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Evidence for Task-Dependent Memory Dysfunction in the Aged

Monkey

Peter R. Rapp and David G. Amaral
The Salk Institute, La Jolla, California 92037

Experimentally naive adult (9-11 years old) and aged (ap-
proximately 22-26 years old) female rhesus monkeys were
evaluated on 3 neuropsychological tests of memory function.
Aged monkeys were impaired in a delayed response test of
visuospatial memory when the retention interval of the task
was increased from 0 to 10 sec. These animals performed
as well as younger subjects, however, at very short delays
(0 and 1 sec), when the memory demands of the task were
minimal. The same subjects were then trained in a delayed
nonmatching to sample (DNMS) test of visual object rec-
ognition memory. Although they required significantly more
training than the younger subjects to learn the nonmatching
principle of the task, aged animals were only minimally im-
paired when recognition memory was tested at retention
intervals ranging from 10 sec to 22 hr. In contrast to their
relatively intact performance on the object recognition task,
aged monkeys were dramatically impaired in a second ver-
sion of DNMS that required subjects to remember the tem-
poral order in which objects were presented. These findings
support the view that certain memory functions are differ-
entially susceptible to age-dependent deterioration. Since
neuropsychological studies in young subjects demonstrate
that different brain regions make relatively specific contri-
butions to learning and memory, the task-dependent deficits
observed in the aged monkey are important for determining
which neural structures mediate age-dependent cognitive
dysfunction. According to this perspective, aged monkeys
were impaired on tasks known to be sensitive to prefrontal
cortical damage, but the same animals performed well on a
DNMS procedure that subjects with medial temporal lobe
damage fail. These results suggest that prefrontal cortical
dysfunction may mediate prominent aspects of age-depen-
dent cognitive impairment in the monkey.

There is a growing consensus in modern neuropsychology that
memory is a multicomponent process rather than a unitary
function. An emerging paralle] view in research on age-related
memory dysfunction is that mnemonic processes are differen-
tially susceptible to age-dependent deterioration. Some behav-
ioral tests that clearly require memory are performed normally
by aged subjects and the presence or absence of age-related
deficits appears to depend on the specific information-process-
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ing demands of the tasks used. Studies on normal aging in hu-
mans, for example, indicate that immediate memory as assessed
by digit span remains intact (Ferris et al., 1980). Age-dependent
deficits often are observed, however, when memory for recent
events is tested over longer retention intervals (Adamowicz,
1976; Flicker et al., 1984; Rabinowitz, 1984). Moreover, mem-
ory for specific classes of information (e.g., spatial, temporal,
verbal) may be differentially compromised during human aging
(Perlmutter et al., 1981; Park et al., 1983). Another type of
selective deficit in aging was demonstrated by Light et al. (1986),
who found that aged subjects exhibit intact priming for recently
presented words even though recognition memory for this same
material is impaired. Even in patients exhibiting the dramatic
cognitive deterioration that accompanies Alzheimer’s disease,
normal motor learning (Eslinger and Damasio, 1986; Heindel
etal., 1989) and a relative preservation of very remote memories
(Beatty et al., 1988; Sagar et al., 1988) have been observed.
Task-dependent behavioral impairments also appear to be a
prominent feature of aging in nonhuman species. Aged rats, for
example, are dramatically impaired across testing procedures
that require the acquisition and utilization of spatial information
(Barnes, 1979; Barnes et al., 1980; Gage et al., 1984; Rapp et
al., 1987; Pelleymounter et al., 1987). Performance on nonspa-
tial versions of some of these same tasks, however, remains
relatively intact (Barnes et al., 1980; Rapp et al., 1987). Although
the effects of aging on cognitive function in the monkey have
not been studied extensively, the available evidence suggests
that aged monkeys are impaired on only a subset of behavioral
testing procedures that require memory. Aged monkeys exhibit
robust impairments on tasks that are dependent on recently
presented visuospatial information (Medin, 1969; Bartus et al.,
1978; Arnsten and Goldman-Rakic, 1985a; Walker et al., 1988),
but they perform normally in simple 2-choice discrimination
procedures that require the acquisition and retention of color,
object or pattern information (Bartus et al., 1979; Arnsten and
Goldman-Rakic, 1985a; Moss et al., 1988; Walker et al., 1988).
One important outcome of characterizing impaired versus
preserved function in aging is the insight this information can
provide concerning the neural systems that mediate age-depen-
dent cognitive dysfunction. Neuropsychological findings em-
phasize that different regions of the brain make relatively specific
contributions to memory. Studies of amnesic patients and mon-
keys with experimental brain damage demonstrate that the hip-
pocampal formation (Scoville and Milner, 1957; Mishkin, 1978;
Zola-Morgan and Squire, 1985a; Zola-Morgan et al., 1989) and
certain diencephalic structures (Victor et al., 1971; Squire and
Moore, 1979; Aggleton and Mishkin, 1983a, b; Zola-Morgan
and Squire, 1985b) play a critical role in the formation of fact-
based, context-dependent memories. The amygdala, in contrast,



seems to be particularly important for memory that requires the
association of information from different sensory modalities
(Murray and Mishkin, 1985; Gaffan and Harrison, 1987). Other
cognitive processes, including the organization of information
in both spatial and temporal contexts, appear to be particularly
dependent on prefrontal cortical function (Milner and Petrides,
1984; Goldman-Rakic, 1987; Schacter, 1987). Since different
brain regions appear to make rather specialized contributions
to learning and memory in young subjects, specific types of
cognitive impairment in aged subjects may reflect the functional
status of those brain regions that mediate the component pro-
cesses of memory. Based on this neuropsychological perspective,
the present experiments evaluated the performance of young
and aged monkeys on 3 behavioral tasks that are differentially
dependent on the specific contributions of different brain regions
to learning and memory.

