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JACKSON, W. J. AND J. J. BUCCAFUSCO. Clonidine enhances delayed matching-to-sample performance by young and aged 
monkeys. PHARMACOL BIOCHEM BEHAV 39(1) 79-84, 1991.--Clonidine, an alpha-2 noradrenergic agonist, has been shown 
to alter cognitive performance in humans and animals. Included among the evidence are studies which differ in their conclusions 
regarding the question of whether clonidine administration improves delayed response (DR) performance by nonhuman primates. 
The present results indicated that clonidine administration to both young and aged monkeys results in a modest performance im- 
provement as measured by one of the commonly employed versions of DR performance--delayed matching-to-sample (DMTS). 
The clonidine-induced enhancement of DMTS had a duration of at least 24 h in both age groups. 
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Delayed response 

NORADRENERGIC mechanisms constitute a portion of the 
neural substrate of learning and memory. Brain lesions or 
agents, which result in decreased cortical levels of norepineph- 
fine, are associated with diminished capability to learn and re- 
member (2,21). Ultimately, noradrenergic agonists may prove 
useful in the development of therapeutic agents for improving 
human memory, and pathology in the noradrenergic systems is 
associated with at least two categories of memory disorder-- 
Alzheimer's disease and Korsakoff's syndrome (14, 15, 22). 

Likewise, the memory deficits associated with these forms of 
human pathology can be detected by classic forms of delayed 
response (DR) performance, which are commonly used to test 
the mental status of nonhuman primates. Memory-impaired hu- 
mans show significant performance deficits when tested by DR 
(11, 20, 24), and the fact that these tasks are sensitive to the 
impairments associated with human memory loss, supports the 
validity of using non_human primates performing DR tasks as 
models for the development of treatments designed to improve 
human memory. 

The effects of noradrenergic agents upon DR performance by 
nonhuman primates have been studied. One series of experi- 
ments (3,4) reported that the alpha-2 noradrenergic agonist 
clonidine improved DR performance by aged monkeys. This en- 
hancement was linked to putative binding at alpha-2 receptor 
sites within the prefrontal cortex, in the region of the principal 

sulcus. However, a subsequent paper (8) reported that similar 
dose levels of clonidine disrupted, rather than enhanced, DR 
performance. It is not clear why the findings of the two studies 
varied so dramatically; however, it was speculated (8) that the 
cognitive enhancement associated with clonidine administration 
might be specific to the testing environment or certain test pro- 
cedures. The initial studies (3,4) had presented three-dimen- 
sional stimuli through the use of a Wisconsin General Test 
Apparatus (WGTA), while the subsequent study (8) had pre- 
sented two-dimensional, spatially linked stimuli with an auto- 
mated apparatus (6). The manually operated WGTA, relative to 
the typical automated test environment, involves greater oppor- 
tunity for distraction to the test animal, especially through the 
rats (19). 

In the present studies, a wide dose range of clonidine was 
administered, first to a group of young adult monkeys, and later 
to two monkeys of very advanced age. The test procedure was 
an automated version of the delayed matching-to-sample task 
(DMTS), which incorporates features of both the WGTA and the 
typical automated DR environment. 

METHOD 

A total of eleven monkeys, nine young monkeys and two 
aged monkeys, participated in the study. The young adult mon- 
keys (> l0 years) were of two species (four feral-reared Macaca 
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FIG. 1. The above figure illustrates a monkey in the DMTS test environment and the var- 
ious steps which comprised an individual trial. To begin a trial, the upper sample panel was 
illuminated by one of three different hues. The sample panel remained illuminated until the 
monkey depressed it. That response darkened the sample panel, and all panels remained 
darkened during the delay interval. Following the delay interval, the two bottom choice pan- 
els, but not the upper sample panel, were then illuminated by two hues, One of the choice 
panels was illuminated by the same (matching) hue which had previously illuminated the 
sample, while the other choice panel was illuminated by one of the other (nonmatching) 
hues. Matching choice responses were rewarded. Monkeys were tested in their home cage 
and there were 96 trials per session. 

