
sponds to the higher cut-off frequency at 
any flicker amplitude. But in the actual 
measurements, it is only because the 
slower process is psychophysically more 
sensitive than the faster one that both 
can be detected by appropriate manipula- 
tions. Thus, at a fixed amplitude in Fig. 2 
(for example, 1000 trolands), the cut-off 
frequency for the adapted condition is 
much lower than in the fully modulated 
condition. 

However, the slower, unadapted pro- 
cess that governs all the classical flicker 
thresholds (6) never appears in the LRP 
or electrical-phosphene data. Our results 
support the explanation that this psycho- 
physical flicker envelope represents a 
further stage of temporal filtering proxi- 
mal to the photoreceptors. Both of these 
stages seem to be controlled by some 
type of distributed filter mechanism. 
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Time-Dependent Disruption of Morphine Tolerance by 
Electroconvulsive Shock and Frontal Cortical Stimulation 

Abstract. Electroconvulsive shock or frontal cortex stimulation administered to 
rats at 5 but not at 180 minutes after an initial administration of morphine sulfate 
disrupted the development of one-trial tolerance to the analgesic effects of morphine 
sulfate. It is suggested that development of tolerance may be mediated by cellular 
mechanisms and memory processes similar to those thought to underlie conventional 
learning. 
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A number of investigators (1) have sug- 
gested that tolerance to morphine may 
represent a form of learning which may 
be mediated by memory processes and 
cellular mechanisms similar to those un- 
derlying conventional learning. Support 
for this position comes from a series of 
studies showing that protein synthesis in- 
hibitors attenuate or abolish not only re- 
tention of a number of learning experi- 
ences, but also tolerance to morphine as 
revealed in tests for analgesia (2). 

One presumed characteristic of memo- 
ry is that a consolidation process is re- 
quired for efficient storage of newly ac- 
quired experiences. This consolidation 
process is inferred from studies demon- 
strating that specific treatments such as 
electroconvulsive shock (ECS) or dis- 
crete brain stimulation are capable of 
producing a time-dependent disruption 
in long-term retention of recent experi- 
ences (3). In other words, an ECS treat- 
ment is capable of disrupting long-term 
retention when applied immediately after 
a learning experience, but becomes in- 
creasingly ineffective when delayed a 
few minutes or a few hours. Thus, the 
present study examined the possibility 
that the development of tolerance to anal- 
gesic effects of morphine is also mediat- 
ed by time-dependent processes (per- 
haps similar to consolidation), by admin- 
istering ECS immediately, or after 
various delays, subsequent to an initial 
morphine experience. We found that 
ECS or frontal cortex stimulation treat- 
ments can, on a time-dependent basis, 
disrupt the development of morphine tol- 
erance. 

Since previous research (4) has demon- 
strated that morphine tolerance can de- 
velop following a single dose (one-trial), 
it was possible in the present study to ex- 
amine the effects of ECS on the temporal 
course of tolerance development. Fifty- 
eight male Long-Evans rats were divided 
into seven groups. All experimental 
groups received initial injections of sa- 
line or morphine sulfate (30 mg/kg, intra- 
peritoneally). The initial dose of 30 mg/ 
kg was selected because in our laborato- 
ry it represented the threshold dose 
above which there was a high incidence 
of mortality. Forty-eight hours later 

A number of investigators (1) have sug- 
gested that tolerance to morphine may 
represent a form of learning which may 
be mediated by memory processes and 
cellular mechanisms similar to those un- 
derlying conventional learning. Support 
for this position comes from a series of 
studies showing that protein synthesis in- 
hibitors attenuate or abolish not only re- 
tention of a number of learning experi- 
ences, but also tolerance to morphine as 
revealed in tests for analgesia (2). 

