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Introduction

SCHEDULED injections of opiates, am-
phetamines, barbiturates, and minor tran-
quilizers can maintain responding in differ-
ent species (6-9, 12-14); that is, these
drugs can function as positive reinforcers.
Similarly scheduled injections of some hal-
lucinogens, major tranquilizers, and some
opiate antagonists have failed to maintain
:behavior. Indeed, these drugs often sup-
press responding that results in their injec-
tion. That some of these drugs could func-
tion ds negative reinforcers was first shown
by Goldberg et ql. (5-7) who found that
morphine-dependent rhesus monkeys
would respond to terminate infusions of
opiate antagonists or stimuli associated
with such infusions. It remained an open
question, however, whether responding was
engendered and maintained only because
these -antagonists precipitated the mor-
phine-withdrawal syndrome under these
conditigns, Subsequently, Hoffmeister and
Wuttke (10) found that responding could
be maihtained in nondependent rhesys
monkeys under similar schedules of termj.-
nation with nalorphine and cyclazocine,
but not naloxone, They concluded that
nalorphine and cyclazocine could function
as negative reinforcers even under condi-
tions in which they did not precipitate

withdrawal.
.

The purpose of the experiments reviewed
here was to determine whether infusions of
the psychotropic drugs. L.SD (lysergic acid
diethylamide), STP [1-(2, 5-dimethoxy-4-
methyl-phenyl) 2-bropylamine-hydrochlo-
ride], chlorpromazine or imipramine would
function as negative reinforcers in the

*Parts of these experiments have been submitte
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rhesus monkey. The effects of these drugs
in maintaining responding that terminated
either their infusion or stimuli associated
with such infusion were compared with the
effects of these drugs on responding main-
tained by comparable schedules of termi-
nation of electric shock.

Procedure

After being surgically prepared with
chronic venous catheters and subcutaneouys
electrodes, the monkeys were placed in
individual cubicles where they lived for the
duration of the experiment. Details of the
apparatus and the catheterization proce-
dure have been reported by Deneau et ql.
(4). Food and water were freely available.
To prevent tuberculosis, monkeys received
10 mg of isoniazid per kg daily.

After recovery from surgery (2 weeks),
the monkeys were trained to press a lever
which turned off a white light associated
with the delivery of electric shocks of 10 sec
duration (American Electronics Laborato-
ries stimulator 104; 50 Hz, 7V for 1 msec).
Shocks were scheduled to occur 30 sec after
the light came on or 30 sec after the end of
the previous shock; a response turned off
the light and the electric shock (if one was
being delivered) for a 60-sec time-out pe-
riod. During time-out periods electric
shocks were never delivered, and responses
had no scheduled consequences. A session
of 2 hr duration was conducted daily with
each monkey.

When the monkeys responded reliably
within 30 or 40 sec after the white light
came on for several daily sessions, electric
shocks were no longer delivered. Respond-

d to Journal of Pharmacology and Experimental

419

s T

3 AT A ey ;f’/a"/)

M



420 PHARMACOLOGICAL REVIEWS

ing ceased within 2 weeks. After this ex-
tinction period, 10-sec infusions of saline
solution were scheduled in the same way
that electric shocks had been scheduled
previously. During this period some re-
sponding occurred as the monkeys became
accustomed to the noise of the infusion
pumps. When responding ceased again,
10-sec drug infusions were scheduled in the
same way that saline had been scheduled
previously. Each dose of a drug was studied
for 6 or 12 successive daily 2-hr sessions.
Each drug period was always followed by a
saline period which continued until the
subjects again showed little responding (6
to 14 days). The number of saline infusions
tolerated by each monkey during the last 6
days of each saline period served as control.
Then, saline was replaced again by the
next dose of the drug heing studied. Each
dose of any drug was studied in three {0 six

different monkeys. The different doses of

each drug were studied in decreasing se-
quence always starting with the highest.
For assignment of drugs and doses to
monkeys no strict rule was observed. The
data were analyzed as follows:

L. Number of drug infusions tolerated
was calculated as percent of the number of
saline infusions tolerated by the same sub-
Ject. Since the volume of the solution
administered depended upon the number
of responses which terminated infusions,
the number of infusions were estimated by
dividing the total intake in milliliters per
session by 0.8 ml (voluine of one complete
infusion).

