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A socially acquired food-preference test was used to assess
effects of lesions to the frontal cortex on anterograde and
retrograde memory in rats. In Experiment 1, there was no effect
of lesion when rats were administered a two-choice test in
which the target food was to be selected in the presence of a
single distractor. In Experiment 2, a three-choice memory test
was administered in which the target food was presented along
with two equally palatable alternatives. In the latter test, le-
sioned groups displayed anterograde amnesia that increased
with the length of the interval between postoperative acquisi-

tion and test, and a severe retrograde amnesia that extended
equally over the entire range of intervals between preoperative
acquisition and test. This outcome, which contrasted with the
pattern of memory loss previously observed in rats with hip-
pocampal lesions on this test, was interpreted as evidence for
the strategic role of the frontal lobes in directing response
selection and retrieval processes in memory.
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Investigations of memory function in humans and animals with
frontal lobe damage have been concerned mainly with antero-
grade memory but, in recent years, there has been increased
interest in retrograde memory (for review, see Moscovitch, 1994;
Wheeler et al., 1995, 1997). In contrast to the temporally graded
retrograde amnesia that has been reported in amnesic patients
with medial temporal lobe–hippocampal lesions (Marslen-Wilson
and Teuber, 1975; Rempel-Clower et al., 1996; Nadel and Mosco-
vitch, 1997; Reed and Squire, 1998), frontal lobe patients typically
exhibit a flat gradient in which memory loss extends equally over
many years. The animal work has focused even more than the
human studies on anterograde memory and, indeed, there ap-
pears not to have been a single study that examined the effects of
lesions to frontal cortex on retrograde memory in animals.

The absence of retrograde memory studies in the animal liter-
ature is caused in part by the shortage of suitable tests that
accurately measure memory for discrete events that occurred at
specific times. In recent years, however, a number of promising
tests have appeared (Zola-Morgan and Squire, 1990; Kim and
Fanselow, 1992; Cho et al., 1995). One that has proven to be
effective in measuring both anterograde and retrograde memory
function in rats is based on a procedure devised originally by
Galef and Wigmore (1983). In this test, which involves memory
for an acquired food preference, a subject (S) rat is paired with a
demonstrator (D) rat that has recently eaten food with a distinc-
tive taste. By interacting with D, S learns to prefer that food over
other foods that have not been experienced in the same way. In

normal rats, the memory for an acquired food preference can last
for 3–4 weeks.

This procedure was used to compare the effects of lesions to the
hippocampus or dorsomedial thalamus on memory for food pref-
erences that were acquired postoperatively (anterograde) or pre-
operatively (retrograde) (Winocur, 1990). All groups learned the
preferences equally well in both conditions, but the lesioned
groups displayed different patterns of memory performance. In
the anterograde test, rats with hippocampal lesions forgot the
preference faster than thalamus-damaged or normal rats (Munsey
and Eichenbaum, 1995). In the retrograde test, hippocampal
lesions produced a temporally graded retrograde amnesia (RA)
that was similar to that seen in medial temporal lobe amnesics
(Marslen-Wilson and Teuber, 1975; Rempel-Clower et al., 1996).
By comparison, there were no meaningful differences between
thalamic and control groups at any of the delay intervals in the
anterograde and retrograde memory tests.

Winocur’s (1990) study showed that the food-preference test
was sensitive to the differential effects of selective brain lesions on
anterograde and retrograde memory. Accordingly, the present
research was conducted to study memory function in rats with
lesions to the frontal cortex. A principal objective was to deter-
mine if the pattern of remote memory failure observed in patients
with frontal lobe lesions was also evident in the rat model. It was
of particular interest to know if a lesion-induced deficit was
temporally graded, and this was achieved by assessing memory for
food preferences acquired recently or at longer delays.

An enduring issue with respect to RA is its relation to antero-
grade amnesia (AA). There is evidence that the two can be
closely related (Rempel-Clower et al., 1996; Reed and Squire,
1998) or quite independent of each other (Winocur et al., 1984;
Shimamura and Squire, 1986; Kopelman, 1989;). This contro-
versy is mirrored in neuropsychological studies of memory func-
tion in frontal lobe patients (Kopelman, 1989; Schmidtke and
Vollmer, 1997). The food preference paradigm provides an op-
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portunity to address this issue in a rat model in which the effects
of frontal cortex lesions are directly compared on anterograde
and retrograde versions of the same memory test.

