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schedules are of interest because they do not generate maximal response
rates and potential facflitatory, i.e., rate-increasing, effects of drugs like

amphetamines can therefore be observed (Sidman, 1955, 1959).

CS All of the studies that have been reported of the effects of LSD on

t time-based schedules of positive reinforcement concern variable-interval

(VI). On this schedule, reinforcement is contingent on the first response
that occurs after some period of time, the average duration of which
defines the VI.

It is clear that relatively high doses of LSD depress the average rate
of VI responding (Jarrard, 1963 ; Freedman, et al., 1964; Gardner, 1965).

They do not, however, ellmiuate behavior as was the case on FR (Freedman
r_ _ et al., 1964). The time of onset and the duration of effects appear to_ b.e

lg and a wide comparable on VI 1.5 and FR 5, 15 and 40 at comparable doses (0.13 to

edules of rein- 0.195 mg/kg of LSD) but both the nature of the effect (partial as opposed
low rate (drl), to complete suppression) and pattern of tolerance differ as a function of

(0.01--0.04
on of base line _ schedule of reinforcement (Freedman et al., 1964). It is important to note,

)r not already in view of the finding of Hamilton and Wflpizeski (1961) that LSD inhibits
food intake, that rats continue to obtain and consume reinforcement on

terval (VI) -- VI under the influence of the drug.

Unfortunately, the effects of low doses of LSD on VI, or on any schedule

other than FR, are less clear. Jarrard (1963) reports that 0.05 mg/kg of _
of halluci- LSD increases the rate of responding for dry food on a VI 2 schedule and,

'ears (Appel, since doses of 0.2, 0.4 and 0.8 mg/kg of LSD decrease rate, that there is

_elationships a biphasic dose-response relationship ; Gardner (1965), who also studied a

aore, no one wide range of somewhat lower doses on VI 1 (0.015--0.500 mg/kg of
_'inforeement LSD), found that only the depressing effects were significant.

_nally occur _ In the present experiments we: (1) re-examined the effects of LSD on
VI 1 (Experiment 1), (2) obtained dose-response relationships on a differ-;he principal
ential reinforcement of low rate (drl) schedule (Experiment 2), (3) evaluat-l-responding
ed the possibility that base line rate might be an important determinantin following

_ss abruptly, of direction as well as extent of LSD effect by varying the drl value

et aI., 1968) (Experiment 2) and (4) further explored this possibility by giving LSD
to animals whose rate of drl responding was suppressed by punishment_sponding is

[ Freedman, (Experiment 3).

deprivation Methods

_(Appel and Experimen_ 1
|man, 1967;

:n) does not, The relationship between rate of bar pressing on VI 1 and dose of LSD.

, = 5, 15, 30 Subjects. Fourteen male albino rats of Sprague-Dawley strain were
obtained from the Charles River Breeding Laboratories, Wilmington,

inforeement Massachusetts. In this, and all other experiments, they were housed in

_uding. Such individual cages in a room of constant temperature (75 ° F) and humidity

-'!
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(40_50°/o) and maintained on a 12-h (7:00 A.M.-7:00 P.M.) day- aniraal,

night eyele_ Each animal was approximately 90 days old and weighed a period
between 250 and 300 g at the beginning of the experiment, average

Apparatus. The first experiment was conducted in two experimental were gi_
chambers which have been described in detail elsewhere (Freedman et al., Phap
1964). Each box contained a single lever or bar located in the center of groups
one of its sides (about 5 cm above the floor) ; a force of 10--15 g activated three ¢h
the lever and defined a bar-pressing response. A dim, 28-v D.C. house in Box

::/_::'__1 : _. lightspeakerWaSmountedonbehind a white, translucent panel directly above the tobeingdailyp;lever. White noise of moderate intensity entered the box from a 10.16 cm 0.010, 0
i mounted, the outside of the wall which contained both the

lever and the light, of salin_
To the right and shghtly below the lever, a dipper delivered 0.05 ml animat_

of a liquid diet of sweetened evaporated milk and vitamins into a feeding LSD, b_
cup. Each box was housed in a wooden outer chest which provided sound

and light a¢.tenuation. All experimental events were programmed by
switching and timing circuits in an adjoining room. Responses were re-
corded on electromagnetic counters and cumulative recorders.