fascicularis of Philippine origin, and five Macaca iris, reared in 
the colony of the University of Washington Regional Primate 
Center). The two aged Macaca mulatta were feral-reared males. 
Both aged monkeys had a history of nearly 30 years participa- 
tion in a breeding program at the University of Pittsburgh and 
their estimated age at the time of testing was 35-36 years. 
Three additional aged monkeys were scheduled for this project, 
but two died before training was completed and the remaining 
aged animal has so far been unable to meet the cognitive re- 
quirements of the DMTS tests. Because of the difficulty in ob- 
taining replacement aged monkeys and the long training period 
required to prepare for this study, it was decided to limit the 
aged population to the two available animals. All eleven mon- 
keys were behaviorally naive prior to DMTS training. Initial 
DMTS training, which covered a period of several months for 
the young monkeys, and over a year for the aged monkeys, was 
conducted until the monkeys demonstrated criterion levels of 
matching performance. After initial training, but before the 
present study, the animals had participated in a test series in 
which the effects of nicotine upon DMTS were measured (12). 
Water was supplied on an ad lib basis, but the monkeys ob- 
tained approximately 15% of their food through performance of 
the DMTS tasks. The remainder of the food ration was provided 
following the test session. The animals were housed in rooms 
which sheltered as many as six monkeys, but the cages were 
arranged so that the animals could not observe one another. 

For DMTS sessions the test panel was attached to the home 
cage, and while testing was in progress, the room lights were 
dimmed to a low level. Three animals were tested simulta- 
neously using a computer-automated training and test system, 
which not only presented the DMTS task, but also measured 
and categorized a number of behavioral correlates for each 
DMTS trial. A schematic diagram of the DMTS behavioral par- 
adigm is shown in Fig. 1; with additional details available in 
earlier papers (9,12). The apparatus and paradigm were de- 

signed to facilitate data analysis in a number of behavioral cate- 
gories. Included in the list of behavioral categories were the 
percent correct performance at each of four delay intervals, the 
latency of response at each step of individual trials (both for 
correct and incorrect trials), the percent correct for left and right 
choice position, and the percent correct responses at each delay 
interval for the various combinations of stimulus colors. Soft- 
ware-controlled calculations of the daily session averages for 
these dependent variables were provided and stored in a data 
file, which was subsequently imported into an electronic spread- 
sheet. Stimuli were 1 in. diameter colored disks (red, yellow, 
and blue) presented on the screens of in-line-digital-display 
units. Each daily session consisted of 96 trials. A trial began by 
illuminating the sample key with one of the colored stimuli. The 
sample remained illuminated until the animal responded to the 
sample key. The response extinguished the sample light. Follow- 
ing a preprogrammed delay interval, during which no panel 
lights were illuminated, two choice lights located below the 
sample key were then illuminated. One of the choice stimuli al- 
ways matched the previously presented sample light, while the 
nonmatching choice was one of the other two colors. The 
choice stimuli, but not the sample stimulus, remained illumi- 
nated until the animal depressed one of the choice panels. Re- 
sponses to the choice panel illuminated by the colormatching the 
color of the previously presented sample panel were rewarded 
by a 300 mg banana-flavored pellet. Nonmatching choices were 
neither rewarded nor punished, but were simply followed by the 
next trial. A noncorrective procedure was used throughout the 
study; therefore, the next trial involved a different stimulus con- 
figuration. There were four possible delay intervals between a 
monkey's response to the sample stimulus and the presentation 
of the two choice stimuli: zero delay and three longer delay in- 
tervals, which hereafter will be referred to as short, medium, 
and long delays. Zero delay was not instantaneous, but involved 
darkening the sample stimulus (following a sample response), 
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and then a fraction of s later illuminating the choice stimuli. 
Each stimulus color configuration occurred in conjunction with 
each delay interval an equal number of times. The animals were 
trained until performance for " ze ro"  delay trials averaged ap- 
proximately 95% correct. Short, medium and long delays were 
progressively lengthened until correct-matching approximated the 
following performance levels: Short delay (70-80% correct); 
Medium delay (60-70% correct); and Long delay (50-60% cor- 
rect). Because of intrasubject differences in skill-level, this pro- 
cedure resulted in different lengths of delay intervals for each 
animal. However, the animals were thus equated for range of 
correct performance following short, medium and long delays. 
The range of delays for the younger monkeys ranged from as 
little as 0-20 s, to a maximum length of 140 s. For aged mon- 
keys, these performance criteria were achieved within the 
0-10 s range. 