EXPERIMENT 1
The procedure developed for the Winocur (1990) study was
followed in Experiment 1. In the test of RA, S rats acquired the
food preference 10, 5, or 2 d before surgery. Ten days after
surgery, they were presented with a choice of the sample food and
a new food, and allowed to eat ad libitum for 2 hr. Several weeks
later, the rats were administered the test of anterograde memory.
For this test, memory for a newly acquired food preference was
measured immediately, 2 d, or 8 d after the S–D interaction.

MATERIALS AND METHODS
Subjects and apparatus
Thirty male, Long–Evans rats served as Ss in this experiment. An
additional 10 rats served as Ds in the retrograde and anterograde
memory tasks. The rats were obtained from the Trent University Breed-
ing Center and were ;8 months old at the beginning of the experiment.
Throughout the experiment, the rats were housed individually in stan-
dard wire cages (25 3 18 cm.) with food and water available ad libitum.
Testing took place in larger cages (42 3 27 3 24 cm) divided into two
equal compartments by a 1.25 cm wire mesh partition.

Surgery and histology
The S rats were assigned in equal numbers to frontal cortex (FC) and
operated control (OC) groups. Group assignment was conducted semir-
andomly immediately after preoperative, food-preference training in the
retrograde memory test. After surgical procedures, described previously
(Winocur, 1992; Winocur and Eskes, 1998), rats were anesthetized with
sodium pentobarbital (50 mg/kg) and positioned in a stereotaxic instru-
ment. In the rats that received frontal cortex lesions, a midline incision
was made, and 5 mm (in diameter) holes were drilled in the anterior
skull. Frontal tissue was aspirated in the dorsolateral and medial regions
of the structure through a 20 gauge hypodermic needle. The rats in the
OC groups had holes drilled in their skulls, but no brain tissue was
removed. After the experiment, rats in the FC group were deeply
anesthetized with ether and perfused through the heart with physiolog-
ical saline followed by 10% formol saline. The brains were embedded
with paraffin before sectioning. All sections were stained with thionin,
and the extent of damage was determined by comparisons with the
standard atlas of König and Klippel (1963).

Procedure
Retrograde memory test. All D and S rats were placed on a 23.5 hr food
deprivation schedule for 1 week before being transferred to the test
cages. The experimental procedure consisted of five discrete behavioral
stages: (1) D and S rats were placed individually in separate compart-
ments of test cages and left undisturbed for 2 d with ad libitum access to
standard rat chow and water. This stage allowed the rats to become
familiar with each other and their new environments. (2) The next day,
food was removed from both cages. (3) After 23 hr of food deprivation,
the D rat was removed to another room and, for 60 min, fed powdered rat
chow mixed with commercially prepared cocoa (2% by weight) or com-
mercially ground cinnamon (1% by weight). (4) Immediately thereafter,
D was returned to its compartment and allowed to interact with S for 30
min through the wire mesh partition.

After stage 4, Ss were returned to their home cages for 2, 5, or 10 d,
during which they were fed 20 gm of standard rat chow in pellet form
once each day. After the appropriate interval, rats were subjected to FC
or OC surgery. After surgery, Ss were placed on ad libitum food for 5 d,
followed by a 23.5 hr food deprivation schedule for 5 more days. The
fifth, or test, stage of the behavioral procedure occurred for all rats at
10 d after surgery. This meant that S rats were tested 12, 15, or 20 d after
they interacted with the D rats and acquired the food preference. For the
test, S rats were returned individually to the test compartment where they
were offered two food cups. One cup contained 30 gm of the cocoa-
flavored diet, and the other contained 30 gm of the cinnamon-flavored
diet. The food cups were located in the corners of one end of the test
cage. The locations of the sample and distractor diets were randomly
varied between S rats. The Ss were allowed 2 hr to eat from the food cups

ad libitum, with water available at all times. The amount of food in the
cups was weighed at 1 and 2 hr intervals. The measure of a rat’s
preference for the sample diet was the amount of that diet consumed,
expressed as a percentage of the total amount of food consumed. In a
departure from the previous study (Winocur, 1990), a 0 delay condition,
in which surgery was performed immediately after the D–S interaction,
was not included. This was because the previous results showed that the
general effect of invasive brain surgery, performed immediately after
acquisition of the food preference, was sufficient to obliterate memory for
preference, irrespective of the target site.

