of the anesthetic block 6, 7). These cur-
rents were also not influenced by internal
anesthetics (Fig. 2C). This is in contrast
to the effects of external anesthetics,
which cause a marked alteration of the
steady-state current-voltage relation for
ACh-induced current 6, 7).

To determine whether the anesthetics
reached the internal membrane surface,
the voltage-activated sodium current
was examined in two myoballs. At a
holding potential of — 80 mV, a 30-msec
pulse to — 40 mV elicited an inward so-
dium current. In the absence of anesthet-
ic compounds, the sodium current was
not affected by stimulating at a frequen-
cy of 1 Hz. However, 20 minutes after
the addition of 1 mM QX-314 to the inter-
nal solution, the sodium current exhib-
ited a use-dependent block, decreasing
by about one-third in response to 30
pulses at 1 Hz. Extracellular 1 mM QX-
314 was without effect on the current
through the sodium channel. A use-de-
pendent inhibition of sodium current by
internal QX-314 was reported previously
©).

It is possible that an asymmetry of sur-
face potentials could explain the asym-
metrical effects of QX-314 and QX-222
on the ACh channel. If the extracellular
negative surface potential is greater than
the intracellular surface potential, it
could concentrate the cationic anesthetic
at the outer mouth of the ACh channel,
thus increasing its effectiveness when
applied externally. If the extracellular
surface charge density is about 0.002
electron charge per square angstrom
(10), then the surface potential can be
calculated by use of the Grahame equa-
tion (10, 11). The calculated extracellular
surface potential, — 41 mV, would in-
crease the concentration of the mono-
valent cation from 0.1 mM in the bath to
0.5 mM at the outer membrane surface.
This concentration is still less than the
intracellular concentration, 1 mM. In
spite of the fact that the intracellular con-
centration is greater, these anesthetics
have no effect when applied intra-
cellularly. It seems to us, therefore, that
asymmetry of surface potential cannot
explain this result.

Extracellular anesthetics appear to
block channels by hopping over an extra-
cellular barrier and binding to an intra-
channel site within the transmembrane
electrical field. Apparently the blocker is
unable to hop over an even larger intra-
cellular barrier to reach the inside of the
cell. If the blocker could be driven by
voltage over an intracellular barrier, the
block would be relieved at sufficiently
negative potentials by a ‘‘punch-
through’> mechanism (/2), which has not
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been observed for the ACh channel (6,
7). The large intracellular barrier may
prevent access of internally applied
anesthetics to the binding site. It is con-
ceivable that the intracellular barrier is
the selectivity filter of the channel (2).
Regardless of the mechanism of action of
anesthetics, it is clear from these experi-
ments that the channel is not a symmetri-
cal structure. Our data are in agreement
with recent morphological evidence
showing that the ACh receptor-channel
complex has an asymmetrical structure
within the lipid bilayer (I3).
RicHARD HORN*
MaLcoLM S. BRODWICK
Cholinergic Division, Department of
Physiology and Biophysics,
University of Texas Medical Branch,
Galveston 77550
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Preserved Learning and Retention of Pattern-Analyzing Skill

in Amnesia: Dissociation of Knowing How and Knowing That

Abstract. Amnesic patients acquired a mirror-reading skill at a rate equivalent to
that of matched control subjects and retained it for at least 3 months. The results
indicate that the class of preserved learning skills in amnesia is broader than pre-
viously reported. Amnesia seems to spare information that is based on rules or pro-
cedures, as contrasted with information that is data-based or declarative —*‘knowing

how”’ rather than ‘‘knowing that.”’

The results support the hypothesis that such a

distinction is honored by the nervous system.

Amnesia, a neurologic syndrome char-
acterized by a deficit in the formation of
new memories, can exist independently
of other cognitive impairment. The defi-

Words recalled

(o]
Trial 1 2 3 1.2 8 1 2 8

[ Controls [ Alcoholics BMEB ECT
. NA. M Korsakoff

cit is global, affecting both verbal and
nonverbal material irrespective of mo-
dality (/). In particularly severe amnesia,
as exhibited, for example, by the noted
case of H.M. (2, 3), the impairment has
been described as ‘‘forgetting the in-
cidents of daily life as fast as they oc-
cur’ 2, p. 15).

