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SCHINDLER, C W., I GORMEZANO AND J A HARVEY Effects of morphme and LSD on the classwally 
condmoned mcntatmg membrane response PHARMACOL BIOCHEM BEHAV 22(1) 41--46, 1985 --Two experiments 
were earned out to determine the effects of LSD and morphine on the uncondRloned mctatatmg membrane response of the 
rabbit ehclted by 5 intensities of a 100 msec puff of aw dtrected at the cornea, and on the acquisRlon of condltmned 
responses to a tone and hght condRloned stanulus using the air-puff as an uncondltmned stamulus In Experiment 1, LSD 
tartrate (0 013 mg/kg) had no effect of the frequency, amplitude, magmtude or latency of the unconditioned response. 
However, LSD slgmficantly enhanced the rate of acqulsRmn of condmoned responses to both tone and hght condlttoned 
stlmuh In Experiment 2, morplune sulfate (5 mg/kg) had no effect on the frequency, amphtude, magmtude or latency of the 
uncondmoned response, but slgmficantly retarded the acqmsmon of condmoned responses to both tone and hght con- 
d~t~oned stanuh The results indicated that the enhancement of acqmsR~on produced by LSD and the retardatmn of 
acqms~tlon produced by morphine were not due to effects of the drugs on e~ther the sensory processing of the mr-puff 
unconditioned stimulus or on the motonc expressmn of the uncondR~oned response. 

LSD Morphme Classical condltJomng Nictitating membrane response Rabbit 

THE results of recent stud,es, employing the classtcaily 
condit,oned mct,tatmg membrane response (NMR) of the 
rabbit, suggest that drugs alter the rate of acqms,tion of 
conditioned responses (CRs) to a tone condRloned sttmulus 
(CS), by aitenng the sensory processing of the tone CS m a 
manner analogous to an increase or decrease m its nominal 
intensity [18] For example, d-lysergtc ac,d d,ethylam,de 
(LSD) enhanced the rate o fCR acqmsition to a tone CS and, 
m previously trained ammals, lowered the lntens,ty threshold 
of a tone CS for ehc,tation of CRs [6]. Atropme [2], haloper- 
tdol [7], morphine [18] and scopolamine [9,14] retarded the 
rate of CR acqms,t,on and raised the intensity threshold of a 
tone CS for ellc,tat,on of CRs. Moreover, the degree of 
enhancement or retardaUon of CR acqmsitson was h,ghly 
correlated w,th the degree of change m the CS intensity 
threshold [18]. Since atropme [2], haioperidol [7] and 
scopolamine [9] had no effect on the intensity threshold of 
the shock unconditioned stimulus (UCS) for ehcitatlon of 
uncondRloned responses (UCRs) or on the amphtude and 
latency of the ehc,ted UCR, one can conclude that these 
drugs retarded CR acqms,tion by then" abdlty to block the 
sensory processing of the CS. 

Attempts to locahze the behav,oral act,ons of morphine 
and LSD have not been as successful. Although, LSD tar- 
trate (0.013 mg/kg) had no effect on latencies of the UCR 
ehc,ted by a shock UCS, it did decrease the UCS mtensRy 
threshold for elicitaUon of UCRs, increased the magnitude of 
UCRs and increased the amplitude of elicited UCRs (J. A 

Harvey, I Gormezano and V A. Cool-Hauser, unpublished 
data). Morphine (0.2 to 10 mg/kg) had no effect on the ampli- 
tude or latency of UCRs ehcited by a fixed mtensity (3 mA) 
shock UCS during the unpaired presentations of tones, lights 
and shock UCSs [17]. Using a range of shock intensities, mor- 
phine (5 mg/kg) again had no effect on either UCR latency or 
on the UCS intensity threshold for elicaatlon of UCRs, but 
did produce a significant decrease in both the magnitude and 
amphtude of the UCR elicited by a shock UCS [18]. These 
results suggest that the effects of LSD and morphine on CR 
acqmsRlon may have been due to then- effects on the sensory 
processing of the tone CS and/or on the unconditioned nic- 
titating membrane reflex, but leaves unclear which of these 
effects was primarily respons,ble for the observed changes m 
CR acqmsition. 

