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(signed-rank test, sign test) and parametric (t- 
test) paired comparisons showed an elevation of 
corticoids in the mid-aged groups over the 
young group (P < .05, two-tailed). Only one 
young animal exhibited higher corticoid values 
than its mid-aged paired animal. The aged 
group, however, was not found to be different in 
concentrations of corticoid from either of the 
other groups because of the extreme variance 
and bimodal distributions found in aged animals. 
Elevations in plasma corticosterone of rats with 
age have also been reported by three other re- 
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cess to information in long-term memory. 

In patients with recurrent epileptic sei- 
zures, the optimal daily dosage of anti- 
convulsant necessarily must represent a 
compromise between increased control 
of seizures and reduced information-pro- 
cessing capability. Although there are 
satisfactory ways of assessing both the 
patient's anticonvulsant level and his or 
her seizure frequency (1), no adequate 
measures have been advanced for eval- 
uating drug-related cognitive impairment 
in epileptic patients (2). The present 
study was designed to assess the effect of 
one commonly prescribed anticonvul- 
sant (phenobarbital) on specific parts of 
the memory system. 

Cognitive theories distinguish two in- 
formation stores in memory, a tempo- 
rary short-term store and a more per- 
manent long-term store (3). Much litera- 
ture supports this dichotomy at the 
behavioral level (4) and, to a lesser ex- 
tent, at the physiological level (5). Ac- 
cordingly, we selected two tasks, each of 
which examines access to simple, highly 
familiar information in one of the memo- 
ry stores. We were guided in our choice 
of tasks by previous investigations in our 
laboratory of the relation between verbal 
ability and memory (6). 

Our measure of short-term memory 
performance was the Sternberg scanning 
task (7). In this procedure, a series of 
from one to six different digits is present- 
ed sequentially, followed after a brief 
pause by a probe digit (for example, 
6 3 4 7 . . . 3?). The subject's task is to 
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indicate as rapidly as possible whether 
the probe digit was in the memory set. 
The dependent variable is the reaction 
time (RT) required for the response, ac- 
curacy being perfect. Reaction time is 
typically found to be a linearly increasing 
function of the number of digits scanned. 

There are several theoretical inter- 
pretations of this finding. The most 
straightforward is that the items are 
scanned one at a time in sequence. Un- 
der this interpretation, the slope of the 
linear function is taken as a measure of 
speed of access to information being held 
in short-term memory. Of course, other 
explanations are also possible. For ex- 
ample, one can develop models in which 
the search process takes place in paral- 
lel, and still account for the linear func- 
tion (8). Other theorists have proposed 
memory strength models. However, for 
the purposes of this report, such dis- 
tinctions are irrelevant. All the various 
models of the short-term memory scan- 
ning task assume that the slope of the lin- 
ear function measures efficiency of ac- 
cess to information in short-term memo- 
ry. That is all that we require. Slope 
values typically vary from 30 to 40 msec 
in normal, well-practiced college stu- 
dents. 

As our measure of long-term memory 
performance, we used Posner's letter- 
matching task (9), a paradigm for investi- 
gating automatic access to name codes. 
On each trial, two letters are presented 
simultaneously and the subject judges 
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whether the two letters have the same 
name. Thus, the correct response to 
"AB" or "Ab" is "different," while the 
correct response to "AA" or "Aa" is 
"same." Again, performance is essen- 
tially error-free. 

This task can be used to measure the 
speed of access to long-term memory. 
Let us consider the simplest model of the 
task. It assumes that physically identical 
items (for example, "AA") can be re- 
sponded to without the name even being 
determined; because the visual patterns 
are identical, the pattern names must be 
the same. On such trials, access to long- 
term memory does not involve the letter 
names. By contrast, detecting that "a" 
and "A" have the same name requires 
that the name codes of each pattern be 
retrieved from long-term memory and 
compared. Indeed, the RT on "name 
identity" trials is typically about 80 
msec longer than the RT on "physical 
identity" trials when college students are 
used as subjects. 

As is the case in the short-term memo- 
ry scanning task, alternative models of 
the letter-matching task are also pos- 
sible. For instance, the "horse race" 
(10) model assumes that visual patterns 
are always processed to a name level. In 
this model, the difference between name 
identity and physical identity trials is due 
to the extra processing required to deal 
with the entry of two nonidentical pat- 
terns into long-term memory. Once 
again, for the purposes of this report, the 
precise model for the task can be dis- 
regarded. All we claim for our task is 
that it is a measure of speed of access to 
information in long-term memory. 

