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SCHINDLER, C. W., I. GORMEZANO AND J. A. HARVEY. EJfects of morphine attd I.SD on the classically
comliti_med niclitll6ng membrane response. PHARMACOI. BIOCHEM BEHAV 22(I) 41-46, 1985._Two experiments
were carried out to determine the effects of LSD and morphine on the unconditioned nictitating membrane response of the
rabbit elicited by 5 intensities of a 100 msec puff of air directed at the cornea, and on the acquisition of conditioned
responses to a tone and light conditioned stimulus using the air-puff as an unconditioned stimulus. In Experiment I, LSD
tartrate (0.013 mg/kgl had no effect of the frequency, amplitude, magnitude or latency of the unconditioned response.
However, LSD significantly enhanced the rate of acquisition of conditioned responses to both tone and light conditioned
stimuli. In Experiment 2, morphine sulfate (5 mg/kg) had no effect on the frequency, amplitude, magnitude or latency of the
unconditioned response, but significantly retarded the acquisition of conditioned responses to both tone and light con-
ditioned stimuli. The results indicated that the enhancement of acquisition produced by LSD and the retardation of
acquisition produced by morphine were not due to effects of the drugs on either the sensory processing of the air-puff
unconditioned stimulus or on the motoric expression of the unconditioned response.

LSD Morphine Classical conditioning Nictitating membrane response Rabbit

THE results of recenl studies, employing the chtssic:dly Harvey, i. Gormezuno and V. A. CooI-Hauser, unpublished
conditioned nictitating membrane response (NMR) of the data). Morphine (0.2 to l0 mg/kg) had no effect on the ampli-
rabbit, suggest that drugs alter the rate of acquisition of rude or latency of UCRs elicited by a fixed intensity (3 mA)
conditioned responses (CRs) to a tone conditioned stimulus shock UCS during the unpaired presentations of tones, lights
(CS), by altering the sensory processing of the tone CS in a and shock UCSs [171, Using a range of shock intensities, mor-
manner analogous to an increase or decrease in its nominal phine (5 mg/kg) again had no effect on either UCR latency or
intensity [18]. For example, d-lysergic acid diethylamide on the UCS intensity threshold for elicitation of UCRs, but
(LSD) enhanced the rate of CR acquisition to a tone CS and, did produce a significant decrease in both the magnitude and
in previously trained animals, lowered the intensity threshold amplitude of the UCR elicited by a shock UCS [18]. These
of a tone CS for elicitation of CRs [6]. Atropine [2], haloper- results suggest that the effects of LSD and morphine on CR
idol [71, morphine [18] and scopolamine [9,141 retarded the acquisition may have been due to their effects on the sensory
rate of CR acquisition and raised the intensity threshold of a processing of the tone CS and/or on the unconditioned nic-
tone CS for elicitation of CRs. Moreover, the degree of titating membrane reflex, but leaves unclear which of these
enhancement or retardation of CR acquisition was highly effects was primarily responsible for the observed changes in
correlated with the degree of change in the CS intensity CR acquisition.
threshold [18]. Since atropine [2], haioperidol [71 and The rabbit NMR consists of the passive extension of the
scopolamine [9] had no effect on the intensity threshold of nictitating membrane across the cornea, however, this re-
the shock unconditioned stimulus (UCS) for elicitation of sponse can be produced by two separate reflex pathways
unconditioned responses (UCRs) or on the amplitude and depending on the UCS employed. Nictitating membrane re-
latency of the elicited UCR, one can conclude that these sponses elicited by tactual stimulation of the cornea by
drugs retarded CR acquisition by their ability to block the means of an air puff are primarily mediated by retractor bulbi
sensory processing of the CS. motoneurons in the accessory abducens nucleus via the VIth