Materials and Methods

Subjects. Nine experimentally naive female rhesus monkeys (Macaca
mulatta) served as subjects in these experiments. Five aged subjects
were obtained as retired breeders from the New Iberia Research Center
in Louisiana and were estimated to be between 22 and 26 years old at
the time they were behaviorally tested (6/1987-1/1989). These animals
were feral born and entered the Louisiana facility during the period
1967-1970. At this time, all animals were of sufficient maturity to breed
successfully, Since reliable breeding is not typical of female rhesus mon-
keys younger than 4 years of age (Goo, 1986), the estimates given above
represent a minimum estimated age range for the older subjects.

Four younger monkeys were obtained from a breeding facility at the
University of Montana. These animals were born in captivity and were
documented to be 9-11 years old at the time they were behaviorally
tested (1/1988-1/1989). The 2 groups described above served as the
aged (n = 5, mean weight 8.4 kg, range 6.4-9.5 kg) and young adult (n
= 4, mean weight 6.0 kg, range 4.3-7.9 kg) samples for these studies.
Although longevity figures have not been fully established, estimates
suggest that the average life span of the rhesus monkey is probably less
than 30 years (Davis, 1985; Tigges et al., 1988). The two groups chosen
for these studies therefore represent young, fully mature subjects and
animals approaching the end of their expected life span.

It is important to note that the groups used here were well matched
in terms of behavioral history and conditions of housing prior to their
arrival at the Salk Institute. All subjects were maintained as part of
long-term stable breeding programs and were not used in any research
prior to the present experiments. Before their arrival at the Salk Institute,
all subjects were group housed in well-socialized harems with access to
both indoor and outdoor runs.

On arrival at the Salk Institute, subjects were singly housed and main-
tained on Wayne Monkey Diet supplemented regularly with fresh fruit.
Feeding took place once a day following behavioral testing. Subjects
were not specifically food deprived, but rations were adjusted to main-
tain stable levels of performance. Water was available ad /ibitum in the
home cage throughout all experiments. The vivarium was maintained
on a 12-hr light-dark cycle (lights on at 0600 hr) at an average ambient
temperature of 23°C. Behavioral testing was conducted between 0800
and 1700 hr during the light phase of the cycle. All animals received
periodic comprehensive physical examinations, and subjects from both
groups remained in good health throughout these experiments.

Apparatus. All behavioral testing was conducted in a modified Wis-
consin General Test Apparatus (WGTA) (Harlow and Bromer, 1938).
During testing, the subject was transferred from the home cage to a
sound-attenuating chamber (71.1 cm high x 58.4 cm wide x 81.3 em
deep). This chamber contained an opening (24.1 cm high x 39.5 cm
wide) with vertical bars separated by 5.0 cm that faced the stimulus
tray of the WGTA. The stimulus tray contained 3 food reward wells
(2.5 cm in diameter and 0.6 cm deep), separated by 12 cm from center
to center and fixed 12.7 cm in front of the subject chamber. A super-
structure supporting 3 experimenter-controlled screens was used to iso-
late the stimulus tray and experimenter from the subject as needed. A
clear Plexiglas screen could be lowered between the caged monkey and
the food wells of the stimulus tray to physically but not visually isolate
the subject during testing. A second, opaque screen could be lowered
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to both physically and visually isolate the monkey from the stimulus
tray. The third screen was situated between the stimulus tray and the
experimenter and contained a one-way mirror so that the tester could
observe the animal’s performance undetected. A white-noise generator
was used to mask extraneous sound during all phases of testing.

Behavioral testing procedures

Pretraining. Pretraining was initiated no sooner than 10 weeks after the
animals’ arrival at the Salk Institute. During this acclimation period,
food and water intake rapidly stabilized. All subjects quickly learned to
accept fruit from the hand of the experimenter, and no subjects main-
tained overt signs of stress or deteriorating health.

Following this acclimation period and before any formal testing, sub-
jects were shaped to displace an object and retrieve food rewards from
the wells of the WGTA. Food preferences were noted on the basis of
which rewards were chosen first or most often, and an individual ani-
mal’s preferred reward was used in later phases of testing. Initially,
small piles of peanuts and raisins were presented over the 3 wells of the
stimulus tray, and the subject was given the opportunity to eat. When
animals came to respond quickly in this condition, reinforcement was
gradually reduced until subjects had to displace an object covering one
of the food wells in order to retrieve a single reward. When stable levels
of performance were achieved in this final phase of pretraining, formal
training was initiated.

