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An Evaluation of Spatial Information Processing in Aged Rats

Peter R. Rapp, Ruth A. Rosenberg, and Michela Gallagher
University of North Carohina at Chapel Hill

The spatial learning amlities of young, middle-age, and senescent rats were investigated in two
expenments using several versions of the Morns water maze task In Experniment 1, Long-Evans
hooded rats were trained to find a submerged escape platform hidden within the water maze
During this phase of testing, aged rats exhibited acquisition deficits compared with either young
or middie-age subjects With continued traiming, however, all age groups eventually achieved
comparable asymptotic levels of performance Subsequent testing in Expenment | revealed that
following onginal traiing, aged rats were not impaired 1n learning a novel escape location or in
their abihty to locate a vissble, cued escape platform In an attempt to 1dentify the basis of the
age-related impairments observed in Expeniment 1, naive young and aged rats in Expenment 2
were mntally tested for their ability to locate a cued escape platform in the water maze Durning
this phase of testing, the escape latencies of both young and aged rats rapidly decreased to
equivalent asymptotic levels Subsequent analyses revealed that following cue training, young
subjects exhibat 2 sigmificant spatial bias for the region of the testing apparatus where the platform
was positioned dunng tramning In contrast, aged rats showed no spanial bias Training was
continued in Expenment 2 using a novel submerged platform location for each subject Dunng
these place traiming tnials, the escape latencies of senescent rats were longer than those of young
subjects These impairments were also accompanied by a lack of spatial bias among aged rats
relative to young control subjects In combination, the results of these investigations indicate
that age-related impairments in water maze performance reflect a specific deficit in the ability of

aged rats to utilize spatial mformation

In recent years the number of investigations focusing on
the identification of age-related changes in learning and mem-
ory has nsen dramatically. Related to this intensified research
effort 15 an mcreasing growth n the proportion of aged
individuals 1n the population Because the incidence of var-
1ous forms of cognitive detenoration 1s well documented to
increase with increasing age (Botwinick, 1978), an important
focus of current research 1s to delineate age-related changes
m learming and memory 1n laboratory ammmals Such investi-
gations may, therefore, highlight specific cognitive processes
that are compromised 1n senescence, as well as provide msight
into possible neural sites and mechanisms of senescent mem-
ory dechine.

In this context, a number of investigations utihzing a wide
range of behavioral testing procedures have demonstrated that
the performance of aged amimals 1s impaired relative to young
subjects (see Kubams & Zometzer, 1981, for a recent review)
Perhaps the most consistent finding across investigations us-
ing rodents 1s that aged rats are impaired 1n tasks that young
ammals solve using spatial information Specifically, spatial
information processing 1n aged rats has been stucied using a
number of testing procedures including the Barnes hole-board
task (Barnes, 1979, Barnes, Nadel, & Honig, 1980), the 8-arm
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rachal maze (Barnes et al., 1980; Davis, Idowu, & Gibson,
1983, de Toledo-Morrell, Morrell, & Fleming, 1984; de To-
ledo-Morrell, Morell, Fleming, & Cohen, 1984, Gallagher,
Bostock, & King, 1985, Wallace, Krauter, & Campbell, 1980),
the 12-arm radial maze {(Ingram, London, & Goodnck, 1981),
as well as the Morns water maze (Gage, Dunnett, & Bjork-
lund, 1984). Despite differences 1n testing procedures and
ammal strains across these studies, old animals have exhibited
acquisiion deficits 1n each case These findings therefore
suggest that spatial memory testing procedures may be partic-
ularly sensitive o changes 1n learning and memory 1n aged
rats. In attempts to assess age-dependent changes in cognitive
function, however, 1t has proven difficult to dissociate the
mvolvement of learning and memory processes, per se, from
the contribution of nonspecific factors to learned perform-
ance. That 1s, because aging 1s accomparned by a broad range
of sensory, motoric, and motivational changes 1n addition to
mmpared cogmtive function, 1t 15 important to assess the
relative contributions of these vanous factors to observed
behavioral deficits 1n aged amimals To date, however, rela-
tively few studies have provided such an analysis