After the retrograde memory test, Ss were returned to their home
cages and an ad libitum standard chow and water diet.

Anterograde memory test. Six to eight weeks elapsed during which the
S rats participated in other experiments involving operant procedures. At
this time, they were once again transferred individually to compartments
of the test cage and allowed to interact with a new D in the other
compartment (Stage 1). Stages 2–4 were identical to those followed in the
retrograde memory test except that, in Stage 3, D and S rats interacted
for only 15 min [this was done primarily to maintain consistency with the
procedures followed by Winocur (1990)]. For the Stage 4 interaction, the
sample food for each S rat was the food that served as the distractor in
the retrograde memory test. That is, if an S rat had acquired a preference
for the cocoa-flavored food in the retrograde memory test, this time it
interacted with a D rat that was fed the cinnamon-flavored food, and vice
versa. This procedure necessarily meant that, for the anterograde mem-
ory test, the rats were familiar with both diets. This was not considered
a factor that would affect the results for several reasons. Memory for an
acquired food preference in this paradigm is time-limited, lasting no
longer than a few weeks and certainly less than the time between RA and
AA testing. Moreover, a rat’s preference at the choice test depends on
memory for the most recently sampled food and not on general famil-
iarity. As reported below in the Results section, control rats in the
present study performed similarly to control rats in the Winocur (1990)
study, where different groups were used in the retrograde and antero-
grade memory tests. Finally, as also reported below, the deficits of the
frontal cortex-lesioned rats were related to factors other than familiarity
of the diets.

In Stage 5, D was removed from the cage and, in the 0 delay condition,
each S was offered two food-cups, one containing 30 gm of the cocoa-
flavored diet and the other, 30 gm of the cinnamon-flavored diet. The S
rat was allowed to eat from the two food cups ad libitum, with water
available throughout the session. The amount of food eaten from each
cup was weighed at 1 and 2 hr intervals. The measure of a rat’s preference
for the sample diet was the amount of that diet consumed, expressed as
a percentage of the total amount of food consumed. Other S rats were
tested at delays of 2 or 8 d. During the delays, they were returned to their
home cages and fed 20 gm of standard rat chow in pellet form each day.
After the delay, S rats were returned individually to the test compartment
and allowed to eat for 2 hr from the cinnamon- and cocoa-flavored diets
in the usual manner. S rats were assigned to the various delay conditions
on a semirandom basis to ensure equal numbers in all groups.

RESULTS
Examination of the food-preference measures indicated that nei-
ther FC nor OC groups had a bias for either the cinnamon or
cocoa diet. ANOVA, conducted to compare the effect of diet on
test performance, did not reveal significant effects of diet or
significant group 3 diet interactions in either the retrograde
memory or anterograde memory tests (all p values . 0.05).
Accordingly, the data for each diet were combined and are
presented as the sample diet eaten by S rats, as a percentage of
the total amount of food consumed at each delay period.

In the food-preference tests, no significant group differences
were noted between the 1 and 2 hr measures at any of the delays
in the anterograde and retrograde memory tasks. The only nota-
ble variation was that groups generally reduced their food intake
in the second hour. Accordingly, only the results of the 2 hr
measure, which reflected the total amount of food consumed, will
be reported.
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Retrograde memory test
The results for the retrograde memory test of Experiment 1 are
presented in Figure 1 as the amount of the sample food consumed
at test, expressed as a percentage of the total amount of food
consumed at test. Both groups’ preference for the sample food
was greatest at the shortest (2 d) delay and declined progressively
thereafter. ANOVA applied to the data revealed a significant
effect of delay, F(2,24) 5 5.94; p , 0.001, but neither the group,
F , 1, nor the group 3 delay interaction, F , 1, was statistically
significant.

Anterograde memory test
The results for the anterograde memory test of Experiment 1 are
presented in Figure 2. The FC and OC groups exhibited strongest
preference for the sample food when tested immediately after the
D–S interaction. Although the OC groups ate slightly more of the
sample food than the FC groups over the various delay intervals,
the overall difference was not statistically significant. ANOVA
confirmed that the main effect of group, F(1,24) 5 3.07; p . 0.05,
and the group 3 delay interactions, F , 1, were not significant. As
in the retrograde memory test, the only significant effect was that
of delay, F(2,24) 5 6.95; p , 0.004.