The epileptic patients performed the 
two tasks during week 1 under a medium 
maintenance level of medication (8 to 
15 /jg of phenobarbital per milliliter of 
blood) and during week 2 under a higher 
level (20 to 32 /g/ml). These dosages are 
representative of the levels used clinical- 
ly. Approximately 30 percent of all epi- 
leptic patients are prescribed mainte- 
nance dosages at our lower level and 40 
percent at our higher level. The medium 
dosage consistently preceded the high 
dosage because of the long half-life of 
phenobarbital, the hospital schedules, 
and the time which the patients had 
available. There were 3 days of testing 
on these tasks at each level of medica- 
tion, separated by 5 days to permit the 
increased level of phenobarbital to stabi- 
lize. Day 1 of each week was considered 
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discarded. On days 2 and 3, several prac- 
tice trials preceded each task to help re- 
duce warm-up effects. 
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Memory Impairment in Epileptic Patients: 

Selective Effects of Phenobarbital Concentration 

Abstract. Nineteen epileptic patients were tested first under medium (week 1) and 
then under high (week 2) therapeutic levels of phenobarbital. Relative to response 
times of 20 controls with equivalent practice but without medication, response times 
of patients in a short-term memory scanning task were strikingly slowed during week 
2. However, increased phenobarbital did not slow responses in a task requiring ac- 
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On each day, the short-term memory 
task consisted of 100 trials. On half of 
these trials, the probe was positive (that 
is, in the memory set) and on the other 
half the probe was negative (not in the 
memory set). There was an approximate- 
ly equal number of trials at each of the 
set sizes one through six, presented in 
random order. The items in each memo- 
ry set were drawn at random from the 
digits 0 to 9, without replacement. The 
memory set digits were presented indi- 
vidually at a 1.2-second rate with a 2-sec- 
ond delay before the probe. To indicate 
that the probe item had appeared in the 
memory set, subjects depressed a re- 
sponse key with their right index finger. 
The left index finger was used to depress 
a key indicating that the probe had not 
appeared in the memory set. After each 
trial subjects were informed of their RT. 

The long-term memory task consisted 
of 128 trials daily; 64 "different" trials, 
32 "name identity" trials, and 32 'phys- 
ical identity" trials. Trial types were pre- 
sented in random order. The five letters 
A, B, N, E, and R were used as stimuli 
because of their distinct type forms in 
both uppercase and lowercase. Subjects 
again used their right index fingers for 
the positive response and were given 
both accuracy and RT information after 
every trial. 

The 19 epileptic patients (II) were all 
males ranging in age from 20 to 55 years 
(mean = 37). All had grand mal seizures 
with a frequency of not more than eight 
per year. None had clinical evidence of 
neurological brain lesion. During week 1, 
the patients were tested at the level of 
medication they had been receiving 
when admitted to the hospital. The mean 
concentration of phenobarbital in the 
serum at this time was 15.8 ,cg/ml, with a 
standard deviation of 4.77. After the last 
testing session in week 1, the phenobar- 
bital dose of 17 patients was increased to 
2 to 2.4 mg per kilogram of body weight 
per day, an increase of about 60 to 100 
percent of the dosage during week 1. The 
remaining two patients were taking 
primidone during week 1 and, since a 
substantial portion of primidone is con- 
verted in the body to phenobarbital, their 
daily dosage of primidone was increased 
to 14.5 mg/kg in week 2. This again rep- 
resented an increment of about 100 per- 
cent over the dosage during week 1. Dur- 
ing week 2, the mean concentration of 
phenobarbital in the serum was 26.2 ,gl 
ml, with a standard deviation of 7.89. 

There was an overlap between the 
concentrations of drug in the serum in 
weeks 1 and 2 (although obviously not in 
the same subject). In 6 of the 19 epileptic 
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1. Access time to long-term memory vidual isolated booths. The patients were 
lean reaction time (in milliseconds) for tested in small groups (one to four pa- Jentity (NI) trials and physical identity t i t 
als, together with the difference score ents) the mo g (ab 
PI), shown as a function of group and hours after they received medication); 
f testing. control subjects were tested in the after- 

re Week 1 Week 2 noon. To aid in reducing warm-up ef- re 
- - Week-- 

I 
Week2fects, a simple RT and a choice RT task 

Epileptics preceded the two memory tasks every 
739 741 day. The long-term task always preceded 600 620 

I 139 121 the short-term task, with brief intertask 
Controls breaks to reduce fatigue. Testing was 

558 528 done on Monday through Wednesday of 
472 446 week 1 and on Tuesday through Thurs- 

