
4 i!_

f

_: 3oPharmacol.exp.Ther. 179, 1-9 (1971)_ LSD 2224
EUTIC8

- _ _ Jo_¢'_¢_.oy I_B_col_omr _m F,X_za_cm_Ar,Txc_=_'nca Vol. I_, No, l
Copyr_htO 1971b¥ The W;11_-m_&Will_,_,Co, _ _n U.S.A.

ENVIRONMENTAL INFLUENCES UPON DRUG-INDUCED

G SUPPRESSION OF OPERANT BEHAVIOR 1
S. B. SPARBER am) H. A. TILSON'

¥
r DeTartment_ o] Pharmacology and Psychla_ry, University o] M_nne_eta, "

Minneapolis, Minnesota
',ii

Accepted for publication June 17, 1971 ....

A_s_er

Stem, S. B. _m H. A. "IkusoN: Environmental influences upon drug-induced suppres-
don of operant behavior. J. Pharmacol. Exp. Ther. 179: 1-9, 1971. Rats were trained
to pre_ a lever for food reinforcement and stabilized on a schedule which required 30
]ever preases for each pellet. Injection of mescaline hydrochloride (10 mg/kg i.p.) just prior
to placement into the operant conditioning chamber resulted in a disruption of lever press-
ing be@nn_ng I0 m_nutes later and lasting about 25 minutes. Removal of the rats from the
chamber 2 minutes after the onset of drug action and replacement after 2.5 or 5.0 minutes
resulted in resumption of bar pressing almost immediately. Leaving the animals in their
home cages for 10 minutes after the injection (latency to onset of action) also re_lted in
attenuation of the disruptive effects of the drug. Manipulating the dose of mescaline hy-
drochloride and an examination of d-lysergic acid diethylamide interacting with this phe-
nomenon indicatedthattheattenuationproducedby the manipulationappearsto conform
to log dose-responserelationshipsand that the behavioraleffectsof at leastone other
psychoactivedrug can be shortenedby the manipulation.The implicationsof the_ re-
saltsare2-fold:1) The experimentalprocedureof injectinga dnlg and looking_orbe_.
haviorale_ectsatsome predeterminedtime afteradmin{strationof the drug shouldtake
intoaccountenviromnentalfactorsasmundane aswhen the animalisplacedintothebe-

havioralchamber.2) The resultsdescribedforratsmay be analogousto the drug-setting
interactioncommonly reportedforhumans reactingtopsychoactiveagents.

In theirconcisereviewon the determinsutsof have a_o been shown t,:,affectbehavior.C!early,

the specificityof behavioraleffectsof drugs, an effectivemethod employed forinitiating_nd

Kellcherand Morse (1968)stateth_,t"... at- maintaini_,gself-administrationof depre_ant

tempts tohold environmentaldeterminantscon- compounds (allof which happen to produce
stant in physiologicaland pharmacologicalex- physicaldependence)revolvesabout the'.intro-

perimentshave obscuredthe profound effect.sof ductionof one or anotherfoim of stressor°In-

environmentalfactorsinmodifying the actions cluded in this listare conflictcontingencies
of drugs."However, when one exnminc_the lit_-(_a_serman and Yum, )946),shock avoidance

eraturefor drug-environmentalinteractions,he sched_es (Clarkand Polish,1960; Mello and

is hard-pressed to find other than toxicity effects Mendelson, ._966) and unavoidable, b_temfittent
of environmental stressors svch as crowding foot shocl. (Davis and Miller, i963). _ecently,

(Chance, 1946), electric shock (Guna and Gurd, Thompson and Ostiund (1965) d_c_Jbed the im-
1940), cage size (Chance, i947) and elevated portance of environmental mfluence:_ upon ex-

7 environmental temperature (Holm and Lasagna, tinction of ors] self-administration of morphine
1960). In studies involving self-administration of solutions by physically dependent rats.
drugs, manipulation of environmental conditions Operant conditioning me_hods are being used

more often to assess behavioral effects of psy-
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IH I _ I
1