EXPERIMENT 2
In Experiment 1, frontal cortex lesions did not affect rats’ acqui-
sition and long-term retention of a socially transmitted food
preference (anterograde memory) or retrieval of the preference
when it was acquired preoperatively (retrograde memory). It is
possible that the two-choice task of Experiment 1 did not yield a
lesion effect because rats could perform successfully without
depending on strategic operations that required involvement of
the frontal cortex. In a study of age differences in nonmatching-
to-sample learning, a test known to assess frontal cortex function,
Gagnon and Winocur (1995) found that age-related deficits were
substantially greater when the number of choices at test was
increased from two to three. Guided by these results, for Exper-
iment 2, the task was changed so that the rats must select the

sample food from three equally desirable diets. It was reasoned
that, in a three-choice situation, the rats would have to make a
more directed and effortful search to identify the familiar (and
safest) food. It was predicted that, under these relatively high-
interference conditions, the performance of frontal cortex-
damaged rats would suffer, particularly in the retrograde memory
test, where longer delays between food-preference training and
test would reduce the distinctiveness of the sample food, and put
increased pressure on response-selection processes.

MATERIALS AND METHODS
General procedure
Sixty-four male, Long–Evans rats served as Ss in the retrograde memory
condition. After food-preference training, 32 Ss received frontal cortex
lesions, and the other 32 underwent control surgery, according to pro-
cedures described in Experiment 1. After a 10 d recovery period, S rats’
food preferences were assessed in a three-choice test (see retrograde
memory condition below for details). Several weeks later, after Ss par-
ticipated in a contextual conditioning test, the anterograde memory test
was initiated (see anterograde memory condition below for details).
During the intervening period, two OC, S rats died so that only 30 OC
rats were available for the anterograde memory test. A total of 10 rats
served as Ds for the retrograde and anterograde memory tests.

After anterograde memory testing, rats in the FC group were killed,
their brains removed, and their lesions examined histologically as de-
scribed above.

Retrograde memory test. In Experiment 2, there were two notable
departures from the preoperative training procedures of the retrograde
memory test followed in Experiment 1. First, the D rats ate from one of
three sample diets, which consisted of powdered chow mixed with cocoa
(2% by weight), ground cinnamon (1% by weight), or ground ginger (1%
by weight). Preliminary investigations showed that, at these concentra-
tions, normal adult rats were equally likely to eat from the three diets. In
the second departure, a 1 d delay condition between D–S interaction and
surgery was introduced to produce a finer measure of temporally graded
RA. Postoperative retrograde memory testing was the same as in Ex-
periment 1 except that, in Experiment 2, S rats were presented with the
sample diet along with the other two diets. The spatial arrangement of
the diets was varied according to a randomly determined order.

Anterograde memory test. As in Experiment 1, S rats were randomly
assigned to the delay conditions of the anterograde memory test. In

Figure 1. The amount of sample diet consumed by FC and OC groups,
expressed as the mean percentage of the total amount of food consumed
at the various delays in the (two-choice) retrograde amnesia test of
Experiment 1.

Figure 2. The amount of sample diet consumed by FC and OC groups,
expressed as the mean percentage of the total amount of food consumed
at the various delays in the (two-choice) anterograde amnesia test of
Experiment 1.
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Experiment 2, there were five delays between D–S interaction and
testing: 0, 1, 2, 4, or 8 d. The only other procedural difference from the
anterograde memory test of Experiment 1 was that D rats were fed one
of three sample diets (cocoa, cinnamon, or ginger), and all three diets
were available at test.

RESULTS
The type of diet used as sample did not affect the results of either
group in the anterograde and retrograde memory tests. ANOVA
revealed nonsignificant main effects of diet and nonsignificant
diet 3 group interactions (all p values . 0.05). Once again, the
sample diets were combined for purposes of data presentation.
Because there were no group differences related to when, in the
test sessions, food preferences were measured, only the 2 hr
scores will be presented.

Retrograde memory test
As can be seen in Figure 3, there was a dramatic effect of lesion
on food preference in the retrograde memory test. The OC rats,
as expected, showed strongest memory for the food preference
when it was acquired most recently, with declining performance
at longer delays. By comparison, the FC groups showed no gra-
dient over the delay periods and, at no time, ate more than an
average of 50% of the sample diet. Although above the 33%
chance level, this was considerably below that consumed by the
OC groups at all delays.

