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Addictive agents and intracranial stimulation
(ICS): Daily morphine, self-stimulation,

and parameters of ICS
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Rats fixed with chronically indwelling bipolar electrodes pressed daily for direct electrical
intracranial stimulation (lCS) of the hypothalamus. Rats pressed for a variety of intensities
of ICS. As daily sessions with ICS continued, rats were given doses of morphine sulfate.
The data confirm that morphine can accelerate pressing for ICS regardless of the intensities
of ICS. One set of procedures indicated that programming ICS of about 75 J.tA (60-Hz sine
waves of .25 sec) was sufficient to disrupt pressing previously sustained by intensities of
25 J.tA or lower. There were considerable individual differences in rats' reactivity to morphine;
some showed marked acceleration of pressing while others showed little or no acceleration.
These differences were not a direct function of intensity of ICS.

The medial forebrain bundle (MFB) system of the
upper brainstem is apparently critical to reinforce
ment (Olds, 1969). In subjects fixed with chronically
indwelling electrodes, a measure of the functional
characteristics of the MFB is rate of responding
for MFB intracranial stimulation (ICS). Because
addictive agents might modify reinforcement pro
cesses (Collier, 1969), it is of interest to know how
a prototypic addictive agent such as morphine might
affect the leverpressing for MFB stimulation.

The effects of 10- to 20-mg/kg daily doses of mor
phine on pressing for a fixed intensity of hypo
thalamic ICS can now be described roughly (Adams,
Lorens, & Mitchell, 1972; Bush, Bush, Miller, & Reid,
1976; Lorens & Mitchell, 1973; Olds & Travis, 1960;
Pert & Hulsebus, 1974). Rate of pressing is deter
mined by a complex interaction of Dose by Time
After Dosing by Days of Daily Dosing. Pressing is
depressed shortly after injections (about 1 h), but is
facilitated subsequently (4 to 6 h). With continuance
of daily doses, the extent of suppression of pressing
just following injections is reduced and the facilita
tion is seen sooner and sooner after injections. Mor
phine's characteristic action on pressing for ICS
supports the conclusion that morphine might have an
important site of action within the MFB system.

The next problems that were addressed were
whether or not morphine's characteristic effects were
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seen across a range of intensities of ICS. A series of
three tests of morphine's effects across a range of
intensities produced confusing results with respect to
responding after termination of all injections. The
first test indicated that morphine did accelerate
pressing across a range of intensities of ICS under
certain regimens of testing. The test also indicated,
however, that press rates were considerably depressed
subsequent to daily morphine injections. The next
two experiments involved further testing with mor
phine and a range of intensities of ICS. Neither test
indicated that rats' pressing was depressed following
termination of morphine injections. The procedures
of the three tests were similar except for the upper
limit of the range of intensities of ICS. The first
test involved ranges of ICS up to twice the microam
peres of the second and third tests, The higher inten
sities of ICS of the first test were, perhaps, suffi
ciently high to have caused the decreased pressing
seen subsequent to morphine. The following experi
ment was done to compare the effects of using higher
and lower ranges of intensities, to see if the critical
difference among the previous experiments could
have been due to the upper limits of the range of
intensities of ICS.

EXPERIMENT 1

Method
Subjects. Sixteen experimentally naive, adult , male, Sprague

Dawley rats completed the procedures. All were fixed with chron
ically indwelling electrodes. The electrodes (Plastic Products) were
bipolar stainless steel wires insulated except at the cross section
of the tips. The stimulating tips were separated from one another
only by the width of the insulation. Following recovery from sur
gery and preliminary training, all pressed a lever for ICS at inten
sities of 40 to 50 /lA . Rats were housed in individual cages in a
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Figure 1. Block means for each intensity of ICS. Block 1
pressing is for only lower intensities of ICS. Block 2 pressing is
for both pressing for lower (upper panel) and higher intensities
of ICS (lower panel).
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as were the Groups by Block interaction [F(1,14) =
20.5, p < .01] and the Blocks by Intensity interaction
[F(3,42) = 5.9, p < .01]. The triple interaction
yielded an F(3,42) = 2.6, p < .10. Results of the
ANOVA allow the specific tests of the hypothesis
that introduction of the higher intensities of ICS led
to less pressing.

