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Anesthesia and Learning

In THis 1ssUE, Adam and Collins report the effects
of enflurane on reaction time of human volunteers.!
Their experiment attempted to evaluate effects of en-
flurane on short-term memory and motor function.
The processes of memory and anesthesia appear to
be competitive, since memory is an important ingre-
dient of consciousness and anesthesia implies loss of
consciousness. They do, however, have much in
common. Both are complex processes involving
the entire brain and are associated with changes
in molecular structures, membrane function, neuro-
transmission and electrophysiology. Conceptually,
studies of the two processes are identical, and must
proceed at many levels of brain function. In this
editorial we describe how higher mental processes can
be studied and how the brain is thought to be func-
tionally organized, and summarize what is known
about the neurobiology of memory.

How Function of the Brain is Studied

As Rozin has recently emphasized,? the flow of in-
formation about complex mental processes, where few
hard data are available, must be from psychology
to biology rather than in the reverse direction. Al-
though physiologic changes must eventually explain
the processes of anesthesia and memory, where and
when—given our limited knowledge —do we look for
these changes, and how can they be interpreted? Ob-
served changes in molecules, membranes and in-
dividual neurons have not been helpful. We must first
determine the gross structure of the process psycho-
logically, i.e., by behavioral observation, as was first
done for memory by Ribot,®> who referred to “the
conservation of certain conditions, their reproduc-
tion; . and James,* who described a primary (im-
mediate) and a secondary (long-term) memory. Early
analyses of this type were done for anesthesia by Snow®

and Guedel.® The gross structure of the process must
then be separated into its component parts (component
analysis). Memory processes have thus been divided
into sensory reception, coding of sensory data, storage
of those data for a short time in a limited-capacity
memory bank (primary memory), transfer of those
coded data to large-capacity long-term banks (second-
ary memory), and finally, retrieval of the stored in-
formation. The anesthetic process can be divided into
sedation, amnesia, analgesia, disorientation, loss of
consciousness, and various degrees of reflex depres-
sion.

Once the general structure and component parts of
a process are outlined, we can then cautiously enter
the nervous system in search of the physiologic and
biologic bases. But we still need direction lest we wander
endlessly and aimlessly through tracts and synapses.
We must have some idea of the functional organiza-
tion of the brain, i.e., which area or interacting areas
subserve various mental functions.

How the Brain is Organized

According to Luria,” the brain may be divided into
three functional units. Each unit has a hierarchical
arrangement of three anatomic divisions of increas-
ing levels of function and operates in concert with the
other two units. Together they involve the entire brain.
The first functional unit regulates “tone” or waking.
It consists morphologically of the reticular formation
and the medial and mediobasal zones of the cortex
derived from the paleocortex, archicortex and inter-
mediate cortex. The function of this unit is to main-
tain the necessary level of cortical “tone” and thus

regulate the alertness necessary for higher cortical

function. Lesions in this unit produce a lowering of
cortical tone, rapid fatigability, disturbance of con-
sciousness, and deficits of memory.
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The second functional unit of the brain receives,
analyzes and stores afferent information. It is located
on the lateral, convex surface of the cerebral hemi-
spheres. The primary zones of the unit are the modal-
ity-specific projection areas in layer 1V of the cortex,
which receive input from visual, auditory, vestibular
and other sensory receptors. The secondary zones of
association neurons in cortical layers 11 and I1I code
discrete incoming excitation (raw sensory data) into
patterned neural activity. The tertiary part of the unit
consists of cells in association cortical layers 11 and
I11 of the overlapping zones of specific modality
located primarily in the inferior parietal region. In-
formation reaching this tertiary zone from modality-
specific areas is integrated and translated into stable
storage forms. It is an area in which modality-specific
information is changed into symbolic form.

The third functional unit of the brain is responsible
for the organization of conscious activity. The tertiary
part of this unit is in the prefrontal cortex. It form-
ulates voluntary programs and regulates complex be-
havior. It is subserved in these functions by two-way
connections with lower levels of the brain and also
with most other areas of the cortex. It is powerfully
influenced by, and exerts control over, functional
unit I. It receives and synthesizes afferent impulses
from the rest of the brain and organizes efferent im-
pulses. The secondary zone is located in the pre-motor
area and serves to organize motor activity. The
primary zone is the motor cortex, whose output is
from large pyramidal cells in layer V.

How the Organization of the Brain is Determined

The basis of Lauria’s organizational concept, as well
as competent analysis of the memory process, derives
from observations of the effects of physmdl and chem-
ical lesions. Brain cells that serve a given function tend
to look alike. They also tend to be grouped in the
same area, travel along the same tracts, and show selec-
tive sensitivity 1o drugs.? Discrete lesions produced
by trauma or tumors provide information about the
contributions of certain tracts or cortical areas to func-
tion. Diseases or toxins that preferentially disturb cer-
tain cell types give information about the functions
of those cells. Blunt trauma to the head may obliterate
all cognitive functions, which usually return in stages.
The observed effects of lesions supenmposed on a
conceptual cerebral organization thus gives us a “ball-
park” idea of where to look for the physiologic hases
of behavior. Anesthetics can be valuable tools in this
detective work because they produce reversible bio-
chemical lesions with dose-dependent effects.