,I



2- -' SPARBER AND TILSON VoW. I_'9 I_'_

environment-induced attenuation of behavioral ard operant conditioning box (Foringer, Rockville, _n

effects of the drug. A rat was given a moder- Md.) containing two response levers one of which semion.
ately high dose of mescaline HC1 (15 mg/kg was nonfunctional. External sound and light atten- sessiea
i.p.) prior to being placed within an operant con- uation Were provided by enclosing the box in an drug
ditioning chamber in which he was trained to insulated and ventilated outer chamber equipped was delwith a masking noise generator. Programing and the m_
bar press for food on a fixed-ratio (FR) ached, recording of schedule events and responses were total &
ule of reinforcement. Shortly after initiating bar automatically done with electromeehanical equip- meat)
pressing, there was an abrupt cessation of re- ment. addi_io:

sponding which lasted beyond the 42-minute sea- Rats were trained to bar press for Noyes food meal, t
sion, So the animal was removed from the oper- pellets (45 rag) on a FR schedule of reinforcement, handl/n
ant chamber before resumii_g bar pressing. Be- After stable base-line responding by each animal puttimg
cause of the similarity of structure between rues- on a FR 30 (i,e., press the lever 30 times for each previou
caline and amphetamine, it occurred to us that food pellet), drug sessions began. The length of seated i
this prolonged behavioral disruption might be each session was approximately 40 minutes, mzsr.
due to some anorexic property of mescaline Procedure. Animals were administered 05 ml of each o:

isotonic NaC1 i.p. immediately before the 40-rain-
rather than some other central or peripheral ef- ute session (saline-control). The following day, 10 contain
feet. To test this possibility, we presented the mg of mescaline hydrochloride per kg, dissolved in minute:
rat with a pellet of food which he rapidly ate. 05 ml of saline, were administered LP. before the effect.
From thisresponse,we assumed the rat was startof the session(drug_control).This dose was record_
capable of eating when presented with food, but used because previous studies have shown that FR pause i
when confronted with the contingency of the FR responding is consistently disrupted within a short additio_
schedule, the drug effects were still operating. To period of time after injection and resumes within A:-lg,
see what the duration of action of this dose of 40 minutes (Appel and Freedman, 1968; Tilson earJy p:

mescaline was, we placed the rat back in the and Sparber, 1971). Latencies between injection of anima[_
the drug to onset of the drug's behavioral effect, half of

S_nner box and left him there until responding which Was defined as no reinforcement received for
resumed. To our surprise, the rat _mmediately a period of two minutes, were determined. Re- shaped
resumed responding as though replacement into sumption of FR responding was defined as the forceme
the box acted as a discriminative stimulus which point in time when the animal received five food (Fe_ste_
evoked responding prematurely. We have subse- pellets. Forty-eight hours later, the above proce- Table
quently studied this phenomenon systematically dure was repeated. The second drug session was havior_
by manipulating time between cessation of re- separated by 72 hours from the previous one in manip_ _
sponding due to drug administration, withdrawal order to prevent possible tolerance effects (Freed- imme(_r.
from the operant chamber and reinstaliation of man et. al., 1958). In this drug session, the rats drug ad
the _imal into the operant chamber. An addi- were removed from the operant conditioning box in whi_

and placed in their home cage after a two-minute saline .

tional experiment examining dose-response rela- period in which no reinforcers were obtained. After lack o_
tionships and the generality of the phenomenon five minutes they were replaced in the chamber, durati_
with another psychoactive compound has been Latencies between time Of injection to the onset
carried out. Manipulations produced dramatic of behavioral effects (two minutes without rein- drug-re
effects and we report these effects in this com, forcement) and to the resumption of responding session
munication. (five pellets) were again noted. Forty-eight hours in tal_[_

later,the entiresequence(includingboth saline- datais
][_XP_e_ I. A_UATION OP M_:s_ and drug-control sessions) was again repeated, ity of,

L,,'mJc_BZHAvxoa_Y.SUPPRESSION.METHODS. Sub- only thistimethe periodin theirhome cageswas for bo,

jeete.Subjectswere four male Sprague-Dawley shortenedto25 minutes,making the totalperiod repr_e