2. Mean number of responses per 2-hr
session in the presence of the white light
was calculated for each 3 days of the drug
period. (Time-out responses are not in-
cluded in the calculation but appeared on
the cumulative record.)

3. Total drug intake in milligrams per
kilogram per session.

In a second group of experiments, five
monkeys used in the experiments de-
scribed above were trained again under the
schedule in which responding terminated a
stimulus associated with 10-sec electric

shocks [American Electronics Laboratories
stimulator 104; 50 Hz, 7V (1 animal) or
2.7V (4 animals) for 1 msec|. The electric
shock intensity was adjusted to produce
comparable behavioral reactions in each
monkey.

The monkeys were treated with drugs
only when performance had been stable
during three successive daily 2-hr sessions.
Drugs were administered intravenously
either 15 min before the session (nalor-
phine, imipramine, chlorpromazine) or
just before the session (LSD, STP. pento-
barbital). The data were analyzed as fol-
lows:

1. Number of shocks tolerated during
each session.

2. Number of responses per 2-hr session
in the presence of the white light. (Time-
out responses are not included in the caleu-
lations.)

Chlorpromazine, imipramine, pentobar-
bital, LLSD. STP, or nalorphine were dis-
solved in saline solutions: all doses refer to
the base (pentobarbital: acid) of the drug.
Each dose was studied in three monkeys.

Results

During the initial period of training

under the schedule of termination of

electric  shock, responding  was engen-
dered and maintained: the monkevs re-
ceived few electric shocks (fig. 1A). After
the electric shocks had been eliminated
and subsequently replaced by 10-sec in-
fusions of saline, responding ceased (fig.
1B). When infusions of 2.5 ug of LSD per
kg were substituted for saline, many
successive infusions occurred before re-
sponding was engendered and maintained
(fig. 1C). In subsequent sessions, respond-
ing was maintained; the few infusions that
did occur were quickly terminated (fig.
D). Again. the substitution of saline infu.
sions for LSD infusions resulted in very low
levels of responding (fig. 1E).

The results obtained with infusions of
LLSD are summarized in figure 2A (. The
number of tolerated infusions of LSD was
inversely related to the dose (fig. 2A),
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Fic. 1. Representative performance of monkey 8.11
stimulus associated with electric shock (A): with infusions of saline solutuon (B and C); or with infusions of 2

pressing a key under schedules of termination of a

.5

ug of LSD per kg (C and D). Eleetrie shocks or infusions of 10-sec duration were scheduled to occeur every 30-sec
m the presence of a white light. Each response terminated the white light and the shock or the infusion (if one
had started) for a 60-sec time-out period, in which key pressing had no scheduled consequences, and shocks or
infusions were never delivered. Ordinates; cumulative number of responses; short-diagonal strokes indicate
periods in which the recording pen was offset during delivery of electric shocks (A} or drug infusions (B to E);

abscissae; time: the recorder continued to run during

time-out periods (2-hr session). Record A: Session under

the electric shock schedule. Record B: Third session of saline infusion. Record C: First session of LSD infusion
{2.5 ug/kg per infusion). Record D: Fourth session of LSD infusion (2.5 ug/kg per infusion). Record E: Third
session after saline solutions were substituted for LSD infusions.

whereas number of responses was directly
related to the dose (fig. 2B). Responding
was maintained throughout the 6-day drug
period with infusions of 2.5 ug/kg, main-
tained only during the second half of the
drug period with 1.0 ug/kg, and only poorly
maintained by 0.5 ug of LSD per kg. The
m: aum intake of LSD was about 0.1
mg/kg per session with infusions of 1.0
pe/kg (fig. 2C).