One presumed characteristic of memo- 
ry is that a consolidation process is re- 
quired for efficient storage of newly ac- 
quired experiences. This consolidation 
process is inferred from studies demon- 
strating that specific treatments such as 
electroconvulsive shock (ECS) or dis- 
crete brain stimulation are capable of 
producing a time-dependent disruption 
in long-term retention of recent experi- 
ences (3). In other words, an ECS treat- 
ment is capable of disrupting long-term 
retention when applied immediately after 
a learning experience, but becomes in- 
creasingly ineffective when delayed a 
few minutes or a few hours. Thus, the 
present study examined the possibility 
that the development of tolerance to anal- 
gesic effects of morphine is also mediat- 
ed by time-dependent processes (per- 
haps similar to consolidation), by admin- 
istering ECS immediately, or after 
various delays, subsequent to an initial 
morphine experience. We found that 
ECS or frontal cortex stimulation treat- 
ments can, on a time-dependent basis, 
disrupt the development of morphine tol- 
erance. 

Since previous research (4) has demon- 
strated that morphine tolerance can de- 
velop following a single dose (one-trial), 
it was possible in the present study to ex- 
amine the effects of ECS on the temporal 
course of tolerance development. Fifty- 
eight male Long-Evans rats were divided 
into seven groups. All experimental 
groups received initial injections of sa- 
line or morphine sulfate (30 mg/kg, intra- 
peritoneally). The initial dose of 30 mg/ 
kg was selected because in our laborato- 
ry it represented the threshold dose 
above which there was a high incidence 
of mortality. Forty-eight hours later 

animals received injections of saline 
or morphine sulfate (15 mg/kg, intra- 
peritoneally), followed 30 minutes later 
by a standard test of analgesia (5). The 
morphine test dose of 15 mg/kg was se- 
lected because at that level the greatest 
difference in responsiveness to shock 
(analgesic test) was found between sa- 
line- and morphine-injected animals. 
This difference was not as pronounced at 
other morphine dose levels. 

The first group (N = 8, M-M) received 
the initial morphine (30 mg/kg) injections 
followed 48 hours later by the second 
morphine injection (15 mg/kg). The sec- 
ond group (N = 8, S-M) was injected 
with saline followed 48 hours later by 
morphine. The third (N = 8), fourth 
(N = 8), and fifth (N = 8) groups (M- 
ECS-M) received initially morphine fol- 
lowed either 5, 60, or 180 minutes later 
by an ECS (35 ma, 0.5 second duration) 
treatment administered through earclips 
attached to the pinnae. The sixth group 
(N= 10, ECS-M-M) received an ECS 
treatment 5 minutes prior to the initial 
morphine injection. Forty-eight hours lat- 
er, the third, fourth, fifth and sixth 
groups of animals received the second in- 
jection of morphine (15 mg/kg). The last 
group (N = 8, S-S) received two in- 
jections of saline spaced 48 hours apart. 

Thirty minutes after the second in- 
jection all animals were given a shock 
threshold test to determine their sensitiv- 
ity to pain. Each animal was introduced 
and adapted for 1 minute to a small box 
with a grid floor. After the adaptation pe- 
riod, foot shocks (starting with 0.1 ma in- 
tensity) were delivered in ascending or- 
der of shock intensity until jump and 
squeal responses were observed for 
three consecutive foot shocks or until a 
10 ma intensity was reached. Shocks 
were delivered via a constant current 
scrambler for 0.5 second; pulse repeti- 
tion rate was 200 hertz and 4 msec pulse 
duration. From 0.1 to 1.0 ma successive 
test shocks were increased by 0.1 ma, 
and from 1.0 to 10 ma by 0.2 ma. The in- 
tershock interval was approximately 6 
seconds, but shocks were delivered only 
when the animal was making contact 
with the grid floor with all four paws. 
The behavioral responses to each shock 
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were observed and recorded by an exper- 
imenter who was blind to prior treatment 
conditions. The shock intensities re- 
quired to initiate "flinch," "jump," or 
"jump and squeal" responses and reach 
the criterion of three consecutive jump 
and squeal responses were used as de- 
pendent measures. A "flinch" was de- 
fined as a response to shock character- 
ized by crouching or a rapid change in 
posture without any concomitant move- 
ment of the paws. A "jump" was charac- 
terized by rapid raising of one or more 
paws often followed by rapid running. A 
"jump and squeal" was characterized by 
the combination of jumping and two or 
more detectable vocalizations. 