Cellular Correlates of Memory

Information about the physiology and molecular
biology of learning began to accumulate in 1943 with
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the description by Mayer-Gross® of retrograde amnesia
(destruction of short-term memory) produced by elec-
troconvulsive therapy (ECT). Halstead® then sug-
gested that durability of memory might depend on
the stability of changes in neuronal nucleopmlems.
This suggestion was followed with extensive work by

Hydén' on the effects of learning on the ratio of

RNA to DNA in neurons and glia. Another major
step occurred when Flexner ¢/ al.'! reported in 1963

that the antibiotic puromycin, a potent inhibitor of

protein synthesis, caused loss of memory. Barondes
and Cohen'? demonstrated that inhibition of protein
synthesis spares short-term memory but evndemly pre-
vents its consolidation into long-term memory. Andry
and Luttges'™ have further demonstrated that ECT
prevents consolidation of memory by interference
with a short-term process. They have also shown that
cycloheximide, another antibiotic that impairs protein
synthesis, spares short-term memory, but blocks long-
term memory.

Although there is considerable evidence that the es-
tablishment of long-term memory traces depends on
protein synthesis, the injection of protein inhibitors
into the brain produces many other effects that could
interfere with memory. Furthermore, it has been
shown that cycloheximide also inhibits tyrosine
hydroxylase and may act by decreasing the functional
pool of brain catecholamines.* Quartermain and
Botwinick'® have also shown that the amnesia pro-
duced by cycloheximide can be reversed by injection
of p-amphetamine or monamine oxidase inhibitors,
and that alpha-methyl-para-tyrosine (a tyrosine hy-
droxylase inhibitor) and diethyl-dithiocarbamate (a
dopamine beta-hydroxylase inhibitor) produce
amnesia similar to that produced by cycloheximide.

Rutledge'® has shown that stimulation of neuronal
networks changes synaptic morphology, and suggests
that the presentation of information results in an in-
crease in presynaptic action potentials, increased trans-
mitter release, prolonged excitatory postsynaptic po-
tentials, formation of new postsynaptic membranes
with increased dendritic length, appearance of new
synaptic elements, including specialized receptors, and
growth of presynaptic terminals toward receptors.

A reasonable concept of learning, then, includes
sensory stimulation and the development of mem-
brane potential changes in projection and association
areas; this constitutes the labile short-term memory
trace. With repetitive stimulation and increased trans-
mitter release there is postsynaptic facilitation. This
in turn may stimulate the production of messenger
RNA and the synthesis of new proteins to effect mor-
phologic synaptic changes that may eventually beiden-
tified as the relatively stable trace of long-term mem-
ory. Itis obvious from this short review that the effects
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of anesthesia on lipid membrane systems'” and sub-
sequent effects on protein conformational changes,
ion flux, neurotransmitter release and neuroelectric
activity could profoundly alter the storage and re-
trieval of information in memory.

Evoked-response Correlates of Memory

One more bit of background is pertinent to this
discussion. Since neuronal activity produces electrical
potentials, it is customary to relate active mental proc-
esses to those potentials and to describe the effects of
anesthetics on the brain in terms of alterations in those
potentials. Single-unit responses recorded from intra-
cellular electrodes give information about transmitter
release or responsiveness of postsynaptic membranes.
Such data, however, provide little insight into the
mechanisms by which anesthesia or learning alters
the functions of the brain. Electrical activity is also
recorded from larger areas within the brain or from
the scalp. Those activities are algebraic sums of po-
tentials occurring at a distance from the recording
electrodes.

When action potentials are induced in peripheral
afferent pathways, they “evoke” a series of electrical
responses when they reach the brain. Thus, electrical
stimulation of the ulnar nerve produces a somatosen-
sory evoked response; stimulation of the retina by
light, or of the organ of Corti by sound, produces a
visual or auditory evoked response. Mental processes
are also associated with certain potentials recorded
from the human scalp. These are called event-related
potentials (ERPs). When such potentials buried in back-
ground electroencephalographic activity occur about
300 msec after a certain event, and a computer is
programmed to add all potentials from 250 to 350
msec after that event, the random EEG activity (not
related to the event) will cancel out and leave the
event-related potential exposed. Attempts can then
be made to correlate changes in the amplitude and
latency of that potential to changes in behavior pro-
duced by a drug or lesion. Extreme caution, however,
is indicated. We must emphasize that these are event-
related potentials. They are merely related in time to a
certain psychological event. At present there is only
circumstantial evidence that they are electrical mani-
festations of reported mental processes. There is not
yet a means of showing that electrical activity thus
recorded is causally related to the event with which
it is correlated in time.