The effects of LSD on responding main-
tained by termination of a stimulus associ-
ated with electric shock is shown in figure
2D. Pretreatment with 50 ug of LSD per kg
intravenously immediately before the ses-
sion had no influence on responding. In-
creasing the LSD dose to 125 and 250 ug/kg

intravenously caused a small but dose-
dependent decrease in number of responses
and a corresponding increase in number of
shocks. This effect occurred mainly during
the first 10 to 30 min of experimental
sessions (fig. 3). With 1 to 5 ug/kg, respond-
ing diminished during the first 10 min;
with 250 ug/kg, responding diminished
during the first 30 min of the session. After
these periods, responding was unaffected,
thereby indicating the short duration of
action of LLSD.

Stimuli associated with the infusions of
nalorphine also engendered and main-
tained avoidance responding [fig. 4; see
also Hoffmeister and Wuttke (10) }. Doses
as low as 10 ug/kg reduced the number of
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Fic. 2. A-C: Effects of varying infused dose of LSD on the percentage of infusions tolerated. number of
responses, and drug intake during the first and second half of the six-session drug period. D: Effects of LSD on
mean number of responses and electric shocks per session under the schedule of termination of a stimulus
associated with electric shock. Circles indicate means of first half of drug period; squares indicate means of
second half of drug period; horizontal dashed lines indicate confidence limits of saline infusions tolerated and

number of responses with saline infusions.

tolerated infusions (fig. 4A) and increased
responding (fig. 4B). The maximal intake
of nalorphine was about 3.5 mg/kg per
session with infusions of 500 ug/kg (fig.
4C). In contrast to LSD, which at least for
a short time decreased rate of responding
maintained by termination of a stimulus
associated with electric shock, nalorphine,
in doses up to 10,000 ug/kg, did not affect
responding or number of shocks tolerated
in the shock termination experiment (fig.
4D).

Infusions of the hallucinogenic STP, in
the range of doses tested, were less effective
in engendering responding than infusions
of LSD or nalorphine (fig. 5). With 2.5
ug/kg per infusion the animals tolerated
50% of the scheduled infusions. There was
no change when the dose was increased to 5
ug/kg (fig. 5A). Number of responses was
moderately increased from saline levels at
doses of 2.5 or 5 ug/kg (fig. 5B). The
maximal drug intake per session was about
2.5 mg/kg with infusions of 5 ug/kg (fig.
5C). As with nalorphine, pretreatment

with STP in doses up to 1000 ug/kg did not
affect responding maintained by termina-
tion of a stimulus associated with electric
shock (fig. 5D).

Infusions of chlorpromazine in the dose
range of 1 to 20 ug/kg per infusion during
the first 3 days of the drug period only
decreased low levels of responding that had
been maintained with saline and increased
tolerated infusions above the saline level
(fig. 6A). During the second 3 days of the
drug period, infusions of 5 to 20 ug of
chlorpromazine per kg engendered re-
sponding and decreased the percentage of
tolerated infusions to 50 or 60% of saline-
level values (fig. 6A, B). The maximal drug
intake was about 7.0 mg/kg per session at
50 ug/kg (fig. 6C). Responding maintained
by termination of a stimulus associated
with electric shock was markedly de-
creased by pretreatment with doses as low
as 250 ug of chlorpromazine per kg (fig.
6D); increasing the dose of chlorpromazine
to 500 or 5000 ug/kg suppressed respond-
ing completely (fig. 6D).
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FiG. 3. Effects of LSD on mean percentage of
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Since responding was slow to develop
and not well maintained by termination of
a stimulus associated with infusions of
chlorpromazine, an experiment with an
extended exposure to chlorpromazine was
performed. Figure 7 represents the time
course of this experiment. The number of
tolerated infusions decreased from the 9th
to the 12th day of replacement to less than
10% of the saline level, and responding
increased markedly from the 4th day of the
drug period on.