The mean shock intensities for the 
flinch, jump, and jump and squeal thresh- 
olds and criterion for all the groups are 
shown in Table 1. 

The data were analyzed with a one- 
way analysis of variance which indi- 

cated that for the flinch threshold mea- 
sure there were no significant differ- 
ences among the groups, but for the 
jump threshold (F = 2.8, d.f. = 6/51, 
P < .05), jump and squeal threshold 
(F = 6.8, d.f. = 6/51, P < .01), and cri- 
terion measure (F = 4.9, d.f. = 6/51, 
P < .01), there were significant differ- 
ences among the groups. 

Since the pattern of results for jump 
threshold, jump and squeal threshold, 
and criterion measures were similar (see 
Table 1), a more detailed analysis with a 
Duncan Multiple Range Test is present- 
ed only for the jump and squeal thresh- 
old data. These tests revealed that (i) 
morphine at 15 mg/kg indeed produces 
an analgesic effect, as indicated by a 
higher mean jump and squeal threshold 
for the S-M group compared to the S-S 
group (P < .01); (ii) tolerance to mor- 
phine analgesia can be acquired in one 
trial as indicated by the significant reduc- 

Table 1. Mean shock intensities for "flinch," "jump," and "jump and squeal" thresholds and 
criterion as a function of ECS treatment in rats. 

Groups Mean Mean Mean 

flinch jump jump and Mean 

N thresh- thresh- squeal cri- 
Treat- First Treat- Second old thresh- terion old old 
ment injection ment injection (ma) old (ma) _____(ma) (ma) m 

Morphine Morphine 8 0.5 1.4 2.1 3.3 
Saline Morphine 8 1.1 3.6 6.6 7.0 
Morphine ECS* Morphine 8 0.5 2.7 5.8 6.6 
Morphine ECSt Morphine 8 .7 2.5 4.1 5.7 
Morphine ECSt Morphine 8 .5 1.4 2.4 3.1 

ECS? Morphine Morphine 10 .5 1.6 3.3 4.2 
Saline Saline 8 .4 1.1 1.2 1.7 

*Given 5 minutes after the first injection. tGiven 60 minutes after the first injection. tGiven 180 min- 
utes after the first injection. ?Given 5 minutes prior to the first injection. 

Table 2. Mean shock intensities for "flinch," "jump," and "jump and squeal" thresholds and 
criterion as a function of localized brain stimulation in rats. 

Groups flinc Mean Mean Mean 
flinch jump jump and 

N thresh- thresh- squeal cri First Treat- Second old old thresh- terion old old thresh- 
injection ment injection (ma) (ma) old (ma) (ma) 

Morphine None Morphine 11 0.7 2.0 3.3 4.1 

Morphine Stimula- Morphine 7 .5 1.8 7.4 8.3 
tion of 
frontal 
cortex* 

Morphine Stimula- Morphine 8 .5 1.7 5.2 6.5 
tion of 
frontal 
cortext 

Morphine No stim- Morphine 10 .5 1.5 4.3 5.9 
ulation; 
frontal 
cortex 
implanted 