1 86 83 day of week 2 (12). 
Because scores were high on the first 

day of each week, we used for our analy- 
ses only the data from days 2 and 3, col- 

gs, the concentration in week 1 lapsed over days for each subject. The 
gher than the lowest concentration her than the lowestconcentration hbasic analyses reported are group (pa- 
ed after the dosages were in- tient versus controls) by week (first ver- 
d. Thus, the increased dosage did sus second) analyses of variance with RT 
present an extrapolation far be- being used as the dependent variable. 
urrrent medical use. The critical dependent variables in the 

control group consisted of 2 two tasks were uncorrelated for each 
ranging in age from 20 to 32 years group in both weeks. This reinforces the 
= 24). Although ideally the con- notion that the two paradigms were mea- 
oup would have consisted of epi- suring independent memory processes, 
patients without drug treatment, as intended. 
is not possible because of the lim- The results from the short-term scan- 
lailability of such patients. Con- ning task are shown in Fig. 1. The pat- 
tly, subjects in our control group tern of main effects is straightforward 
:d no medication and were includ- Id no medication and were includ- (13). As is typically the case, RT's to 
ly as a control for practice effects. negative probes (zero-intercept of 594 
ients and control subjects had at msec) were considerably longer than 
high school education. high school educationRT's to positive probes (zero-intercept 
testing and data collection we of 483 msec) (14). However, probe type 
)mputer-controlled visual displays did not interact with any of the other 
sponse keyboard located in indi- variables, so for further analyses we 

used data averaged over probe type for 
each subject. The performance of the 
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.--o Week 2 ent from week 1 to week 2 in both scan- 
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.. the successful elimination of practice ef- 
RT=634+61 msec ,' * fects. The performance of the epileptic 

.', 'I patients, however, changed dramatically 
0 . in week 2. Their zero-intercept values 
- 

. 
?t RT=659+33 msec showed no reliable change, but their 

A slope values nearly doubled, a highly re- 

RT=429+32 msec - 5c liable increase. These effects are sup- 
N^ ̂fported by the respective groups by 

l^^0. ^ weeks interactions, which are significant 
RT=420+32 msec for slopes (F = 8.8; d.f. = 1, 35; 
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_ .... I .... i i I(F < 1) (15). Thus, scanning of informa- 

2 4 6 tion in short-term memory is highly sen- 
Memory set size sitive to increased phenobarbital concen- 

;canning in short-term memory. Mean tration. 
time (RT, in milliseconds) to probe The data on access to long-term mem- 
a function of memory set size (1 to 6 ory codes, shown in Table 1, consist of 

ihe data are collapsed over positive mean RT to name identity and mean RT 
ative probe types, with the equations 
iting the slope and zero-intercept of to physical identity, together with the 
t-squares best-fitting line. The curves difference score (name identity minus 
nction of group and week of testing. physical identity) which indicates the ad- 
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ditional time needed to complete a task 
that requires retrieval of a letter's name 
in long-term memory (16). Again the pat- 
tern is straightforward, although quite 
different from the data for the short-term 
memory task. Epileptic patients take 
longer to complete either task; further- 
more, the difference between name and 
physical identity RT is greater in the epi- 
leptic than in the control group. (Both 
the groups and the groups by task inter- 
action are significant at the P = .01 lev- 
el.) Our main interest, however, is the 
difference between name identity and 
physical identity RT's. This remains 
constant over weeks in the control sub- 
jects and actually decreases (insigni- 
ficantly, P > .10) in the epileptic group. 
In fact, the decrease is associated with 
a rise in physical identity RT, the task 
requiring the least involvement of long- 
term memory. Thus the effects, if reli- 
able at all, are in the opposite direction 
to what one would expect if the increase 
in drug dosage affected access to infor- 
mation in long-term memory. 

The patients uniformly demonstrated a 
greater difference between name identity 
and physical identity RT's than did the 
controls, although the size of this dif- 
ference did not increase with increased 
dosage (Table 1). One cannot argue from 
this alone, however, that epilepsy itself 
impaired access to long-term memory- 
this difference score has been shown to 
increase with age beyond adulthood, and 
to decrease with increases in intelligence 
(17). Unfortunately, the two groups, 
controls and patients, could not be 
matched perfectly on a number of vari- 
ables, so any interpretation of this dif- 
ference would be speculative. 

Our data indicated that speed of ac- 
cess to information in short-term memo- 
ry was sensitive to phenobarbital con- 
centration, whereas speed of access to 
information in long-term memory was 
not. These results suggest that phenobar- 
bital selectively impairs short-term mem- 
ory functioning, a conclusion strength- 
ened by the fact that memory scanning 
rate for different kinds of material is al- 
most a perfect predictor of immediate 
memory span (18). Of course, it would 
be desirable to extend our finding to oth- 
er measures of short- and long-term 
memory, to increase their general- 
izability. In particular, analogous mea- 
sures of accuracy would be a good com- 
plement to our measures of speed. 

The reactions of memory processes to 
drugs that we report differ markedly 
from the pattern observed in previous 
studies of the association between infor- 
mation-processing abilities and conven- 
tionally defined verbal intelligence. In 
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ence a person's ability to m 
tion, a crucial ability when 
to acquire new informatioi 
large number of school-age 
suffer seizures, this could t 
of considerable clinical 
More generally, physiciar 
more sensitive technology 
the cognitive side effects oJ 
so as to better establish 
trade-off between control 
symptoms and impairment c 
ciency. 
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