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MAROL1, A. N., W. K. TSANG AND R. M. STUTZ. Morphine and self-stimulation: evidence for action on a common 
neural substrate. PHARMAC. BIOCHEM. BEtlAV. 8(2) 119-123, 1978. - Recent studies have demonstrated that the 
self-stimulation phenomenon may provide a useful technique for investigating the rewarding properties of potentially 
addictive drugs such as morphine. The present study attempted to examine the nature of morphine's effects on 
self-stimulation by observing changes in rate-intensity functions following morphine administration. The results indicate 
that morphine markedly enhanced bar pressing for low intensity stimulation when the intensities were presented in an 
ascending sequence but morphine produced only slight changes in self-stimulation rates when a descending series was used. 
The failure of morphine to facilitate responding in the descending series suggests that adaptation of the self-stimulation 
system can block morphine's effects on this system. These findings appear to support the hypothesis that morphine affects 
the excitability of the neural system which mediates self-stimulation. 

Morphine Self-stimulation Rate-intensity functions 

IN the past several years a number  of  investigators have 
repor ted  a facil i tat ion of  self-st imulation (SS) behavior  in 
the rat fol lowing morphine  adminis t ra t ion [ 1 ,3 ,  I 1 ]. These 
observat ions have been accompanied  by findings that 
morphine  lowers positive re in forcement  thresholds for 
electrical s t imulat ion of  the medial  forebrain bundle (MFB) 
[8 ,12] .  The lat ter  results are consistent  with earlier findings 
which showed that morphine  decreases the ampl i tude  of  
EEG waves recorded f rom sites in the MFB, indicating that 
morphine  increases the exci ta t ion  of  neural e lements  in this 
s t ructure [13] .  These results lead to speculat ions  that the 
mechanism through which morph ine  enhances  SS may be 
related to the neural processes which mediate  the posit ively 
reinforcing characterist ics of  this drug (i.e., euphoria) .  That  
is, it may be that morph ine  exerts  its reinforcing effects by 
increasing the exci tabi l i ty  of  central  reward structures to 
endogenous  s t imulat ion,  thus enhancing the reward value of  
tonic levels of  neural act ivi ty [ 12].  

This hypothesis  is suppor ted  by a number  of  pharmaco-  
logical and behavioral studies which indicate that catechola-  
mine-containing neurons may have a critical role, perhaps 
providing a final c o m m o n  pathway,  in mediat ing the 
reinforcing effects of  morphine  and SS. For  example ,  it has 
been shown that  both  morphine  [18,19] and SS [2, 17, 
21 ] produce an increase in the turnover  o f  ca techolamines  
in many of  the brain structures which are anatomical ly  
related to the MFB. Fur the rmore ,  adminis t ra t ion of  alpha- 
methyl-para- tyrosine (AMPT),  a tyrosine hydroxylase  inhi- 
bi tor  which depletes brain catecholamines ,  has been found 

to suppress SS [9,16] and to block the self-administrat ion 
and the secondary reinforcing propert ies  of  intravenous 
inject ions of  morphine  { 5,61 • Pre t rea tment  with AMPT has 
also been found to a t tenuate  morphine ' s  faci l i tat ion o f  SS 
[14[ .  

These findings suggest that the SS phenomenon  may 
provide an avenue for investigating the neurochemical  
mechanisms which mediate  the reward induced by poten-  
tially addict ive agents such as morphine  and o ther  narco- 
tics. Therefore ,  the present s tudy was designed to fur ther  
examine  the nature of morphine ' s  facil i tory effect  on SS by 
observing the changes in response rates induced by mor- 
phine over  a range of  intensities which are capable of  
maintaining SS behavior.  Previous studies on SS rate-inten- 
sity funct ions have typically found that with e lectrodes  in 
the lateral hypotha lamic  region of  the MFB, SS accelerates 
with increasing intensi ty up to some opt imal  level, beyond 
which fur ther  increases produce ei ther  no facil i tat ion or  
even a decrement  in response rates [15 ,24] .  It is hypothe-  
sized that if the facil i tory effect of  morph ine  on SS is due 
to a potent ia t ion  of  the activity of  the MFB, as suggested 
by its ability to lower positive re inforcement  thresholds,  
then morphine  should produce a shift to the left of  these 
rate-intensity funct ions.  This effect  has been demons t ra ted  
previously with amphe tamine  [22] which is also repor ted  
to facilitate SS behavior in rats [20] and to produce the 
subjective experiences of  euphoria  in humans [4] .  It is not  
known,  however,  whether  morphine  and amphe tamine  
induce these effects  through a c o m m o n  neural mechanism. 
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METHOD 