Behavioral Prodecure. Upon arrival in the laboratory, each rat was The,
weighed, coded, and placed into its home cage. For a period of at least reinfor¢,
one week it was allowed continual access to both food and water. During Subjh
the second week, each rat was weighed, handled and given about 20 g were use

. of dry, Pruina Lab Chow each day; its weight thereby stabilized. All solid Apl_
food was removed for a period of two days at the beginning of the third chamber

week; on the second of these deprivation days, each animal was given a light-att_
small amount (less than 1 ml) of the liquid diet used as a reinforcer. Bar- with a
pressing training was then begun, light dit_

After the rat was placed into the apparatus, the house light and the 7.5 g a¢_
white noise were turned on. Next, the dipper was presented for 10 see sweetens"

_:_ every 20 see until the rat was observed to eat. This normally required Belia

ii less than 10 min. Once eating occurred as soon as the dipper was presented, and sha

!i!_ the duration of the 10-sec reinforcement cycle was gradually shortened
_?' Ont_

....':_'_ to 3 see. The automatic recycling circuit was disconnected and a shaping
_:_i was intr

procedure (Ferster and Skinner, 1957) was instituted to condition the bar-
pressing response. Normally, conditioning required less than 20-min. The sentatio
rat was then allowed to work for milk on a continuous reinforcement As in o_

(CRF) schedule for the remainder of the first 1-h experimental session, forced,
After the session, each animal was weighed and given about 10 g of ad- timer su

_ ditional solid food in order to maintain its post-deprivation weight. If, opportn
"i however_ an animal did not learn to press the bar on the first day, no

_i_ additional food was given and shaping was continued for a second day. _, I A_
: :i:_1 On subsequent sessions, responses were reinforced intermittently, first

: _ on a VI 15 sec schedule then on a VI 1[_rain and finally on VI 1 rain. Each 2 Vo_

.... J_
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M.) day- , animal was exposed to the VI schedule every day, seven days a week for
weighed a period of 3 weeks to 1 month before the experiment began so that the

average rate of responding of animal varied less than 5°/0 before drugs
_rimental were given.

nan et al., ? Pharmacological Procedure. The 14 animals were divided into two
center of groups equated on the basis of average bar-pressing rate during the last
_etivated three days of pre-drug training. Seven animals (four in Box 1 and three
.C. house in Box 2) were given LSD 1 intraperitoneally (I.P.) immediately before
,bove the being placed into the apparatus in an ascending order of doses (0.005, i

10.16 cm 0.010, 0.020, 0.040, 0.080, 0.160, 0.320 mg/kg 2) after being accustomed ....
both the to daily 0.8 ml injections of isotonic saline. At least 5 and usually 7 days

of saline injections separated each drug session. The remaining seven
i 0.05 ml animals (three in Box 1 and four in Box 2) were given the s_me doses of
a feeding LSD, but in descending order of administration.
ed sound

amed by
were re- Experiment 2

rat was The effects of LSD on behavior which is maintained by the differential
r at least reinforcement of a low rate of its occurrence (drl). _

:. During Subjects. Eighteen new rats of the same strain as those of Experiment 1
_out 20 g were used.

All solid i Apparatus. The apparatus consisted of two commercially available _
the third chambers (Lehigh Valley Electronics, Model 1316) housed in sound- and
s given a light-attenuated metal shells (LVE-Siode11316C). Each box was eq_fipped
cer. Bar- with a single lever, a dim overhead house light, white noise, a feedback

light directly above the lever, and a liquid feeder (dipper). A force of
and the 7.5 g activated the lever and each reinforcement consisted of 0.01 ml of

_r 10 see sweetened milk.

required Behavioral Proc.edure. The deprivation procedure, preliminary trahdng
r_ented, and shaping of bar pressing were similar to Experiment 1.hortened

shaping Once the animals were responding at a steady rate on CRF, the drl
_the bar- was introduced. On this schedule, the beginning of the session or the pre-
rain. The sentation of reinforcement starts a timer which is set at some value, t.
_rcement As in other time.based schedules, the first response after t seconds is rein-
[session, forced, but any response that occurs before _ seconds elapse resets the

g of ad- timer such that the animal must wait another t seconds before another
fight. If, opportunity for reinforcement occurs. Thus, the animal must wait at least
day, no