The rabb,t NMR consists of the passive extension of the 
mctitating membrane across the cornea, however, this re- 
sponse can be produced by two separate reflex pathways 
depending on the UCS employed. Nlct,tating membrane re- 
sponses ehclted by tactual stimulation of the cornea by 
means of an air puff are primarily medmted by retractor bulbi 
motoneurons m the accessory abducens nucleus via the VIth 
nerve [10,12]. The contraction of the retractor bulbi muscle 
pulls the eye back into the orbit and the force of tlus act,on 
squeezes the mctitatmg membrane across the globe [1,15]. In 
contrast, NMRs elicited by electric shock delivered to the 
skm over the paraorbital region of the head are produced to an 
approximately equal extent by contraction of the retractor 
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bulbl muscle via the Vlth nerve and by contraction of the 
orblculans ocuh muscle via the VIIth nerve which then 
squeezes the nictitating membrane over the cornea [12] 

The differences in the effector systems revolved in the 
UCRs ehcited by electric shock vs air puff allows for the 
posslblhty of differential drug actions on the NMR depend- 
mg on the UCS employed We have, therefore, examined the 
effects of both morphine and LSD on the unconditioned 
NMR elicited by a wide range of atr puff intensities in order 
to obtain a measure of possible drug effects on the UCS 
intensity threshold for ehcitatlon of UCRs as well as on the 
latency, magnitude and amphtude of the ehclted UCRs In 
addition, we have determined whether morphine and LSD 
would affect the acquisition of CRs to tone and light CSs 
when the UCS was an air puff as was done in previous 
studies using electric shock as the UCS [6,18]. 

EXPERIMENT 1 

The purpose of this experiment was to compare the ef- 
fects of LSD on unconditioned responding and on acquisi- 
tion of conditioned respondmg to tone and hght CSs when 
the UCS was a puffof  air directed at the cornea The dose of 
LSD tartrate used in this experiment, 0 013 mg/kg (30 
nmol/kg), has been repeatedly shown to produce maximal 
enhancement of CR acquisition to tone and hght CSs paired 
with a shock UCS [3, 6, 8] 

METHOD 

Subjects 

Forty-eight experimentally naive rabbits (New Zealand 
white albino) were obtained from local suppliers. The rabbits 
weighed approximately 2 2 kg on arrival and were housed 
individually with free access to food and water 

Apparatus and General Procedure 

The apparatus and procedures have been descnbed m 
detad [4,5] In bnef  a small loop of surgical nylon (Ethlcon 
4-0) was sutured into the right nictitating membrane, and the 
surrounding hair was removed. One day later, the rabbit was 
placed in a Plexlglas restrainer and an external eyehd retrac- 
tor was applied to the right eye The rabbit was then fitted 
with a headmount that supported a photoreslstlve assembly 
for recording the NMR by physically couphng the arm of the 
assembly to the loop in the right nictitating membrane. The 
transducer assembly converted nictitating membrane 
movements to electrical signals, which were subjected to an 
analog-to-digital conversmn using a 5-msec samphng rate and 
a resolution of 0.06 mm actual membrane movement A 16- 
gage, blunt hypodermic needle through which the air-puff 
UCS was presented was also connected to the headmount 
and positioned so that the end of the needle was directed at 
the center of the cornea of the rabbit 's right eye and at a 
distance of 6 mm from its surface The rabbit was then posi- 
tioned in a ventilated, sound-attentuated chamber facing a 
stimulus panel contamlng an 11.4-cm speaker and two 6-w, 
24-V, d.c houselights, one mounted on each side of the 
speaker Experimental control, analog-to-digital conversion 
of nictitating membrane movement and data processing were 
all accomphshed by an Apple II/FIRST operating system [16] 

Drugs 

LSD (d-lyserglc acid diethylamlde tartrate, NIDA) was 

dissolved in sterile, nonpyrogenlc, d~stllled water LSD or ~ts 
vehicle were injected into the marginal ear veto via a Har- 
vard infusion pump (Model No 975) in a volume of 0 4 ml/kg 
at a rate of 3 ml/mln The dose of LSD (0 013 mg/kg) ~s 
expressed as the salt form 