(SimonsenLaboratories,White Bear Lake,Minn.) between lastfood pelletand replacementin the spond

albinorats,approximately325to375g.Allsubjects chamber 45 minutesinsteadof 7.0minutesasin placed
were individually housed in air-conditioned quax- the previous "home cage" session, after c

ters at 25°C and 50% humidity under day-night To determine the effects of delaying placement regard:
rhythm (6:45 A,a. to 6:45 P_.). The animals were of the rats in the operant chamber after drug minute:
maintained on a 23-hour food deprivation schedule injection, the following experiment was performed.
at 70 to 80% free-feeding body weight for the dura- Ten milligrams of mescaline hydrochloride per kg ords f-"
tion of the experiment. Water was available in were administered i.p. immediately before a sea- were 1_
their home cages ad llbitumo sion, and the animal was placed into the chamber, time e_
Apparatus.The experimentwas run ina stand- This is the same procedureused in the previous
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I experiments and likewise acted as a drug-control TABLE 1
_nger, Rockville, _ session. Forty-eight hours later a saHne_ontrol Experimental design: experirner*t 1
eraone of which i session was performed,followed the next day by a

Experimental_
and light atten- drug session in which placement into the chamber S_ion" Drug Manipula_ion_g the box in an

_amberequipped ', was delayed. The duration of delay was equal to
Programing and i the mean of the latencies, for each rat, to behav-ioral disruption (two m_nutes without reinforce- 1 Saline A
[ responses were i merit) from the five previous drug sessions. In 2 Mescaline A
_echanicalequip- _ addition to studying the effects of delayed place- 3 Saline A

ment, this experimen_controlled for much of the 4 Mescaline B(5 m/n)
for Noyes food handling resulting from t_l_i_g the rat out of and 5 Saline A

_f reinforcement, putting it back into the operant chamber in the 6 Mescaline A
by eachanimal _ previousexperiments.Thisentireprocedureispre- 7 Saline A
10timesforeach _ sentedinabbreviatedformintable1. 8 Mescaline B (2.5rain)

! 9 Saline A_. The length of
_minllt_. | RESULTS.Of the six NaCI control sessions that 10 Mescaline A

dstered 0_, ml of ] each of the four subjects had, not one session 11 Saline A
_fore the 40-rain- contained a period of no reinforcement (two 12 Mescaline C

[ollawingday, 10 , minutes) which would define it as a behavioral • Drug sessions were separated by 72hours.
r kg, dissolved in effect. Figure 1 shows the control cumulative _A, injected and put immediately into behaw._ii.p. before the
). This dose was records of each rat that contained the longest ioral chamber; B, placed into home cage for speci-
e shown that FR pause in responding seen in control sessions. In fled period of time after two minutes of behavioral

within a short addition, of the four subjects, only one animal, disruption; C, injected and left in home cage for a
t resumes withi_ A-19, showed this pause (1.6 m_nutes) at the period of time equal to the time required for on-
an, 1968; Tilson early part of the session, as opposed to the other set of drug's action (see table 2) prior to being
_eeninjectionof an_m_l_ whichshowedslightpausinginthelast placedintobehavioralchamber.
behavioral effect, half of the session. The later pauses are also
_nentreceived for shaped differently, looking more like post-rein- onset of action (table 2) are in figure 3. Only rat
determined. Re- forcement pauses, typical of satiation effects A-17 showed some semblance of drug action,
s defined as the (Ferster and S_dnner, 1957). taldng 9.5 minutes before starting to respondeceived five food
the above proce- Table 2 presents the latencies to onset of be- and 11.5 minutes for it to receive five reinforc-
drug session was havioral action derived from each experimental era. This is in contrast to a mean duration of
previous one in manipulation in which the anim_l_ were placed action of 282 minutes when left in the chamber

ee effects (Freed- immediately into the conditioning chamber after after drug admin_ration (table 3). The other
session, the rats drug administration. It is presented in the order three rats started to respond almost immedi-
conditioning box in which it was carried out chronologically, with ately, receiving five reinforcers within three min-
Stera two-minute saline control sessions omitted because of the utes.

