6.30 investigations have also indicated differences circumstances and reported the lack of tolerance
5 4.30 , between LSD and mescaline in their effects on development to the rate-increasing effects of

2.30 [ the electroencephalogram (Wintel.'s, 1968), on 1.0 mg of d-amphetamine l;er kg on FI respond-5
0 7.60 ' _rotonin turnover (Freedman et al., 1970) and ing in a single subject experiment. In these stud-

) (77) relea_ (Tilson and Sl)arber, 19721, on firing of ies, we found tolerance to the rate-increasing
0 7.35 serotonin-containing neurons in the midbrain effects of 0.15 mg of d-amphetamine l:er kg and
) (71) raphe (Aghajanian el al., ]970) and on the out- 0.015 mg of LSD For kg and to the effects of
5 5.10 put of urinary eatecholamines (Hollister and mescaline on responding in the initial segment

(19) Mool_e, 1967, 1968). It is al)parent that them are of the interval. It is apparent that the concept0 9.25

(115) important differences in the effects of LSD and of behavioral tolerance needs clarification and,6.00 mescaline and, like the l)sychotomimetic drug if the mechanism of tolerance development is to
(40) class as a whole, there seems to be a low proba- be elucidated, further research is necessary.

0 8.35 bility of explaining their mechanism(s) of action Acknowledgment. We thank the FDA-
) (.¢q) in simple and unifying terms (Bmwley and USPHS Psychotomimetic Agents Advisory Com-

Duffield, 19721. mittee for supplying the LSD used in this in-
limits are 2 In the_ experiments, tolerance development vestigation.

to the behavioral effects of LSD and mescaline
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