Recently, a behavioral testing procedure has been devel-
oped that permits a direct measurement of many nenspecific
factors that contribute toa learned performance I[n this task,
known as the Morris water maze, young rats learn the location
of a submerged escape platform hidden 1n a tank of clouded
water {Morns, 1981) The nature of the information learned
dunng traiming can then be assessed by imposing infrequent
probe tnals 1n which the escape platform is removed from the
maze and the subject 1s permitted to swim for some fixed
period of time During these “free swim™ tnals, well-trained
rats consistently spend the greatest amount of time swimming
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in the guadrant of the maze that formerly contatned the
escape platform. In addition, tramned rats cross the former
location of the platform more often than other areas of equal
siz¢ located 1n the centers of the remaining three quadrants
of the apparatus (1.e, the platform locations used for other
subjects} Because no wvisual or olfactory cues are available
within the maze, it appears that the spatial bias exhibited by
animals trained 1n the Morns water maze is supported by the
presence of extramaze cues in the testing environment This
interpretation 1s also consistent with the demonstration that
manipulations which disrupt performance i other spatial
tasks {1 e, lesions of the hippecampus or i1ts major connec-
uons, O'Keefe & Nadel, 1978) also impair acquisition mn the
water maze {(Morns, Garrud, Rawlins, & O'Keefe, 1982;
Morns, Garrud, & Woodhouse, 1980, Schenk & Morms, 1985;
Sutherland & Dyck, 1983) In addition, because both quad-
rant umes and annulus crossings are not latency measure-
ments, they provide information concermng spatial learning
that 1s largely unconfounded by the motoric capacity of the
subjects tested This consideration 1s espectally important n
research investigating cognitive changes 1n aging because, as
has been noted, age-dependent alterations in many nonspe-
cific factors can contribute to performance differences be-
tween young and senescent subjects

Importantly, a second vanety of testing 1n the Morms task
measures sensory, motor, and motivational contnibutions to
learned performance On these trials, ammals are permitted
{0 escape onto a black platform that protrudes slightly above
water level Dunng this cue traiming procedure, young rats
rapdiy learn to escape onto the wvisible platform even when
the platform 1s moved randomly to vanous tocations in the
maze (Mormns, 1981). In the context of research on aging, cue
tratning in the Morrnis task permits an analysis of whether
aged animals have sufficient sensory and motoric capabilities
to swim to a goal object, and whether they are motivated to
escape This mformation 1s cntscal because it directly meas-
ures those capacities of amimals that are required for normal
acquisition n the earher described place version of the task
which, 1in addition, requires the retention and utihzation of
spatial information

In hight of the above considerations, we hypothesized that
performance 1n the Morns task might prove sensttive to age-
related changes in spatial behavior, and that this testing
procedure couid yield a more detailed analysis of the vanables
contributing to observed behavioral deficits 1n aged subyects
than has previously been reported (Gage et al, 1984) The
following thercfore reports the results of mvestigations de-
stgned 1o study spatial information processing in young, mud-
dle-age, and senescent rats utihizing the Morns water maze

Experiment 1|

Method

Young (6 months # = 11), middle-age {12 months, # = 11), and
aged {23-28 months » = 11) male Long-Evans hooded rats were
obtained from Charles River Laboratories The ages indicated above
denote the age of subjects at the conclusion of behavioral testing Al
middie-age and senescent animals were obtained as retired breeders

at 8-9 months of age Subjects were singlv housed i the Department
of Psychology vivanum for at least | month prior to testing The
amrnal colony 15 mamtained at an ambent temperature of 24 °C with
a 12 12 hr hght/dark cycle (hights on at 0700 hour) Ammals were
provided with water and standard laboratory rat chow ad b through-
out all experiments

The testing apparatus used m these experniments was constructed
from a large ammal watening tank (FCX Corporation, Carrborg, NC),
which measured 1 83 m in diameter and 58 4 ¢cm 10 depth The
intenor of the tank was flat white Prior to testing, the maze was filled
to a depth of 35 5 cm with water maintained at 26 °C + 1 C The
two escape platforms used 1n the task were constructed from 102 cm
diameter PVC piping covered at one end with wire mesh One
platform was white and measured 34 5 cm 1n height, and the other
was black and measured 36 5 cm 1n height Thus, when placed in the
filled apparatus, the whate platform remamned submerged | cm below
water level, whereas the black platform protruded | cm above the
surface of the water Only one platform was placed m the tank durning
any phase of tesing The white and black platforms. respectively,
were used 1n the place and cue verstons of the Morns task described
below Before testing, water in the maze was opacified by the addition
of 09 kg of dry powdered milk (Land O’Lakes Corp , W1} Following
¢ach day of testing, the tank was drained and cleaned

For all mals, subjects were videotaped through a wide-angle lens
attached to a camera mounted directly above the center of the maze
In addition to this equipment, the testing environment contained an
abundance of extramaze cues, which included several standard labo-
ratory items {e g . supply cabinets, sink, shelves, etc ) as well as the
expenmenter