Amnesic patients have nonetheless
been reported to learn and remember
certain perceptual-motor skills, includ-
ing tracking and mirror tracing ¢-7),
frequently at a rate comparable to that of
control subjects (6, 7). Yet these same
patients had little or no recollection of
having previously performed the task.

Fig. 1. Anterograde amnesia for ten word
pairs presented three times. After each pre-
sentation, subjects saw the first word of each
pair and tried to recall the second.
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They have also been reported to increase
the speed with which they perform
maze-learning tasks, despite their failing
to learn the appropriate sequence of
turns 6, 8). In addition, work with nor-
mal subjects has dissociated kinesthetic-
motor memory from spatial and verbal
memory on the basis of differences in
forgetting rates and in susceptibility to
interference (9). These data have sug-
gested that perceptual-motor informa-
tion might enjoy a special neurologic
status that could be responsible for the
sparing of perceptual-motor skills in am-
nesia.

We now report that the class of pre-
served learning skills in amnesia extends
beyond perceptual-motor tasks. Amne-
sic patients were able to acquire a mirror-
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reading skill that minimized perceptual-
motor involvement and were able to re-
tain it for more than 3 months. In three
consecutive daily sessions and in a
fourth session 13 weeks later, eight am-
nesic patients learned to read mirror-re-
flected words at a rate equivalent to that
of matched control subjects. The mirror-
reading task was selected because of its
dependence on pattern-analyzing rather
than perceptual-motor skills (/0-12). The
subjects learned the mirror-reading skill
despite amnesia for the words that had
been read and with negligible recollec-
tion of having previously performed the
task.

We tested N.A., who has been amne-
sic for verbal material since sustaining a
stab wound to the diencephalon in 1960

Repeated
word triads

Fig. 2. Acquisition of
a mirror-reading skill
during three daily ses-
sions, and retention 3
months later. The
ability to mirror read
unique (nonrepeated)
words was acquired
at a normal rate by
amnesic patients. The
ability of amnesic pa-
tients to mirror read
repeated words was
inferior to the control
rate because amnesic
patients, unlike con-
trol subjects, could
o not remember the
specific words that
had been read.
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(13); four patients with chronic alcoholic
Korsakoff syndrome; three patients test-
ed 6 to 9 days after a prescribed course
of bilateral electroconvulsive therapy
(ECT) for relief of depressive illness
(I4); and control subjects for N.A. and
for the Korsakoff patients (/5). All pa-
tients were severely amnesic as assessed
by formal tests of new learning ability
and by their inability to remember day-
to-day events (Fig. 1) (16).

Subjects saw cards presented by mir-
ror-reflection in a tachistoscope, each
card displaying three low-frequency
nouns with eight to ten letters; for ex-
ample, they saw

azoibnsip—2uoidilgso—-slppsibad

Subjects were asked to read each word
triad aloud and to press a button when
finished. The button press stopped a mil-
lisecond timer and terminated the trial.
Subjects read five blocks of ten word tri-
ads on each of three consecutive days
and also on a fourth day approximately
13 weeks later. For each block of ten tri-
ads, half were common to all blocks (re-
peated) and half were unique (non-
repeated). By analyzing separately the
performance for the nonrepeated and the
repeated word triads, we evaluated the
ability to acquire the rules or procedures
necessary for mirror reading, and also
evaluated the ability to benefit from fre-
quent repetition of specific words.

All amnesic patients learned the pat-
tern-analyzing skill (nonrepeated word
triads) (Fig. 2) [main effect of block num-
ber: F(4, 28) = 12.65, P < .001; main ef-
fect of test day: F(2, 14) = 14.63, P <
.01; linear component: F(1, 5) = 179.72,
P < .001]. Indeed, N.A. and the Korsa-
koff patients learned at a rate equivalent
to that of their matched controls (7).

