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Naloxone Alters the Effects of LSD, DOM
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MOKLER, D. J., R. L. COMMISSARIS, J. W. HENCK AND R. H. RECH. Naloxone alters the effects of LSD, DOM
and quipazine on operant behavior of rats. PHARMACOL BIOCHEM BEHAYV 21(3) 333-337, 1984.— Administration of
the indolealkylamine hallucinogen d-lysergic acid diethylamide (LSD), the phenethylamine hallucinogen 2,5-dimethoxy-
4-methylamphetamine (DOM) and the putative 5-hydroxytryptamine (5-HT) agonist quipazine all produced a dose-
dependent decrease in fixed ratio (FR-40) response rates and a concomitant increase in the number of 10-second pause
intervals. Although naloxone (4.0 mg/kg) had no effect on FR-40 responding per se, the pause-producing effects of L.SD
and, to a lesser extent, DOM were potentiated by pretreatment with naloxone. The action of quipazine on reinforcers was
unaffected by combination with naloxone, while the effect on pause intervals was slightly attenuated by naloxone pretreat-
ment. These data and previous studies suggest that the pause-producing effects of indolealkylamine and phenethylamine
hallucinogens reflect their activation of a selective portion of brain 5-HT receptors. The potentiation of these effects by
naloxone may relate to a modulation of central 5-HT systems by endogenous opioid mechanisms tending to restore an
imbalance in various 5-HT pathways caused by the hallucinogenic 5-HT agonists. The more generalized disruptive effects
of quipazine on brain 5-HT systems may be less susceptible to the endogenous opioid modulation or may actually combine

with it to induce a greater disruption.

Naloxone LSD DOM Hallucinogens

Quipazine

5-Hydroxytryptamine

FIXED ratio (FR) schedules of operant responding have
served in the study of neurotransmitter mechanism(s) of hal-
lucinogenic drug action in rats. Early studies reported that
the administration of hallucinogenic agents to rats perform-
ing on a FR schedule resulted in a cessation of responding for
some portion of the operant session [1-4, 25]. Difficulties in
quantifying this effect and similar patterns of disruption
(‘“‘pausing’’) after administration of non-hallucinogenic psy-
choactive agents (d-amphetamine [2]) led investigators to
search for alternative behavioral tests. However, with the
addition of a pause interval counter into the FR-40 operant
program, we have been able to quantify this pausing and
differentiate the pause-producing effects of hallucinogens
from the slowed and erratic intrasession response rates
produced by non-hallucinogenic psychoactive agents such as
d-amphetamine and phenobarbital [5, 9, 11]. With this re-
finement, experiments on the disruption of FR operant re-
sponding by hallucinogenic drugs have indicated that brain
5-hydroxytryptamine (5-HT) neurons and/or receptors are
involved [1, 4, 6, 9-11, 16, 201.

The narcotic antagonist naloxone potentiates the pause-
producing effects of the indolealkylamine hallucinogens L.SD
and N,N-dimethyltryptamine (DMT) [13, 22, 23] and the
phenethylamine hallucinogen mescaline [7]. Ruffing and

Domino [23] reported that naloxone or naltrexone (opiate
antagonists) potentiated LSD- and DMT-induced disruption
of operant behavior, while low doses of morphine and
methadone attenuated the disruptive effects of LSD and
DMT. A further suggestion of a link between hallucinogens
and opioid systems derives from the hallucinogenic effects in
man of cyclazocine, an opioid agonist-antagonist [19]. The
pattern of disrupted operant behavior in rats caused by cy-
clazocine is similar to that induced by the hallucinogens.
However, this disruption is antagonized by naloxone as well
as by the SHT antagonist metergoline [14]. These findings
suggest a possible interaction between SHT and opioid sys-
tems in the behavioral effects of hallucinogenic drugs.

The present study examined in more detail the interac-
tions between naloxone and LSD or DOM., In addition, the
disruptive effects of the non-hallucinogenic 5-HT agonist
quipazine were examined alone and in naloxone-pretreated
subjects.

METHOD
Subjects

Male Sprague-Dawley rats (Spartan Farms, Haslett, MI),
weighing 300-350 g at the start of the experiment, were main-
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tained at 75-80% of their free-feeding weights and were
housed individually in a windowed room with a natural light
cycle and free access to tap water.

Behavioral Apparatus

Testing was conducted between 1400 and 1600 hr in one
of four standard operant chambers (LVE No. 143-20-215)
located in sound-attenuating boxes and equipped with food
pellet dispensers. Each chamber contained a single lever
which required a force of 10-15 g to activate. All experi-
mental events were controlled by electromechanical pro-
gramming circuits. Two parameters of operant responding
were monitored: (1) the number of reinforcers obtained (a
reflection of the average response rate) and (2) the period of
non-responding, or ‘‘pausing,” per daily session. A pause
interval counter was incorporated into the programming as
described previously [5-11]. Briefly, a 10-sec timer was
started at the beginning of the session and each response by
the animal before 10 sec reset the timer without registering a
count. If 10 sec elapsed without a response being made, a
“‘pause interval” was recorded on a counter and the timer
reset automatically.