Student t tests for correlated measures were used
to determine reliability of differences in pressing
across Block 1 to Block 2 within a group, and they
yielded the following values: t(7), rats of lower inten
sity, = - 2.7, p < .05; t(7), rats of higher intensity,
= 3.7, p < .01. As typically seen (e.g., Bush et al.,
1976), rats that merely continued with daily sessions
with ICS, as did the rats of only lower intensities,
increased their pressing rates. On the other hand, the
rats that received higher intensities, decreased their
rate of pressing after introduction of the higher
intensities.

As can be seen in Figure 1, the greatest reduction
in pressing rates for rats that were introduced to
higher intensities occurred with the two lower inten
sities. To summarize those shifts, t tests were done
comparing the data of Blocks 1 and 2. For rats of
high intensity and with pressing at 10 !J.A, t(7) = 2.8,
p < .05. For rats of high intensity and with pressing

room without windows and with constant lighting. Food and water
was always available to the rats.

Apparatus. The test chamber (a 24 x 30 x 35 ern box) con
tained a lever, the depression of which yielded ICS. ICS leads
were light, flexible wires attached to a slip ring assembly allowing
unhampered movement by the rat . Leverpresses during 2-min per
iods were recorded automatically. The ICS was 6O-Hzsine waves
of 0.3 sec. Intensity of ICS was measured peak to peak of the
wave.

Procedure. Following surgery, recovery from surgery, and tests
to confirm that rats pressed for ICS, each rat was tested daily
in the late afternoon with four intensities of ICS, 10, 25, 40,
and 50 /lA. Tests always started with the lowest intensity and
ended with the highest intensity. Before each 2-min test with a
particular intensity of ICS, the rat was allowed to take at least 10
self-delivered ICSs prior to measuring rate of pressing at that
intensity, or, if a rat failed to respond, it was given 10 ICSs
while being shaped toward pressing. Throughout training and test
ing, each leverpress yielded a single 0.3-sec train of ICS.

Subsequent to the rats' pressing becoming somewhat stable
across daily tests (at least 10 days of tests), there were 25 conse
cutive days of further testing. The 25 days of testing were divided
into five blocks of 5 days each. For the first block of tests, all
16 rats pressed daily for each of the four intensities of ICS (10, 25,
40, and 50 /lA). As would be expected, rats pressed least for 10 I-IA
and most for 40 and 50 /lA. For the next 5 days of tests (Block 2),
one-half of the rats (n = 8) continued as during Block I testing.
The other half of the rats were introduced to a new set of ICS
intensities (10,25 ,75, and 100 /lA).

During the second block of tests, there were two groups of rats ,
one getting lower intensities of ICS and one getting higher inten
sities of ICS. During the third and fourth blocks of testing, one
half of each group were given morphine sulfate (10 mg/kg) and
one-half a placebo (the carrier of morphine , isotonic water). All
injections were 4 h prior to daily tests with ICS. The intensities
remained the same as during the second block of tests. Conse
quently , there were four groups of rats, four to a group, The
procedure of daily injections and tests with ICS continued for
two blocks of 5 days each (Blocks 3 and 4). Then all injections
were terminated and a final5-day block of tests with ICS (Block 5)
were completed while intensities remained as during Blocks 2, 3,
and4.

Subsequent to the procedure measuring pressing, nearly all sub
jects' brains of this experiment and the other tests reported here
were examined to determine more exactly the site of ICS. Frozen
50- to 70-1-1 sections of the brain were treated as photographic
negatives, and an enlarged image of sections of the electrode
tract were photographed to aid in determining site of ICS.

Results and Discussion
Results of the first two blocks of tests are depicted

in Figure 1. Using the mean number of presses dur
ing a block at each intensity of ICS as the "raw data,"
an ANOVA was calculated for the data used to
determine the points of Figure 1. The ANOVA fol
lowed a 2 by 2 by 4 design, with repeated measures
on the last two factors. One factor was the two
groups of rats, one group of only lower intensities
and one group of higher intensities during Block 2.
The other two factors were associated with the two
blocks and the four intensities of ICS.

The main effect associated with intensity was, of
course, a reliable source of variance [F(3,42) =
55.4, P < .01]; no other main effect was a reliable
source of variance (ps > .10). The Groups by Inten 
sities interaction was reliable [F(3,42) = 4.8, .p < .01],
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at 25 ""A, t(7) = 4.2, P < .01. Comparable t tests
for rats of low intensity yielded t values opposite in
sign, with p values> .10. In other words, rats intro
duced to high intensities reduced their pressing at the
two lower intensities by more than 40010 while the rats
not introduced to higher intensities increased their
pressing at these intensities by 8070 . The conclusion is
that introduction of higher intensities reduced
pressing, particularly at the lower range of intensities
that will sustain pressing prior to introduction of
higher intensities.