The order of the sample hues was carefully counterbalanced 
so that each hue and all combinations of hue occurred in con- 
junction with each delay and choice position an equal number of 
times. Reward patterns and delay intervals also followed coun- 
terbalanced sequences (9) to insure exactly 50% correct (chance) 
reward ratios for nonmatching strategies, including position hab- 
its, double or single alternation, and picture memory. 

Clonidine was administered IM in the gastrocnemius muscle 
within a volume of 0.3 ml saline. After clonidine or vehicle in- 
jection, test panels were attached to the front of the animal's 
home cage, and the session began 10 min following the injec- 
tion. Each monkey received a clonidine dose series including 
0.5, 1.0, 5.0, 10.0, 20.0, 30.0 or 50.0 Ixg/kg, unless the dose 
appeared to elicit such undesirable side effects as excessively 
blue skin-coloring, sedative effects, or lack of interest in per- 
forming the DMTS task. A minimum drug "wash-out"  period 
of two days was maintained between clonidine injections. For 
statistical analysis, each animal was used as its own control. The 
performance values obtained during sessions preceded by cloni- 
dine administration were compared by one-way ANOVA to the 
values obtained from the same animal during the previous days 
testing (saline injections) and to the following session 24 h later. 
Individual analysis was performed for each delay length. Scheffe 
tests were used to compare individual means, when the ANOVA 
indicated a minimum 95% level of confidence. 
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FIG. 2. Clonidine-mediated enhancement lasts for a period of at least 24 
h, but less than 48 h. Data points reflect the overall means of all 96 tri- 
als/session, regardless of delay interval or stimulus color configuration. 
Data points also represent the best dose replicated three times for nine 
young adult monkeys. Error bars represent the s.e.m. 

associated with the best dose of clonidine occurred in conjunction 
with trials involving the medium to long delay intervals. ANOVA 
revealed significant differences, especially for the long delay in- 
terval, F(2,71)=4.26,  p<0.017.  DMTS performance improved 
an average 6.5 percentage points above the saline control sessions 
(from 67.9% to 74.5%) for the sessions which began 10 min fol- 
lowing the best dose of clonidine, and performance remained at 
a mean 6.8 percentage points/session above baseline during those 
sessions which began 24 h following the best dose of clonidine. 
These values represent an improvement of 9.5 and 10.0 percent 
improvement respectively. Performance associated with trials in- 
volving zero delay intervals was consistently impaired by cloni- 
dine at all dose levels. Figure 3 shows the effects of the best dose 
of clonidine upon performance associated with trials involving 
each of the delay intervals. 

RESULTS 

Young Monkeys 

All young monkeys exhibited modest enhancement of DMTS 
following at least one of the lower doses of clonidine; however, 
the window of enhancement was narrow, since most individuals 
showed improved matching following only one of the doses. For 
five animals, the best dose was 0.5 txg/kg, for two animals the 
best dose was 1.0 Ixg/kg, and for the remaining two animals, 
the best dose was 10.0 izg/kg. Clonidine doses greater than 10 
I~g/kg either totally stalled the DMTS session or reduced the 
percentage of correct DMTS performance. During the session 
conducted 10 rain following best dose clonidine administration, 
correct matching for the overall session (mean of all 96 trials) 
improved an average 3.5 percentage points (from 73.4 to 76.8%). 
During the session conducted 24 h after the clonidine injection, 
improved performance ( + 3 . 0  percentage points/session) re- 
mained evident, but performance had returned to baseline values 
by the session conducted 48 h after injection (Fig. 2). These 
percentage point increases correspond to an overall enhancement 
of 4.8 and 4.0%/session respectively. 

