
bulbospinal as well as ascending pro- 
jections (10), and t':e increasing re- 
sponses may relate more to spinal reflex 
functions or to generalized arousal 
states. However, my results indicate that 
the activity of many of these bulboretic- 
ular neurons is not associated with 
specific movements or with inputs from 
several sensory modalities; rather, the 
magnitude of their synchronized dis- 
charge to somatic stimuli appears to be 
systematically related to a behavior 
operationally indicative of pain sen- 
sation. Moreover, it has been shown 
in cat that lesions in the NGC or its 
thalamic projection (11) significantly 
increase escape latency without affect- 
ing motor performance. Finally, stim- 
ulation of NGC in rats elicits escape 
(12), and similar effects have been ob- 
served in the cats used for unit record- 
ing in this study. Indeed, the effect of 
NGC stimulations is immediately gen- 
eralized, for cathodal stimulation of 25 
to 100 ,ua through the recording micro- 
electrode (100 pulses per second, 0.2- 
msec pulse duration; skull screw an- 
odal) elicits escape on the first stimulus 
trial, the points with lowest threshold 
being located in the region of respon- 
sive bulboreticular units described in 
this report (13). Taken together, the re- 
sults lend further support to the hy- 
pothesis that the bulboreticular forma- 
tion in the NGC region plays an 
important role in pain sensory mech- 
anisms. In view of the relative lack of 
somatotopic organization in this area, it 
seems possible that the NGC and its 
rostral projections are more concerned 
with the motivational, rather than the 
spatial discriminative aspects of pain 
(14). 
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Data indicate that a variety of ex- 
perimental treatments administered 
shortly after a learning trial can retro- 
actively impair the memory for that 
event (1). Much of this research is 
based on the effects of electroconvul- 
sive shock (ECS) on shock motivated 
passive avoidance learning. Whereas 
many results indicate that such treat- 
ments are most effective when admin- 
istered immediately after the learning 
trial and that the amnesic effect dimin- 
ishes as the time between learning and 
ECS increases, little is known about 
the primary anatomical site of action 
of ECS, or of any other amnesic agent. 
Because the treatments that produce 
these apparent memory deficits are fre- 
quently gross systemic ones, it has been 
difficult to ascertain the specific struc- 
tures involved in various stages of 
memory formation. A number of re- 
sults suggest that stimulation of the 
basal ganglia (2), thalamic reticular 
formation (3), and various limbic sys- 
tem structures (4) may affect learning 
and memory. However, it is extremely 
difficult to assess such experiments in 
terms of direct effects on specific brain 
structures or on memory mechanisms 
because of the use of relatively high 
current densities or long stimulation 
durations, because of the failure to 
control for spread of current to other 
structures, and because of the possi- 
bility that stimulation of brain struc- 
tures during learning produces direct 
effects on performance. 

Several experiments have indicated 
that it is possible to impair one-trial in- 
hibitory avoidance learning retroactive- 
ly by brief electrical stimulation of the 
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caudate-putamen complex (CPU) (5, 6) 
or by placement of small electrolytic 
lesions in the cingulate field (7). These 
studies (5-7) were directed specifically 
at the retroactive and time-dependent 
effects of such manipulations on mem- 
ory; they included more adequate con- 
trols than the earlier investigations. In 
addition to demonstrating neural spe- 
cificity resulting from electrical stimu- 
lation of specific structures, this tech- 
nique has the advantage of avoiding 
aversive effects that result from multi- 
ple administrations, such as observed 
with repeated ECS treatments (8); 
thus, it is of use in multiple trial learn- 
ing paradigms. 

We investigated the effects of elec- 
trical stimulation of the CPU on multi- 
ple alley maze learning in food-moti- 
vated rats. Because a previous investiga- 
tion demonstrated that the impairment 
resulting from CPU stimulation is not 
the result of current spread to sur- 
rounding structures (5), this experi- 
ment focused on stimulation charac- 
teristics, such as timing in the response- 
reinforcement sequence and frequency 
of presentation, rather than on con- 
trol electrode placements. Finally, the 
subtlety of this technique permitted 
a more careful analysis of the develop- 
ment of the learning process than has 
traditionally been possible with other 
retrograde amnesic agents, namely, as- 
sessing the disruptive effect of different 
stimulation characteristics as the learn- 
ing process proceeded through a graded 
series of learning criteria. 

