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Electroconvulsive shock (ECS) and 
a variety of other treatments produce 
retrograde amnesia. Animals treated 

shortly after training perform poorly 
on subsequent retention tests. These 
facts are not in serious dispute. Con- 
troversy centers on interpretations of 
the basis of the retention deficit (1). 
One interpretation is that the treat- 
ments produce retrograde amnesia by 
interfering with time-dependent pro- 
cesses underlying memory storage (2). 
An alternative interpretation of experi- 
mentally produced retrograde amnesia 
is that amnesic treatments produce 
retrograde amnesia by interfering with 
the retrieval of stored information. The 
findings of several studies appear to 
support the "impaired retrieval" inter- 
pretation of retrograde amnesia (3-6). 
In many of these studies, animals are 
(i) trained on an inhibitory (passive) 
avoidance task, (ii) given a treatment 
(such as ECS), (iii) given an initial 
retention test, (iv) given a noncontin- 
gent aversive treatment [usually a non- 
contingent footshock (NCFS)] in a 
different apparatus, and (v) are then 
given a second retention test. The non- 
contingent aversive stimulation appears 
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to attenuate the retention impairment 
produced by the amnesic treatment. 

According to the impaired retrieval in- 

terpretation, these findings indicate that 
the noncontingent aversive treatment 
serves as a "reminder" and thus enables 
the animal to retrieve the stored but 

previously unavailable information. 
However, another possible explana- 

tion of the "reminder effect" is that the 
NCFS is itself a weak training experi- 
ence which an animal with some reten- 
tion of inhibitory avoidance training 
will generalize to the task on which it 
is tested. This generalization hypothe- 
sis predicts that the retention perform- 
ance of animals which would otherwise 
show poor retention will be increased 
by the NCFS treatment. Studies on the 
"reminder effect" have two results that 
support the hypothesis presented here: 
(i) the retention latencies of the retro- 
grade amnesia control groups are gen- 
erally higher than the latencies of the 
naive level, indicating incomplete 
retrograde amnesia (3, 4), and (ii) 
retention latencies of the control group 
that received footshocks (FS) are also 
increased by the NCFS (3, 5). These 
findings suggest that the NCFS pro- 
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vides an additional training experience 
which summates with retention of an 
avoidance task. 

We tested the generalization hy- 
pothesis directly by (i) comparing the 
effectiveness of "reminder" treatments 
on animals with different degrees of 
retrograde amnesia and (ii) examining 
the effectiveness of "reminder" treat- 
ments on animals that are poorly 
trained initially but never given an 
amnesic treatment. 

Sixty-day-old male Sprague-Dawley 
rats (250 to 300 g) (Simonsen) were 
used. Under Nembutal anesthesia, we 
implanted stainless steel skull screw 
electrodes bilaterally over frontal and 

posterior cortex (2 mm anterior to 
bregma, 2 mm lateral; 7 mm posterior 
to bregma, 2 mm lateral) in 21 of the 
rats. These rats were then allowed a 
1-week recovery period. Other animals 
were unoperated. 

All animals were water deprived to 
80 percent of their initial weight over 
a period of 6 to 8 days. The rats were 
then given 4 days of preliminary train- 
ing during which they were allowed 
to lick for a 30-second period from a 
water tube at one end of a straight 
alley. The alley was divided into two 
compartments: a white safe compart- 
ment (24 by 14 by 12 cm) separated 
by a sliding door from a black shock 
compartment (37 by 14 by 12 cm). 
Each day the animals were placed in 
the white compartment and the door 
was opened, allowing the animals to 
run to the water tube that protruded 
from the far end of the black compart- 
ment. 