Morphine Stimula- Morphine 5 .7 1.7 3.8 5.6 
tion of 
caudate 
nucleus* 

*Given 5 minutes after the first injection. tGiven 180 minutes after the first injection. 
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tion in mean jump and squeal threshold 
of the M-M group relative to the S-M 
group (P < .01) and no reliable differ- 
ence compared to the S-S group; (iii) 
ECS administered 5 minutes after the 
first morphine injection disrupted the de- 
velopment of tolerance, as indicated by 
both a significant increase in mean jump 
and squeal threshold relative to the M-M 
group (P < .01) and by maintenance of a 
similar threshold level in comparison 
with the S-M group; (iv) ECS adminis- 
tered prior to a morphine injection fails 
to disrupt the development of tolerance, 
as indicated by a mean jump and squeal 
threshold similar to that of the M-M 
group and a significantly lower threshold 
compared with the 5 minutes M-ECS-M 
group (P < .05) and the S-M group 
(P < .01). This latter observation sug- 
gests that ECS has specific effects upon 
biochemical events following a morphine 
injection, which by some mechanism 
must be related to development of toler- 
ance; and (v) ECS administered 180 
minutes after the first morphine injec- 
tion fails to disrupt development of tol- 
erance, as indicated by a mean jump 
and squeal threshold similar to that of 
the M-M group and a significantly lower 
threshold compared to the S-M group 
(P < .01) and the group that received 
ECS 5 minutes after the morphine in- 
jection (P < .01). This latter finding sug- 
gests that the disruptive effects of ECS 
are time-dependent and eliminates pos- 
sible proactive effects of ECS as the de- 
terminer for producing a disruption of 
morphine tolerance. 

Thus, tolerance to the analgesic ef- 
fects of morphine is susceptible to ECS 
interference on a time-dependent basis in 
a way at least superficially similar to 
more conventional learning situations, 
suggesting the possibility that a process 
similar to consolidation may be associat- 
ed with the development of morphine tol- 
erance. 

In recent years, many investigators 
have demonstrated that direct, low-in- 
tensity, subseizure levels of electrical 
stimulation of specific brain regions is 
sufficient to produce a time-dependent 
retrograde amnesia for a variety of learn- 
ing experiences (3). It was, thus, of inter- 
est to stimulate specific neural regions 
that may be directly or indirectly related 
to development of morphine tolerance. 
The frontal cortical region and caudate 
nucleus were selected because they con- 
tain a reasonable (although not the 
largest) amount of opiate receptor (6) 
and because post-trial electrical stimula- 
tion of caudate or frontal cortex can pro- 
duce disruption of long-term retention 
(7). 
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Under Nembutal anesthesia 30 Long- 
Evans male rats had bilateral implants of 
bipolar plastic products (No. MS-303, 
0.025 cm in diameter) cranial plugs 
placed into the frontal cortical region 
(N = 25) (coordinates 2.0 mm anterior to 
Bregma, 2.5 mm lateral, and at the sur- 
face of the brain) and into the caudate nu- 
cleus (N = 5) (coordinates 0.5 mm ante- 
rior to Bregma, 2.5 mm lateral, and 5 mm 
vertical); measurements were taken from 
a level skull. The electrode assembly 
was fixed to the skull with acrylic ce- 
ment. Another eleven rats did not under- 
go any surgery. At least 2 weeks after re- 
covery from surgery, all animals re- 
ceived the initial injection of morphine 
(30 mg/kg) followed either 5 minutes lat- 
er (N = 7) or 180 minutes later (N = 8) 
by bilateral frontal area stimulation 
(eight 5-second trains of biphasic pulses 
with 10 seconds between trains at an in- 
tensity of 1.5 ma, 100 hertz, 1 msec dura- 
tion), or, 5 minutes later, by bilateral 
caudate stimulation (N = 5) (eight 5-sec- 
ond trains of biphasic pulses with 10 sec- 
onds between trains at an intensity of 500 
Axa, 30 hertz, 1 msec duration), or no 
stimulation for the frontal implanted 
(N = 10) and the nonoperated (N = 11) 
groups. Electrical stimulation was deliv- 
ered via two Nuclear-Chicago constant- 
current stimulators. Electrographic activ- 
ity was recorded from the frontal cortical 
region or caudate electrodes immediate- 
ly after stimulation offset. At the stimula- 
tion levels employed, no seizure after- 
discharges or other electroencephalo- 
graphic abnormalities were recorded. 
Forty-eight hours later all rats received 
an injection of morphine (15 mg/kg) fol- 
lowed 30 minutes later by the test for 
analgesia (8). The mean shock intensities 
for the flinch, jump, and jump and squeal 
thresholds, and criterion for all the 
groups are shown in Table 2. 