Attempts to localize the behavioral actions of morphine nerve [10,12]. The contraction of the retractor bulbi muscle
and LSD have not been as successful. Although, LSD tar- pulls the eye back into the orbit and the force of this action
Irate (0.013 mg/kg) had no effect on latencies of the UCR squeezes the nictitating membrane across the globe [1,15]. In
elicited by a shock UCS, it did decrease the UCS intensity contrast, NMRs elicited by electric shock delivered to the
threshold for elicitation of UCRs, increased the magnitude of skin over the paraorbital region of the head are produced to an
UCRs and increased the amplitude of elicited UCRs (J. A. approximately equal extent by contraction of the retractor
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bulbi muscle via the Vlth nerve and by contraction of the dissolved in sterile, nonpyrogenic, distilled water. LSD or its
orbicularis oculi muscle via the Vllth nerve which then vehicle were injected into the marginal ear vein via a Har-

squeezes the nictitating membrane over the cornea [12]. yard infusion pump (Model No. 975) in a volume of 0.4 ml/kg
The differences in the effector systems involved in the at a rate of 3 ml/min. The dose of LSD (0.013 mg/kg) is

UCRs elicited by electric shock vs. air puff allows for the expressed as the salt form.
possibility of differential drug actions on the NMR depend-
ing on the UCS employed. We have, therefore, examined the Procedure fi_r UCS-UCR Psychophysical Functions

effects of both morphine and LSD on the unconditioned Twenty-four experimentally naive rabbits received one
NMR elicited by a wide range of air puff intensities in order 50-rain adaption session during which no stimuli were pre-
to obtain a measure of possible drug effects on the UCS sented or drug injected. However, in order to obtain a meas-
intensity threshold for elicitation of UCRs as well as on the ure of baseline responding, NMRs were recorded at obser-
latency, magnitude and amplitude of the elicited UCRs. In vation intervals employed during testing. One day after ad-
addition, we have determined whether morphine and LSD aptation, rabbits were randomly assigned to two groups and
would affect the acquisition of CRs to tone and light CSs injected with either LSD (0.013 mg/kg) or vehicle 20-30 rain
when the UCS was an air puff as was done in previous prior to each of the foUowingthree daily sessions, Each daily I
studies using electric shock as the UCS [6,181. (50-rain) session consisted of 50 air puff-alone trials pre-

sented in I0, 5-trial blocks. One of five air-puff intensities of
EXPERIMENT 1 ' 2, 10, 18, 26 and 34 Ibs/in s was presented 5 times within each

block. The order of presentation of the five intensities of air
The purpose of this experiment was to compare the ef- puff was randomly generated. Air-puff intensities refer to the

fects of LSD on unconditioned responding and on acquisi-
tion of conditioned responding to tone and light CSs when gage reading of air pressure in the line. The intertrial intervalwas randomly generated with a mean of 60 sec '(range 50-70
the UCS was a puffof air directed at the cornea. The dose of see). A UCR was defined as at least 0.5 mm of membrane
LSD tartrate used in this experiment, 0.013 mg/kg (30 extension occurring within 400 msec after onset of the 100-
nmol/kg), has been repeatedly shown to produce maximal msec air-puff UCS. The frequency, onset latency and peak
enhancement of CR acquisitibn to tone and light CSs paired amplitude of the UCRs were recorded.
with a shock UCS 13, 6, 8].

Procedure .]br Paired CS- UCS Training

METHOD Twenty-four experimentally naive rabbits received one
Subjects 60-rain adaptation session identical to that described above.

Forty-eight experimentally naive rabbits (New Zeahmd One day after adaptation, the rabbits were randomly as-
white albino) were obtained from local suppliers. The rabbits signed to two groups and given either an injection of LSD
weighed approximately 2.2 kg on arrival anti were housed (11.013 mg/kg) or vehicle 20-30 min prior to each of the fol-
individually with free access to food and water, lowing 10 daily sessions. Each daily session consisted of 60

trials composed of 30 tone-air puff and 30 light-air puff Iri'ds
presented in a randomized sequence within 10-trial blocks