Animals 

The animals were six male Sprague-Dawley albino rats 
from the University of Cincinnati animal colony. At the 
time of surgery, the animals were approximately 115 days 
old and weighed between 335-435  g. All animals were 
given food and water ad lib and housed in individual cages 
throughout the experiment. 

Surgery 

Each animal was implanted with a single bipolar stainless 
s t e e l  e l e c t r o d e  ( P l a s t i c  P r o d u c t s  C o m p a n y ,  
M S - 3 0 3 - . 0 1 8 - . 3 1 2 - . 0 1 0 ) ,  insulated except at the cross 
section of  the tip. Surgery was performed using sodium 
pentobarbital (Nembutal) anesthesia (42 mg/kg, 1P). Atro- 
pine sulfate (0.2 mg, IP) was administered 20 min prior to 
surgery in order to reduce respiratory congestion. Elec- 
trodes were implanted in the MFB using flat head coordi- 
nates: 4.5 mm posterior to bregma, 1.5 mm lateral to the 
midline, and 8.5 mm below the surface of the skull. 

Apparatus 

All animals were tested individually in an operant 
chamber (23 cm x 20 cm x 24 cm) with a Plexiglas front 
and top. The metal lever (2.5 cm x 5.0 cm), which 
activated the stimulator, was positioned 5 cm above the 
floor at one end of the chamber. A Grass Model -S8  
stimulator delivered biphasic rectangular pulses through a 
constant current circuit. Pulse pairs were delivered at a 
frequency of 100 pairs per second with a pulse width of 
2 msec and a delay of 2 msec between the positive and 
negative phases. Train duration was held constant at 
250 msec. The intensity of  the stimulation was varied in 
accordance with the experimental procedure and was 
continuously monitored on an oscilloscope (Hewlett-Pack- 
ard, Model 120AR) by measuring the voltage drop across a 
10 ks2 resistor. 

Procedure 

After a minimum of 14 days following surgery, the 
animals were shaped to self-stimulate in the experimental 
chamber. Preliminary training consisted of  daily 30 min 
sessions on four consecutive days. On each of the next four 
days each animal was presented with an ascending and 
descending sequence of stimulation intensities in order to 
determine the approximate range of current levels that 
would support SS on a continuous reinforcement schedule. 
Each animal's range was selected according to the criterion 
that the lowest intensity would not consistently support SS 
and the highest intensity would support SS without 
producing gross motor disturbances or convulsions. Overall, 
the current levels selected ranged from 76 uA to 400 uA. 

Seven current levels were selected within each animal's 
range for the collection of rate-intensity data. The incre- 
ments in stimulation intensity were made in equal log units 
for individual animals, but varied across animals due to 
differences in their ranges. Bar-pressing rates were stabilized 
by allowing the animals to SS for seven rain at each 
intensity. Ascending and descending sequences were pre- 
sented on alternate days until the animals showed consis- 
tent responding. 

The experimental regimen consisted of eight daily 

sessions, given at the same time each day, in which the 
animals were tested at each of the seven intensities in 
succession. Testing at each intensity lasted for 7 min, after 
which the current was immediately adjusted to the next 
level. SS rates were recorded only during the last five min 
of each trial in order to allow the animals time (two min) to 
adapt to the new current level. If an animal failed to bar 
press during the first minute of any trial, priming was given 
for one min to encourage the animal to respond. 