On day 5, animals were divided into 
seven groups (Table 1). (i) The strong- 
FS control group (N = 8) received a 
2-ma, I-second FS administered from 
a constant current source during the 
10th second of licking on day 5. These 
animals, as well as animals in all other 
groups were given retention tests 24 
hours (T1) and 48 hours (T,) later. 
(ii) The retrograde amnesia control 
group (N = 6) received the strong FS 
followed 0.1 second later by 6-ma (0.5- 
second, 60-hertz, sine wave, constant 
current) stimulation of posterior cortex. 
This amnesia treatment was chosen on 
the basis of prior studies that used the 
same task (7). One hour after T1 the 
animals were placed in the NCFS ap- 
paratus but received no FS. (iii) The 
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Abstract. Recent findings suggest that amnnesic agents block the retrieval of 
stored information. "Reminder" treatments, such as noncontingent punishments 
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retention performance of an animal. The data reported suggest that noncontin- 
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retention performance of partially almnesic or poorly trained animals. 
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Table 1. Retention performance as tested 24 hours (T1) and 48 hours (T.) after training. 
Median latencies to lick and interquartile ranges are shown. Abbreviations used are: FS, foot- 
shock; NCFS, noncontingent footshock; RA, retrograde amnesia. 

Median latency to lick (seconds) 
Group N 

T, Treatment after T, 

Strong-FS controls 8 300 (300-300) None 300 (300-300) 
RA controls 6 6 (3-16) None 8 (6-15) 
RA + NCFS 15 6 (3-85) NCFS 168 (28-300) 

Complete RA + NCFS 6 5 (3-6) NCFS 7 (6-28) 
Incomplete RA + NCFS 9 30 (10-210) NCFS 309 (300-300) 

Weak-FS controls 8 32 (5-122) None 18 (7-38) 
Weak-FS + NCFS 9 7 (6-39) NCFS 300 (84-300) 

NCFS prior to weak-FS Weak-FS 
training 8 8 (7-9) training 300 (300-300) 

Repeated NCFS only 8 4 (3-4) NCFS 5 (3-7) 

a NCFS (2 ma, 1 second) in a novel 

compartment that differed considerably 
from the training apparatus. This was 
a trough-shaped compartment that had 
four metal plates forming the sides and 
floor, through which scrambled FS 
could be administered. (iv) The weak- 
FS control group (N = 8) received a 
weak training FS (2 ma, 0.4 second) 
during the 10th second of drinking on 

day 5. (v) The weak-FS + NCFS 

group (N = 9) was trained and tested 
as in the previous group but received 
a NCFS 1 hour after T1. (vi) For the 
NCFS prior to weak-FS training 
group (N = 8), the NCFS preceded T1 
by 1 hour. On T1 the animals received 
the weak training FS during the 10th 
second of licking. (vii) The repeated 
NCFS-only group (N = 8) was not 
trained but received only the NCFS 1 
hour after the test trial on each of 4 

days. 
On the retention tests the animals 

were placed in the apparatus as on pre- 
vious days. Latency to lick and the 
amount of time spent licking during the 
30-second period after the first lick 
were taken as the retention measures. 

Drinking behavior was stable by the 
end of day 4 of the preliminary train- 

ing. All animals licked within 10 sec- 
onds (median, 5 seconds), and all ani- 
mals licked for at least 20 seconds dur- 

ing the 30-second period that followed 
the first lick (median, 30 seconds). 
After training and treatment, animals 
for which the latency to lick was less 
tha,n 10 seconds and the amount of 
time spent licking was more than 20 
seconds were classified as having com- 

plete retrograde amnesia. Animals not 

meeting these rigorous criteria were 
classified as having incomplete retro- 

grade amnesia. 
The results are presented in Table 1. 

(i) Median latencies for animals in the 

strong-FS control group were 300 sec- 
onds on both T1 and T,. (ii) The 

retrograde amnesia control group laten- 
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cies were significantly lower than those 
of the strong-FS control group on 
both test trials (8). (iii) Latencies for 
animals in the cortical stimulation 

group that received the NCFS were 

significantly lower than those of the 
FS control group on TI. However on 
T.2, after the NCFS, the latencies no 
longer differed significantly (P > 0.1) 
from those of the FS control group. 
The increase in latencies from T, to 
T. was significant (P < .05). (iv) The 
cortical stimulation group that received 
the NCFS was divided into groups 
which had complete or incomplete 
retrograde amnesia on T1. For both 