re obtained. After lack of injection effects upon this behavior. The
in the chamber, durations of behavioral disruption for the three ExP_m-z_ II. DosE-RESPONSe.RELATIONSHIPS
tiontotheo_set AND Gm_m_M.,_TYq_o ANOTHZStPs_c_o_c_v_
teaWithoutrein- drug-controlsessions(leftinchamberforentire Com_o_r_._ZTHO_S.In a follow-upexperiment,
on of responding session after drug admin_ration) are presented two groups of four rats each were in_ected With
Forty-eight hours in table 3. One of the most salient aspects of the varying doses of either mescaline hydrochloride or
ding both salln_ data is the intra-anim_l and inter-animal reliabil- d-lysergic acid diethylamide (d-LSD) and put d/-

again repeated, ity of drug effects, showing a lack of tolerance, rectly into the operant chamber. Seventy-two
r home cages was i for both measures, from session to session. As hours later the same dose of drug was injected but

the total period _ represented in figure 2, all rats started to re- the rats were kept in their home cages for 10
_plaeement in the spond within 1.5 to 2.0 minutes after being re- minutes (all doses) or 30 minutes (highest dose of
_.0 minutes as in placed in the chamber subsequent to removal each drug) prior to placement into the operant

chamber. After an additional 72 hours a second
after onset of drug action. This was the case drug-control session was repeated to determine if

_ayinz placement regardless of whether they were removed for 5.0 tolerance had developed. A saline-control session
_nber after drug minutes or for 2.5 m_nutes. The cumulative rec- was performed on the day prior to each drugnt was performed.
Irochlorideperkg ordsfrom the sessionsin which the subjectssession.Mostsessionswere60minuteslong,except
relybeforea sea- wereleftin theirhome cagesfora periodof an additional10minuteswas allowediftherat
intothechamber. .timeequaltotheirindividualmean latenciesfor hadnotreceivedfivefoodpelletsattheendof60
d intheprevious

_=_ _ _....._ _,_ . _ _ _ _-_.,_ _ _ _X_, _ _ _.____ -_._-_'_'_ __:_:' :_
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I_o.I.CumulativerecordsofFR 30respondingduringthesaline-controlsessionsshowingthelong- experime
eatpauseswithoutfoodreinforcementforeachratinexperimentI.Pausesrangedfrom1.4to1.9minutes behavior
andonlyratA-19pausedduringthefirsthalfofthesession;theotherpausesoccurredinthesecondhalf
ofthesessionandwereshapedmorelikesatiation-typepauses.The eventmarksbeneaththecumula- urea5 ar
tive records are a 1-minute time base. figures ar

aecompli
TABLE 2 minutes. If at the end of this additional 10-mlnute its home

Latency to onset of behavioral action of 10 mg of period the animal still had not responded, the imental.
rnescaline hydrochloride per kg i.p2 session was termln_ted and the duration of drug the dura

action was based upon the length of the session, placemer
LatencytoBehavioralDisruption

in DrugSession: RESULTS. As would be expected, the onset of tion. For
Pit drug action (two minutes without reinforce- of d-LSI

I I 2 ] s ], [ s ] Me.n ment) appears to be inversely related to the stop bar
m,_n dose of either d-LSD or mescaline HC1 (table drug-con

A-17 7.01 9.01 8.51 8.51 7.0] 8.2 4). In addition, the duration of drug action home ca
A-18 8.5[12.0[10.5]12.0t13.01 11.2 (time of injection to time of the fifth reinforcer into the
A-19 1.5[12.0]10.5[ 6.0114.0[ 10.8 after responding is re-established, minus 10 min- diately, :
A"_0 .2.0 7.0110.0 8.5] 7.0 8.9 utes) conforms to log-linear relationships, except experim¢

I I that it is directly related to dose (fig. 4). Since 10 mg c
home ca;Mean 4- S.E. ] ] 9.8 + 0.7 the higher doses of mescaline (15 and 20 mg/kg)

• Rats were m!ected with drug and placed ira- resulted in a protracted behavioral disruption, mescalim
mediately into the operant conditioning chamber, beyond 70 minutes in several instances during onset of
Latency is defined as the period between injec- drug-control sessions, we see a ceiling effect be- half its
tion and the point in time where no reinforcers cause of our cutoff period. The effect of keeping chose th_
were received for at least two minutes, the subjects in their home cages for 10 minutes disruptio
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l

TABLE 3 ! " _ i
J ,
t mg/kg i.p.) injected immediately prior to being

placed .in the operant chamber

" A'50FifthReinforcementMinus ! <' •
• , Latencyto Onsetof Action

Rat in Drug Session:

1 2 3 Mean 't

mi_ ! ' ,.