Further analysis revealed that the performance improvement 
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FIG. 3. Clonidine administration increased correct matching following 
all delay intervals; however, the only statistically significant differences 
were attributable to improvement during the 24 trials/session which in- 
volved the medium length delay intervals. Data points also represent 
means of the best dose replicated three times for nine young adult mon- 
keys. Error bars represent the s.e.m. 
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FIG. 4. Clonidine administration increased the overall average of correct 
matching by aged monkeys; however, because of the small test popula- 
tion, there were no statistically differences attributable to any individual 
delay interval. The only statistically significant index for discriminating 
between baseline sessions and clonidine sessions was the overall session 
average. Enhanced matching performance remained evident 24 h follow- 
ing clonidine administration. Data points represent means of all 96 trials/ 
session following saline or clonidine administration replicated three times 
for both aged monkeys. Error bars represent the s.e.m. 

Latency of response was not significantly altered following 
clonidine administration at doses which enhanced matching per- 
formance. Latencies were analyzed for time of response to both 
sample and choice, for trials which were matched correctly, and 
also for trials which were not associated with correct matching; 
however, these analyses did not reveal significant differences at- 
tributable to clonidine. 

Aged Monkeys 

DMTS performance of both aged monkeys was improved by 
low doses of clonidine. The best dose for one aged monkey was 
0.5 txg/kg and 1.0 I~g/kg for the other. Despite large increases 
associated with the short delays on the day of clonidine adminis- 
tration, the small degrees of freedom prevented these values from 
being statistically significant (Fig. 4). The only statistically sig- 
nificant measure of enhancement following clonidine administra- 
tion was for mean overall performance considering all 96 trials/ 
session, regardless of delay interval, F(2,12)=4.3,  p<0.039.  
DMTS enhancement remained evident during the sessions con- 
ducted 24 h following injection. As with younger monkeys, anal- 
ysis of the various latency categories failed to uncover significant 
differences attributable to clonidine. 

Both aged monkeys were prone to form nonmatching strate- 
gies such as position preference and preferences regarding stimu- 
lus color combinations. Since for each session, exactly one-half 
of the correct matches were on the left and one-half on the right, 
it was possible to compare the behavior of the monkeys in regard 
to position preferences during saline and subsequent clonidine 
sessions. An analysis of the effects of clonidine upon position 
preference revealed that some of the improved performance of the 
aged monkeys following clonidine administration was due to an 
11 percentage point/session increase (10 min following clonidine) 
and a 13 percentage point/session increase (24 h following cloni- 
dine) over baseline saline values regarding percent correct match- 
ing on the nonpreferred choice side; i.e., the side which was 
associated with the lowest level of performance following saline 
administration (Fig. 5). As with other indices of clonidine-medi- 
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FIG. 5. Much of the improvement in DMTS performance manifested by 
the aged monkeys was due to better performance on that choice position 
which had been assoicated with the lowest percentage of matching during 
baseline saline sessions. Data points represent means of the best dose 
replicated three times for both aged monkeys. The data points show only 
those 48 trials/session associated with the nonpreferred choice position. 
Error bars represent the s.e.m. 

ated improvement, this statistically significant 11 percentage 
point/session improvement of nonpreferred spatial performance 
remained for at least 24 h following clonidine administration, 
F(2,12)=4.51,  p<0.034.  These figures represent a 17.8% in- 
crease for the session 10 min following clonidine and a 21.2% 
increase for the session 24 h following clonidine administration. 

Both aged monkeys appeared to be more sensitive to the sed- 
ative effects of clonidine than younger monkeys; for example, 
neither aged monkey was able to complete a full 96 trials ses- 
sion following a clonidine dose greater than 10.0 p,g/kg. Fol- 
lowing larger doses, the aged monkeys appeared "drowsy ."  

D I S C U S S I O N  

It is remarkable that clonidine administration had similar ef- 
fects upon monkeys of varying subspecies, age, and gender. 
Since the previous studies of clonidine upon DR had been con- 
ducted upon aged monkeys, these findings present new informa- 
tion regarding the enhancement in young adult monkeys of DR 
performance by clonidine. Although the different species com- 
position of the young vs. the aged groups inhibits our statement 
regarding the interaction of clonidine with age group, the robust 
improvement of the aged group following clonidine administra- 
tion is noteworthy. 