subgroups, the latencies on T, were 

significantly lower than those of the 

strong-FS control group. Latencies of 
those animals that performed at a 
naive level on T. (complete retrograde 
amnesia) were not significantly altered 

by the NCFS. However, the animals 
judged to have some retention of prior 
training (incomplete retrograde am- 

nesia) had significantly higher T, la- 
tencies to lick than those of either the 
retrograde amnesia control group, 
which did not receive the NCFS, or 
the complete-retrograde amnesia sub- 

group. Thus, the results of the in- 

complete-retrograde amnesia subgroup 
provide a replication of the basic "re- 
minder effect." Our results are con- 
sistent with the findings of Cherkin 

(9) that noncontingent punishment 
is effective in increasing avoidance 
behavior in chicks only if amnesia is 

incomplete. 
(v) The weak-FS groups performed 

in a manner comparable to that of 
the retrograde amnesia groups. Ani- 
mals that were trained with weak 
FS and later received NCFS displayed 
significantly longer latencies to lick on 
T2 than did animals in the weak-FS 

group that did not receive the NCFS. 
These animals received no amnesic 
treatment yet their avoidance behavior 
was significantly improved by the 

NCFS. (vi) Also, the T, latencies of 
animals that received NCFS prior to 
training with weak FS were signifi- 
cantly higher than those of the animals 
in the weak-FS control group. (vii) 
Repeated NCFS did not increase laten- 
cies of the animals that received no 
training in the avoidance task, even 
after four tests, each followed by 
NCFS. 

Our results indicate that avoidance 
performance of animals with poor re- 
tention of an inhibitory avoidance task, 
produced either by weak training or by 
strong training followed by an amnesic 
treatment, is improved by a NCFS. 

Presumably then, animals with weak 
retention of inhibitory avoidance train- 
ing generalize the effects of NCFS to 
the avoidance task. Animals with no 
retention of inhibitory avoidance train- 
ing, either untrained or completely am- 
nesic animals, do not generalize from 
the NCFS experience. The conclusion 
that weak retention of the training ex- 

perience is necessary in order for 
NCFS to influence avoidance perform- 
ance is supported by the results of the 

retrograde amnesia + NCFS sub- 

groups. This view is consistent with 

interpretations of other investigators 
(4, 9). For example, after examining 
carefully the conditions- under which 

noncontingent punishment can add to 
a memory trace that is weakened by 
an amnesic treatment, Cherkin (9, p. 
954) suggested that "noncontingent 
learning may result in a subthreshold 

engram [for behavioral expression] 
which co-operates with the subthresh- 
old engram that survived the RA 

[retrograde amnesia] treatment, to such 
a cumulated level that can be recalled." 
Our results provide further support for 
this view. 

We suggest that "reminder" treat- 
ments do not release a memory from 
an ECS-produced retrieval block. In- 
stead, noncontingent "reminder" treat- 
ments provide a learning experience 
that adds to the performance of ani- 
mals which would otherwise have poor 
retention of avoidance training. Such 
treatments are effective (i) whether 
animals have partial retrograde amne- 
sia for the training, or are simply 
poorly trained and (ii) whether the 
treatment precedes or follows the weak 