The data were analyzed with a one- 
way analysis of variance which indicated 
that there were significant differences 
among the groups only for the jump and 
squeal measure (F = 3.1, d.f. = 4/36, 
P < .05). A Duncan Multiple Range Test 
revealed that frontal cortical region stim- 
ulation applied 5 minutes but not 3 hours 
after the first morphine injection dis- 
rupted the development of tolerance as 
indicated by a significant increase in 
mean jump and squeal threshold relative 
to unoperated and operated controls 
(P < .01 and P < .05 respectively). The 
results of frontal cortical stimulation 
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after the first morphine injection dis- 
rupted the development of tolerance as 
indicated by a significant increase in 
mean jump and squeal threshold relative 
to unoperated and operated controls 
(P < .01 and P < .05 respectively). The 
results of frontal cortical stimulation 
therefore suggest that the frontal cortical 
region and interconnected neuronal sys- 
tems may play a role in the development 
of morphine tolerance. Caudate nucleus 
stimulation did not disrupt morphine tol- 
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erance. However, the failure of caudate 
nucleus stimulation to disrupt morphine 
tolerance could have been due to in- 
appropriate selection of frequency or in- 
tensity parameters, or both, or due to the 
strong possibility that different neuronal 
regions mediate different kinds of learn- 
ing experiences (3). 

In conclusion, the data from both the 
ECS and discrete brain stimulation ex- 
periments provide additional support for 
a possible parallel between conventional 
learning and tolerance to drugs. 

RAYMOND P. KESNER 
D. J. PRIANO 

J. R. DEWITT 

Department of Psychology, 
University of Utah, 
Salt Lake City 84112 
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Johansson and his colleagues (1, 2) 
have shown that, in configurations of 
moving elements that share common mo- 
tion components, one common vector be- 
comes the frame of reference for residual 
component motions (Fig. 1). The rows of 
spots labeled A and C move from left to 
right, while B moves between them along 
a diagonal path. If the horizontal com- 
ponent of B's motion equals that of A 
and C, and if this configuration is viewed 
against a homogeneous black back- 
ground, the diagonal motion of B be- 
comes almost impossible to discern (1). 
Instead, B appears to move vertically be- 
tween A and C, while the whole system 
of spots, ABC, may also be perceived as 
moving to the right. 

The phenomenon of perceptual vector 
extraction is not merely a laboratory cu- 
riosity. It has been taken as an example 
of the visual system's sensitivity to high- 
er-order variables of stimulation (3), as 
the basis for much of the observer's in- 
formation about his movements in his en- 
vironment (2), and as an important com- 
ponent of tridimensional space per- 
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ception (2, 3). To Johansson, the process 
is a direct vector analysis, performed au- 
tomatically by the perceptual system on 
the entire visual field. Stoper (4) has sug- 
gested, however, that the phenomenon 
has a peripheral explanation, that it oc- 
curs because the eye pursues the com- 
mon vector, and that what we perceive is 
simply the residual movement that the 
pursued stimulus then projects to the reti- 
na of the eye. 

We now describe a quantitative mea- 
sure of the phenomenon of vector extrac- 
tion that calls into question the adequacy 
of both earlier explanations. In Fig. 2, 
the pattern of moving elements is the 
same as that in Fig. 1, until some time t,. 
At that time, rows A and C are deleted 
and, simultaneously, element B changes 
its path to the vertical (6 = 90?). If B's 
motion, before tl, is really perceived as 
vertical (and if the effect of the moving 
framework ceases when A and C are de- 
leted), then B's motion should appear to 
be continuous and colinear between 
movements ii and iii, even though that is 
not the physical situation. 
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Perceptual Analysis of Moving Patterns 

Abstract. Configurations of moving points are often perceptually analyzed into rel- 
ative and common vectors that are different from the actual motions. If a movement 
configuration is abruptly replaced by a test point whose objective velocity continues 
the apparent (but illusory) course of one of the original points, observers perceive 
that course as uninterrupted and colinear. This finding provides a quantitative mea- 
sure of the vector extraction phenomenon and was used to show that neither of the 
two current models adequately fits that phenomenon. 
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