Infusions of imipramine, in the range of
doses tested, did not engender responding;
the animals tolerated all infusions with the
exception of 50 ug/kg (fig. 8). The maximal
drug intake per session was 10 mg/kg at the
dose of 100 ug/kg. Responding maintained
by termination of a stimulus associated
with electric shock was little affected by
5000 ug of imipramine per kg (fig. 8D).
However, increasing the dose of imipra-
mine to 10,000 or 16,000 wg/kg increased
the number of shocks and decreased the
number of responses in a dose-dependent
fashion.

Since the characteristics of performance
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Fic. 4. A-C: Effects of varying infused dose of nalor

phine on the percentage of infusions tolerated, number of
responses, and drug intake during the first and second half of the six
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Fic. 5. A-C: Effects of varying infused dose of STP on the percentage of infusions tolerated, number of
responses, and drug intake during the first and second half of the six-session drug period. D: Effects of STP on
mean number of responses and electric shocks per session under the schedule of termination of a stimulus
associated with electric shock. Circles indicate means of the first half of drug period: squares indicate means of

second half of drug period; horizontal dashed lines indicate confidence limits of saline infusions tolerated and
number of responses with saline infusions.
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termination of a stimulus associated with electric shock. Circles indicate means of the first half of drug period;
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Fic

respor
limits

Fu
of res
imipr
stimt
mean
toler:

mai
dur
infu
obs



CONTROL OF DRUG-TAKING BEHAVIOR 42
of ot int. of Tewp.
A B
00727777 : S~e_o—*
‘{{{.i//////////////////. 100 . S~ Se—e
o
()
o w
.’.\ ° e Ve
AN fjff//////////////////,
b Y Neeegy )
|2345:1|onnn |23£56709l0"!26ay5
dm’ intake
mg /kg/sess.
Cc
1,54
"o
(]
ol O\
—
R \o/. N .

Fic. 7. Effects of chlorpromazine (10 ug/
dimits of saline periods.

percent
of tolinf. A

ww| T ~ }//’

50

0 S0 10
drug intake
mg/kg/sess. C

S mcg/kg/int.

l\’
100 50 10

(-]

5 mcg/kg/inf.
Fic.

imipramine on me
stimulus associated with electric shock. Circles in

maintained by termination of imipramine
during the first 3 days of the drug period
infusions were similar to those previously
observed with chlorpromazine, prolonged

8. A-C: Effects of varying infused dose of imipramine on the percentage of i
of responses. and drug intake during the first and second half of the six-session
an number of responses and electric shocks per sessfon under the s

I""rll'lT*
l236$l7l|h|l|2¢lys

number
of resp. B

100

100 50 10 5 mcg/kg/inf.

number number
of shocks D B of resp.
1004 +100
S0 50
ol o
16000 10000 5000 mcg/kg

nfusions tolerated, number
drug period. D: Effects of
chedule of termination of a

dicate means of first half of drug period; squares indicate
g period: horizontal dashed lines indicate confidenc
tolerated and number of responses with saline infusions.

e limits of saline infusions
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tween the 4th and 7th sessions but de-
creased again in subsequent sessions; simi-
larly, the number of tolerated infusions
decreased between the 4th and 7th session,
but increased again in subsequent sessions
(fig. 9). In an identical experiment with
infusions of 100 ug/kg, the animals toler-
ated almost every imipramine infusion
throughout the 12-day drug period (fig. 9).
Infusions of 10 or 100 ug of pentobarbital
per kg did not engender responding and
even more pentobarbital than saline infu-
sions were tolerated (fig. 10). The highest
drug intake was 15 mg/kg per session at the
dose of 100 ug/kg (fig. 10C). Responding
maintained by termination of a stimulus
associated with electric shock was little
affected by 1,250 or 10,000 ug of pentobar-
bital per kg, but was markedly decreased

by 15,000 ug of pentobarbital per kg (fig.
10D).