Delayed response. Subjects were first trained in a delayed response
task (DR) using the method of direct baiting. A schematic representation
of this procedure is illustrated in Figure 1. Training was conducted in
2 phases: basic training and testing with delays. A trial was initiated
when the opaque screen separating the subject from the stimulus tray
was raised. With the transparent Plexiglas screen in place between the
subject and the stimulus tray, one of the lateral food wells was baited
while the monkey watched. The use of a transparent screen in this task
allowed the stimulus tray to be baited directly in front of the caged
monkey. This procedure was intended to minimize the influence of
potential age-dependentdifferences in visual acuity on DR performance.
The lateral wells were then covered with identical gray plastic plaques
(7.6 cm square x 0.9 cm high). During basic training, the clear screen
was raised immediately after the food wells were covered, and the mon-
key was allowed to respond by displacing one of the plaques. When the
subject chose the correct well, it was permitted to retrieve and eat the
reward. Monkeys were provided with 20 trials/d, using a 20-sec intertrial
interval. Across trials, the left and right wells of the stimulus tray were
baited equally often according to a pseudorandom sequence. Basic train-
ing was continued until subjects met a 90% learning criterion by com-
mitting no more than 10 errors in 100 consecutive trials,

After reaching criterion levels of performance on the basic version of
the task, testing was continued in a similar fashion except that a variable
retention delay was imposed between the baiting and response phase
of each trial. On these trials, the subject watched through the clear screen
as one of the lateral food wells was baited. Both lateral wells were then
covered with gray plaques as in the basic version of the task. The opaque
screen was then lowered for a period of 1, 5, 10, 15, or 30 sec, after
which both the opaque and clear screens were raised to allow the subject
to respond. Subjects were tested for 20 trials/d, with each delay interval
occurring 4 times/d according to a pseudorandom sequence. DR testing
with delays continued for 13 sessions for a total of 52 trials at each of
the 5 delay intervals. The left and right wells of the stimulus tray were
baited equally often in each session, and a 20-sec intertrial interval was
used for all test sessions.

Delayed nonmatching to sample with trial unique objects. Following
DR training, visual recognition memory was tested using the delayed
nonmatching to sample with trial unique objects (DNMS-TU) proce-
dure illustrated in Figure 3. Each trial in the DNMS-TU task consisted
of a sample and a recognition phase. A trial was initiated when the
opaque screen of the WGTA was raised to reveal a single object covering
the baited central well of the stimulus tray. The monkey was then
permitted to displace the object and retrieve the reward. Following this
sample presentation, the opaque screen was lowered, and a novel object
was used to conceal a reward in one of the lateral food wells. At the
same time, the sample object was placed over the remaining empty
lateral well. The recognition phase of each trial was initiated when the
opaque screen was raised to reveal both the novel object and the sample
object. The subject was then permitted to displace one of the objects
and, if the novel object was chosen, retrieve and eat the reward. A new
pair of objects that the subject had not seen previously was used on
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every trial. Reward was therefore contingent on the monkey’s recog-
nizing and avoiding the sample object in the recognition phase of each
trial.

The objects used in this task were chosen from a collection of over
520 items that differed widely in shape, color, and texture. Although
subjects saw individual objects a number of times over the course of
DNMS-TU testing, 2 objects were never presented as a pair more than
one time for each subject. The number of objects used in this procedure
allowed individual items to be repeated no more often than approxi-
mately once every 2.5 weeks of testing.

Subjects were initially trained in the DNMS-TU procedure with a
10-sec delay between the sample and recognition phase of each trial.
Each daily test session consisted of 20 trials with a 30-sec intertrial
interval. The correct (i.e., novel) object in the recognition phase of each
trial appeared over the left or right food well equally often, and the
object in each pair that was used as the sample was balanced across
animals within a group. Subjects were tested in this fashion using a 10-
sec delay until reaching a 90% learning criterion by committing no more
than 10 errors in 100 consecutive trials. When criterion performance
was achieved with a 10-sec delay, the memory demands of the task
were successively increased by lengthening the delay between the sample
and recognition phase of each trial from 15 sec to 22 hr. A total of 100
trials (20 trials/d) was provided at each of the following delays: 15 sec,
30 sec, 1 min, and 2 min. A total of 50 trials (5 trials/d) was provided
at a 10-min delay. Finally, a total of 30 trials each (1 trial/d) was
conducted at delays of 2 hr and 22 hr.

Delayed nonmatching to sample with repeated objects. Following
DNMS-TU testing, subjects were trained on a delayed nonmatching to
sample procedure with repeated objects (DNMS-RO). Testing was con-
ducted in a similar fashion in both DNMS-TU and DNMS-RO except
that in DNMS-RO, the same pair of objects was used on every trial
throughout training, and 1 of these 2 objects appeared as the sample
on each trial according to a pseudorandom sequence (see Fig. 5). Many
of the task demands were common to both versions of DNMS but when
the same pair of objects is presented on every trial (i.e., DNMS-RO),
animals are required to make a temporal discrimination in order to
perform accurately. That is, since the same 2 objects are presented on
every trial, correct performance on the recognition phase of DNMS-RO
depends on the subject remembering which of the 2 objects was pre-
sented most recently as the sample.