)nd day. 1 Ampules containing0.1 mg/ml of LSD or powder were preparedby Sandoz
_tly, first Pharmaceuticals, Hanover, N.J., and obtained from the National Institute ofMental Health, Center for Studies of Narcotics and Drug Abuse.
in. Each 2 Volumes were made approximately equivalent by diluting with NaCl solution.
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i::_ two groups one of which was exposed to further gradual increases m r

until a drl 25" schedule was in effect. Thus at the end of the period all of given an

i_ the animals were responding at stable low rates on drl 10" or on stable, dividedmuch lower rates, on drl 25". sessions

;i!l Pharmacological Procedure. Daily i.p. injections of 0,8 ml isotonic 14 anita,
saline solution were begun 30 rain after the beginning of daffy 90-min logarith,,They,
sessions of drl in order to enable us to see within-session drug effects more

clearly. Initially, this procedure caused a slight disruption in behavior but, While lo

after a few days, no differences in bar-pressing rate could be detected doses (0.
compari:

_i/ before and after saline injections. Half of the animals in each clrl group

were then given 0.01, 0.02, 0.04, 0.08 and 0.16 mg/kg of LSD in an ascend- that LS

perhapsing order of administration and the remaining animals received the same highest d
doses in a descending order. As in the first experiment, at least five days
of saline administration separated each dose of LSD.

Experiment 3

/ Effects of LSD on drl responding which is further suppressed by periods

.... of punishment.

8ubiects. Five new male albino Charles River Sprague-Dawley rats

wereused.

Apparatus. The apparatus was the same as that of Experiment 2.

Behavioral Procedure. The animals were trained to respond on drl 20"

in the same manner as in Experiment 2. A 1000 Hz tone was then randomly

presented for 3 min three times during each 90-min session.

After it was established that this mild stimulus had no effect on drl

behavior, a 0.5 ma shock was introduced for 0.5 sec each time the animal

pressed the bar in the presence of the tone. This discriminated punishment

procedure resulted in the suppression of bar-pressing during the tone and,

initially, in the absence of the tone as well. Response rates soon returned

/!"-- to normal when the tone was off; drugs were then introduced,

Pharmacological Procedures. Daily i.p. injections of saline or LSD Fig. 1. Pc
were given at the beginning of each session once stable bar-pressing rates inforcemc

were obtained both in the presence and in the absence of the tone. Each expcrime_
animal received 0.02, 0.08, and 0.16 mg/kg of LSD in either ascending
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Table 1. _tat_ical analysis o/the e//ec_ ot LSD on bar-_rre_ing maintained by a VI
schedule o/rein/oreement

Dose _ Per cent of control responding

S.D. S.E.M. t_s p b

0.005 108.14 25.44 7.06 1.15 NS
0.010 115.21 27.39 7.60 2.00 NS
0.020 115.28 39.27 10.85 1.41 NS
0.040 83.7 43.89 12.19 1.33 NS
0.080 39.93 29.30 8.13 7.39 < 0.01
0.160 39.21 18.05 5.01 14.72 _ 0.01

: : 0.320 6.14 6.52 0.81 52.64 < 0.01

_ s Student's t test for correlated or repeated measures obtained from the same
subjects.

b Confidence limits for a two-tailed distribution.

Experiment 2

Because the effects of LSD on behavior maintained by drl schedules

have never previously been reported, the results of Experiment 2 will be Fig.2. l_r
analyzed in somewhat greater detail than those of Experiment 1.

Dose-response relationships on drl are shown in Fig. 2. The per cent

control scores were obtained in the same manner as in the first experiment
except that only the last 60 rain, viz., the part of each session that occurred Table 2'.._
after drug or saline injection, entered into the calculations. Average rates
of responding during the last 60 min of each session, the standard devia-

tions of these scores, the standard deviations of the per cent control data, Dose
and the results of statistical analyses are presented in Table 2. (mg/kg)