Procedure for UCS-UCR Psychophystcal Functions 

Twenty-four experimentally naive rabbits received one 
50-min adaption session during which no stlmuh were pre- 
sented or drug injected However, in order to obtain a meas- 
ure of baseline responding, NMRs were recorded at obser- 
vation intervals employed during testing One day after ad- 
aptation, rabbits were randomly assigned to two groups and 
injected with either LSD (0 013 mg/kg) or vehicle 20-30 mln 
prior to each of the following three dally sessions Each dally 
(50-mm) session consisted of 50 air puff-alone trials pre- 
sented in I0, 5-trial blocks One of five air-puff intensities of 
2, 10, 18, 26 and 34 lbs/ln 2 was presented 5 times within each 
block The order of presentation of the five Intensities of air 
puffwas randomly generated Alr-pufflntensltles refer to the 
gage reading of air pressure in the line The intertnal interval 
was randomly generated with a mean of 60 sec '(range 50-70 
sec) A UCR was defined as at least 0 5 mm of membrane 
extension occurring within 400 msec after onset of the 100- 
msec air-puff UCS The frequency, onset latency and peak 
amplitude of the UCRs were recorded 

Procedure for Paired CS- UCS Tramtng 

Twenty-four experimentally naive rabbits received one 
60-mln adaptation session identical to that described above 
One day after adaptation, the rabb~ts were randomly as- 
signed to two groups and g~ven either an injection of LSD 
(0 013 mg/kg) or vehicle 20-30 mln prior to each of the fol- 
lowing 10 dally sessmns Each daily session consisted of 60 
trials composed of 30 tone-air puff and 30 light-air puff trials 
presented in a randomized sequence within 10-trml blocks 
with the restrlctmn that not more than three tone- or hght-CS 
trmls could occur consecutively The 800-msec, 1 kHz, 75-dB 
tone CS (0 0002 dynes/cm 2 reference) was dehvered through 
the speaker by an audlo-oscdlator (Hewlett-Packard, Model 
201CR) The 800-msec flashing light CS was produced by 
interruption of the househghts at 10 Hz to yield a change m 
Illumination, measured at the eye level of the rabbit, from 
32 0 lx to 8.0 lx The 100-msec, 30 lbs/ln 2 air-puff UCS was 
dehvered to the cornea through the blunt hypodermic nee- 
dle On each conditioning trial the offset of the 800-msec 
tone or light CS occurred simultaneously with the onset, at 
the cornea, of the 100-msec a~r-puff UCS The lntertnal 
interval was randomly generated with a mean of 60 sec 
(range 50-70 sec) A response was defined as at least a 0 5 
mm extension of the nictitating membrane, and was recorded 
as a CR if it occurred during the 800-msec CS and as a UCR 
if it occurred after UCS onset The onset latency of the NMR 
was also recorded 

Data Analysis 

A repeated measures analysis of variance was performed 
on the data of each experiment with follow-up analyses to 
locahze significant sources of variation carried out by the 
method of Dunnett [11] Significance level was set a tp<0.05,  
two taded 

RESULTS 

AS shown m Fig 1, the vehicle and LSD injected groups 
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Effect of LSD tartrate (0 013 mg/kg) on UCR frequency (panel a), UCR magmtude (panel b) 
and UCR latency (panel c) as a function of UCS intensity Each point ts the mean of 12 rabbits 

demonstrated significant (p<0.001) increases m UCR fre- t o o  

quency (panel a), increases in UCR magnitude (panel b) and 
decreases in UCR latency (panel c) as a function of  increas- 
ing intensities of  the air-puff UCS. However,  LSD had no ao 
significant effect on the frequency, magnitude or latency of 
UCRs as compared with vehicle injected controls. A sepa- 
rate analysis of  UCR amplitudes also faded to reveal any m 
significant differences between LSD and vehicle treated con- oa: 60 
trols (data not shown). In addition, there were no significant t- 
two-way interactions between drug treatment and either 

o UCS intensity or daily session, a: 4o 
LSD (0 013 mg/kg) significantly 09<0.001) enhanced the 