Subjects were initially trained in the DNMS-RO procedure with a
10-sec delay between the sample and recognition phase of each trial.
Daily test sessions consisted of 20 trials with a 30-sec intertrial interval.
The correct object in the recognition phase of each trial appeared over
the left or right food well equally often, and the object used as the sample
on each trial was balanced across animals within a group. The same
pair of objects was used for all animals throughout training. Subjects
were tested using a 10-sec delay until reaching a 90% learning criterion
by committing no more than 10 errors in 100 consecutive trials. Subjects
that failed to reach criterion within 1500 trials were trained in a remedial
procedure in which the sample object was presented twice in succession
before the recognition phase of each trial. The sample object was baited
only 1 of the 2 times it was presented according to a pseudorandom
sequence. Subjects were tested in this manner until they reached the
criterion level of performance or for a total of 300 trials. In either case,
subjects were subsequently tested for 100 trials using a single sample
presentation and a 10-sec delay interval (i.e., the basic DNMS-RO
training procedure used for all animals). Following training with a 10-
sec delay, the memory demands of the task were successively increased
by lengthening the delay between the sample and recognition phase of
each trial from 15 to 30 to 60 sec. A total of 100 trials (20 trials/d) was
provided at each delay.

Results

Prior to formal testing, the general behavior of young and aged
subjects was observed on a daily basis. All monkeys readily
acclimated to single housing conditions without overt signs of
stress, and food and water intake stabilized to normal levels
within 2 weeks of the animal’s arrival. In their home cages, aged
subjects tended to exhibit somewhat less spontaneous activity,
but no gross age-related differences were noted in general reac-
tivity or responsiveness to environmental stimuli. Pretraining
also failed to reveal gross behavioral differences between young
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Figure 1. Schematic representation of the delayed response task (DR).
Subjects watched while the experimenter baited one of the food wells
of the WGTA (+, baited; —, unbaited). Both wells were immediately
covered with identical plaques. Subjects were initially trained to a learn-
ing criterion with no delay. Memory for the reward location was sub-
sequently tested with a variable retention interval of 1-30 sec. The
intertrial interval was 20 sec throughout training.

and aged monkeys. Although some of the aged animals appeared
less dexterous than younger subjects in retrieving rewards from
the food wells of the WGTA, all subjects achieved equivalent
stable levels of performance during pretraining.

Delayed response

The number of trials subjects required to achieve a 90% correct
learning criterion in the DR task with a 0-sec delay is shown in
the left panel of Figure 2. One subject in the young group would
not reliably observe the food well being baited at the beginning
of each trial, and data from this animal were therefore excluded
from analysis. All of the remaining subjects met the 90% correct
learning criterion, and the difference in the median performance
of young and aged groups during this phase of DR testing was
not statistically reliable. Although the average performance of
the 2 groups did not differ during basic DR training, within-
group variability in performance was clearly greater among the
aged animals. Two aged animals outperformed all of the young
subjects, making fewer than 10 errors within the first 100 trials
of testing, and 2 aged monkeys took longer to reach criterion
than any of the young subjects. Only 1 aged monkey achieved
the learning criterion within the range of scores for the young
group.

Although young and aged monkeys achieved equivalent levels
of response accuracy with a 0-sec delay in the DR task, the
performance of the aged subjects was dramatically and dispro-
portionately affected during DR testing with longer delays. These
data are shown in the right panel of Figure 2 which represents
the average percent correct achieved by the young and aged
groups across trials at delays of 0, 1, 5, 10, 15, and 30 sec. Scores
for the 0-sec delay condition are the percent correct achieved
during the criterion run of 100 trials on the basic version of the
DR task. Statistical evaluation of these results using a two-way
ANOVA with performance across delays as a within-subject
variable revealed significant main effects of age [F(1, 6) = 7.6,
p = 0.03], delay [F(5, 30) = 13.2, p < 0.001], and a significant
age x delay interaction [F(3, 30) = 2.4, p = 0.05]. The significant
main effects of age and delay indicate that the performance of
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the aged group was impaired relative to the younger group and
that the performance of both groups deteriorated at longer de-
lays. Importantly, the age x delay interaction indicates that the
aged subjects were relatively more affected by increasing delays
than the younger animals. Subsequent comparisons revealed
that the mean performance of the 2 groups was equivalent at
0- and 1-sec delays but that the aged monkeys were significantly
impaired at 5-sec [¢(6) = 5.2, p = 0.002] and 10-sec [¢(6) = 3.6,
p = 0.01] delay intervals. In fact, no individual aged subject
performed within the range of scores obtained by the young
animals at these latter delays, and, as a group, aged monkeys
did not perform significantly above chance at any delay longer
than 5 sec. DR performance also began to deteriorate somewhat
at 15- and 30-sec delays in the young group, as indicated by the
lack of significant group differences in performance at these 2
longest delays.