On drl 10", an animal must respond at a rate of 6 responses per rain
to maximize the probability of reinforcement. The control rates we ob- DRL 10"

tained average about 7.4 rpm with a range of 6.40 to 8.39 (Table 2). Doses 0.01 ._

of 0.01 0.08 mg/kg of LSD had no reliable effect on this behavior (Fig. 2, 0.02

solid line) ; 0.16 mg/kg of LSD significantly decreased rate and the total 0.04
O.08

number of reinforcements the animals obtained. As was the case in the
0.16

VI experiment, the animals generally ate following LSD whenever rein-
"_ forcement was available. DRL 2_,"

A rate of 2.4 rpm is required to maximize reinforcement on clrl 25". 0.0I :

: Table 2 shows that the obtained rates under control conditions range 0.02 :

between 2.89 and 3.73 rpm with a mean of 3.22. Doses of 0.01 --0.04 mg/kg 0.04 :
of LSD significantly increased this rate and, while 0.08 also increased the 0.08 :

• average rate from 2.89 to 3.63 rpm, this increase was not reliable. As on 0.16 "

drl 10" and VI, 0.16 mg/kg of LSD reliably depressed behavior. • Stu&
The effects of the lowest and highest doses of LSD on rate of drl 10" b Tw_

and dr125" responding over the course of experimental sessions are shown • A m_.:

, 13 Psyc_
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_intained by a VI 14o
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, dr] schedules DOSE(ragLSD/kg)

ment 2 will be Fig.2. Per cent of control rate of bar pressing maintained by two drl schedules as

_cnt 1. functions of dose of LSD (see text}

. The per cent

_t experiment

_that occurred Table 2. Analysis o/the e//ects o/LSD on bar-l_ressing maintained by drl lO'" and
Average rates drl 25" schedules o[ rein[orcement
,andard devia-

t control data, Dose Control rate Drug-rate Per cent ta = p b
)le 2. (mg/kg) _ S.D. • S.D. _ S.D.

onses per rain DRL 10"
,I rates we ob-

:able 2}. Doses 0.01 6.40 1.22 6.80 1.78 107 23 0.81 NS

havior (Fig. 2, 0.02 7.28 2.70 7.90 2.95 109 22 1.67 NS0.04 7.48 2.29 7,22 2.45 97 24 --0.41 c NS
and the total

0.08 7.38 1.35 7.74 2.53 105 35 0.45 NS

he case in the 0.16 8.39 2.81 2,88 1.98 36 24 --2.93 e < 0.05
_henever rein-

, DRL 25"

nt on drl 25", 0.01 3.11 0.53 3.83 0.93 123 28 2.86 < 0.05

]ditions range 0.02 3.21 0.73 3.71 0.62 118 24 2.94 <: 0.05

_0.04 mg/kg 0.04 3.16 0.78 3.77 0.86 121 18 3.05 < 0.05
increased the 0.08 2.89 1.14 3.63 1.25 113 30 1.14 NS

0.16 3.73 1.37 2.08 1.05 55 24 --4.71 e < 0.05
reliable. As on

avior. • Student's t test for correlated or repeated measures.
_ate of drl 10" _ Two-tailed confidence limits.
ions are shown _ A negative value denotes a drug-induced decrease in response rate.

18 Psychopharmacologia (Berl.), Vol. 2t
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PRE-DRUG POST- DRUG

(CONTROL) (LSD)

, DRL 10" _1 '

',I i," o
, ._ 3 : :.01,_/kQ

IBg _ 20

_n_j_ 2 0" ---'0,16 mg/kg ¢_

0 O

:'< :S 0 Z 4

o 1 2 3 4 5 e Fig.4. Ia
FIFTEEN MINUTE PERIODS rats on d¢

Fig. 3. Average rates of bar-pressing throughout 90-rain sessions of dr] 10" or drl 25"' reinforce(
• schedules of reinforcement. The effects of the lowest and highest doses of LSD ;mmediat

studied are shown

in Fig. 3. On drl 10", 0.01 mg/kg of LSD (solid line) has no effect on rate. ed rate (

On dr125" the same dose has a facilitatory effect which reaches a maximum that rat_

during the fourth 15-rain period (from 15 30 rain after i.p. injection ) average

and returns to normal shortly thereafter. Doses of 0.02 and 0.04 mg/kg LSD (0J

of LSD (not shown) had similar effects. The depressing effects of 0.16 mg/kg for all a
of LSD on both drl schedules begin somewhat earlier (during the first which