Male albino rats (Sprague-Dawley) 
between 150 to 225 days old were in- 
dividually housed and maintained. 
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Caudate Nucleus Stimulation Retroactively 

Impairs Complex Maze Learning in the Rat 

Abstract. Rats, with permanent electrodes implanted bilaterally in the caudate- 
putamen complex, were stimulated with single pulses after reinforcement of each 
maze learning trial or were stimulated with multiple pulses after each choice point 
or after reinforcement. Single pulses retarded the development of learning only 
when stringent learning criteria were required, whereas multiple pulses interfered 
with acquisition when the criteria for learning were less difficult. 
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Bipolar, concentric electrodes (with the 
electrode barrel constructed of 26- 

gauge tubing and with a 0.25-mm ex- 

posure on both the tips and the bar- 
rels) were placed bilaterally in the 
head of the CPU of the animals (De- 
Groot stereotaxic coordinates (9) were 
AP, 8.4; H, 1.0; L, 2.5). Rats were as- 

signed to one of six groups-three con- 
trol groups and three brain stimulation 
groups. The control groups were nor- 
mal controls with no implanted elec- 
trodes, sham-operated controls with 
head connectors but without implanted 
electrodes, or controls with electrodes 

positioned in the CPU but never stimu- 
lated. The brain stimulated groups re- 
ceived single pulse stimulation at the 
end of each maze trial, after the rat 
had eaten for 30 seconds (PTS); stimu- 
lation after passing through each choice 

point between successive units (CPS); 
or multiple stimulations at the end of 
each maze trial, after the rat had eaten 
(MPTS). 

The apparatus was a Lashley III 
maze modified to be used with animals 
with cables attached to their heads. 
These modifications included increas- 

ing the height of the walls to 10 inches 
and shortening the alleys to 40 inches. 
The alleys were 5 inches wide; the 

plywood maze was painted flat gray 
and was placed on the floor of the 
laboratory. Various relay racks and 
other laboratory equipment were visi- 
ble to the rats and provided rich extra- 
maze cues. Low, indirect room illumi- 
nation was provided by a 100-watt light 
directed at the ceiling. Food depriva- 
tion began at least 1 week after surgery 
and weights were maintained through- 
out training at 85 percent of the levels 
prior to the operations. First, each rat 
was trained for 2 days to eat wet mash 
in the goal box. Then, on the following 
4 days, training consisted of travers- 
ing one-half and then all of a 40-inch 
straight alley from starting box to goal 
box. No brain stimulation was admin- 
istered during the preliminary training. 

During maze learning, one trial per 
day was given to each rat for the first 
3 days. For the next 3 days, two trials 
were administered each day, and on 
each of the remaining days, three trials 
were administered. The intertrial in- 
terval was 5 to 10 minutes for multi- 
ple-trial days. Head cables were at- 
tached to the animals with implanted 
electrodes and the animals with head 
connectors only, just prior to placement 
into the starting box. Trials were timed 
from leaving the starting box to enter- 
ing the goal box, and errors were re- 
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Fig. 1. Median number of trials to differ- 
ent criteria of learning (one out of two, 
two out of three, three out of four, and 
four out of five errorless trials) for groups 
of rats administered no, single, or multi- 
ple stimulations of the caudate-putamen 
at various times in the response-reinforce- 
ment sequence. CON, control; PTS, single 
stimulation after each trial; CPS, single 
stimulation after each choice point; 
MPTS, massed simulation after each 
trial. 

corded each time the head and fore- 

paws entered a blind cul. Rats in the 
brain stimulated groups were given 
bilateral pulses of 500 /,a for 2 msec 
(10). This current level was chosen 
because it was similar to the current 
levels used in the prior study that dem- 
onstrated a memory deficit from such 
stimulation (5). For the MPTS group, 
the number of stimulations given on 
each trial was the median number of 
stimulations that the CPS group had 
received on the same trial. The num- 
ber of pulses per trial presented to the 
MPTS group was 9, 7, 7, 5, 7, 5 (trials 
one through six, respectively) and 4 
for the seventh and all the remaining 
trials. Multiple stimulations were sepa- 
rated by 1 second. 

