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LAI, Z. C., M. B. MOSS, R. J. KILLIANY, D. L. ROSENE AND J. G. HERNDON. Executive system dysfunction in the aged 
monkey: Spatial and object reversal learning. NEUROB1OL AGING 16(6) 947-954, 1995.--As part of an effort to characterize 
age-related cognitive changes in executive system function in a nonhuman primate model of human aging, the performance of 
seven rhesus monkeys, 20 to 28 years of age, was compared to that of five young adult monkeys, 6 to 11 years of age, on spatial 
and object reversal tasks. No differences in performance were found between the two groups in the initial learning of either task. 
On spatial reversals, aged monkeys were impaired relative to young adults, but there was no difference in overall performance 
between the groups on object reversals. Central to this article, a perseverative tendency was noted in the aged group on both 
spatial and object reversal tasks. Changes in executive system dysfunction may represent an important aspect of age-related cog- 
nitive decline. 
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EFFORTS to characterize age-related cognitive changes in humans  
have focused on  shor t - t e rm m e m o r y  func t ion  and  consis tent ly  
yield evidence for a mild decline with normal  aging (3,19). More  
recently, age-related disruptions have been demonstra ted in exec- 
utive funct ion ,  a doma in  of  cognit ive abilities tha t  include 
abs t rac t ion ,  es tab l i shment  of  set, and  set shif t ing (2,3). 

Like aged humans ,  aged rhesus monkeys  exhibi t  a mild but  
s ignif icant  decline in shor t - te rm,  recogni t ion  memory  relative 
to young adul ts  (6,14,20,22). Less is k n o w n  a b o u t  executive 
func t ion  in the  aged n o n h u m a n  pr imate .  Reversal  learning in- 
volves responding  to a change  in re in forcement  cont ingencies  
by first "un lea rn ing"  or breaking  the initial s t imulus-re inforce-  
ment  bond ,  and  then acquir ing,  or " sh i f t ing"  to a new one. In 
this way, reversal learning can be considered a measure  of  exec- 
utive funct ion.  The few studies tha t  have  assessed executive 
func t ion  in aged monkeys  have used pa t t e rn  d iscr imina t ion  
reversal learning parad igms (7,23). Previous  f indings on  rever- 
sal learning in aged monkeys  appear  contradic tory ,  with Bartus  
et al. (7) report ing severe age-related impai rment  but  with Rapp  

(23) report ing no deficit in such tasks in aged monkeys.  Accord- 
ingly, the a im of  the present  invest igat ion was to de termine  the  
nature  and  extent of  executive funct ion changes tha t  may  occur 
in aged rhesus monkeys  using spat ial  and  object  reversal  learn- 
ing paradigms.  In fur ther  character iz ing the na ture  o f  any age- 
related deficit in reversal tasks, apparent  contradictions in earlier 
studies might  be reconciled.  This  s tudy is par t  of  an  ongoing  
invest igat ion to develop a n o n h u m a n  pr imate  model  of  cogni- 
tive and  neurobiologica l  changes  in h u m a n  aging. 

METHOD 

Subjects 

The 12 rhesus monkeys  in this sample included a group of  
5 young adul t  monkeys  (aged 6 to 11 years) and  7 aged mon-  
keys (aged 20 to 28 years); exact bir thdates,  and  thus age at  test, 
were available for all animals. Sex distribution in the two groups 
is shown in Table 1. 
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TABLE 1 

SUBJECT DESCRIPTION 

Age at 
Group Monkey Sex Testing 

Young adult (n = 5) AM35 M 6 
AM22 M 7 
AM32 M 8 
AM33 M 11 
AM39 M 11 

Mean 8.6 
(SD) (2.3) 

Aged (n = 7) AM38 F 20 
AM48 M 20 
AM19 F 24 
AM26 F 24 
AM30 F 25 
AM29 M 27 
AM27 M 28 

Mean 24.0 
(SD) (3.1) 

Monkeys are listed from youngest to oldest. 

The following exclusionary criteria were applied in subject 
selection: history of  chronic illness, neurological disease, chronic 
drug administrat ion,  participation in drug studies, exposure to 
radiation,  and splenectomy or thymectomy. During the study, 
monkeys were maintained in individual primate cages at the Bos- 
ton University School of  Medicine or the Yerkes Regional Pri- 
mate Center,  both A A L A C  accredited institutions. Monkeys 
were routinely fed dry food biscuits each morning and given 
fresh fruit each af ternoon.  On test days, feeding was delayed 
until after testing. Water was always available in home cages. 
All animals were visually inspected on a daily basis by animal 
care personnel and research technicians, and received biannual 
medical examinations that included serum chemistry, hematol- 
ogy, urine and fecal analysis, and annual fundoscopy. Prior to 
the study, each monkey was assessed on a series of  two-choice 
discrimination and visual recognition memory  tasks, the latter 
of  which included delayed nonmatching to sample and spatial 
and nonspatial  delayed recognition span tests (15). 