Current Work on Anesthesia and Learning

Above we described a scheme for conceptualizing
cerebral processes. The first step was a general de-
scription of their structures. This was followed by
analysis of their components, by deduction of the
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brain systems involved, and finally by determination
of the possible underlying biophysical changes. Con-
siderable work has now been done on the molecular
and membrane effects of anesthetics. Only very re-
cently, however, has any interest been shown in the
psychological structuring of the anesthetic process.
Without knowledge of this structuring, anesthesia
cannot be fully understood.

The Sternberg'® paradigm (task) that Adam and
Collins used in their study is straightforward. A list
of digits or words (the positive set), usually one to six
items in length, is shown to the subject, one item at a
time. The list is within the memory span (easily re-
membered by the subject). After the last item has been
presented, the subject hears a warning tone and then
sees a fest item. He has been instructed to signal yes
if the test item occurred in the positive set (the list just
presented) and no if it did not. His reaction time is
defined as the interval between the presentation of
the test item and the beginning of his response.

In this task, reaction time typically increases as a
linear function of set-size: the time taken to signal
yes or no is directly proportional to the length of the
list, regardless of whether the test item occurred or
did not occur in the list. The reaction time for a positive
test item does not depend on where in the set the item
appeared: late items and early ones are recognized
equally rapidly. Increasing the size of the positive set
by one item increases reaction time by a constant
amount (approximately 40 msec). These three facts
indicate that the set’s representation in memory is
scanned both serially (one item at a time) and exhaus-
tively before a decision is made. (If the set were not
scanned exhaustively, then positive responses would
occur sooner than negative ones, since only about half
as many items would on average have to be scanned
before a positive match was found.) Items early in a
list would be recognized sooner than late ones.

The slope of the line that describes reaction time
(RT) as a function of set-size is accordingly on the
order of 40 msec. If L denotes set-size (that is, the
number of items in a just-memorized list), then RT
=40 L + K. The constant K (the zero intercept) is
usually on the order of 400 msec. It comprises the
time taken to complete all those mental processes that
take place between the onset of the test item and the
initiation of the subject’s response, except the memory
search. The slope (40 msec) is presumably the time
taken to compare the test item’s representation in
memory with that of each member of the positive set.
Both slope and intercept are sensitive to various types
of chronic lesions and drugs, and they can vary in-
dependently of one another, so that the one may lie
well within normal limits while the other may not.’®

The following is a suggestion of what may occur
during a reaction time test using Sternberg’s paradigm.
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A subject who has adequate cortical tone generated
by functional unit I sees a set of items presented
serially. Sensory impulses arrive initially at zone I of
unit 11 and are then encoded into symbolic patterns
in zones Il and IlI. The associated neural activity
forms a “trace” that exists for a short time. The test
item is similarly coded, and its trace is compared
sequentially with the trace of every member of the
positive set. At the end of this search, ayes orno (match/
no match) decision is made, perhaps in unit 111, which
then generates the appropriate response program and
initiates impulses from the motor cortex. Since the
positive set is already in memory, the total reaction
time must include the time taken to encode the test
digit, search memory, make a decision, and formulate
and initiate the motor response. (The figures cited
for search time per item and residual reaction time —
40 msec and 400 msec, respectively—are average
times for normal volunteers.) There is, of course, in-
dividual variation. ,

Each subject tested by Adam and Collins scanned
only one set-size of digits. It is therefore impossible
to determine either the slope or the intercept of the
reaction time function, since at least two points are re-
quired to fit a straight line. Consequently we do not
know whether the anesthetic affected the slope (the
time taken to scan each item in memory) or the in-
tercept (the time taken to perceive, decide, and re-
spond) or both. Their observed correlations between
increased latency of late activity in the event-related
potential and increased reaction time are interesting
and may be of value in the future. To interpret these
changes as evidence of slowing of the decision-making
process, however, would at this time be sheer conjecture.
Adam and Collins further claim to have shown in a
previous study?® that “the averaged scalp poten-
tial . . . reflects accurately the search process.” Pe-
rusal of the reference fails to uncover justification
for that statement. While certain late components of
the visual evoked response increased in latency as set-
size increased, they did not increase at the same rate
as reaction time. Furthermore, no attempt was made
to determine whether the increase in latency with set-
size was independent of the position of the test digit
in the set.

Adam and Collins are to be commended for achiev-
ing the controlled conditions under which drug ef-
fects were measured. Stable conditions at known
anesthetic concentrations are difficult and time-con-
suming to obtain but are essential in any sort of study
in which psychological processes are of primary in-
terest. Studies of this sort should be encouraged, be-
cause we have only begun the important work of
structuring the anesthetic process. Such work, care-
fully done, will serve to direct the membranologist
and synaptologist to where the gold is buried.

15.
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