Rats with electrodes were killed and 
perfused. The brains were frozen, and 
80-/Am sections were cut until the elec- 
trode tracks were visible. Photomicro- 
graphs were then made to permit veri- 
fication of tip placement. Verified CPU 
electrode placements for each of the 
groups were: PTS, n = 15; CPS, n - 13; 
and MPTS, n= 11. Of the control 
groups there were four with CPU 
placed electrodes, six sham-operated 
with head connectors but no electrodes, 
and ten normal controls. Because there 
were no trends toward differences on 
any measure among these groups they 
were combined into one control group 
(Con) for the purpose of statistical 
comparisons. The number of errors 
and the number of trials to criteria 
yielded similar results, so only the num- 
ber of trials to criteria are discussed. 

All rats were run to a criterion of 
four errorless trials out of any five. 
(Running was discontinued if this 
criterion was not met by the 50th 
trial.) However, in reaching this cri- 
terion each animal also fulfilled cri- 
teria of three perfect trials out of any 
four, two perfect trials out of three, 
and one out of any two (the first error- 
less trial). The data for each criterion 
level is presented in Fig. 1. For the 
easiest criterion, that is, the number 
of trials to the first errorless trial, an 
overall nonparametric analysis of vari- 
ance (Kruskal-Wallis) demonstrated a 
significant difference among the four 
groups (P<.01). Two-tailed Mann- 
Whitney U tests were performed be- 
tween pairs of groups. No difference 
was found between groups PTS and 
Con, but both CPS and MPTS groups 
took reliably more trials to reach the 
first errorless trial than did the con- 
trols (P < .002 and P < .05, respec- 
tively). Groups CPS and MPTS also 
took more trials to reach this criterion 
than did group PTS (P between .05 
and .10 and P < .02, respectively). 
There was no difference between groups 
CPS and MPTS. These results demon- 
strate that multiple stimulations of the 
CPU during or after a training trial 
interferes with learning, whereas a 
single stimulation after a trial does not 
interfere when the criterion of learning 
is an easy one. For the results of the 
next most difficult criterion, two error- 
less trials out of three, the pattern of 
results was identical to that for the 
criterion of one trial out of two. 

For the third criterion, three error- 
less trials out of four, the differences 
shown by individual group comparisons 
after the significant overall test (P < 
.001) begin to show a different pattern. 
Groups CPS and MPTS are still both 
reliably slower to reach this criterion 
than the control group (P < .001 in 
both cases), but they did not differ 
from each other, and they both are 
different from group PTS (P < .05 and 
P < .002, respectively). However, 
group PTS is, at this criterion level, 
reliably slower to reach criterion than 
the control group (P <.001). For the 
criterion of four errorless trials out of 
five, the pattern of results was identical 
to that for three trials out of four. At 
these more difficult criterion levels, 
stimulation of the CPU whether by 
single or multiple stimulations retards 
the rate of learning, and multiple stimu- 
lations are more detrimental than sin- 
gle pulses. 

These results demonstrate that stimu- 
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lation of the CPU can retroactively 
impair the acquisition of a maze learn- 
ing habit. Multiple stimulations admin- 
istered either during the maze trial, 
contingent upon passing through choice 
points, or after the completion of the 
trial and reinforcement, were effective 
in producing this impairment regard- 
less of the criterion of learning em- 
ployed. Single pulse stimulation after 
a trial produced a deficit only in the 
later stages of learning, after the initial 
few errorless trials had been run. These 
results suggest that the different stimu- 
lation conditions represent a dose ef- 
fect, similar to that observed with other 
amnesic agents (11). In this experi- 
ment, single pulse stimulation disrupted 
learning only late in training, when 
errorless performance was being per- 
fected, whereas multiple stimulations 
were effective in interfering with ac- 
quisition from the earliest stages of 
learning. 