Behavioral Testing 

Efforts  to standardize test administration at the two sites in- 
cluded identical experimenter training protocols,  extensive test 
supervision with videotaped monitoring, and comparison of  nor- 
mative data acquired from young adult monkeys at both sites, 
which consistently yield no significant differences for our aging 
study test protocol .  Ha l f  the monkeys,  3 young adult (AM35, 
AM22,  and AM32) and 3 aged (AM38, AM48, AM19) were 
tested at the Boston University School of  Medicine and the re- 
maining half were tested at the Yerkes Regional Primate Center. 

Testing was conducted in a darkened room in the presence 
of  white noise. Monkeys were trained on both spatial and object 
reversal tasks in a Wisconsin General Testing Apparatus  (10). 
In both tests, the stimulus tray was concealed from the monkey 
by an opaque screen. Raisins, cereal, or uniformly small pieces 
o f  fruit were used as bait. The experimenter baited and covered 
the appropriate  well on the stimulus tray, according to the test 
protocol .  The opaque screen was then removed and the mon-  
key's response was observed through a one-way vision panel. A 

noncorrection procedure was used throughout so that an incor- 
rect response terminated the trial without reward. 

Spatial reversal task. A stimulus tray board containing three 
identical, equally spaced wells was used for testing. According 
to random selection, either the left or right well was designated 
the positive baited side during initial learning. This positive side 
was baited and covered with a plastic plaque. An identical plaque 
covered the other lateral well. The middle well was never baited 
or covered. The monkey could obtain the reward by displacing 
the plaque on the appropriate side. During a 20-s intertrial inter- 
val (ITI) ,  the screen separating the monkey from the experi- 
menter  was lowered and the same side was baited for the next 
trial. Thirty trials were given per day for the initial learning 
phase. 

When the monkey  at tained a cri terion of  90°7o correct  
responses in 30 consecutive trials, a series of  three reversals 
began with the correct side changing in each reversal. The first 
reversal began the day after  initial learning cri terion was 
reached. In each reversal, the monkey was only rewarded when 
it chose the side that had not been rewarded in the previous 
learning phase. The first reversal was continued for 30 trials/day 
until a criterion of  90°7o correct in the first 20 trials of  the day 
was reached. On that same day, the second reversal began for 
another 20 trials. Thereafter,  30 tr ials/day were given baiting 
the new side until a criterion of  18 of  20 trials was reached in 
the first 20 trials administered that day. In that session, the third 
and final reversal began, in which the opposite position was 
baited for an another 20 trials. Testing continued for 30 tr ials/  
day until the final criterion was reached. Thus, during reversal 
learning, a minimum of 30 trials/day and a maximum of  40 trials/ 
day (on the day criterion was reached) were administered over 
a total of  three reversals; the first between sessions and the last 
two within sessions. 

Object reversal task. The object reversal task was adminis- 
tered after the spatial reversals were completed and was simi- 
lar to the spatial reversal with two differences. First, two objects 
were used to cover the extreme wells and one of  the two (rather 
than a position) was randomly chosen as the initial baited. Sec- 
ond, the location of  the two objects (left or right) was varied 
f rom trial to trial according to the pseudorandom sequence of  
Gellerman (8) so that location did not serve as a relevant cue. 

A n alyses 

A Wilcoxon Signed Ranks test was used to compare difficulty 
level between spatial and object reversal tests. Performances of  
the two groups were compared  on errors made and trials 
required during initial learning as well as for total errors and tri- 
als combined across reversals. The Mann-Whi tney  U test was 
conducted to examine the statistical significance of  between 
group differences. 

A learning stage analysis was conducted by examining 10-trial 
blocks to evaluate patterns of  reversal acquisition (12). This 
allowed group comparison of  blocks concentrated in a specific 
learning stage (or stages) f rom reversal through criterion. Cri- 
terion blocks were excluded from analyses. Stage I was defined 
as performance in which 7 to 10 errors are made within a 10-trial 
block; Stage II was defined as performance in which 4 to 6 errors 
are made within a 10-trial block; Stage III was defined as per- 
formance in which 0 to 3 errors are made within a 10-trial block. 
This procedure is similar to that used in an earlier study (12) to 
assess performance of  spatial and object reversal learning for 
monkeys that underwent surgical ablation of  various limbic 
regions. An important modification from the earlier study con- 
sisted of  using 10-trial blocks instead of  30-trial blocks for two 
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