In regard to the question of whether clonidine enhances DR 
performance of aged monkeys, our findings confirm those stud- 
ies that clonidine administration did improve DMTS perfor- 
mance; however, the most effective doses were lower than those 
previously reported (3,4). However, the somewhat slower reac- 
tion times, and general sedative effects associated with higher 
doses of clonidine are compatible with the study (8) which 
found clonidine to disrupt DMTS performance. It remains a pos- 
sibility that differences in test environment interacting with vari- 
ous dose-levels of clonidine accounts for the varying results of 
previous studies. By means of comparison, the study which had 
found clonidine to be disruptive to DR (8) had employed an au- 
tomated spatially oriented DR task, while the initial studies, 
which had shown enhancement following clonidine (3,4), had 
used a manually operated WGTA to present DR problems. The 
WGTA involves more human contact, and increased numbers of 
potentially distracting visual and auditory stimuli. The raising 
and lowering of the opaque screen is a particularly prominent 
part of WGTA-mediated DR testing. Along that line, it has 



CLONIDINE IMPROVES DELAYED MATCHING PERFORMANCE 83 

been speculated that clonidine-mediated enhancement of DR per- 
formance could be mediated through the abundant cluster of al- 
pha-2 adrenergic receptors located in the region of the principal 
sulcus of the prefrontal cortex (3,4). It is well-established that 
lesions of the principal sulcal region diminish the ability of mon- 
keys to perform a variety of behavioral tasks within the DR cat- 
egory, and it was demonstrated many years ago that sedative 
drugs (e.g., phenobarbital) improve DR performance by mon- 
keys with prefrontal lesions (18). Such sedative-mediated en- 
hancement is thought to result from attenuation of the char- 
acteristic hyperreactivity, which follows lesions of this brain re- 
gion; thus monkeys with prefrontal lesions perform DR more ef- 
ficiently when slightly sedated or when placed in distraction-free 
test environments. Part of the variance among previous reports 
of the effects of clonidine upon DR is possibly a result of dif- 
ferent levels of potentially distracting stimuli. The sedative ef- 
fects of clonidine may improve DR performance to a greater 
extent in the presence of distracting stimuli. The "distraction- 
quotient" of the present test environment was probably interme- 
diate to the previously reported studies, and may explain the 
somewhat intermediate results. Our automated procedure re- 
duced direct human contact before and during testing, did not 
involve such distractions as the elevation of opaque screens, 
and, therefore, reduced extraneous stimulation compared to the 
typical WGTA environment. However, our testing did occur 
within a room housing other animals, and thus allowed a poten- 
tial for more uncontrolled extraneous stimulation than the study 
(8) that had found clonidine to be disruptive of DR perfor- 
mance. Contrary to this hypothesis regarding possible interac- 
tion between DMTS performance and the sedative effects of 
clonidine is the finding (5) that the alpha-2 agonist guanfacine 
improved memory in aged monkeys independent of sedative or 
hypotensive side effects. Based on this and other findings, it 
was hypothesized that the memory-enhancing effects of alpha-2 

agonists may be due to actions at a different receptor subtype 
than the sedative effects of these compounds. Regardless of the 
mechanism, this work supports the growing body of literature 
that has found alpha-2 adrenergic stimulation to result in im- 
proved delayed response performance. 

In addition, these results provide information about the lon- 
gevity of clonidine-mediated enhancement. Neither previous 
study mentioned enhancement beyond the day of injection, al- 
though in this study, a consistent feature of the data was the 
continued strength of the enhancement for a period somewhere 
between 24 and 48 h. Similar long-lasting effects have been ob- 
served following guanfacine administration (6). It is unlikely 
that this effect is due to rebound or withdrawal effects. Rebound 
or withdrawal effects to clonidine are difficult to produce in ex- 
perimental animals because of the short half-life of the drug. 
Usually very high doses are required and/or continuous admin- 
istration. In the present study, one dose of clonidine was admin- 
istered every 3 days; therefore, the dosage range was too low 
and the frequency of administration too low to expect significant 
rebound effects. Furthermore, at the end of the protocol and af- 
ter the highest doses were administered, no untoward signs or 
symptoms of rebound were noted in the animals. Although the 
biological basis of this extended enhancement remains unclear, 
it apparently is not unique to noradrenergic stimulation, since 
similar observations have been reported following nicotine ad- 
ministration (13), Apparently the behavioral enhancement far 
outlasts the duration of measurable quantities of these com- 
pounds in the body. 
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