Delayed nonmatching to sample with trial unique objects

Aged subjects required significantly more trials than young an-
imals to reach a 90% correct response criterion in the DNMS-
TU task with a 10-sec delay (Mann-Whitney U, p = 0.02). These
results are illustrated in the left panel of Figure 4. As during
initial acquisition of the DR task, within-group variability in
performance during basic training in the DNMS-TU task was
clearly greater among the aged subjects. One aged subject did
not reach the learning criterion within 1330 trials. This monkey
was trained for 100 additional trials in a remedial version of
the DNMS-TU task in which the sample object was presented
twice in succession before the recognition phase of each trial.
The sample object was baited only 1 of the 2 times it was
presented during this procedure. In all other respects, training
was conducted as described for the rest of the animals. During
this double sample presentation procedure, performance im-
proved to criterion levels (i.e., 93% correct in the 100 trials of
remedial training). Moreover, when this subject was subse-
quently tested for 100 trials with a single presentation of the
sample object (i.e., the basic version of the task used for all
subjects), performance was maintained at 93% correct. In con-
trast to this animal’s protracted rate of acquisition, 1 aged mon-
key reached the criterion level of performance within the range
of scores exhibited by younger subjects. In summary, although
aged monkeys as a group required significantly more trials to
learn the DNMS-TU task with a 10-sec delay, subjects in both
age groups eventually achieved equivalent levels of performance
in this version of the task.

After reaching criterion levels of performance on the basic
version of DNMS-TU, recognition memory was tested across

delays of 15 sec to 22 hr. These data are shown in the right
panel of Figure 4. Scores for the 10-sec delay condition represent
the average percent correct attained by each group during the
criterion run of 100 trials in the basic version of the task. Al-
though aged subjects were significantly impaired in learning the
DNMS-TU task initially, after mastering the nonmatching prin-
ciple, the older monkeys performed only slightly worse than
younger animals across memory delays as long as 22 hr. The
average performance of the young and aged groups differed by
less than 10 percentage points during all phases of testing with
delays. The effect of increasing memory demands was evident
in both groups as a decrease in recognition accuracy with in-
creasing delay length. This pattern of results was reflected in the
statistical analysis which revealed only a significant main effect
of delay [F(7, 49) = 45.8, p < 0.001]. The main effect of age
approached but did not reach significance [F(1, 7) = 4.7, p =
0.06], and there was no indication of a delay x age interaction.
The lack of a significant interaction in these results is particularly
important and indicates that, in contrast to performance on the
DR task, age-dependent DNMS-TU impairments did not emerge
when the memory demands of the task were increased. The
borderline significant main effect of age reflects the modest dif-
ference in the performance of young and aged subjects across
delays. For example, the largest magnitude impairment seen in
any aged subject relative to the average performance of the
young group was an 18% deficit at a 2-hr delay. In contrast, at
least 2 aged subjects performed within the range of scores
achieved by the young monkeys at each of the delays tested.

Delayed nonmatching to sample with repeated objects

Only 3 monkeys in each age group learned to perform accurately
within 1900 trials of DNMS-RO training using a 10-sec reten-
tion interval, and data for the remaining 3 subjects (2 aged and
1 young monkey) were, therefore, excluded from analysis. One
young monkey performed at only 83% correct (i.e., 7% below
criterion) even after extensive remedial training using the double
sample presentation procedure. This animal consistently per-
formed well above chance, however, even when the memory
demands of the task were substantially increased. Since initial
learning was somewhat inferior in this subject, including this
animal’s data in the following analysis provides a conservative
test of whether DNMS-RO performance is sensitive to age-
dependent deterioration. Moreover, all effects that are identified
as statistically reliable remain so when this subject’s perfor-
mance is excluded from analysis.

Acquisition data for the animals who learned the DNMS-RO
task are presented in the left panel of Figure 6. Although DNMS-
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Figure 3. Schematic representation of the delayed nonmatching to
sample task with trial unique objects (DNMS-TU). Correct performance
required subjects to recognize and avoid a sample object after some
delay interval (+, baited; —, unbaited). A pair of objects that subjects
had never seen were used on every trial. Monkeys initially were trained
to a learning criterion with a 10-sec delay. Memory for the sample object
was subsequently tested across delays up to 22 hr. The intertrial interval
(fTT) was 30 sec throughout DNMS-TU training.

RO was clearly the more difficult of the 2 DNMS procedures
used here (i.e., compare acquisition data in Figs. 4 and 6), age-
dependent differences were not observed in the number of trials
subjects required to achieve criterion levels of performance dur-
ing DNMS-RO training.

Following training to criterion on DNMS-RO with a 10-sec
delay, the memory demands of the task were manipulated by
increasing the retention interval between the sample and rec-
ognition phase of each trial from 15 to 60 sec (Fig. 6, right).
Data presented for the 10-sec delay interval represent the av-
erage performance of groups during the final 100 training trials
in the basic version of the task. Although the performance of
the groups was well matched at this shortest delay, recognition

Figure 4. Performance of young (n =
4) and aged (n = 5) monkeys on the
delayed nonmaitching to sample task
with trial unique objects (DNMS-TU).
Lefi, Median number of trials subjects
required to achieve a 90% correct learn-
ing criterion with a 10-sec delay. Sym-
bols represent the learning scores for
individual animals. Righ!, Average
percent correct of the young and aged

600 }

MEDIAN TRIALS TO CRITERION

groups during DNMS-TU testing with Young  Aged
delays of 10 sec to 22 hr.