The data of blocks of injections for rats of low
intensity and of high intensity were analyzed sepa
rately. Each ANOVA followed a 2 by 2 by 4 factor
ial design with repeated measures on the last two fac
tors. One factor was associated with the groups of
rats (morphine-saline, n = 4/group), one factor

with the two 5-day blocks, and the other with the
four intensities of ICS. The scores submitted to the
ANOVA were difference scores, i.e., a rat's scores
were the mean of a block for a particular intensity
minus the comparable mean of Block 2. Consequent
ly, scores greater than 0.0 indicate that pressing
increased from Block 2 pressing, while scores less
than 0.0 indicate decreased pressing.

The results of tests, in difference scores, of Blocks
3, 4, and 5 are given in Figure 2. The ANOVA for
the data of the low-intensity procedures (two upper
left panels, Figure 2) yielded reliable values for the
main effects of blocks (F(l,6) = 6.4, p < .05] and
intensities [F(3,18) = 5.9, p < .01] and the interac
tion of Blocks by Intensities (F(3,18) = 3.4, p < .05].
Factors associated with morphine-saline were not
reliable sources of variance.
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Figure 2. Mean difference scores for each block of tests at each intensity of ICS. A difference score was

mean pressing score minus comparable mean score during Block 2. During Blocks 3 and 4, one-half of the
rats got 10 mg/kg of morphine sulfate, 4 h prior to testing.
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Although the ANOVA indicates no reliable differ
ences associated with morphine-saline effects, certain
tests are dictated by previous results (Bush et aI.,
1976). Student t tests for correlated measures were
calculated for scores of both saline and morphine
rats between baseline (Block 2) and the second block
of morphine (Block 4) at 25 and 40 IJA. These scores
and tests provide a replication of Bush et aI. Only
the t for the difference between baseline and Block 4
scores of rats of morphine at 25 !JA was great enough
to conclude a reliable increase in pressing, t(3) = 4.3,
p < .05. These results, plus general trends in the data,
provide weak confirmation for the conclusion of
Bush et aI. that morphine facilitates pressing at
moderate intensities of ICS, and leaves open the
question of whether or not morphine facilitates
pressing all along the range of intensit ies below the
"lesion-producing" higher intensities.

Results of tests with the higher intensities are de
picted in the two left panels of the lower row of
Figure 2. The ANaVA for scores of rats of the high
er intensities during days of injections yields an
F(1,6) = 20.6, p < .01, for the factor associated
with morphine-saline; an F(3,18) = 15.6, p < .01,
for the factor of intensity; and an F(3,18) = 4.5,
P < .05, for the interaction of Blocks by Intensity.
Other factors were not reliable sources of variance.

Analysis of the postinjection block of scores for
rats of lower intensities suggests no reliable differ 
ence between groups (morphine-saline) or across in
tensities (all Fs < 1.8). Since one rat of the high
intensity /morphine group lost its electrode midway
during Block 5 testing, results of the figure and the
analyses are for only three rats for that group. A
repeated measures ANaVA of postinjection
scores for rats of higher intensities suggests no dif
ference between groups (F < 1), but reliable effects
across intensities [F(3,15) = 10.1, P < .01].

The data of Figure 2 and the accompanying anal
yses are difference scores. Because they art; differ
ence scores, it was not expected that there would be
as strong intensity effects as you would expect with
direct .data of press rates. Yet, analyses of the data
yielded reliable main effects of intensity . With the
low-intensity group, pressing at the lower intensities
tended to increase across blocks of testing, thereby
yielding fairly large positive difference scores. With
the high-intensity group, pressing at lower intensities
tended to decrease across blocks of testing, the-eby
yielding fairly large negative difference scores. With
both the low- and high-intensity groups, pressing at
the higher intensities tended to be about the same
across blocks of testing, thereby yielding small dif
ference scores.

Inspection of sections of the brains of rats of this
and previous procedures indicated that all electrode
tips were within the area of the lateral hypothalamus.

Electrode tips were somewhat scattered about the
MFB and always lateral to the fornix columns,
usually in the same anterior-posterior plane as the
ventromedial n. Photographs of brain sections of
rats exposed to only lower intensit ies failed to show
any tissue damage at the electrode tip. Sections of
brain exposed to higher intensities did seem to show
some necrotic tissue at the electrode tip . The differ
ence between the two kinds of sections was, however,
not as marked as might be expected. Perhaps more
microscopic examination might reveal differences
not apparent with the techniques used here which
involved only 10 times magnification .