For all subjects, the learning curves
for the repeated triads were similar to
but steeper than those for the nonre-
peated triads [F(1, 18) = 101.14, P <
.001], which reflected the facilitatory ef-
fect on reading speed of remembering
the specific words that were repeated
from block to block. This facilitatory ef-
fect was smaller for the amnesic patients
than for the control subjects (/8), which
illustrates that, despite learning the mir-
ror-reading skill normally, amnesics
were poor at remembering which words
they had read. This dissociation can be
appreciated most clearly in Fig. 3. For
performance on nonrepeated word tri-
ads, which depends only on the rules or
procedures involved in mirror reading,
there was no forgetting between sessions
by either the amnesic patients [¢(6) < 1,
P > 3] or by the controls [t(10) < 1,
P > .3]. For performance on repeated
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word triads, which depends in addition
on memory for the specific words that
were repeated from block to block, only
the amnesic patients showed marked for-
getting [¢(6) = 2.78, P < .02].

The striking deficit in memory for spe-
cific items exhibited by the amnesic pa-
tients was also illustrated by their poor
performance on a recognition memory
test administered after day 3 of testing
(19). For the nonrepeated words, recog-
nition d’ was amnesics, 0.36 = 0.1; con-
trols, 1.46 += 0.2 [t (18) = 3.07, P < .01];
for the repeated words, recognition d’
was amnesics, 1.97 + 0.4; controls, 3.79
+ 0.1 [t (18) = 4.24, P < .001]. Upon
being questioned, none of the amnesic
patients reported that words had been re-
peated during the task, even though by
the end of session 4 the set of repeated
words had been presented 20 times. All
of the control subjects reported sponta-
neously that words were frequently re-
peated.

The finding of intact acquisition and
retention of mirror-reading skill in am-
nesic patients adds to the set of learning
skills known to be preserved in amnesia,
and suggests that the class of preserved
learning skills may be considerably
broader than was previously thought.
The traditional view has held that the
role of motor information is crucial in de-
termining which tasks amnesics can
learn. This view is based on the premise
that motor information enjoys a special
neurologic status and is thereby spared
in amnesia. However, amnesic patients
have recently been found to be impaired
in a test of short-term kinesthetic-motor
memory (20), which indicates that motor
performance is not uniformly spared in
amnesia. Moreover, amnesic patients
can learn skills that are apparently not
perceptual-motor in nature, including the
present pattern-analyzing skill. Thus,
there have been reports of numerical rule
learning (21) and eyeblink conditioning
(22) in amnesic patients, and anecdotal
observations (23) that amnesic patients
are often good at learning testing pro-
cedures even when they fail on the tests
24).

If, as Kolers suggested (11, 12), ac-
quiring reading skills involves the learn-
ing of encoding operations or procedures
rather than the remembering of specific
results of these operations, amnesic pa-
tients seem to provide a clear example of
this distinction. Amnesic patients can
apparently learn the encoding rules or
procedures for acquiring skills, but can
remember little or nothing of the infor-
mation that results from applying them.

Whether a task can or cannot be learned
in amnesia seems to depend on the na-
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Fig. 3. Forgetting between sessions as mea-
sured by the difference in reading time be-
tween the last block of each session and the
first block of the subsequent one. The inter-
action of the subject group by type of word
was significant [F(1, 18) = 6.08, P < .03)].

ture of the information and not on the ex-
tent of motor involvement demanded by
the task. We propose that perceptual-
motor and pattern-analyzing skills be-
long to a class of operations governed
by rules or procedures; these operations
have information-processing and memo-
ry characteristics different from those
operations that depend on specific, de-
clarative, data-based material. Although
the distinction we have drawn between
these classes of information may not per-
mit all tasks to be sharply dichotomized,
it should prove useful in predicting what
is affected or spared in amnesia. This dis-
tinction between procedural or rule-
based information and declarative or
data-based information, which is remi-
niscent of the classical distinction be-
tween ‘‘knowing how’’ and ‘‘knowing
that,”” has been the subject of consid-
erable discussion in the literature of cog-
nition and artificial intelligence (25). The
experimental findings described here
provide evidence that such a distinction
is honored by the nervous system.
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Mediation of Diurnal Fluctuations in Pain Sensitivity in the
Rat by Food Intake Patterns: Reversal by Naloxone