accuracy in aged subjects dropped dramatically and dispropor-
tionately as the retention interval was increased. This pattern
of results was reflected in the statistical evaluation, which re-
vealed significant main effects of age [F(1, 4) = 225.3, p < 0.001]
and delay [F(3, 12) = 39.3, p < 0.001], and a significant age x
delay interaction [F(3, 12) = 12.2, p < 0.001]. These findings
indicate that although the performance of the aged group was
impaired relative to younger subjects, the degree of this deficit
was exacerbated as a function of the increasing memory de-
mands of the task. Subsequent comparisons confirmed that al-
though recognition accuracy was equivalent at the 10- and 15-
sec delays, the aged group was significantly impaired during
testing at the 2 longer retention intervals [30-sec delay #(4) =
4.3, p=0.01; 60-sec delay 7(4) = 13.3, p < 0.001]. In fact, aged
subjects as a group performed near chance levels of accuracy at
the 60-sec retention interval. These effects appear to be highly
reliable, since no aged subject performed within the range of
scores achieved by younger animals at the 2 longer delay inter-
vals. In addition, within-group variability was quite low, with
all aged subjects performing within 4.0 percentage points of their
group mean at the 30- and 60-sec delay intervals.

Discussion

The major finding of the present study is that memory impair-
ment in the aged monkey is clearly task-dependent. Aged mon-
keys that exhibit robust deficits in a delayed response task and
a delayed nonmatching to sample task with repeated objects are,
at most, only mildly impaired in a test of object recognition
memory (i.e., DNMS-TU). This task-dependence suggests that
specific cognitive processes may be differentially susceptible to
age-dependent deterioration. Since neuropsychological studies
in young subjects demonstrate that different brain regions make
relatively specific contributions to learning and memory, the
findings reported here provide a basis for predicting which brain
regions are likely to mediate cognitive decline in aging. The
value of this approach is that postmortem analyses of the brains
from behaviorally characterized subjects will permit a direct
evaluation of the relationship between the severity of regional
neural alterations and cognitive impairment in aging.

Results from the DR task are consistent with a number of
earlier reports demonstrating that aged monkeys are impaired
in this testing procedure (Medin, 1969; Bartusetal., 1978; Walk-
er et al., 1988). In a series of studies, Bartus et al. found that
rhesus monkeys as young as 18—22 years old show marked delay-
dependent deficits in an automated, subject-paced DR task (re-
viewed in Dean and Bartus, 1988). The finding that aged mon-
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Figure 5. Schematic representation of the delayed nonmatching to
sample task with trial repeated objects (DNMS-RO). The same pair of
objects was used on every trial, and subjects were required to remember
which object was presented most recently (i.e., before the delay interval)
in order to perform correctly (+, baited, —, unbaited). Monkeys were
initially trained to a learning criterion with a 10-sec delay. Memory for
the sample object was subsequently tested across delays of 15-60 sec.

keys are only impaired at longer retention intervals is important
because it suggests that age-related DR deficits are specifically
related to the memory demands of the task. Subsequent work
has demonstrated that these deficits persist over extensive pe-
riods of training, indicating that DR impairments are not related
to test sophistication in aged subjects (Marriott and Abelson,
1980). Although other laboratories have reported that aged
monkeys also fail to learn DR tasks conducted in the WGTA
with delays as short as 5 sec (Arnsten and Goldman-Rakic,
1985a; Walker et al., 1988), the age x delay interaction that
characterizes the performance of aged animals in automated
versions of this task was not observed in these earlier studies.
The present report, however, provides a clear demonstration
that aged monkeys exhibit reliable and robust delay-dependent
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deficits in the experimenter-paced, WGTA version of the DR
task. These findings are therefore consistent with the view that
delay-dependent DR impairments are a prominent feature of
cognitive dysfunction in the aged monkey.

Two laboratories have reported that aged monkeys are sig-
nificantly impaired in a trial unique objects version of DNMS
similar to the one used here (Presty et al., 1987; Moss et al.,
1988). Although the difference in age between the young and
the oldest groups was even greater than in the present investi-
gation, the degree of impairment in both earlier studies was
modest. Moreover, neither investigation found aged subjects to
be disproportionately impaired when the memory demands of
the DNMS-TU task were manipulated by increasing the reten-
tion interval. The absence of an interaction between age and
retention interval is important because delay-dependent deficits
are a hallmark feature of memory impairments produced by a
variety of experimental manipulations including medial tem-
poral lobe ablation. It is important to consider the possibility,
however, that the parametric features of the typical DNMS-TU
procedure limit its sensitivity to age-dependent memory dys-
function (Rapp, 1988). In previous studies, aged monkeys were
tested in the DNMS-TU task using only those retention intervals
(i.e., 5 min or less) at which medial temporal lobe-damaged
subjects exhibit severe deficits (Presty et al., 1987; Moss et al.,
1988). That aged monkeys exhibit only mild impairments at
these same delays should not be surprising since amnesia is not
characteristic of normal aging. Previous studies were therefore
unable to address the possibility that aged subjects would show
more pronounced DNMS-TU deficits at retention intervals much
longer than those used to investigate lesion effects in young
subjects. In other words, earlier reports may have failed to note
significant delay-dependent DNMS-TU deficits in aged mon-
keys because the memory demands of the testing procedures
used were insufficient. In the present study, however, recogni-
tion memory was tested at much longer delays (up to 22 hr)
where even the younger subject’s performance deteriorated. Based
on these findings, it seems clear that the lack of delay-dependent
DNMS-TU impairments in aged monkeys is reliable across re-
tention delays spanning virtually the entire forgetting curve for
object recognition memory. These results are therefore consis-
tent with earlier reports and provide additional evidence that
recognition memory is, at most, only slightly impaired in the
aged monkey.