These observations were confirmed by ANOVA, which re-
vealed significant main effects of group, F(1,56) 5 74.51, p ,
0.0001; delay, F(3,56) 5 4.25, p , 0.01; and a significant group 3
delay interaction, F(3,56) 5 4.60, p , 0.006. Post hoc analyses with
the Tukey test indicated highly significant group differences at 1,
2, and 5 d delays ( p values , 0.01) but not at the 10 d delay.

Because the scores for the two groups were similar at the
longest delay, the data may be seen as reflecting a temporally
graded deficit in the FC group. However, an examination of
eating patterns at the various intervals revealed a gradient only in
the OC group. At each interval, the amount of the sample food

eaten by the FC group during the test was ;45% of the total food
eaten, and this value hardly varied at the different intervals. A
comparison of the scores of the FC group at the shortest (42.8%)
and longest (45.8%) delays revealed a percentage increase of only
12.5%, a difference that did not approach statistical significance
(t , 1). Over the same period, the preference of the OC group for
the sample food declined by 31.2% (81.3–55.9%), a highly signif-
icant difference, t(7) 5 4.68, p , 0.002.

Anterograde memory test
The results of the anterograde memory test are presented in
Figure 4. As can be seen, the OC groups displayed the expected
time-related decline in preference for the sample food. The FC
group also showed declining memory for the food preference with
increased delays. Between 0 and 2 d there was little difference in
performance between the lesion groups but beyond the 2 d delay,
the FC group exhibited a faster rate of forgetting.

These observations were confirmed by ANOVA, which re-
vealed significant main effects of group, F(1,52) 5 43.34, p ,
0.0001; delay, F(4,52) 5 23.407, p , 0.0001; and a significant
group 3 delay interaction, F(4,52) 5 3.60, p , 0.02. Post hoc
analysis with the Tukey test showed that the significant interac-
tion was caused by significant group differences in the 4 and 8 d
delay conditions ( p values , 0.01).

Relationship between AA and RA
With respect to the controversy over the relationship between AA
and RA, the present results suggest that, in the case of frontal
cortex-damaged rats, AA at long delays was related to retrograde
memory loss. An overall Pearson product correlational analysis,
that compared the performance of each frontal cortex-damaged
rat in the AA and RA tests, did not reveal a significant correla-
tion, r 5 0.07. On the other hand, the same analysis, performed
only on the scores of FC groups in the 4 and 8 d conditions of the
AA test, where there were clear signs of anterograde memory
loss, with their corresponding scores in the RA test, did yield a
significant correlation, r 5 0.58, p , 0.05.

Figure 3. The amount of sample diet consumed by FC and OC groups,
expressed as a percentage of the total amount of food consumed at the
various delays in the (three-choice) retrograde amnesia test of Experi-
ment 2.

Figure 4. The amount of sample diet consumed by FC and OC groups,
expressed as a percentage of the total amount of food consumed at the
various delays of the (three-choice) anterograde amnesia test of Experi-
ment 2.
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Histological report
Maximal and minimal extents of frontal cortex lesions are repre-
sented diagramatically in Figure 5. The lesions extended between
7.5 and 10.5 mm anterior to the interaural plane, the greatest
amount of cortical damage occurring between 8.5 and 9.7 mm.
The lesions were comparable to those reported in previous work
(Winocur, 1992; Winocur and Eskes, 1998). The region of the
frontal cortex that sustained the most damage was the dorsome-
dial shoulder of the frontal cortex (Fr2) or premotor area. In most
cases, the lesions also extended posteriorly into dorsolateral areas
and, in a few rats with the largest lesions, there was slight damage
to anterior cingulate. There were no substantial differences be-
tween the frontal cortex lesions in rats of Experiments 1 and 2,
nor was there a relationship between size or predominant loca-
tion of lesion and the behavioral results.

DISCUSSION
The present study assessed remote memory after damage to
frontal cortex in a rat model, using a paradigm that provided
evidence of temporally graded RA in rats with hippocampal
lesions (Winocur, 1990). In Experiment 1, FC and OC groups
preoperatively acquired a food preference at different times and
then, postoperatively, were presented with the sample food along
with an unfamiliar food. There was no effect of lesion, because
both groups exhibited normal memory for the preferred food. A
similar procedure was followed in Experiment 2 except that, at
test, rats were confronted with a three-choice recognition test that
consisted of the sample food plus two unfamiliar foods. This

manipulation had the dramatic effect of virtually eliminating the
lesioned rats’ ability to express preoperatively acquired food
preferences.

