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BehavioralApparatus

Testingwas conductedbetween 1400 and 1600 hr in one
of four standardoperantchambers (LVE No.143-20-215)
locatedin sound-attenuatingboxes andequippedwith food
pellet dispensers.Each chambercontaineda single lever
which requireda force of 10-15 g to activate. All experi-
mental events were controlled by electromechanicalpro-
grammingcircuits. Two parametersof operantresponding
were monitored: (1) the number ofreinforcersobtained(a
reflectionof theaverageresponserate) and (2) theperiodof
non-responding,or "pausing," per daily session.A pause
interval counterwas incorporatedinto the programmingas
describedpreviously [5-11]. Briefly, a 100sec timer was
startedat the beginning of the session and eachresponseby
the animalbefore10 sec reset the timer withoutregisteringa
count. If 10 secelapsedwithout a responsebeing made, a
"pauseinterval" was recorded on acounterand the timer
resetautomatically.

tained at 75-80%of their free-feeding weights and were
housedindividually in a windowed room with anaturallight
cycle and freeaccessto tap water.

BehavioralProcedure

The subjectswere trained to press a bar for food rein-
forcement(45 mg food pellets; BioServeInc., Frenchtown,
NJ) on a FR-40schedule,i.e., 40pressesto obtainone 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 supplementaryfood daily to maintain body
weights. The effects of various doses ofLSD (12.5-100
JLg/kg) alone andcombinedwith naloxone(4.0 rng/kg) were
determinedin one group of 8 rats. Inanothergroup of 8 rats
the effectsof DOM were examined at doses of 0.0312-2.0
rng/kg; in aseparategroupof7 rats thecombinationofDOM
and 4.0 mg/kgnaloxonewas examined. Similarly, the effects
of quipazine(0.5-8.0 mg/kg) with or without pretreatment
with 4.0 mg/kgnaloxonewere observedin two groups of 8
rats each.The order of doses wasrandomizedfor each rat.
LSD, DOM and quipazinewere administeredimmediately
beforethe FR-40session;naloxone wasadministered5 min
beforethe session.

StatisticalAnalysis

Drug effectswere assessedby comparingdatafrom the
testday tothe controlday immediately prior to thetestday.
Dose-responserelationshipswere comparedusing a two-
way analysisof variance[17]. Individual points were com-
pared usingtheleast significant differences (LSD) test. In all
statisticalevaluationsp<0.05 was used as thecriterion for
statisticalsignificance.

Drugs

All drugs were dissolvedin distilled water and adminis-
tered intraperitoneally.LSD tartrateand DOM hydrochlo-
ride were obtained from the National Institute on Drug
Abuse.Naloxonehydrochloridewas purchasedfrom Endo
Laboratories(GardenCity, NY) and quipazinemaleatewas
purchasedfrom Miles Laboratories(Elkhart, IN). Doses of
LSD, DOM andnaloxonerefer to the weight of thesalts; in
order to facilitate comparisonwith earlier studiesdosesof
quipazinemaleatewereconvertedto the weight ofquipazine
hydrochloride.

a 12.5 25 50 100
)Jg/kg LSD

FIG. I. Naloxonepotentiationof the effects of LSD on operant
responding.The effects of various doses of LSD alone (circles;
O-min pretreatment)and incombinationwith 4.0 mg/kg naloxone
(squares;5 minpretreatment)on % of controlreinforcements(top
panel)and changein numberof pauseintervalsfrom control values
(bottom panel) in FR-40operant sessionsare plotted. Eachsymbol
and verticalbar represents the mean±S.E.M.obtainedfrom 7 sub-
jects.Shadingof theright-halfof thesymbol indicatesa significant
differencefromcontrolvalues;shadingof the left-halfof thesymbol
indicatesasignificantdifferencefromLSDaloneip <0.05,ANDVA,
LSD test).