/ 15 mJn after i.p. injection) and reach a maximum from 15 30 ruin after of facili|
injection. Recovery then occurs and is almost complete by the end of the the rate
session (60 rain post injection). Thus, the time-course of the depressing Tim_

effects of LSD on bar pressing maintained by drl schedules is similar to of respo

: that of the same behavior maintained by either FR or VI (Freedman separat_
et al., 1964). successi

The question naturally arises as to whether drug-induced facilitation (Fig. 4_

in response rate is due to a low base line rate or to some other property (Fig. 4b
of schedules such as dr125" (e.g., the relatively greater difficulty of spacing animal-

or timing 25 as opposed to I0 see). While experhnents of the kind In g

we are discussing cannot entirely answer this question because the obtain- the sha

I
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RAT 640 DRL 10" RAT 643 DRL 25"

t :l ....CONTROL 401 .40 mgt$D/kg 40.I CONTROt.. _;_(5 PRE-DRUG DAYS) .04 mgLSO/kg
(5 PRE-DRUG DAYS) 30 30 .... r_

_ 2
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CLASS INTERVALS

Fig.4.[nter-respenset_e (IRT)distributionsofthebar pressingbehavioroftwo
ratsondrlI0"and drl25".Open barnrepresent_mrei_forcedand darkbarnrepresent

10":or drl 25" reinforced IRT's. The control graph (upper left panel) is the mean of the five days
doses of LSD immediately preceding each drug day. The effects of LSD can be seen in succeeding

panels (see text)

fect on rate. ed rate depends on the frequency of reinforcement, one analysis suggests
amaximum that rate is critical A Spearman rank order correlation (rs) between the

p. in_ection) average control rates prior to the most significant faciJatatory dose of

0.04 mg/kg LSD (0.04 mg/kg) and the per cent change in rate induced by this dose

,f0.16 mg/kg for all animals independent of the drl value. The value of r_ was --0.459
ing the first which was significant beyond the 0.05 level of confidence. Thus, degree
30 min after of facilitation appears to be inversely related to base line rate: the lower

m end of the the rate, the greater will be the drug-induced facilitation.

e depressing Timing behavior is examined more closely in :Fig. 4 in which frequency
is similar to of responding throughout the last 60 min of drug and control sessions is

(Freedman separated into different classes defined by the time which elapses between
successive responses (inter-response time or IRT). In the case of drl 10"

l facilitation (Fig. 4a) the class or IRT interval is 2 see and in the case of drl 25"

zer property (Fig. 4b) the class interval is 5 sec. The performances of two representative

by of spacing animals (Rats 640 and 643) are shown.
of the kind In general, low doses of LSD (0.01 _0.04 mg/kg) had little effect on

the obtain- the shape of the frequency distributions (Figs. 4a and b). On drl 10",
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these doses did not significantly alter rate but tended to increase the
relative frequency of reinforced responding (dark bars). On drl 25" that our

(Fig. 4b) they increased rate significantly and increased the frequency of food) or ]
unreinforced IRT's (open bars). A dose of 0.8 mg/kg of LSD increased the than Gar(

relative frequency of long IRT's (greater than 18 sec on dr110" and greater ' is that le_
than 35 sec on drl 25") without fundamentally altering the shape of the are the re
remainder of the distribution. Only the highest doses studied (0.16 mg/kg easily be
of LSD) flattened the distribution. In addition, this dose increased long 3-see reh_
IRT's on both dr110" and dr125" and depressed overall rate to about 60°/0. pellets, w

with othc

Experiment 3 The

Cumulative records of the performance of one animal under drug facilitatio
(0.02 mg/kg of LSD) and control (saline) conditions are shown in Fig. 5. response !
Less than one response occurred during each tone presentation. (In all (Dews, l_i
animals the mean number of bar-presses in the presence of the tone for larly into
three day periods preceding the first drug day was 0.33). Thus, _he punish- result in
ment procedure, like the "high shock conflict" of Geller and Seifter (1960) The d:
resulted in essentially complete suppression. No responding occurred dur- LSD can,
ing the tone following any doses of LSD. to do in h

many oth_

0.SmlNat[ _,_-_---'-_ timing, i._
4=30-69 noticeably

whenmilk__-_-_ (Appel, 191

69 -__ _..1--_-_---'-" The res

pentobarbi

lOm]nutes not modlt'_
Fig.5. Cumulative response curves of one animal on drl 20" given saline, not attenu
0.02 mg/kg of LSD and saline on successive days. The oecurenceof tones (and con-
tinuous concurrent punishment for any bar presses that might occur in their to the de F

presence) is indicated by downward displacements of the recordingpen when rat(
respondin !