The first part of these procedures (Figure 1)
demonstrated that introduction of intensities of from
75 to 100 IJA reduced the capacity of lower inten
sities to maintain high rates of pressing. Presumably,
this effect is due to lesions produced at the electrode
tip by the higher intensities of ICS (Valenstein &
Beer, 1961). Despite evidence of lesions (reduced re
sponding at lower intensities), the higher intensities
maintained high rates of pressing. Ellman, Ackerman,
Bodnar, Jackler, and Steiner (1975), using an ICS
very similar to that used here (60-Hz sine waves of
0.25 sec), determined press rates by intensity func
tions using intensities of 100 and 200 IJA (in one pro
cedure as much as 500 IJA). From data of procedures
reported here, and also demonstrated in an experi
ment of Magnuson, Tadeusik, and Reid (1976), it
is clear that these intensities are sufficient to disrupt
pressing at the lower intensities. Furthermore, our
data indicate that shifts in pressing continue to occur
across days of stimulation with the higher intensities
of ICS. We conclude, therefore, that results of
Ellman et aI. (as well as data of our initial studies)
were compromised by the lesions most likely to have
occurred with introduction of the higher intensities
ofICS.

The second part of our procedures involving data
of days of injections of morphine and placebo
demonstrate that quite different results are obtain
able when only lower intensities are used compared
to when higher intensities have been introduced. If
the only available data concerning morphine's effects
on pressing for ICS were those of this experiment
using only lower intensities, the proper conclusion
would be that morphine had no reliable facilitatory
effects . On the other hand, if the only data available
were those of higher intensities , it could be concluded
that morphine had powerful facilitatory effects com
pared to that of a placebo .

EXPERIMENT 2

In Experiment 1, marked facilitation of pressing
for ICS under the influence of morphine occurred
only with rats tested with "lesion-producing" inten-
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Figure 3. Mean pressing per 2 min during baseline at zero,
low, medium, and high intensities of ICS.
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a t test for correlated measures was computed to
compare the performance of pressing during baseline
and days of injections at zero ICS. The scores sub
mitted to the t for each rat were mean presses of
baseline and the mean of the 3 days of injec tions.
Rats of morphine did not reliably increase pressing
for zero ICS with morphine injections, t(18) = 0.8
(see mean values in Figure 3). Therefore, it is con
cluded that this dose of morphine does not facilitate
general activity that would influence low rates of bar
pressing. Because the number of presses at zero in
tensity of ICS was always low and did not shift with
morphine injections, further analyses were performed
with values only from the low-, medium-, and high
intensity conditions.

Figure 4 summarizes the difference scores (score
minus mean baseline) of the two groups under the
influence of injections. An analysis of variance for
a 2 by 3 by 3 factorial design having repeated meas
ures yielded an F(l,26) for the main effect of type
of injections = 11.2, p < .01, and an F(2,52) for the
Injections by Days interaction = 3.54, p < .05 .
Other factors were not reliable sources of variance
(ps> .25).

Student t tests for correlated measures were per
formed comparing mean scores of baseline to the
comparable score of each day of injections. All ts
were sufficiently large to conclude that morphine re
liably (ps = .05 or less) increased pressing at all
intensities on all days. The same procedures for the
scores of subjects of placebo yielded ts indicating no

Method
Subjects and Apparatus. The subjects were 28 experimentally

naive, adult , male, Sprague-Dawle y rats. Each was fixed, in stand
ard ways, with the same type of electrode as rats of Experiment I .
During initial testing, all rats pressed a lever more than 40 times/
min for ICS of 50 IJA or less (6O-Hz sine waves of 0.25 sec).
The subjects were housed individually with food and water always
available. The rats were tested daily in the same apparatus as
used in Experiment I.

Procedure. Subsequent to surgery, recovery from surgery (span
ning at least 5 days), and initial testing with ICS, each rat was
tested daily with ICS. During the first days of testing, ICS inten 
sities were varied and four intensit ies of ICS were selected for
each subject, zero, low, medium, and high ICS. The low-intensity
ICS was near the rat' s lower threshold intensity for maintaining
pressing. The high intensity was an ICS that sustained rapid steady
pressing. Medium ICS was about in the middle between the other
two. The limits of the ranges of intensities were 5 to 25 IJA for
low, 10 to 30 IJA for medium, and 15 to 40 IJA for high.