These results show that, under certain conditions, damage to
frontal cortex of rats can affect remote memory function but that
the deficit differs from the RA associated with hippocampal
damage. For example, in the two-choice RA test, in which hip-
pocampal rats exhibited temporally graded RA (Winocur, 1990),
FC groups performed normally. Clearly, the frontal cortex is not
essential for mediating the basic processes of acquiring and re-
taining food preferences. However, when in Experiment 2, re-
sponse selection was made more difficult by an additional distrac-
tor, rats with frontal lesions experienced severe RA. Moreover,
when frontal cortex lesions did produce remote memory impair-
ment, the effect was constant over all delay intervals.

The poor performance of FC groups on the three-choice test
was undoubtedly related to the increased demands created by the
third food option, as it was in Gagnon and Winocur’s (1995) study
of aged rats. In a study that bears even more directly on the
present findings, Winocur and Eskes (1998) tested conditional
associative learning in rats with identical frontal cortex lesions.
FC groups performed at near normal levels when the correct
response contrasted from other possibilities, but were severely
impaired when response alternatives were similar. These results,
along with the present findings, indicate that rats with frontal
cortex impairment are vulnerable to manipulations that involve
searching for the proper cue, discriminating among similar cues,
and selecting among similar response alternatives. As well, the
present results highlight the important point that even recognition
memory, which typically resists the effects of frontal damage
(Janowsky et al., 1989; Milner et al., 1991) can be compromised by
increasing the number of response alternatives and their similar-
ity. The overall pattern is consistent with a substantial neuropsy-
chological literature on humans that implicates the frontal lobes
in strategic cognitive function and strategic retrieval in memory
tests, in particular (for review, see Stuss et al., 1994; Shimamura,
1994; Moscovitch and Winocur, 1995; and recent studies by Ergis
et al., 1997; Thompson-Schill et al., 1997).

In the present study, the selective difficulty of the FC groups in
the three-choice test of retrograde memory was also reflected in
the test of anterograde memory. However, whereas the temporal
gradient of the RA of the FC groups was flat, their AA revealed
a time-related gradient. In the AA tests, rats with frontal cortex
lesions performed normally at short delays but, at longer delays,
their performance deteriorated. The latter finding is significant
for several reasons. First, it shows that the flat gradient of the FC
group in the retrograde memory test was not simply a function of
the three-choice test. Second, this pattern shows that the vulner-
ability of frontal cortex-damaged rats to high-interference tasks
extends to anterograde memory. Third, the AA data show that
the length of the interval between acquisition and test contributes
to memory deficits associated with damage to frontal cortex. In
the three-choice anterograde test, the FC group was not impaired
until 2–4 d had elapsed since acquisition. In the retrograde
memory test, where lesion-induced deficits were observed at all
delays, the shortest interval between acquisition and testing (in-
cluding the postoperative recovery period), was 12 d. Considered
together, these results indicate that the ability of frontal cortex-
damaged rats to perform successfully in memory tests is affected
by various factors, e.g., level of interference and elapsed time,
that add to the strategic demands of the task.

It is noteworthy that, in the RA test of Experiment 2, the

Figure 5. Maximal and minimal extents of frontal cortex lesions.
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memory of the FC group for the acquired food preference dif-
fered significantly from that of the OC group when the interval
between the D–S interaction and surgery was 1, 2, or 5 d, but not
at the 10 d interval. The convergence of scores in the 10 d
condition is related to the declining preference of the control
groups for the sample food, which is typical of normal rats in this
task (Galef and Wigmore, 1983; Winocur, 1990), and not to a
reduction in the deficit of the FC group, which might suggest a
temporally graded RA. Indeed, the temporal gradient for the FC
group was virtually flat. Clearly, the similarity in the test scores of
the groups at the 10 d interval was attributable to the progressive
memory loss of the OC groups, rather than memory recovery in
the FC groups. The flat gradient of the FC groups can be con-
trasted with the sloped function observed previously in rats with
hippocampal lesions (Winocur, 1990). In the latter experiment,
hippocampal rats displayed better memory at long intervals than
short intervals, thereby demonstrating a true temporally graded RA.