Abstract. Rats maintained on a 12-hour light-dark cycle were tested for pain sensi-
tivity after being deprived of food during either the dark or the light phase of the
cycle. Diurnal fluctuations in pain sensitivity were observed. The fluctuations fol-
lowed food intake patterns rather than a natural circadian rhythm, with food depri-
vation producing a decrease in pain sensitivity. The analgesic response produced by
this mild food deprivation was strongly attenuated by naloxone or feeding, suggest-
ing that endogenous opioid systems may be related to patterns of food intake.

Diurnal variations in pain sensitivity
have been demonstrated repeatedly in
rats (/, 2). These variations are attenu-
ated or abolished by the opiate antago-
nist naloxone, suggesting that the phe-
nomenon is mediated by an endogenous
opioid system (3, 4). Strong support for
this suggestion is provided by the finding
that fluctuations in pain sensitivity are
closely paralleled by alterations in levels
of endogenous opioids in the rat brain
(5). It has been assumed that this diurnal
cyclicity in pain sensitivity reflects the
circadian rhythm common to other pitui-

tary hormone concentrations (). We
now present evidence suggesting that
diurnal fluctuations in pain sensitivity re-
flect patterns of food intake rather than a
circadian rhythm.

Researchers reporting diurnal rhythms
in pain sensitivity and endogenous
opioid concentrations used standard
light-dark cycles in conjunction with un-
restricted feeding (I, 2). However, since
rats given this liberty feed predominately
at night (6), the possibility exists that
pain sensitivity cycles are entrained by
food intake patterns rather than light-

dark cycles. This suggestion is supported
by the finding that food deprivation can
induce analgesia, which is markedly at-
tenuated by naloxone (). Related to this
point are several studies implicating en-
dogenous opioid systems in the modula-
tion of food intake. Central injections of
opioid peptides increase food intake in
the rat (7), while opiate antagonists de-
crease food intake §). Also, the cyclicity
in adrenal responsiveness to adreno-
corticotropic hormone (ACTH) is pri-
marily a function of food intake patterns
(9). In view of these findings, we ex-
plored the hypothesis that diurnal fluctu-
ations in pain sensitivity are entrained by
circadian patterns of food intake.

The subjects were 24 adult male hood-
ed rats individually housed and main-
tained on a 12-hour light-dark cycle.
They were randomly assigned to one of
two experimental groups. In the first
group (group A), free access to food was
given only during the light phase of the
cycle; in the second group (group B), on-
ly during the dark phase (10). Water was
always freely available.

After an 8-day period of adaptation to
the restricted feeding schedule, the ani-
mals were tested for pain sensitivity by
the tail-flick method. The latency of tail
flicking in response to a thermal stimulus
of fixed intensity was determined for
each rat during the first 2 to 4 hours of
both the light and dark phases (/7). The
food availability schedules for the two
groups were then reversed, and the ani-
mals were tested again 8 days later.

The results of this experiment clearly
indicate that food availability can signifi-
cantly alter pain sensitivity and that this
effect is largely independent of the light-
dark cycle. Pain thresholds were uni-
formly elevated after food deprivation,
regardless of the phase of the cycle (Fig.
1A). A within-subjects, repeated-mea-
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Fig. 1. (A) Effects of light-phase or dark-phase food availability on tail-flick latency in food-deprived and nondeprived rats. Verticle bars repre-
sent the standard errors of the mean. (B) Effects of feeding and naloxone administration on tail-flick latency. Since the results for both light
phases are comparable, the data are collapsed for illustration. Vertical bars represent the standard errors of the mean.
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