Apparatus and General Procedure with the restriction that not more than three tone- or light-CS
The apparatus and procedures have been described in trials could occur consecutively. The 800-msec, I kHz, 75-dB

detail 14,5]. In brief a small loop of surgical nylon (Ethicon tone CS (0.0002 dynes/cm =referencel was delivered through
4-0) was sutured into the right nictitating membrane, and the the speaker by an audio-oscillator (Hewlett-Packard, Mt_tel
surrounding hair was removed. One day later, the rabbit was 201CR). The 800-msec flashing light CS was produced by
placed in a Plexiglas restrainer and an external eyelid retrac- interruption of the houselights at 10 Hz to yield a change in
tor was applied to the right eye. The rabbit was then fitted illumination, measured at the eye level of the rabbit, from
with a headmount that supported a photoresistive assembly 32.0 Ix to 8.0 Ix. The 100-msec, 30 Ibs/in 2air-puff UCS was
for recording the NMR by physically coupling the arm of the delivered to the cornea through the blunt hypodermic nee-
assembly to the loop in the right nictitating membrane. The die. On each conditioning trial the offset of the 800-msec
transducer assembly converted nictitating membrane tone or light CS occurred simultaneously with the onset, at
movements to electrical signals, which were subjected to an the cornea, of the 100-msec air-puff UCS. The intertrial
analog-to-digital conversion using a 5-msec sampling rate and interval was randomly generated with a mean of 60 sec
a resolution of 0.06 mm actual membrane movement. A 16- (range 5(I-70 see). A response was defined as at least a 0.5
gage, blunt hypodermic needle through which the air-puff mm extension of the nictitating membrane, and was recorded
UCS was presented was also connected to the headmount as a CR if it occurred during the 800-msec CS and as a UCR
and positioned so that the end of the needle was directed at if it occurred after UCS onset. The onset latency ofthe NMR
the center of the cornea of the rabbit's right eye and at a was also recorded.
distance of 6 mm from its surface. The rabbit was then posi-
tioned in a ventilated, sound-attentuated chamber facing a I)ata Analysis

stimulus panel containing an 11.4-cm speaker and two 6-w, A repeated measures analysis of variance was performed
24-V, d.c. houselights, one mounted on each side of the on the data of each experiment with follow-up analyses to
speaker. Experimental control, analog-to-digital conversion localize significant sources of variation carried out by the
of nictitating membrane movement and data processing were method of Dunnett I I I 1.Significance level was set atp <0.05,
all accomplished by an Apple ll/FIRST operating system 1161. two tailed.

Drags RESUI,TS

LSD (d-lysergic acid diethylamide tartrate, NIDA) was As shown in Fig. !, the vehicle and LSD injected groups
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I"1(;. I, I:.l]'cclof I,SI) lalll;ll¢ (0.01._I11_/1_) _Jl| LJCR fl'cqllcnk'y (panel :l). U('R nl:lgnilildc (panel b)
and UCR laleucy (panel c) ;isa I'uncllon of LJCSintcnsily. Fach poinl is lh¢ mum, of 12rabbits.

demonstrated significant (p<O.(X)l) increases in UCR fre- IO0 .(=)
queney (panel ;.i), increases in LJCR illa_l|iludc (panel b) and _ O
decreases in UCR latency (panel c) as a function of increas- o OLSD ,,.f "
ing intensities o1"the air-puff UCS. However, LSD had no so
significan! effect on the frequency, magnitude or lalency of
UC'Rs as conlparcd with vehicle injected controls. A sepa-

rate analysis of UCR amplitudes also failed to reveal any _ IB0significant differences between LSD and vehicle treated con- ta
trois (data not shown). In addition, there were no significant I_
two-way interactions between drug treatment and either
UCS intensity or daily session, a: 40

LSD (0.013 mg/kg) significanlly (p<0.001) enhanced the
overall level of CRs as well as the rate of acquisition of CRs,
to both tone and light CSs combined, during paired CS-UCS
training (Fig. 2, panel a). Rabbits receiving I,SD had reached 2o ,
a level of 94.0% CRs by the 10th conditioning session as
compared with 69.5% CRs for the vehicle controls. 3"he
enhancement of CR acquisition produced by LSD was also o v , _ i ......
reflected in the significantly (p<0.001) shorter NMR onset

laten¢ies during training. By the IOth conditioning day the r(l=)average NMR onset latency for the LSD group was 227 msec
as compared to 440 msec for vehicle controls. The statistical aDO
analyses based on either percent CRs or NMR onset latency ,

variation nor did Modality enter into any significant interac-
lions with Days or Drug Treatment. in order to obtain a
measure of the rate of CR acquisition we calculated, for each
animal, the number of trials required to reach a criterion of
10 consecutive CRs, irrespective of CS modality. Rabbits
injected with LSD reached this stringent criterion of CR ac-
quisition in 188 trials which was significantly Lo<0.(301) fas-