These findings demonstrate that robust DR deficits in the
aged monkey occur against a background of largely preserved
functions assessed by the DNMS-TU task. The intact perfor-
mance of aged subjects during postacquisition DNMS-TU test-

Figure 6. Performance of young (n =
3) and aged (n = 3) monkeys on the
delayed nonmatching to sample task
A— 4 Aged with trial repeated objects (DNMS-RO).
A Left, Median number of trials to reach
e criterion for subjects who learned the
DNMS-RO task. One young subject

performed at only 83% correct after

A—254 Young

™S 1900 trials using a 10-sec delay. Sym-

ey bols represent the learning scores for
MR individual animals. Righ!, Average
T percent correct of the young and aged
) groups during DNMS-RO testing with

Young Aged

30 60 delays of 10-60 sec.

DELAY (sec.)



3574 Rapp and Amaral « Cognitive Impairment in Aged Monkeys

ing and during DR training with short delays suggests that global
nonspecific deterioration is not a prominent feature of senes-
cence in the monkey. Robust age-related changes in motivation
or attention, for example, would be expected to result in per-
formance deficits across a variety of testing procedures irre-
spective of the memory demands of the tasks. Similarly, sensory
deficits in aged subjects, such as reduced visual acuity, would
likely impair performance in any sufficiently difficult visually
dependent testing procedure. Age-dependent change in nonspe-
cific performance variables, therefore, cannot easily account for
the observation that behavioral deficits in aged monkeys are
both task specific and directly related to the memory demands
of the testing procedures.

In contrast to the idea that age-related behavioral impair-
ments result from nonspecific deterioration, DR deficits in aged
monkeys have been interpreted as evidence for a decline in
memory for recent stimulus events (for recent reviews, see Rup-
niak and Iversen, 1987; Dean and Bartus, 1988). The findings
reported here, however, suggest that age-dependent memory
dysfunction may be more selective than is implied by this in-
terpretation. The object recognition capacities of aged monkeys,
for example, indicate that not all forms of memory for recent
stimulus events are affected adversely during aging. Reports that
aged monkeys perform well in color, object, and pattern dis-
crimination tasks provide additional evidence that not all mne-
monic processes are equally affected during aging (Bartus et al.,
1979; Arnsten and Goldman-Rakic, 1985a; Moss et al., 1988;
Walker et al., 1988). These findings suggest that memory for
specific types of information or specific aspects of mnemonic
or cognitive processing may be differentially susceptible to age-
dependent deterioration.

This question was addressed in the present experiments by
comparing the performance of aged monkeys across 2 para-
metric manipulations of the DNMS procedure. In contrast to
their relatively intact performance on the trial unique objects
version of DNMS, aged monkeys exhibited robust delay-de-
pendent deficits when the same pair of objects was presented
on every trial. Although both procedures share many identical
task demands, DNMS-RO, unlike DNMS-TU, involves a re-
cency discrimination; subjects must remember which object was
presented more recently in order to perform accurately on the
recognition phase of each trial. Since a general recognition mem-
ory deficit would lead to impairments on both tasks, the selective
effects of aging on DNMS-RO may relate to the temporal mem-
ory requirements associated with this version of testing. In this
context, it is interesting to note that the DR task entails a similar
temporal memory requirement since, in this procedure, subjects
are required to remember which food well was baited most
recently. A selective age-dependent temporal memory deficit
could therefore underlie the poor performance of older monkeys
on both DR and DNMS-RO tasks. Alternatively, while DNMS-
RO deficits in aged monkeys may be related to the temporal
memory requirements of this task, DR deficits in the same
monkeys could reflect an age-dependent dysfunction in memory
for spatial locations. The validity of this latter interpretation
can be evaluated in future studies by determining if aged mon-
keys fail other spatial memory tasks that lack the temporal
memory requirement of DR and DNMS-RO.

An alternative interpretation of the findings reported here is
based on the proposal that aging in the monkey is accompanied
by an increased sensitivity to interference (Bartus and Dean,
1979). On each trial in DR and DNMS-RO, subjects are re-

quired to remember 1 of only 2 possible spatial locations (in
DR) or objects (in DNMS-RO) so that there is a substantial
opportunity for proactive interference between trials. In con-
trast, interference is relatively less pronounced in the DNMS-
TU task where novel stimuli are presented on every trial. Ac-
cording to this perspective, task-dependent deficits across these
procedures might reflect this differential opportunity for inter-
ference rather than an age-related impairment in memory for
specific types of information. Several aspects of the results ob-
tained, however, are difficult to reconcile with this interpreta-
tion. In both DR and DNMS-RO tasks, aged subjects were
disproportionately impaired when the memory demands of the
tasks were increased by lengthening the retention interval. Since
interference is presumably operative in these tasks both on trials
with short and longer retention intervals, an increased sensitiv-
ity to interference cannot easily account for the observation that
aged monkeys were only impaired when tested with longer de-
lays. The results of initial task acquisition also provide evidence
inconsistent with an interference hypothesis since, of the 3 tasks
used, aged subjects were reliably impaired during original train-
ing only in the low interference DMNS-TU procedure. Based
on these considerations, it would appear that an increased sen-
sitivity to interference cannot account for the pattern of age-
dependent cognitive deficits we have observed. These findings,
however, are not inconsistent with the view that, in other testing
procedures, a hypersensitivity to interference may be an im-
portant component of the deficits aged monkeys exhibit (Bartus
and Dean, 1979).