overall level of CRs as well as the rate of acqmsltlOn of CRs, 
to both tone and light CSs combined, during paired CS-UCS 
training (Fig. 2, panel a). Rabbits receiving LSD had reached 2o 
a level of  94.0% CRs by the 10th conditioning session as 
compared with 69.5% CRs for the vehicle controls. The 
enhancement of  CR acqmsmon produced by LSD was also o 
reflected in the significantly (p<0.001) shorter NMR onset 
latencies dunng training. By the 10th conditioning day the 
average NMR onset latency for the LSD group was 227 msec a o o  
as compared to 440 msec for vehicle controls The statistical 
analyses based on either percent CRs or NMR onset latency 

revealed that CS Modahty was not a ssgntficant source of i i i i  
variation nor did Modahty enter into any significant interac- 
tions wsth Days or Drug Treatment.  In order  to obtain a 
measure of the rate of CR acquisition we calculated, for each 
ammal, the number of  trials required to reach a cr l tenon of 
10 consecutive CRs, irrespective of CS modallty Rabbits 
injected with LSD reached this stnngent cn tenon  of CR ac- 
quisition in  188 trmls which was significantly (p<0.001) fas- ,~ 
ter than the 402 trmls required by controls ~'2oo 

EXPERIMENT 2 

The purpose of  Experiment 2 was to determine whether 
morphme would also have a differential effect on CR acqui- 
sition and UCR ellcltation when the UCS was tactual stimu- 
lation of the cornea by means of  a puff of air. The dose of 
morphine sulfate used in this experiment (5 mg/kg) had been 
shown in a number of other studies to produce a rehable 
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FIG 2 Effect ofLSD tartrate (0 013 mg/kg) on acquisition of CRs to 
tone and hght CSs combined across the 10 days of pmred CS-UCS 
training Each point is the mean of 12 rabbits 
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FIG 3 Effect of morphine sulfate (5 mg/kg) on UCR frequency (pane] a), UCR magmtude (panel b) 
and UCR latency (panel c) as a funcuon of UCS intensity Each point is the mean of 12 rabbits 

retardation in CR acqmsltion and in U(2R magnitudes when 
the UCS was electric shock [17, 18, 19] 

M E T H O D  

Subjects 

The subjects were 48 experimentally naive rabbits (New 
Zealand white albino) obtained and housed as described in 
Expenment  1 

Procedure 

The procedures for obtaining the UCS-UCR psychophys- 
]cal functions and for pmred CS-UCS trammg were identical 
to those of Experiment 1 except that the intensity of  the tone 
CS was increased from 75- to 84-dB. Morphine sulfate (Mal- 
hnckrodt) was dissolved in sterde, nonpyrogenlc, saline to 
gwe a final dose of 5 mg/kg as the salt InJections were car- 
ned out as described for Experiment 1 

R E S U L T S  

As shown in Fig 3, both the morphine and vehicle re- 
jected rabbits demonstrated an increase m UCR frequency 
(panel a), Increase m UCR magmtude (panel b) and decrease 
in UCR latency which were a slgmficant function of  increas- 
ing intensities of the air-puff UCS (p<0.001, for all compari- 
sons) However ,  morphine (5 mg/kg) had no slgmficant effect 
on the frequency, magmtude or latency of  the UCR Mor- 
phine also had no slgmficant effect on UCR amphtude (data 
not shown) 

Morphine (5 mg/kg) slgmficantly (p<0 001) retarded ac- 
quisition of percent CRs to both tone and hght CSs combined 
during paired CS-UCS training (Fig 4, panel a). Rabbits re- 
ce]vmg morphine had only reached a level of  25 8% CRs by 
the 10th con&tionmg session as compared with 73 1% CRs 
for the saline controls. None of  the rabbits receiving mor- 
phine reached a criterion of 10 consecutive CRs by the last 
(600th trial) whde 10 of the 12 rabbits recewlng saline 
reached ttus criterion. Thus the average number of  trials to 
reach criterion was sahne controls, 419, morphine, > 600 
The retardant effect of morphine on CR acquisition was also 
reflected in sigmficantly (p<0 001) longer NMR onset laten- 
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FIG 4 Effect of morphine sulfate (5 mg/kg) on acqmsluon of CRs to 
tone and light CSs combined across 10 days of paired CS-UCS tram- 
mg Each point represents the mean of 12 rabbits 
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cies during the 10 days of condlUomng (Fig. 4, panel b). By 
the last, 10th, day of conditlonmg, the average NMR onset 
latency for the morphine group (741 msec) was still signifi- 
cantly (p <0.001) longer than that of controls (406 msec). The 
statistical analyses Indicated the absence of any significant 
effect of CS Modality or its interactions with Days or Drug 
Treatment for either percent CRs or NMR onset latency 