These observations emphasize a ma- 
jor contribution that such studies can 
make which is impossible with the 
gross treatments used previously in 
studies of memory impairment, that is, 
administration of the amnesic agent 
after or during each trial in a multiple 
trial experiment. Such treatments as 
ECS proved to be, in themselves, aver- 
sive after several administrations (8). 
This does not appear to be the case 
with stimulation of the CPU insofar as 
such stimulation appears to be neither 
aversive nor positively reinforcing (12). 

These results confirm and extend the 
basic findings that stimulation of the 
CPU after a trial in rats produces retro- 
active memory impairment. This has 
been demonstrated in several single 
trial, passive avoidance paradigms (5, 
6) and now in a food-motivated com- 
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CPU after a trial in rats produces retro- 
active memory impairment. This has 
been demonstrated in several single 
trial, passive avoidance paradigms (5, 
6) and now in a food-motivated com- 

plex maze situation. It would appear 
that the CPU has a major involvement 
in the formation of memory. Whether 
this complex contains some discrete 
(or stochastic) neural activity repre- 
senting the stimuli associated during 
learning, or whether its involvement is 
the result of its influence [probably 
inhibitory (13)] on other sites or sys- 
tems is still very much open to 
question. 
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plex maze situation. It would appear 
that the CPU has a major involvement 
in the formation of memory. Whether 
this complex contains some discrete 
(or stochastic) neural activity repre- 
senting the stimuli associated during 
learning, or whether its involvement is 
the result of its influence [probably 
inhibitory (13)] on other sites or sys- 
tems is still very much open to 
question. 
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Allergic and Classically Conditioned Asthma in Guinea Pigs Allergic and Classically Conditioned Asthma in Guinea Pigs 
Justesen, Braun, Garrison, and Pen- 

dleton (1) state that the "pressure dif- 
ferential between inspiratory peak and 
expiratory peak of each respiratory 
cycle is . . . greater during an attack 
of asthma than when the airway is 
patent." This is so provided rates of 
air flow are similar in both instances. 
Peak pressures are increased not only 
during asthma, but also during hyper- 
ventilation without airway obstruction. 
The authors present no data that per- 
mit one to distinguish between these 
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two processes. This paper does not 
contain convincing evidence that asth- 
matic attacks can be induced in guinea 
pigs by conditioning techniques. The 
study of such responses requires simul- 
taneous recordings of rate of air flow, 
driving pressure, and lung volume. 
Several well-established techniques are 
available for this purpose (2). 
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If a suspected attack of conditional 
asthma were found upon direct exami- 
nation to be caused by a form of hyper- 
pnea '(for example, the hyperventilation 
syndrome), no damage would be done 
the thesis that classical conditioning had 
been demonstrated because conditional 
responses often differ greatly, both 
quantitatively and qualitatively, from 
the unconditional reflexes from which 
they are elaborated (1). Although this 
argument is partly responsive to Bou- 
huys' central challenge, it proves to be 
academic. Inhaled isoproterenol, a bron- 
chodilator, invariably controlled the 
higher peak pressures associated with 
allergic and conditional attacks of 
asthma. The drug's established speci- 
ficity as a dilator of smooth muscle of 
the airway (2) thus permitted a strong 
operational distinction to be drawn be- 
tween an obstructed airway and mere 
hyperventilation. In demonstration of 
conditioning, (i) only animals with a 
history of immunologically competent, 
hypersensitizing treatments developed 
plethysmographic signs of allergic, then 
conditional asthma; (ii) the conditional 
response was resistant to experimental 
extinction, but could be extinguished; 
and (iii) once extinguished, it could be 
reconditioned. The convergence of the 
original data with other data drawn 
from immunology and pulmonary phys- 
iology (3), pharmacology (2), and Pav- 
lovian psychology (4) leaves little doubt 
that classical conditioning of an ob- 
structed airway was indeed ,accom- 
plished in the guinea pigs. 
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