RESULTS

Control FR-40 operantrespondingwas characterizedby
rapid responserates withbrief (10-30 sec)pauses,usually
following the deliveryof the reinforcer,during dailysessions
in well-trained subjects.Performanceduring control days
consisted of 135±9 (mean±S.E.M., n=23) reinforcers
earnedand 27±4pauseintervalsper session.The valuesfor
reinforcersreceivedon individual control days beforedrug
testdays,expressedbelow as10<1%, were invariably within
the 95%confidencelimits of the overall meancontrol value.
Likewise, the numberof pauseintervalson individual con-
trol days prior to drug test days, expressedbelow as zero
change innumberof pauses,was within the 95%confidence
limits of the overallcontrol mean fornumberof pauseinter-
vals.

LSD causesa dose-relateddecreasein reinforcersearned
along with areciprocalincreasein numberof pauseintervals
(Fig. 1,circles),as has beendescribedin previousstudies[5,
9, 10, 20]. Naloxone (4 mg/kg) administeredalone (open
squaresat 0 dose ofLSD in Fig. 4) did notalter the percent
of control reinforcers or the change in number of pause
intervals from control values.This doseof naloxonecom-
bined with variousdosesof LSD (squares)potentiatedthe
disruptive effects of the hallucinogenover the lower dose
range for both the decrease in percent reinforcers,
F(I,62)=29.17,and the increasein numberof pauseinter-
vals, F(l ,62)=12.34.However,thedeficits with higherdoses
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FIG. 2. Naloxonepotentiationof the effects ofDOM on operant
responding.The effects ofvariousdoses ofDOM alone(circles;0
min pretreatment)and in combinationwith 4.0 mg/kg naloxone
(squares; 5 minpretreatment)onFR-40operantbehavior(n=7) are
plotted. Seelegendof Fig. 1 for furtherdetails.

FIG. 3. Effects of naloxoneon disruptionby quipazineof operant
responding.Theeffectsof variousdosesofquipazinealone(circles;
omin pretreatment)and incombinationwith 4.0rng/kg naloxone
(squares;5min pretreatment)areplotted(n=8). SeelegendofFig. 1
for furtherdetails.

of LSD (100 fLg/kg for reinforcers, 50 and 100fLg/kg for
pauses)were not significantly potentiatedby pretreating
with naloxone. Therefore, the shifts in the dose-response
curvesare notparallel.

A decreasein reinforcersearnedwith a concomitantin-
creasein pauseintervals was also adose-relatedcharac-
teristic of the effects of DOM (Fig. 2, circles), verifying pre-
vious findings [5,6,8,9, 12]. Onceagain, naloxone adminis-
teredalone failed toalter the reinforcementlevel or number
of pauses from control values. Combining naloxone
(squares)with lower dosesof DOM, but not higherdoses,
resultedin a significant potentiationof the decreasein per-
cent reinforcers,FO,96)=8.77. Although individual values
for the increasein numberof pausesas a result of combining
naloxonewith DOM did not reachsignificance,the ANOVA
for dose-responsecurves showed a slight potentiation,
FO ,96)=4.59,p<0.05.

The effects of quipazinealone also resultedin a dose-
related decreasein percent reinforcers and reciprocal in-
creasein numberof pauseintervals(Fig. 3,circles),as noted
in previous work [8, 12, 20]. However, pretreatmentwith
naloxonedid not potentiatethe quipazineeffect on reinforc-
ers,FO,77)=1.58,squaresin Fig. 3.Therewas a single dose
combination(4 mg/kgnaloxonewith 2 rng/kg quipazine)that
actually causeda significant antagonismof the decreasein
reinforcers brought about by 2 mg/kg of quipazinealone.
Moreover, the increasednumber of pause intervals by 2
mg/kg quipacine alone was significantly reduced by pre-
treatmentwith naloxone. The ANOVA of dose-response
curvesfor the pauseeffectalsoshowedthat thecombination

resultedin an antagonism of theincreasein pauseintervals
as compared to quipazine alone,FO,77)=17.13.