Behavioral Procedure

The subjects were trained to press a bar for food rein-
forcement (45 mg food pellets; BioServe Inc., Frenchtown,
NJ) on a FR-40 schedule, i.e., 40 presses to obtain one food
pellet during daily 40 min sessions. Each animal was run in
the same cage at the same time of day, six days a week, and
then given supplementary food daily to maintain body
weights. The effects of various doses of LSD (12.5-100
ug/kg) alone and combined with naloxone (4.0 mg/kg) were
determined in one group of 8 rats. In another group of 8 rats
the effects of DOM were examined at doses of 0.0312-2.0
mg/kg; in a separate group of 7 rats the combination of DOM
and 4.0 mg/kg naloxone was examined. Similarly, the effects
of quipazine (0.5-8.0 mg/kg) with or without pretreatment
with 4.0 mg/kg naloxone were observed in two groups of 8
rats each. The order of doses was randomized for each rat.
LSD, DOM and quipazine were administered immediately
before the FR-40 session; naloxone was administered 5 min
before the session.

Statistical Analysis

Drug effects were assessed by comparing data from the
test day to the control day immediately prior to the test day.
Dose-response relationships were compared using a two-
way analysis of variance [17]. Individual points were com-
pared using the least significant differences (LLSD) test. In all
statistical evaluations p<0.05 was used as the criterion for
statistical significance.

Drugs

All drugs were dissolved in distilled water and adminis-
tered intraperitoneally. LSD tartrate and DOM hydrochlo-
ride were obtained from the National Institute on Drug
Abuse. Naloxone hydrochloride was purchased from Endo
Laboratories (Garden City, NY) and quipazine maleate was
purchased from Miles Laboratories (Elkhart, IN). Doses of
LSD, DOM and naloxone refer to the weight of the salts; in
order to facilitate comparison with earlier studies doses of
quipazine maleate were converted to the weight of quipazine
hydrochloride.
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FIG. 1. Naloxone potentiation of the effects of LSD on operant
responding. The effects of various doses of LSD alone (circles;
0-min pretreatment) and in combination with 4.0 mg/kg naloxone
(squares; 5 min pretreatment) on % of control reinforcements (top
panel) and change in number of pause intervals from control values
(bottom panel) in FR-40 operant sessions are plotted. Each symbol
and vertical bar represents the mean+S,E.M. obtained from 7 sub-
jects. Shading of the right-half of the symbol indicates a significant
difference from control values; shading of the left-half of the symbol
indicates a significant difference from LSD alone (p <0.05, ANOVA,
LSD test).

RESULTS

Control FR-40 operant responding was characterized by
rapid response rates with brief (10-30 sec) pauses, usually
following the delivery of the reinforcer, during daily sessions
in well-trained subjects. Performance during control days
consisted of 135+9 (mean=S.E.M., n=23) reinforcers
earned and 274 pause intervals per session. The values for
reinforcers received on individual control days before drug
test days, expressed below as 1009%, were invariably within
the 95% confidence limits of the overall mean control value.
Likewise, the number of pause intervals on individual con-
trol days prior to drug test days, expressed below as zero
change in number of pauses, was within the 95% confidence
limits of the overall control mean for number of pause inter-
vals.

LSD causes a dose-related decrease in reinforcers earned
along with a reciprocal increase in number of pause intervals
(Fig. 1, circles), as has been described in previous studies [,
9, 10, 20]. Naloxone (4 mg/kg) administered alone (open
squares at 0 dose of LSD in Fig. 4) did not alter the percent
of control reinforcers or the change in number of pause
intervals from control values. This dose of naloxone com-
bined with various doses of L.SD (squares) potentiated the
disruptive effects of the hallucinogen over the lower dose
range for both the decrease in percent reinforcers,
F(1,62)=29.17, and the increase in number of pause inter-
vals, F(1,62)=12.34. However, the deficits with higher doses
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FIG. 2. Naloxone potentiation of the effects of DOM on operant
responding. The effects of various doses of DOM alone (circles; 0
min pretreatment) and in combination with 4.0 mg/kg naloxone
(squares; 5 min pretreatment) on FR-40 operant behavior (n=7) are
plotted. See legend of Fig. 1 for further details.

of LSD (100 ug/kg for reinforcers, 50 and 100 wg/kg for
pauses) were not significantly potentiated by pretreating
with naloxone. Therefore, the shifts in the dose-response
curves are not parallel.

A decrease in reinforcers earned with a concomitant in-
crease in pause intervals was also a dose-related charac-
teristic of the effects of DOM (Fig. 2, circles), verifying pre-
vious findings [5, 6, 8, 9, 12]. Once again, naloxone adminis-
tered alone failed to alter the reinforcement level or number
of pauses from control values. Combining naloxone
(squares) with lower doses of DOM, but not higher doses,
resulted in a significant potentiation of the decrease in per-
cent reinforcers, F(1,96)=8.77. Although individual values
for the increase in number of pauses as a result of combining
naloxone with DOM did not reach significance, the ANOVA
for dose-response curves showed a slight potentiation,
F(1,96)=4.59, p<0.05.