Discussion

Our experiments have shown that re-
sponding can be engendered and main-
tained in drug naive rhesus monkeys by
termination of a stimulus associated with
infusions of LSD, nalorphine, STP, or
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chlorpromazine; thus, these drugs can act
as negative reinforcers. Under the same
schedules of termination, little responding
was engendered by infusions of imipramine
and none by infusions of pentobarbital.
Doses of LSD or chlorpromazine that en-

gendered responding under the schedule of

termination of stimuli associated with in-
fusions decreased or abolished responding
under a comparable schedule of termina-
tion of a stimulus associated with electric
shocks. The respective doses of nalorphine,
STP, and imipramine had no effect on
behavior under the electric shock schedule.
Pentobarbital, which did not engender re-
sponding under the drug-infusion sched-
ule, decreased rates of responding under
the electric shock schedule.

These results show that intravenous in-
fusions of certain psychotropic drugs can
function as negative reinforcers in drug-
naive rhesus monkeys. The capacity of a
drug to act as a negative reinforcer seems
to be independent of the influence that the
drug exerts on behavior maintained by
another event, such as electric shock, act-
ing as a negative reinforcer. Chlorproma-
zine or LSD, for example, can function as

number
of resp

2 4 6 8 10 12
drug intake
mgrkq/sess

104

A ma—b

w
't

0

. - .
Ne-t /’ N
\ P P

2 & 6 8 10 12 days

VAN /\.

A .

=0 100 mcg/kg/int
e SO

2 4

6

8 10 12 days

Fic. 9. Effects of imipramine (50 and 100 ug/kg per infusion) on the percentage of infusions tolerated,
number of responses, and drug intake in each session of a 12-day drug period. Horizontal dashed lines indicate

confidence limits of saline periods.
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10. A C: Effects of varying intused dose of pentobarbital on the percentage of infusions tolerated,

number of responses, and drug intake during the first and second half of the six-session drug period. D: Effects
" »f pentobarbital on mean number of responses and electric shocks per session under the schedule of termination
of a stimulus associated with electric shéck. Circles indicate means of first half of drug period: squares indicate
means of second half of drug period: horizontal dashed lines indicate confidence limits of saline infusions
tolerated and number of responses with saline infusions.

negative reinforcers to engender and main-
tain responding despite the strong rate-
decreasing effects of these drugs on re-
sponding maintained by electric shock as a
negative reinforcer (see also 1-3, 11). Both
STP and nalorphine can function as nega-
tive reinforcers at doses that do not affect
responding under the electric shock sched-
ule.

The negative reinforcing effects of chlor-
promazine became apparent only after a
period of 2 to 4 days. During the first 3 days
of the drug period, the animals tolerated all
doses of chlorpromazine. During the sec-
ond 3 days, the development of responding
~sulted in a dose-dependent decrease in
infusions tolerated. The number of toler-
ated infusions decreased further with pro-
longed exposure to the drug. As can be seen
from the dose-effect curves, the initiation
of responding is most. prominent at inter-
mediate dose levels.

That infusions of relatively high doses of
chlorpromazine (50 ng/kg per infusion; 5 to
7 mg/kg per session) are less effective in

engendering responding than lower doses
cannot be explained only by long-lasting
rate-depressing and sedative effects. The
effects of doses of up to 5 mg/kg on
responding maintained under the electric
shock schedule do not last longer than 4 to
10 hr. Thus, under the drug infusion sched-
ule, the rate depressing effects of chlorpro-
mazine injected in one session should not
affect responding in the next session. The
rate-depressing effect of LSD lasted only
for a short time as shown in the electric
shock schedule; thus, the possibility of a
carry-over of this effect from one session to
the next under the drug infusion schedule
can also be excluded. The reason for the
delayed development of responding in the
drug infusion experiment remains to be
explained.

Interestingly, imipramine does not func-
tion well as a negative reinforcer, and it has
only weak rate-depressing properties under
the electric shock schedule. Since imipra-
mine was also found not to function as a
positive reinforcer (8), it is the only psycho-
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tropic drug so far investigated which seems

not to have the capacity to function as a
reinforcer at all.

In summary, infusions of psychotropic
drugs can act as reinforcers independently
of their effects on behavior engendered
and maintained by other reinforcers.