ter than the 402 trials required by controls, z_zoo I_

/ l i |

EXPERIMENT2 O" 'l :_ :_ '_ ; S * 6 ; tO
The purpose of Experiment 2 was to determine whether DAYS

morphine would also have a differential effect on CR acqui- FIG. 2. Effect of LSD tartrate (0.013 mg/kg) on acquisition of CRs to
sit(on and UCR elicitation when the UCS was tactual stimu- tone and lighl CSs combined across the l0 days of paired CS-UCS
lation of the cornea by means of a puff of air. The dose of training. Each point is Ihe mean of 12 rabbits.
morphine sulfate used in this experiment (5 mg/kg) had been
shown in a number of other studies to produce a reliable
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FIG. 3. Effect of morphine sulfate (5 mg/kg,) on UCR frequency (panel a), UCR magnitude (panel b)
and UCR latency (panel c) as a function of UCS intensity. Each point is the mean of 12 rabbits.

retardation in CR acquisition and in U_'R magnitudes when 10o1-(,,)

the UCS was electric shock, 117, 18, 191. ]L 0-.-o MORI_IINE
METIIOD 1 _ _ SALINE

Subjects sO

The subjects were 48 experimentally naive rabbits (New

Zealand white albino) obtained and housed as described in _: so
Experiment1. o

/'r,.'ed.r,, uw
The procedures for obtaining the UCS-UCR psychophys- t_ 40o.

ical functions and for paired CS-UCS training were identical
to those of Experiment I except that the intensity of the tone
CS was increased from 75- to 84-dB. Morphine sulfate (Mal- 2
linckrodt) was dissolved in sterile, nonpyroganic, saline to
give a final dose of 5 mg/kg as the salt. Injections were car-
ried out as described for Experiment I. J _ _ _ _ , _ , j

RESUI,TS "(b)

As shown in Fig. 3, both the morphine and vehicle in- eo0
jected rabbits demonstrated an increase in UCR frequency
(panel a), increase in UCR magnitude (panel b) and decrease "_
in UCR latency which were a significant function of increas- _ 6OC
ing intensities of the air-pnff U('S (I,:I).I_H. Forall compari- ),..
sons). However. morphine (5 mg/kg) had no significant effect uZ
on the frequency, magnitude or latency of the UCR. Mor- _ 400
phine also had no significant effect on UCR amplilude (tlala <[
not shown). J

Morphine (5 mg/kg) significantly (p<0.O01) retarded ac- _:
quisition of percen! (,Rs Io bolh lone and light CSs combined z_200
during paired CS-tI('S Iraining (Fig. ,1. panel a). Rabbils re-
ceiving morphine had only reached a level of 25.8% CRs by
the II)lh condilioning session as compared with 73.1% CRs o , , J _ i _ i -
for the saline controls. None o1"the rabbits receiving mor- i 2 3 4 5 6 7 O _J tO
phine reached a criterion of If) consecutive ('Rs by the lasl DAYS
(6(X)th trial) while 10 of the 12 rabbits receiving saline

FIG. 4. Effecl of morphine s|ilfate (5 mg/kg) on acquisition of CRs to
reached this criterion. Thus lhe average numbcr of trials to tone and light ('Ss combined aerosol0 days of paired CS-I ICS train-
reach criterion was: saline controls. 4lO; morphine. • 600. ing. F,ach poit_t rcprescnlsthc mcanof 12 rabbits.
The retardant effect of morphine on (_'Racquisition was also
reflected in significantly (p<0.001) longer NMR onset laten-
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tics during tile IO days of conditioning (l"ig. 4, panel b). By tone ;Ftltl lighl CSs Ihal had been paired with tile air-pull"
the last, II)lh, day of ¢_mdilioning, the average N MR onset UCS. Thus, changes in CR acquisition produced by LSD and
latency for II)e ntorphinc gloIFp (741 reset) wan still nignifi- Fnorl_hine do not appeaF" to be due Its any el'lccls t)f these
easily (p.. 0.0OI i hmgcr Ill;FitIh;It ofcontlols (411(_mncci. The drngs on the SCl)sory pFocessing oflhe ail-puff UCS oron the
statistical analyses indicated the absence of any significant motoric expression of the UCR. Since, with the use of an
effect of CS Mod_.dily or its interactions with Days or Drug air-pull" UCS, both the UCR and CR are mediated by the
TF'¢;Itlncnl tbr either percent ('Rs or NMR onnet ]alcncy. sal))C final coFnnlon i_athw.'w via the Vllh nerve 110,121,

these F'CStFIIs;lists suggest Ihal I.SD and morphine arc not
GFNERAL DISCUSSION affecting the motoric expression of the CR. Using the rabbit