A neuropsychological perspective affords a valuable frame-
work for efforts to identify the neural basis of age-related cog-
nitive dysfunction. The behavioral assessment conducted here
provides strong evidence that prominent aspects of memory
dysfunction in the aged monkey are mediated by neural struc-
tures other than those located in the medial temporal lobe. In
young monkeys, large medial temporal lobe lesions result in
impairments on a variety of memory tasks, including DR and
DNMS-TU (Zola-Morgan and Squire, 1985a; Zola-Morgan et
al., 1989), and these findings are thought to reflect the critical
importance of this neural system in the formation of memory
for many types of information (Mishkin, 1982; Squire, 1987).
As the present results demonstrate, however, DR deficits occur
in aged monkeys against a background of relatively intact rec-
ognition memory. The modest impairment aged monkeys do
show in DNMS-TU is not characterized by the sensitivity to
retention delay that is the hallmark of medial temporal lobe
damage (Mishkin, 1978; Zola-Morgan and Squire, 1985a). It is
also important to emphasize that DR deficits in aged monkeys
are more severe than can be accounted for by medial temporal
lobe damage. Aged animals are dramatically impaired in this
task at relatively short delays at which subjects with medial
temporal lobe lesions perform normally (Orbach et al., 1960;
Zola-Morgan and Squire, 1985a; Zola-Morgan et al., 1989).
Although these findings leave open the possibility that medial
temporal lobe dysfunction may contribute to age-related mem-
ory impairment, it is nonetheless clear that prominent features
of cognitive dysfunction in the aged monkey must be mediated
by other brain regions.

Based on comparisons with neuropsychological findings from
young subjects, Bartus et al. have suggested that age-related
cognitive deficits in the monkey are associated with prefrontal
cortical dysfunction (Bartus, 1979; Bartus and Dean, 1979).
Previous studies have noted that DR deficits in aged monkeys



are qualitatively similar to the effects of prefrontal cortical dam-
age in young subjects (Bartus, 1979; Arnsten and Goldman-
Rakic, 1985a, b). The effects of aging and dorsolateral prefrontal
damage are also similar in that DNMS-TU performance re-
mains largely intact in both cases (Bachevalier and Mishkin,
1986). A novel component of the approach adopted here is that
hypotheses concerning the neural systems that are responsible
for specific features of senescent memory impairment can be
used to formulate testable predictions concerning the behavioral
tasks that should be sensitive to that damage. Current theories,
for example, emphasize that the prefrontal cortex is critically
involved in the temporal organization of memory (Fuster, 1985;
Milner et al., 1985; Schacter, 1987). This interpretation leads
to the prediction that prefrontal cortical dysfunction in aged
monkeys should be reflected as behavioral impairments that are
related to the temporal memory demands of a given testing
procedure. In confirmation of this prediction, aged monkeys
were selectively impaired on DNMS procedures when they were
required to remember the temporal order in which objects were
presented. The relationship of these age-associated behavioral
deficits to prefrontal cortical dysfunction is further supported
by the observation that, in testing procedures similar to the
DNMS tasks used here, young monkeys with lateral prefrontal
cortical damage are selectively impaired in a repeated objects
recognition memory paradigm (Mishkin and Manning, 1978;
Bachevalier and Mishkin, 1986).

The findings of the present report support the use of the aged
nonhuman primate as a model of normal human aging. A num-
ber of groups have reported that DR tasks and conceptually
similar procedures are particularly sensitive to aging in nonde-
mented humans (see Dean and Bartus, 1988, for a recent re-
view). Recent evidence suggesting that the temporal organiza-
tion of memory is compromised as a consequence of aging in
humans (Janowsky et al., 1989) also is consistent with the results
of the present studies. In contrast, the degree to which recog-
nition memory is affected during normal human aging remains
a matter of some controversy (Schonfield and Robertson, 1966;
Erber, 1974; Ferris et al., 1980; Rabinowitz, 1984). As in the
aged monkey, when significant age-dependent recognition mem-
ory impairments have been observed in humans, the deficits
are not exacerbated when retention is measured over increasing
memory delays (Ferris et al., 1980). Since many of the neuro-
pathological changes associated with human aging (i.e., region-
specific cell loss and neuritic plaque formation) also are seen in
the aged monkey brain (Brizzee et al., 1976; Ball et al., 1983;
Struble et al., 1985), it is possible that parallel behavioral deficits
in aged monkeys and humans may share a common neural basis.
The aged monkey may, therefore, provide a unique model sys-
tem for investigating the relationship between neural alterations
and cognitive dysfunction in aging.
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