On a given day each animal was exposed to either an 
ascending or descending series of stimulation intensities, 
with each sequence being presented on alternate days. The 
order of the two sequences was balanced across animals. 

During the first four days of the experiment, baseline 
rate-intensity data were collected for each animal. Two hr 
prior to testing, the animals were injected with the control 
substance, physiological saline (1 ml/kg, IP). Drug testing 
was carried out in the same manner on Days 5 through 8 of 
the experiment, with injections of morphine (10 mg/kg, IP) 
preceding test sessions by two hr. The drug was prepared by 
dissolving morphine sulfate in physiological saline and 
adjusting the volume of the solution such that each animal 
received one milliliter of the vehicle per kilogram of body 
weight. 

At the completion of the experiment the animals were 
sacrificed with an overdose of sodium pentobarbital and 
perfused intracardially with physiological saline followed 
by 10% Formalin. After removal, the brains were embedded 
in celloidin, sectioned, and stained with cresyl-fast violet. 
Brain sections were then mounted and microscopically 
examined for localization of the electrode tips. 

RESULTS 

For each animal separate rate-intensity functions were 
generated for the ascending and descending sequences of 
trials in the pre- and postdrug conditions. The response 
rates were determined by calculating the means of the two 
trials at each intensity for a given order of  presentation. 
Since the rate-intensity functions varied from animal to 
animal, response rates were converted to percentages, as in 
a previous investigation [10],  in order to allow treatment 
effects to be assessed for the group. This transformation 
was made by considering each animal's highest baseline 
response rate as a score of 100% and expressing all of  its 
other response rates as percentages of that maximum. The 
maximum response rates ranged from 114 to 445 bar 
presses per five min for the various animals. One of the 
animals lost its electrode assembly on Day 4 of the 
experiment and had to be discontinued. Therefore, all 
results reported are based on the five animals which 
completed the entire experiment. 

The mean percentages of maximum bar-pressing rates are 
plotted as a function of intensity level for the morphine 
and saline conditions in Fig. 1A and Fig. lB. These figures 
illustrate the effects of morphine on SS rates for ascending 
and descending sequences of stimulus intensity presenta- 
tion, respectively. 

A comparison of the saline curves in Fig. IA and Fig. IB 
demonstrates the effect of order of stimulus intensity 
presentation on the rate-intensity functions. This effect 
may be described as a shift to the left or right in the 
rate-intensity functions which depends on whether the 
intensity changes were made in an ascending or descending 
sequence. In the ascending sequence (Fig. 1 A) a shift to the 
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FIG. 1. Mean percentages of maximum bar-pressing rates following 
saline and morphine injections for ascending (A) and descending (B) 

sequences of stimulus intensity presentation. 

left is apparent in the rapid increase in responding at the 
low and intermediate intensities and the gradual decline in 
responding at the higher intensities. On the other hand, in 
the descending sequence (Fig. 1B) response rates reached 
their maximum at the higher intensities and then dropped 
off sharply at the intermediate and low intensities pro- 
ducing a shift to the right of the rate-intensity function. 

Examining Fig. 1 A, it is apparent that in the ascending 
sequence of stimulus presentations morphine enhanced 
bar-pressing rates for low intensity stimulation. However, 
morphine produced little change in responding at the 
intermediate intensities where the animals showed their 
highest rates during the saline control condition. On the 
other hand, Fig. I B reveals that morphine produced only 
slight changes in SS rates at any of the intensities tested in 
the descending sequence of stimulus presentations. 

The data were analyzed by a three-factor analysis of 
variance with repeated measures on each factor (i.e., 
intensity, order of stimulus presentation, and drug treat- 
ment). This analysis yielded a significant effect for intensity 
levels, F(6 ,24)= 23.9, p<0.05,  and significant interactions 
for drug x order, F(I ,4)  = 8.7, /9<0.05, and intensity x 
order, F(6 ,24)= 8.2, p<0.05.  None of the other main 
effects or interactions were statistically significant. 