Previous studies had demonstrated that I.SI) lartralc NMR preparation, Mauk el al. 1131also found, in previously
trained rabbits, that morphine could block the occurrence of10.1113mg/kg) enhanced 13, 6, 81 while morphine sulfate (5

mg/kg) retarded 117, 18, 191 the rate of CR acquisition to both CRs to a tone CS without an effect on the amplitude of the
tone and light CSs when they were paired with a UCS con- UCR elicited by the air-puff UCS. These results, therefore,
sisting of electric shock delivered to the skin just lateral to support previous suggestions that the changes in the rate of

CR acquisition produced by both I,SI) and morphine are duethe eye. Usiug previously trained animals, LSI) was found It)

decrease 161 and morphine to increase 1181 the intensity to their effects on the sensory processing of the CS [181.
threshold of a tone CS for elicitation of CRs. In addition, Although this study did not directly compare the effects

of LSD and morphine on the UCR elicited by an air puffvs, ausing a wide range of shock intensities, LSD was found to
decrease the intensity threshold of the shock UCS lbr elici- shock UCS, the results do suggest a differential drug action
tation of UCRs and increase the magnitude as well as the on these two UCSs. Since the unconditioned NMR elicited
amplitude of the elicited UCR (J. A. Harvey, i. Gormezano by tactual stimulation of the cornea is primarily mediated by
and V. A. CooI-Hauser, unpublished data), while morphine the accessory abducens nucleus via a Vlth nerve rellex
decreased UCR magnitude and amplitude without affecting 110,121, the results of the present study suggest that LSD and
either UCR latency or the intensity threshold of the shock morphine have little effect on this Vlth nerve refex. How-
UCS for elicitation of UCRs 118]. These findings suggested ever, NMRs elicited by electric shock are mediated to an
that the changes in the rate of CR acquisition produced by equal extent by both a retraction of the eyeball via the Vlth

nerve and a contraction of the orbicularis oculi muscle via
LSD and morphine might be due to changes in the sensory
processing of both the CS and UCS. Moreover, to the extent the Vllth, facial, nerve [ 12]. Thus, the previous findings that
that LSD increased and morphine decreased the amplitude morphine and LSD have significant effects on the N MR elic-
of the shock-elicited UCR, it was also possible that changes ited by an electric shock UCS suggests that these drug el'-
in CR acquisition might be related to changes in the motoric fects may be primarily due to an action on the Vllth nerve
expression of the NMR. reflex.

In contrast with Ihe outcome of previous studies that
employed electric shock as the UCS, the results of Experi-
ments I and 2 indicated that LSD tartrate (0.013 mg/kg) and ACKNOWLEDGEMENTS

morphine sulfate 15 mg/kg) had no significant effect on either We thank the Natiomd Institute on Drug Abuse for the supply of
the threshold of the air-puff UCS for elicitation of UCRs or LSD and Scott Breining and Marvin Lamb for their invaluable
on the amplitude, magnitude and latency of the UCR. Never- assistance. This research was s_pported by Grants MH 16841, DA
theless, LSD still produced a significant enhancement and 01759, NSF BNS 80-05907 and 83-09826 and by National Research
morphine a significant retardation of CR acquisition to both Service Award F32 DA 05245-02 to C.W.S.