DISCUSSION

As reportedpreviously, the hallucinogens LSD andDOM
and the 5-HT agonist quipazine produceddisruptions of
FR-40operantbehaviorcharacterizedby "pausing" [5-12].
This contrastswith the effects of non-hallucinogenicpsy-
choactiveagents without 5-HT activity, whichdisruptFR-40
respondingin a patternof slowed and erratic rateswithout
any clear-cut "pausing" [5, 8, 9, 12]. The hallucinogens,
quipazineand lisuride[20] producedsignificantincreasesin
the number of pause intervals, while d-amphetamine,
phenobarbitaland chlorpromazinecaused aconsiderably
less dramaticincrease.This "pausing" induced by the hal-
lucinogens appears to relate to 5-HT agonistic actions .

Naloxonepretreatmentpotentiatedthe effects ofLSD
and, to a lesserextent,DOM, but not quipazine.Theseef-
fects of naloxonepresumablyrelate to aninterferencewith
endogenousopioid modulating systems , since this dose of
naloxone was ineffective alone and appears to act as a
" pure" antagonist [15]. The data with LSD are inagreement
with Ruffinget al. [22,23], who studied a single dose ofLSD.
The effects of DOM extend our earlier studies with mes-
caline [7] showing a weak interactionbetween4.0 mg/kg
naloxoneand low doses of mescaline and aprominent in-
teractionbetweennaloxoneand larger doses ofmescaline
(i.e., a patternoppositethat of the interaction withLSD).
This mescaline-typepatternwas also seen in theinteraction
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of naloxonewith DMT [22]. The naloxone-DOMcombina-
tion, however,shifted dose-responsecurves similar to the
interactionof naloxonewith LSD, low dosesof DOM being
potentiatedand higherdosesbeing unaffected.

Since the naloxone potentiation of the hallucinogenic
drugsis notmanifestedasparallelshifts in thedose-response
curves,naloxoneapparentlydoes not act competitivelyon
the samereceptorsystem(s)affectedby the hallucinogenic
drugs. Therefore,this potentiationdiffers from that exerted
by pretreatingwith 5,7-DHT, after which the dose-response
curvesfor LSD and DOM effects on FR-40 were shifted to
the left in a paralIel fashion [10].

Antagonismof theeffectsof LSD andDMT on fixed-ratio
respondingby low dosesof morphineand methadone[23]
and by enkephalinanalogs [24] further supports this pro-
posed interaction with endogenous opioid systems.
Cyclazocine-induceddisruption of operantbehavior is at-
tenuatedby naloxoneor metergoline,and the antagonismis
greaterwhen the antagonistsare combined[14]. This con-
trasts with the potentiationof hallucinogensby naloxone
althoughthe effectsof LSD, DMT, DOM and mescalineare
alsoantagonizedby metergoline[9, 12,20]. Metergolinean-
tagonizesthe disruption of operantbehaviorby quipazine
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[12,20] while naloxoneprotectsslightly againstthis disrup-
tion. Furthermore,a subthresholddoseof cyclazocinedoes
not alter the FR-40effectsof quipazine[21] while quipazine
potentiatessomeof the effects of morphine[18]. Thus, al-
though the hallucinogensand quipazineappearto disrupt
FR-40 operantbehaviorby agonisticactionson brain S-RT
receptors[6, 9, 20], their mechanismsmust differ in subtle
waysas reflectedby differentinteractionswith naloxoneand
otheragents.PreviousstudieshavealsosuggestedthatLSD,
DOM andmescalineexerttheir actionson centralS-RTsys-
tems by slightly different mechanismsand/or at different
brain sites [9, 11,20]. Additional researchis obviously war-
ranted to elaboratethe precisedifferences in the ways in
which opioid mechanismsinteractwith thesevarious types
of S-RT agonists.
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