In Fig. 2, drawings of coronal sections of the rat brain 
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FIG. 2. Drawings of coronal sections of the rat brain showing the 
location of the electrode tip for each of the five animals. Sections 

are taken from the deGroot [7l atlas. 

taken from the deGroot [7] atlas are presented to illustrate 
the positions of the electrode tips. As shown, the electrodes 
in four of the five animals were localized in the MFB at 
about the level of the posterior hypothalamus. As a result 
of  accidental damage to the ventral aspect of the brain of  
animal No. 45 it was impossible to obtain an exact 
verification of this animal's electrode placement. An exa- 
mination of the undamaged sections from this animal 
indicated that the electrode descended at least as far as the 
zona incerta - approximately 1.5 mm dorsal to its intended 
placement. However, since this animal's behavior did not 
deviate from that of the other animals, and in view of the 
fact that all of the electrodes were precut to the correct 
length prior to surgery, it seems reasonable to assume that 
this electrode was also in or adjacent to the MFB. 

DISCUSSION 

The rate-intensity shifts found in the saline conditions 
(compare saline results in Fig. 1A and Fig. IB) are 
consistent with the findings of  Koob [10l who observed 
similar changes in SS rates as a function of the order of  
presentation of the stimulus intensities. Koob explained 
these findings solely in terms of incentive shifts without 
making any inferences about the underlying neurophysio- 
logical mechanisms which may have contributed to these 
effects. This is understandable, however, since it appears 
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that Koob's primary concern was with methodological 
issues, viz., that presentation of ordered sequences of  
stimulus intensities can distort the reinforcement value of 
any given intensity. 

An explanation which takes into account possible 
neurophysiological processes would seem to be of  greater 
heuristic value for the present study. It is suggested, 
therefore, that the dramatic differences observed between 
the ascending and descending rate-intensity functions are 
the result of a change in the excitatory state of  the neuron 
population being stimulated. That is to say, neural adapta- 
tion can provide a plausible explanation for the rapid 
decline in response rates seen in the descending sequence. 

This hypothesis is supported by an earlier study in which 
Thalmann [23] found that prestimulation of the SS system 
with long duration, low voltage, high frequency stimulation 
could depress subsequent responding. Since this effect was 
limited to ipsilateral stimulation and was found to diminish 
with time following prestimulation, Thalmann concluded 
that the depression in responding was due to adaptation 
(i.e., decreased excitability) in the neural system underlying 
SS. 

Furthermore, the present study shows that the ability of  
morphine to influence SS at a given intensity is a function 
of the previous levels of stimulation to which the organism 
has been exposed. This is evident in the striking contrast 
between morphine's effects on ascending as opposed to 
descending sequences of stimulus intensity presentation. 
For the ascending sequence, the morphine-induced changes 
observed at the lower intensities are consistent with the 

outcomes which would be expected to follow from a 
decrease in threshold, viz., increased responding at low 
intensities and a shift toward the left of the point at which 
maximum bar-pressing occurs [22].  However, in the case 
where intensity presentations were made in a descending 
sequence, morphine had little effect. This suggests that the 
facilitory effects of  morphine on SS can be blocked by 
decreasing the excitability (i.e., producing adaptation) of 
the underlying neural substrate. Thus, it appears that the 
increased excitation normally produced in this neural 
system by morphine (with the dosage employed) was 
overriden by the decreased excitation induced by the 
initially high current levels. 

The present findings provide behavioral evidence indica- 
ting that morphine's facilitation of SS is due to a 
potentiation of the activity of this system. These results are 
consistent with those of Nelsen and Kornetsky [13] who 
reported that administration of morphine produced an 
increase in the neural activity recorded from the MFB. This 
suggests that morphine and rewarding brain stimulation act 
upon this common neural substrate. Taken together with 
the results of previous experiments (e.g. [1, 3, 4, 8, 11, 
12] ) these findings reaffirm the usefulness of SS as a model 
for investigating the psychotropic (i.e., euphorigenic) ef- 
fects of morphine and related compounds. 
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