training experience. 
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Threshold of intolerance for painful 
electrical stimuli was determined for 
three adult male subjects. The subjects 
in all cases faced away from the ex- 
perimenter and the stimulation appara- 
tus. In addition, their eyes were closed. 
Each subject was instructed to indicate 
when the limits of his pain tolerance 
had been exceeded by saying "stop." 
The pain stimuli were applied by silver 
electrodes 1 cm in diameter separated 
by a fixed distance of 3 cm. These 
electrodes were applied with pressure 
to the skin surface after cleansing and 
the application of standard electro- 
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Fig. 1. Change in voltage tolerated after 
vibratory stimuli, subject J.B. Pain stimuli 
to areas labeled at bottom were given 
without previous vibratory stimuli (shaded 
bars) or immediately after vibratory stim- 
uli to areas indicated in open bars. Four 
other series of determinations gave values 
within 25 volts of those diagrammed. 
Each cutaneous area was also studied five 
times in two other subjects, with similar 
results. 
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encephalogram (EEG) electrode paste. 
Square-wave stimuli of constant dura- 
tion were delivered at 1 sec-1 frequen- 
cy to the skin of the dorsal surfaces of 
both great toes and thumbs, over the 
lateral malleolus of both ankles, and 
over the ulnar and radial borders of 
both wrists. Voltage was increased from 
100 volts in 25-volt steps every 2 sec- 
onds to the point that the subject de- 
scribed it as intolerable. Subjects were 
given no cues other than the cutaneous 
shocks. Each subject was studied many 
times over several days so that the 
threshold for each area was determined 
a minimum of five times. The maxi- 
mum tolerable voltage for a square- 
wave pulse of 0.2-msec duration was 
remarkably constant for all areas stud- 
ied and among the three subjects (300 
? 25 volts). 

Vibratory electrical stimuli (50 
sec-1, 25 volts, 0.1-msec duration) 
were then delivered for 60 seconds to 
various portions of the extremities by 
electrodes constructed and applied in 
the same way as those used for the 
painful stimulation. After approxi- 
mately 15 seconds, tingling sensations 
were reported by each subject in the 
extremity being stimulated. This tin- 
gling outlasted the stimulation by vari- 
able amounts of time. Pain thresholds 
were again determined immediately 
after the vibratory stimuli. In all ob- 
servations, the vibratory points were 
at least 5 cm from the pain stimulation 
points, and usually the two points 
chosen were in cutaneous areas sup- 
plied by different peripheral nerves. A 
marked reproducible increase in maxi- 
mum tolerance to the electrical impulse 
was noted after the vibration. This 
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effect lasted for 20 minutes in our 
subjects, after which the original in- 
tolerance threshold values returned. 
Following the vibratory stimulus, the 
threshold for pain intolerance was 
often elevated in extremities other than 
the one receiving vibration. While this 
effect was primarily limited to ipsi- 
lateral limbs (Fig. 1), increased tol- 
erance to the painful stimulus in con- 
tralateral limbs was observed several 
times. There was no evidence of tissue 
damage from the brief electrical stimu- 
lation used, despite high voltages. 

Cortical evoked potentials (CEP) 
were obtained by averaging bipolar 
EEG recordings made with contra- 
lateral central region versus vertex 
electrodes while 100 nonpainful stim- 
uli were delivered to the dorsal thumb 
(75 volts, 0.1-msec duration, 0.5 
sec-') (Fig. 2). Following application 
of the vibratory stimulus described 
above, marked suppression of the CEP 
was observed. After the vibration, 
CEP's were recorded every 5 minutes 
until the original evoked potential con- 
figuration returned. Waves V and VI 
gradually reappeared, followed by a 
gradual increase in their voltage and 
then by return of the initial wave after 
15 minutes. Configuration and latency 
of the CEP waves were identical to the 
initial recordings 20 minutes after the 
vibratory stimulus. 
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Fig. 2. Averaged cortical potentials evoked 
by cutaneous stimuli, subject J.B. Upper 
record was obtained prior to vibration 
(the irregular protuberance in the third 
major negative deflection represents arti- 
factual reduplication of a point "dropped" 
by the averager). The middle record was 
obtained immediately after vibration; and 
the lower record, 15 minutes later. By 20 
minutes after vibration, the CEP was 
indistinguishable from that in the upper 
trace. Arrows indicate stimulus marker. 
(Redrawn from photographic recordings.) 
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Pain Perception: Modification of Threshold of Intolerance 
and Cortical Potentials by Cutaneous Stimulation 

Abstract. Cutaneous electrical stimulation temporarily raises the threshold of 
intolerance for pain elicited by electric shock. Similar stimulation suppresses the 
somatosensory cortical evoked potential. 
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