.A-17 28.2 . . '.....I .O125.o132.51
A-18 124.q2o.526.q23.7

l A-i9 i_:05i220:0 2_:7 25.2 : , .............fl
I Mean . .E. 25.5 4- 1.0 . E cil_IE

o  oerou//.downward shift for all doses of both drugs, re-
cruiting in approxima.tely one-third of the dura-

tion of drug action when compared to drug-con-

tlol sesmous (f_. 4). Still, the dramatic nature / if

of this phenomenon is not as readily apparent o_ e_

when expressed in graphic form since 10 m_nufA_l • !

is the maximum time to onset of action, with the

highest dose of d-LSD taking an average of only ................... . ..................

3.7 mblutes to behavioral disruption, even Fio. 2. Cumulative records for rat A-30 showing
though 10 minutes were subtracted from all val- the behavioral disruption produced by injecting
ues. The possibility that one might design an 10 mg of mescaline HC1 (i.p.) per kg immediately

_howing the long- experiment to show either total disruption of prior to placement into the operant chamber. Up-
l 1.4 to 1.9 minutes behavior or no effect at all is supported in fig- per record shows the median duration of action ofin the second half three sessions in which the rat was left in the
neath the cumula- ures 5 and 6 and table 5. From the data in the chamber. The lower records show the attenuation

figures and table it is obvious that this could be of the disruptive effects by placement of the rat

accomplished by merely keeping the animal in into its home cage for 5 and 2,5 minutes, respec-
tively, after a 2-minute period of no reinforcement.

ditional 10-minute its home cage, prior to placement into the exper- Schedule and time base are the same as in figure 1.
_t responded, the imental chamber, for a period equal to one-half

, duration of drug the duration of behavioral disruption seen upon action), as a guideline, but nevertheless, got the
of the session, placement immediately after drug administra- hypothesized effect.

_ted, the onset of lion. For example, animals injected with 0.4 mg The possibility that the effect was due to tol-

rithout reinforce- of d-LSD per kg or 20 mg of mescaline per kg erance was not supported by any of the data
ly related to the stop bar pressing for 50 to 60 minutes under from both experiments. As can be seen in figures
".aline HC1 (table drug-control conditions but when left in their 5 and 6, both onset and duration of drug action

of drug action home cages for 30 minutes prior to placement were the same for drug-control sessions before

he fifth reinforcer into the operant chamber respond almost imme- and after the home cage manipulation sessions.
ed, minus 10 rain- diately, identical to what was seen in the first DiscussioN. We have seen that 10 mg of mes-
ationships, except experiment for three out of four subjects given caline hydrochloride per kg can reliably disrupt
ose (fig. 4). Since 10 mg of mescaline per kg with a 10-minute an ongoing operant when injected prior to place-
15 and 20 mg/kg) home cage manipulation. With the low dose of ment within the behavioral chamber. If we re-
.vioral disruption, mescaline it was coincidental that the period for move the animals after 2 minutes of the onset of

. instances during onset of action was approxlm_tely equal to one- this behavioral action and replace them in 2.5 or

; ceiling effect be- half its duration of action so that we initially 5.0 minutes, there is essentially complete atten-
."effect of keeping chose the wrong parameter (onset to behavioral uation of the remainder of behavioral disrup-

;es for 10 minutes disruption instead of one-half the duration of tion. The possibility that increased handling re-

ii

i
i
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NOI! CAGE NOIdE CAeE _ I
10, I

t'
DOSE (mg./kgJ

FIo. 4. Duration of action of mescaline HC1 and
A-_ : ' d-LSD when injected i.p. with the animals being