GENERAL DISCUSSION 

Previous studies had demonstrated that LSD tartrate 
(0.013 mg/kg) enhanced [3, 6, 8] while morphine sulfate (5 
mg/kg) retarded [17, 18, 19] the rate of CR acquisition to both 
tone and light CSs when they were paired with a UCS con- 
s~sting of electric shock dehvered to the skin just  lateral to 
the eye. Using previously trained animals, LSD was found to 
decrease [6] and morphine to increase [18] the intensity 
threshold of a tone CS for ehcitation of CRs. In addition, 
using a wide range of shock intensities, LSD was found to 
decrease the intensity threshold of the shock UCS for elici- 
tation of UCRs and increase the magnitude as well as the 
amplitude of the elicited UCR (J. A Harvey, I Gormezano 
and V. A Cool-Hauser, unpublished data), while morphine 
decreased UCR magnitude and amplitude without affecting 
either UCR latency or the intensity threshold of the shock 
UCS for ehcitation of UCRs [18]. These findings suggested 
that the changes m the rate of CR acquisition produced by 
LSD and morphine might be due to changes m the sensory 
processing of both the CS and UCS Moreover, to the extent 
that LSD increased and morphme decreased the amplitude 
of the shock-elicited UCR, it was also possible that changes 
m CR acquisition might be related to changes in the motonc 
expression of the NMR 

In contrast with the outcome of previous studies that 
employed electric shock as the UCS, the results of Experi- 
ments 1 and 2 indicated that LSD tartrate (0.013 mg/kg) and 
morphme sulfate (5 mg/kg) had no significant effect on either 
the threshold of the air-puff UCS for ehcitation of UCRs or 
on the amplitude, magnitude and latency of the UCR. Never- 
theless, LSD still produced a significant enhancement and 
morphine a significant retardation of CR acquisition to both 

tone and light CSs that had been pmred with the air-puff 
UCS. Thus, changes in CR acquisition produced by LSD and 
morphine do not appear to be due to any effects of these 
drugs on the sensory processing of the air-puff UCS or on the 
motoric expression of the UCR. Since, with the use of an 
air-puff UCS, both the UCR and CR are mediated by the 
same final common pathway via the VIth nerve [10,12], 
these results also suggest that LSD and morphine are not 
affecting the motorlc expression of the CR. Using the rabbit 
NMR preparation, Mauk et al. [13] also found, in previously 
trained rabbits, that morphine could block the occurrence of 
CRs to a tone CS without an effect on the amplitude of the 
UCR elicited by the air-puff UCS These results, therefore, 
support previous suggestions that the changes in the rate of 
CR acquisition produced by both LSD and morphine are due 
to their effects on the sensory processing of the CS [18]. 

Although this study did not directly compare the effects 
of LSD and morphine on the UCR elicited by an air puffvs, a 
shock UCS, the results do suggest a differential drug action 
on these two UCSs. Since the unconditioned NMR elicited 
by tactual stimulation of the cornea is pnmardy mediated by 
the accessory abducens nucleus via a VIth nerve reflex 
[10,12], the results of the present study suggest that LSD and 
morphine have little effect on this VIth nerve reflex How- 
ever, NMRs elicited by electric shock are mediated to an 
equal extent by both a retraction of the eyeball via the VIth 
nerve and a contraction of the orbicularls ocuh muscle via 
the VIIth, facial, nerve [12]. Thus, the previous findings that 
morphine and LSD have significant effects on the NMR elic- 
ited by an electric shock UCS suggests that these drug ef- 
fects may be primarily due to an action on the VIIth nerve 
reflex 
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