After selecting the intensities, the rat s were tested the same way
daily under a similar regimen as were the rats of Experiment I .
During each daily session, a rat was allowed to press at each
intensity for 2 min, starting with zero intensity and ending with
high intensity, while number of presses were recorded. Each 2-min
measurement was preceded by a period in which the subjects were
either shaped to press by 10 ICSs of the appropriate intensity or
they were allowed to press by themselves to become acqua inted
with the intensity of ICS.

After the rats had had at least a week of daily sessions to
stabilize pressing for selected ICS intensities, 2 days of preinjec
tion baseline data were collected . Then daily subcutaneous injec
tions of morphine sulfate, 10 mg/kg, were given to 19 of the sub
jects for 3 consecutive days; the other 9 subjects received placebos
(physiological saline injections of the same volume as the mor
phine injections). The injections were given 4 h prior to measure
ments with ICS.

Results and Discussion
Figure 3 depicts the mean presses/2 min of the

morphine and placebo groups at each intensity of
lCS during baseline immediately prior to injections .
As can be seen, means for the two groups hardly
differed prior to treatment. Also, pressing for ICS
was rapid at the low intensity and more rapid at
higher intensities.

Figure 3 also shows that the rats hardly pressed
during zero intensity. Because of our interest in asses
sing whether morphine injections of this dose and
time after dosing might generally increase motility,

sities of lCS (ICS greater than 75 IJA of 60-Hz sine
waves of .25 sec), and the facilitation did not clearly
occur in rats tested with lCS of 50 IJA or less. This
result left open the question as to whether morphine
accelerated pressing regardless of intensity of lCS.
Since the results of Experiment I raised a question
that could not be resolved in the extant literature,
and since the findings of Experiment 1 are limited by
both small group size (n = 4) and slight facilitation
of pressing with the group of placebos, this experi
ment addressed the question of whether morphine
accelerates pressing at various intensities below
" lesion-producing" intensities .
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Figure 4. Mean difference scores from baseline of the 3 days of
injections.

responding for ICS, depending on whether the rats
were exposed or not to high-intensity ICS. Their data
did not support a hypothesis of differential reactivity
depending on intensity of ICS. There remains, how
ever, a possibility that in other tests the programming
of high-intensity ICS might affect the results.

The results of Experiments I and 2 and the results
of individual rats of Experiment 2 indicate that there
are marked individual differences in reactivity to
morphine. Some rats showed marked facilitation of
pressing with morphine, while other rats did not.
These differences are not apparently related to inten
sity of ICS. These individual differences evidently
demand a larger number per group than used in
Experiment 1. Since the acceleration of pressing for
ICS probably reflects an important action of mor
phine (Rossi & Reid, 1976), it is important to study
these differences.
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significant difference between scores of baseline and
injections (ps > .30).

Direct examination of the brains revealed that all
electrode tips were scattered within the lateral hypo
thalamic area, probably stimulating primarily the
MFB and, in some rats, Forel's fields and the zona
incerta . Even though there was some difference in
placement among the electrode tips, no relationship
between the amount of acceleration in pressing under
morphine and site of ICS was discernible.

Some subjects of this demonstration were extraor
dinarily "good pressers," e.g., S-304 pressed
84 times/2 min during baseline for 5 /AA, its low
intensity, and 133 times/2 min for 15 /AA, its high
intensity. The rats whose selected intensities were
lower than others showed about the same level of
acceleration of pressing as did the rats of higher
intensities. This observation confirms that morphine
does accelerate pressing all along an intensity dimen
sion. Marcus and Kornetsky (1974) reported that
morphine reduced lower threshold for intracranial
reinforcement. Consequently, there is now ample
evidence to support the conclusion that morphine
can, at certain doses and regimens of dosing, accel
erate pressing for ICS across a wide range of intensi
ties of ICS.

GENERAL DISCUSSION

Morphine can accelerate pressing for ICS, as de
scribed in the introduction, across a wide range of
intensities of ICS. Morphine can accelerate pressing
for ICS among rats that have sustained some dis
ruption of function due to programming high inten
sities of ICS. The disruption in function is inferred
from the significant reduction in pressing for low
intensity ICS after programming high-intensity ICS.
. Magnuson, Tadeusik, and Reid (1976) tested the
possibility that morphine might differentially affect
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