. placed immediately into the operant chamber (O)
, or after remaining in their home cages for 10 min-

utes after drug administration (•). In order to
" compare the two manipulations, 10 minutes were

bill ct , subtracted from the time of injection to resump-
tion of bar pressing (5 food pellets) in the group

I If 1 placed immediately into the operant chamber.
' .o.E CAQ_ .o.t CASK' Data for the low dose of mescaline HCI is de-
................................... rived from experiment I..Each point represents

FIo. 3. Cumulative records showing the atten- the mean and vertical lines the S_E2VI.of one ses-
uation of mescaline effects by delaying placement sion each (e) and two sessions each (O) for four
of the rats into the operant chamber for a period animals.
of time equal to the mean latency to onset of ac- TABLE 5
tion (table 1) for each animal. Rat A-17 showed Effects oJ home cagemanipulalion upon the duration
a 60% attenuation compared to the sessions in
which no manipulation was carried out. The other of drug-induced behavioral suppression

three rats showed virtually 100% attenuation of Time I
the behavioral disruption caused by 10 mg/kg of I SLant in [ Duration of FI_:mescaline HCf. Schedule and time base are the DrugDose r_cme Behavioral ateI_r
same as in figure 1. Cag¢_ I Suppressi°nb 10 ml:

,_[ mest'.
TABLE 4 i _,_ i ,n_, devd

Latency to onset of behavioral action of mescaline Mescaline HCf (20 rag/ 0 61.6 4- 6.0 after
hydrochloride and d-LSD ° kg i.p.) 10 29.6 -4- 3.3 ing

3O 2.9 ± 0.3
DragDose TimetoBehavioralDisruption 811]tir

d-LSD-25 (0.4 mg/kg 0 48.3 :l: 1.2 onus:
m¢/k¢ mlm4-S_, i.p.) 10 18.9 -4- 5.5 lus d

d-LSD 30 1.5 _ 0.2 fact
0.15 5.4 ± 0.5 han_
0.20 5.1 -4- 0.4 a Rats were injected and placed immediately and
0.40 3.7 _ 0.5 into the operant chamber or injected and left in

their home cages for the specified period of time to t_
Mescaline HCI prior to placement into the chamber, p]a_

10.0 _ 9.8 4- 0.7 _Mean ± S.E. for four animals in each drug duce
15.0 8.4 -4- 2.4 group. Duration in this case refers to the time wh_c
20.0 5.7 4- 1.7 between injection and resumption of behavior effec

(five reinforcers minus the time spent in their their
• Four animals were used for each drug. See home cages). The onset to behavioral disruption exp_

footnote in table 2 for definition of latency to (two minutes without reinforcement)when placed at _
onset of behavioral action, immediately into the operant chamber was 3.7 ± was

Data derived from animals in experiment I 0.5 and 5.7 _ 1.7 minutes (mean _ S.E.) for stal_
• (see table 2). d-LSD and mescaline HC1, respectively.
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ages for 10 rni_.
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:tion to resump-
ts) in the group
_erant chamber. "...........................................................................................................
line HC1 is de-

pointrepresents

EM. of one ses-
_.h (0) for four

\
_pontheduration

_ppression I tt_ c_ ]

Durationof FIG. 5. Cumulative records generated by rat A-11 given 15and 20mg of mescaline HCf per kg immedi-
Behavioral ately prior to placement into the operant chamber (top and third from top) or left in its home cage forSuppressionb

10minutes after injection of both doses (second from top) or for 30 minutes after injection of 20 mg of
mescaline HCI per kg (bottom record). Drug administrations were 72 hours apart and lack of tolerance

_ development is demonstrated by equally protracted periods of no bar pressing in sessions before and
61.6 4- 6.0 after the 10-minute home cage manipulation. Circles surround the fifth reinforcement pip when respond-

ing resumed before the end of the session. Schedule and time base are the same as in figure 1.29.6 -I.-3.3
2.9 4- 0.3

stilting from removal and replacement is the animal showed only a 40% drug effect compared
48.3 4- 1.2 causative variable, acting as a disruptive stimu- to drug-control sessions.
18.9 4- 5.5 lus during drug action, is argued against by the However, if one assumes that removal of the
1.5 4- 0.2 fact that these animals have repeatedly been animal from its cage and carrying and inserting