In gen,
Discussion indicate tt

kind of be.
The results of the first experiment are in agreement with those of variables

Gardner (1965); low doses seem to lead to the facilitation observed by reveal wh(:
Jarrard (1963), but this increase in response rate is not statistically reli- er some ol
able. Higher doses produce a negatively accelerated, monotonic curve

which, on semi-logarithmic coordinates, approaches a straight line (Fig. 1). AcI,.nou,
Since our dose-response cu_e consistantly falls to the left of Gardner's, 7-ROI-MH.

it is apparent that comparable doses of LSD had a somewhat greater the Natiom_National Sci
depressing and lesser facilitating effect on our animals. This might mean Paul Taylor
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ted to increase the

bars). On drl 25" that our animals were less highly motivated (i.e., were less deprived of

_1 the frequency of food) or had less incentive to respond (i.e., were less reinforced by milk
than Gardner's animals were with pellets). Another more likely possibilityf LSD increased the

Kdr110" and greater is that lesser facilitation and greater depression in per cent control scores

_g the shape of the are the result of a higher base line (control) rate _ a condition that could
easily be caused by using milk, which is rapidly consumed during the

studied (0.16 mg/kg 3-sec reinforcement cycle (not included in rate calculations) rather than

dose increased long pellets, which might take somewhat longer to eat and thereby interfere
Irate to about 600/0 . with other motor responses such as bar-pressing.

The drl data of Experiment 2 clearly indicate that LSD-induced

animal under drug facilitation can occur but that this effect is likely only when the base line

_re shown in Fig. 5. response rate is low. Similar results have been reported for amphetamine

_resentation. (In all (Dews, 1956, 1958; Kelleher and Cook, 1969). These effects are partieu-
ence of the tone for larly interesting in view of the fact that increased response rates on drl

t}. Thus, the punish- result in a loss of reinforcement.

br and Seifter (1960) The drl results suggest, but do not prove, that at least high doses of

mding occurred dur- LSD can alter "time sense" or timing behavior in rats as it has been said

to do in humans (Hoilister, 1968). This effect is, however, confounded by

many other possible actions of the drug on the response we used to measure

____,-------_ timing, i.e., bar-pressing. The doses of LSD we studied do not, however,

noticeably affect motor functioning (Appel et al., 1967), disposition to eat
when mill_ is available (Appel et. al., 1968), or general level of activity
(Appel, 1968).

_----_---'"_ The results of the third experiment show that, like amphetamine, but :

_ unlibe depressant compounds such as meprobamate, phenobarbital or !
pentobarbital, LSD does not alter behavior suppressed by strong

" onfli ""punishment or c c_ (Geller and Seifter, 1960) either because it does

._10minutes not modify external stimulus control, does not relieve anxiety or does

drl 20" given saline, not attenuate the painful effect of shock. They further suggest one limitence of tones (and con-
_might occur in their to the dependency of the effects of LSD on base line response rate, i.e,
the recording pen when rate is normally suppressed to zero, LSD does not facilitate

responding.

In general, these experiments, along with those concerned with FR

indicate that the effects of LSD on one well-defined, relatively simple

_ent with those of kind of behavior are determined directly by dose and indirectly by those

ttation observed by variables which determine base line rate of responding. They do not

aot statistically reli- reveal whether the contingency, schedule, or frequency of reinforcement
d, monotonic curve or some other parameter which controls the rate is the important factor,

atraight line(Fig. 1). Acknowledgements. This research was supported by USPHS Research Grant
the left of Gardner's, 7-ROI-M_H-13186 and Research Scientist Development Award 1-K2-3Ll-I.9355 from

a somewhat greater the National Institute of Mental Health and by NSF Grant GB-7442 from the
National Science Foundation. We thank D. X. Freedman, M.D. for his support and

_. This might mean Paul Taylor for expert technical assistance.
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