An important finding of the present research was that AA at
long retention intervals and RA were correlated in rats with
frontal cortex damage. This result was undoubtedly related to the
fact that both tests were similar in format and in terms of their
demands on memory processes. Consequently, it is unlikely that
other cognitive processes, mediated by frontal cortex, contributed
differentially to performance on the two tests in a way that could
have obscured overlapping features of the respective deficits. The
relationship between AA and RA is not fully understood, and
evidence from some clinical populations (Korsakoff Syndrome)
that the two are at least partially independent (Kopelman, 1989),
has led some investigators to suggest that RA may represent a
“distinct neurological entity” (Kapur, 1993; see also Levine et al.,
1998). On the other hand, the present results and those of others,
show that certain types of brain damage can produce cognitive
deficits that affect both anterograde and retrograde memory
functions. Thus, hippocampal lesions that affect consolidation
processes lead to severe anterograde amnesia and frequently to a
temporally graded retrograde amnesia in animals and humans
(Winocur, 1990; Kim and Fanselow, 1992; Rempel-Clower et al.,
1996; Reed and Squire, 1998). Similarly, in humans, frontal lobe
lesions, which disrupt strategic retrieval processes can lead to
retrograde amnesia with a flat gradient, and anterograde amnesia
at long intervals between acquisition and retrieval (Della Sala et
al., 1993; Mangels et al., 1996; Levine et al., 1998), in ways that
complement the present results.

Among the various theories of frontal lobe function, it has been
proposed that the structure is centrally involved in working mem-
ory, the process of retaining information while performing other
tasks (Goldman-Rakic, 1987). Moscovitch and Winocur (1992)
have advanced a working-with-memory hypothesis that incorpo-
rates the basic working memory notion, as well as the role of the
frontal lobes role in strategic planning and inhibitory control.
According to this view, the frontal lobes are not involved in the
straightforward recovery of accessible information; that function
is associated with medial-temporal lobe/diencephalic mecha-
nisms. Rather, the frontal lobes work with memory to direct
goal-oriented strategies and achieve specific objectives. For ex-
ample, in new learning the frontal lobes serve to organize infor-
mation into meaningful units that can be easily processed and
retained. At retrieval, in the absence of useful external cues, the
frontal lobes initiate appropriate search operations aimed at
finding targeted memory traces and placing them into appropri-
ate spatial /temporal context. In tasks that involve matching and
comparisons (e.g., matching- or non-matching-to-sample learn-

ing), the frontal lobes integrate information from past experience
with current task requirements for purposes of response selection
and planning. Factors such as the passage of time, the number of
competing associations, and difficulty in placing recalled informa-
tion in spatial /temporal context, add to the complexity of this
process and create additional demands on the frontal lobes. The
food-preference task, which requires rats to select a specific diet
from among several alternatives, on the basis of past experience,
incorporates all of the above factors.

Finally, there is controversy over whether certain frontal re-
gions associated with strategic functions in primates exist in
homologous form in the rat (for review, see Uylings and van
Eden, 1990; Preuss, 1995). For example, in primates, the frontal
area most frequently identified with strategic processes that sup-
port information retrieval is the dorsolateral frontal cortex
(DLFC). Traditionally, the ventromedial frontal cortex has been
identified as the corresponding area in the rat brain (Kolb, 1990).
However, on anatomical evidence, Preuss (1995) refutes this
connection and, indeed, makes the convincing argument that the
dorsolateral frontal cortex does not have a homolog in the rat
brain.

The present study was not designed to address this issue, but
aspects of the results are relevant. Our lesions affected primarily
the dorsomedial shoulder of the frontal cortex (Fr2) and posterior
dorsolateral regions that together define the premotor cortex in
the rat brain. For the most part, the ventromedial frontal cortex
was spared, suggesting, in line with Preuss’ position, that this
region is not sufficient to support those cognitive processes that
are essential for retrieving stored information. The results also
underscore the importance of distinguishing between structural
and functional homologs. They provide clear evidence that dam-
age to other frontal regions in the rat (e.g., premotor cortex) can
disrupt performance on strategic tasks that require working-with-
memory functions that are mediated by DLFC in monkeys and
humans. The premotor cortex is not necessarily structurally ho-
mologous with the DLFC in monkeys and humans, but our
findings suggest that they perform comparable functions. This
notion, if supported by future research, will force a reconsidera-
tion of the functional organization of the rat’s frontal cortex, and
will have important implications for attempts to develop a rat
model of frontal lobe function in higher mammals.
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