:ed immediately handled and injected, with either drug or saline, it into the operant chamber acts as a discrimina-
:cted and left in and habituation should have taken place prior tive stimulus complex for initiating bar pressing
d period of time to the procedure that entailed removal and re- behavior, which is then followed by reinforce-
bet. placement. If, on the other hand, mescaline pro- ment, the previous arguments against handling
fls in each drug duced a sensitization to increased handling and central stimulation (sensitization by mesca-
[em to the time which in turn obviated the behavioral disruptive line) do not hold up. The observed drug-envi-
ion of behavior effects of the drug, injecting them and delaying ronment interaction can be interpreted as being
: spent in their their placement in the chamber decreased their a reflection of those stimuli which initiate and

vioral disruption exposure to handling and therefore should have perhaps maintain the anim_.l's bar pressing be-
.rot)when placed at least reversed the attenuation somewhat. This havior. After drug adrnini_ration and immedi,maber was 3.7 4-
an 4- S.E.) for was not the case, since three out of four rats ate placement within the chamber, the novel (or
:tively. started to respond immediately and the fourth aversive) stimulus consequence of drug action

_ _' ' -_" _i'z_-_=,_*_ _r _ _ .E_l_fil_ :._" _- _'_-_ ,_ _ _ _ _ _:_,_a_Ff _ !_= _'"_==_'_ :_
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A-36 d-LSD _ ,
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Fia. 6. Cumulative records generated by rat A-36 given three doses of d-LSD and placed into the accom_
operant chamber immediately (top and third from top) or left in its home cage for 10 minutes after home ¢
i_ection of all three doses (secondfrom top) or for 30 minutes after injection of the highest dose Coot- equal t.tom record). Drug administrations were 72 hours apart and lack of tolerance development is demon-
etrated by equally protracted periods of no bar pressing in sessions before and after 10-minute home ruptkm

cage manipulation. Circles surround the fifth reinforcement pip. Schedule and time base are the same the el_-asinfigure1.
: the a_

disrupts the operant. If maintenance of bar after they stopped bar pressing. Although these these e
pressing behavior is dependent upon subsequent disulfiramotreated animals were in an altered the d_

x_inforcement, protracted periods without the state of consciousness described as sleep when placin_
zeinforcer coupled with the novel stimuli pro- not bar pressing, replacement on the bar, which shorte_

duced by peripheral and/or central action of the presumably resulted in a "free" reinforcing po_
drug result in the long duration of action. The pulse, induced a resumption of self-stimulation, perhn_

stimuluscomplex of handling,placement into Our animalscouldnot be describedassleeping; thatt_

the chamber, etc., appears to be a strong enough they nevertheless seemed to be in an altered drug-t_
initiator of bar pressing to overcome the disrup- state, not engaging in the customary exploratory rently
Uve effects of the drug. That this is likely is or groom;us behavior when bar pressing is ab- Ac_
supportedby our observation,in a subsequent sentordiminishedbecauseofsatiationor extinc- Instit_

m_mipulation,inwhichan alterationinthe stim- tionprocedures..... mi._._

ulus complex of the operant chamber was made. Our experiments have pointed out the ne- tee fc_-
During the 2.5- or 5-minute period after onset eessity of considering environmental factors in
of drug action (2 minutes without reinforce- drug-behavior interaction studies. These end-
meat) we introduced a tone and blinking house- ronmental factors need not be as severe as over-

light (5/see) as novel stimuli. This procedure crowding or increased ambient temperatures
had no attenuating effect upon the duration of which generally tend to interfere with behavior

drug action, or potentiate drug effects, but can be as mun-
Recently, Roll (1970) demonstrated the effec- dane as placing the subject in a behavioral test-

tiveness of a "reminder" manipulation by re- ing chamber immediately after drug admlni_ra-
placement of rats upon a bar for self-stimulation tion or waiting an arbitrary period of time after
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