REFERENCES

I. Cegavske, C. F., R. F. Thompson, M. M. Patterson and I. 7. Harvey, J. A. and I. Gormezano. Effects of halopcridol and
Gormezano. Mechanisms of efferent neuronal control of the pimozide on classical conditioning of the rabbit nictitating
reflex nictitating membrane response in rabbit (Oryrlolagus b membrane response.J PharmacolExp Ther 218: 712-719, 1981.
cunic',lus). J Comp Physiol Psyc'tud 90: 411-423, 1976. 8. Harvey, J. A. I. Gormezano and V. A. Cool. Effects of

2. Downs, D., C. Cardozo, N. Schneiderman, A. Yehle, D.H. d-lysergic acid diethylamide, d-2-bromolysergic acid dieth-
VanDercar and G. Zwilling. Central effects of atropine upon ylamide, d/-2,5-dimethoxy-4-methylamphetamine and d-ampheta-
aversive classical conditioning in rabbits. Psychophar- mine on classicalconditioning of the rabbit nictitating membrane
macologia 23:319--333, 1972. response. J Pharmacol E:_p Ther 221: 289-294, 1982.

3. Gimpl, M. P., 1. Gormezano and J. A. Harvey. Effects of LSD 9. Harvey, J. A., 1. Gormezano and V. A. CooI-Hauser. Effects
on learning as measured by classical conditioning of the rabbit of scopolamine and methylscopolamine 'on classical condition-
nictitating membrane response. J Pharmacol E.rp "[her 208: ing of the rabbit nictitating membrane response. J Pharmacol
330--334, 1979. Exp Ther 225: 42-49, 1983.

4. Gormezano, 1. Classical conditioning. In: Experimental 10. Harvey, J. A., T. Land and S. E. McMaster. Anatomical study
Methods and Instrmnentation in Psycludogy, edited by J.B. of the rabbits's corneaI-Vlth nerve reflex: Connections between
Sidowski. New York: McGraw-Hill, 1966, pp. 385--420. cornea, trigeminal sensory complex, and the abducens and ac-

5. Gormezano, I., E..I. Kehoe and B. S. Marshall. Twenty years cessory abducens nuclei. Brain Res 301: 307-321, 1984.
of classical conditioning research with the rabbit. In: Progress I1. Keppel, G. Design and Analysis: A Researcher's Handbook.
in Psychobiology and Physiological Psychology, vot 10, edited Englewood Cliffs, NJ: Prentice-Hall, 1973.
by J. M. Sprague and A. N. Epstein. New York: Academic 12. Marek, G. J., S. E. McMaster, 1. Gormezanoand J. A. Harvey.
Press, 1983, pp. 197-275. The role of the accessory abducens nucleus in the rabbit nictitat-

6, Gormezano, I. and ,1. A. Harvey, Sensory and associative ef- ing membrane response. Brain Res 299: 215-229, 1984.
feels of LSD in classical conditioning of rabbit (Oryctolagus 13. Mauk, M. D., J. T. Warren and R. F. Thompson, Selective,
t'llllit'tllll._') nictitating membrane response, d Cornp Physiol naloxone-reversible morphine depression of learned behavioral
Psycho/94: 641-649, 1980. and hippocampal responses. Science 216: 434-436, 1982.



46 SCHINDLER, GORMEZANO AND HARVEY

14. Moore, J. W., N. A. Goodell and P. R. Solomon. Central 18. Schindler, C. W., 1. Gormezano and J. A. Harvey. Sensory and
cholinergic blockade by scopolamine and habituation, classical associative effects of morphine and naloxone in classical condi-
conditioning, and latent inhibition of the rabbit's nictitating tioningofthe rabbit. Psychopharmacology (Berlin) 83: 114--121,
membrane response. Physiol Psychol 4: 395-399, 1976. 1984.

15. Prince, J. H. The Rabbit in Eye Research. Springfield, IL: 19. Schindler, C.W..M.R. Lamb, l. GormezanoandJ. A. Harvey.

Charles C. Thomas, 1964, Effects of morphine, ethylketocyclazocine and N-allylnor-
16. Scandrett, J. and I. Gormezano. Microprocessor control and metazocine on classical conditioning of the rabbit nictitating mem-

A/D data acquisition in classical conditioning. Behav Res brane response. Sot. Neu,'osciAbstr 9: 828, 1983.
Method Instr 12: 120-125, 1980.

17. Schindler, C. W., I. Gormezano and J. A. Harvey. Effect of
morphine on acquisition of the classically conditioned nictitating
membrane response of the rabbit. J Pharmacol Exp Ther 227:
639-643, 1983.