The effects of quipazine alone also resulted in a dose-
related decrease in percent reinforcers and reciprocal in-
crease in number of pause intervals (Fig. 3, circles), as noted
in previous work [8, 12, 20]. However, pretreatment with
naloxone did not potentiate the quipazine effect on reinforc-
ers, F(1,77)=1.58, squares in Fig. 3. There was a single dose
combination (4 mg/kg naloxone with 2 mg/kg quipazine) that
actually caused a significant antagonism of the decrease in
reinforcers brought about by 2 mg/kg of quipazine alone.
Moreover, the increased number of pause intervals by 2
mg/kg quipacine alone was significantly reduced by pre-
treatment with naloxone. The ANOVA of dose-response
curves for the pause effect also showed that the combination
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FIG. 3. Effects of naloxone on disruption by quipazine of operant
responding. The effects of various doses of quipazine alone (circles;
0 min pretreatment) and in combination with 4.0 mg/kg naloxone
(squares; 5 min pretreatment) are plotted (n=8). See legend of Fig. 1
for further details,

resulted in an antagonism of the increase in pause intervals
as compared to quipazine alone, F(1,77)=17.13.

DISCUSSION

As reported previously, the hallucinogens LSD and DOM
and the 5-HT agonist quipazine produced disruptions of
FR-40 operant behavior characterized by ‘‘pausing’ [5-12].
This contrasts with the effects of non-hallucinogenic psy-
choactive agents without 5-HT activity, which disrupt FR-40
responding in a pattern of slowed and erratic rates without
any clear-cut ‘“‘pausing’ [5, 8, 9, 12], The hallucinogens,
quipazine and lisuride [20] produced significant increases in
the number of pause intervals, while d-amphetamine,
phenobarbital and chlorpromazine caused a considerably
less dramatic increase. This ‘‘pausing” induced by the hal-
lucinogens appears to relate to 5-HT agonistic actions.

Naloxone pretreatment potentiated the effects of LSD
and, to a lesser extent, DOM, but not quipazine. These ef-
fects of naloxone presumably relate to an interference with
endogenous opioid modulating systems, since this dose of
naloxone was ineffective alone and appears to act as a
*‘pure’’ antagonist [15). The data with LSD are in agreement
with Ruffing ez al, [22,23], who studied a single dose of LSD.
The effects of DOM extend our earlier studies with mes-
caline [7] showing a weak interaction between 4.0 mg/kg
naloxone and low doses of mescaline and a prominent in-
teraction between naloxone and larger doses of mescaline
(i.e., a pattern opposite that of the interaction with LSD).
This mescaline-type pattern was also seen in the interaction
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of naloxone with DMT [22]. The naloxone-DOM combina-
tion, however, shifted dose-response curves similar to the
interaction of naloxone with LSD, low doses of DOM being
potentiated and higher doses being unaffected.

Since the naloxone potentiation of the hallucinogenic
drugs is not manifested as parallel shifts in the dose-response
curves, naloxone apparently does not act competitively on
the same receptor system(s) affected by the hallucinogenic
drugs. Therefore, this potentiation differs from that exerted
by pretreating with 5,7-DHT, after which the dose-response
curves for LSD and DOM effects on FR-40 were shifted to
the left in a parallel fashion [10].

Antagonism of the effects of LSD and DMT on fixed-ratio
responding by low doses of morphine and methadone [23]
and by enkephalin analogs [24] further supports this pro-
posed interaction with endogenous opioid systems.
Cyclazocine-induced disruption of operant behavior is at-
tennated by naloxone or metergoline, and the antagonism is
greater when the antagonists are combined [14]. This con-
trasts with the potentiation of hallucinogens by naloxone
although the effects of LSD, DMT, DOM and mescaline are
also antagonized by metergoline [9, 12, 20]. Metergoline an-
tagonizes the disruption of operant behavior by quipazine
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[12,20] while naloxone protects slightly against this disrup-
tion. Furthermore, a subthreshold dose of cyclazocine does
not alter the FR-40 effects of quipazine [21] while quipazine
potentiates some of the effects of morphine [18]. Thus, al-
though the hallucinogens and quipazine appear to disrupt
FR-40 operant behavior by agonistic actions on brain 5-HT
receptors [6, 9, 20], their mechanisms must differ in subtle
ways as reflected by different interactions with naloxone and
other agents. Previous studies have also suggested that LSD,
DOM and mescaline exert their actions on central 5-HT sys-
tems by slightly different mechanisms and/or at different
brain sites [9, 11, 20]. Additional research is obviously war-
ranted to elaborate the precise differences in the ways in
which opioid mechanisms interact with these various types
of 5-HT agonists.
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