REFERENCES

1. Brown, H. anD Bass, W. C.: Effect of drugs on visually
controlled avoidance behavior in rhesus monkeys: a
psychophysical analysis. Psychopharmacologia 11:
143-153, 1967.

2. Crark, R. AND SamueL, G. K.: Drug effects on a discrete
conditioned avoidance response in dogs, rhesus mon-
keys and rats. Psychopharmacologia 14: 106114, 1969.

3. Cook, L. AND Catania, A. C.: Effects of drugs on avoid-
ance and escape behavior. Fed. Proc. 23: 818-835,
1964.

4. Deneau, G. A., Yanagita, T. aNp Seevers, M. H.:
Self-administration of psychuactive substances by the
monkey: A measure of psychological dependence. Psy-
chopharmacologia 16: 30- 48, 1969.

5. GOLDBERG, S. R., HOFFMEISTER, F. AND ScHLIcHTING, U
Morphine antagonists: Modification of behavioral ef-
fects by morphine dependence. In Drug Addiction: 1.
Experimental Pharmacology. ed. hy J. M. Singh, 1.
Miller and H. Lal. Futura Publishing Co.., Mount
Kisco, New York, 1972,

6. GoubeerG. S. R.. HorrMuisTER. F., ScHLIcHTING, U. AND
Wurrke, W.: Aversive properties of nalorphine and
naloxone in morphine-dependent rhesus monkeys. JJ

PHARMACOLOGICAL REVIEWS

Pharmacol. Exp. Ther. 179: 268-276, 1971.

7. GOLDBERG, S. R., HorrMEISTER. F., SchucHTING, U, AND
WurTke, W.: A comparison of pentobarbital and co-
caine self-administration in rhesus monkeys: Effects of
dose and fixed-ratio parameter. .J. Pharmacol, Exp.
Ther. 179: 277-283, 1971.

8. HoreMmrister, F. AND GotbserG, 8. R A comparison of
chlorpromazine, imipramine, morphine and d-
amphetamine self-administration in cocaine-depend
ent rhesus monkeys. J. Pharmacol. Exp. Ther. 187:
8-14, 1973.

9. HorrMEISTER, F. AND ScHLicHTING, U.: Reinforcing prop-
erties of some opiates and opioids in rhesus monkeys
with histories of cocaine and codeine self-administra-
tion. Psychopharmacologia 23: 55-74, 1972.

10. HorFMEISTER, F. AND WUTTKE, W.: Negative reinforcing
properties of morphine-antagonists in naive rhesus
monkeys. Psychopharmacologia 33: 247 258, 1973,

11. Keriener, R, T. aND Morse, W. H.: Determinations of
the specificity of behavioral effects of drugs. Ergeb.
Physiol. 60: 1-56, 1968.

12. Scruster, C. R. AND THoMpsoN, T.: Self-administration
of and behavioral dependence on drugs. Ann. Rev.
Pharmacol. 9: 483502, 1969.

13. Schuster, C. R., Woons, J. H. annp Sexvers, M. H.:
Self-administration of central stimulants by the mon-
key. In Abuse of Central Stimulants. pp. 339 347, ed.
by F. Sjoquist and M. Tottie, Almquist Wiksell,
Stockholm, 1969.

14. Woons, J. H. ann Scnuster, C. R.: Reinforcement
properties of morphine, cocaine, and SPA as a function
of unit dose. Int. J. Addict. 3: 215 202, 1968,

15. Yanacita, T., DEneav, G. A. anp Seevers. M. H.:
Evaluation of pharmacologic agents in the monkey by
long-term intravenous self- or programmed administra-
tion. Excerpta Med. Int. Congr. Ser. 87: 454457, 1965,

Prarma
Copyrig:

D

Th
spon
drug
enge
char
spor.
min:
phir
resp
nalo
obte
min
sho

and
key:
tern
dose
rate
thes
mai
of «
pen
phi
exp
furt
1
resy
ter:
ter:
tais
wh
lox
pre
SP
ph
ke
Th

mu