Behavioral testing procedures Prior 10 behavioral testing, all sub-
jects were handled daily (approximately 2 min/day) for | week On
Day ! of testing. animals were habituated 1o the apparaius by placing
each subject in the maze for 90 s with no escape platform present
Immediately following thus habrtuation tnal, subjects were returned
to the home cage Beginning on Day 2, all subjects were tested in the
place version of the task for 31 tnals, 2 tnals per day. 5 days per
week For each ammal, the submerged platform was fixed m the
center of one quadrant of the maze and remamed 1n that location
across these trasming tnals The platform location among animals
each group, however, was counterbalanced Subjects were placed
the maze facing away from the center of the apparatus from one of
four equally spaced points along the penimeter of the tank Entry
points were randomly varied with the qualification that each animal
was placed 1n the maze at each entry point once across every four
trials Durnng training, escape latencies were measured as the time
after being released m the maze until the subject escaped onto the
platform For all trials, after escaping, subsects were allowed to remam
on the platform for 60 s Tnal 2 of cach day’s traimng began
immedhately followimg this 60-s pentod A 120-s cutoff was imposed
on all tnals If an animal failed to escape duning this 2-min period, 1t
was placed on the platform by the expenmenter for 60 s Following
the second trial of the day, ammals were returned to the home cage

Subjects were trained as described above for 31 tnals Immediately
following Tmnal 31, the escape platform was removed from the appa-
ratus and the subject was placed 1n the maze for a 90-s interval From
video tapes filmed dunng this free swim, i1t was possible to dertve two
measures of spatial behavior in the task One measure, guadrant ume,
15 the number of seconds animals spent i each of the four quadrants
of the maze Another measure, anmulus crossings, refers to the num-
ber of times subjects traversed the actual location of the escape
platform used during testing compared with the number of crossings
made over the three remaming platform locations used for other
amimals These measures are important because they directly reflect
the degree to which behavior in the task 15 based on extramaze spatial
information
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Training was subsequently continued for Trials 33-40 by returning
the submerged platform 1o 1ts former location for each animal and
testing subjects exactly as before for two trials per day Beginning on
Tnal 41, ammals were tested 1n a transfer traming procedure in which
the escape platform was moved to the center of the quadrant opposite
to the onginal tramming location used dunng Tnals 1-40 Subjects
were tested 1n this manner for 13 tnals (two tnals/day) following
which a second free swim tnal (see above description) was 1nterposed
on Tnal 54

In the final stage of testing. ammals were trained for 7 tnals (two
tnals/day) in a cued version of the Morns task Dunng these tnals
(55-61). animals were tested exactly as described above with the
exception that a visible black platform (see above description) was
placed for each animal 1n one of the two remaining quadrants not
used during earlier phases of tesing The location of the platform
across these cued trnials remained constant for individual animals

Two weeks following behavioral testing, subjects were sacnificed by
decapitation. and necropsy data were obtained by grossly inspecting
the priiutary gland of each subject for evidence of tumors

Results

Over the course of the first 31 traiming tnals 1n the place
version of the Morns task, the mean escape latencies of ail
age groups decreased from >90 s to <10 s (see Figure 1). A
two-way analysis of variance with repeated measures revealed
a significant age effect, F(2, 20) = 4.70, p < .02, a significant
tnals effect, F(30, 900) = 3190, p < .001, as well as a
significant Age X Tnals interaction, F(60, 900) = 1.39, p <
05. Subsequent separate analyses of the first half (Tnals 1-
16) and second half of tramning (Tnals 17-31) indicated a
significant age effect, F(2, 30) = 581, p < .001, and trals
effect, F(15, 450) = 28 71, p < 001, for Tnals 1-16 with no

significant interaction. Separate belween-groups comparsons
revealed that aged subjects were impaired duning the first half
of traiming compared with either young, F{1,20} =863, p<
01, or middle-age subjects, {1, 20} = 6 62, p < 02 Inspec-
tion of the group data for Tnals 1-16 also indicated that aged
subjects generally exhibited longer escape latencies on the first
trial of each day (re., Tnals 5, 7, 9, and 13) compared with
their performance on the second tnal of that day (Tnals 6, 8,
10, and 14; see Figure 1) No staustically sigmficant differ-
ences were obtained for any vanable duning the second half
of traiming (Tnals 17-31) Finally, between-groups comparn-
sons revealed no significant differences at any point 1n tramming
between young and middle-age animals

On Tnal 32, all subjects were permitted to swim in the
maze for 90 s with the escape platform removed. Durning this
free swim, all groups spent significantly more time in the
quadrant of the apparatus that had previously contained the
escape platform compared with other quadrants of the maze
as revealed by one-way analyses of vanance (see Figure 2)
young, F(2, 40) = 56.87, p < 001; middle-age, F(2, 40) =
28 61, p < .001, senescent, F(2, 40) = 38 83, p < 001 (Note
that 1n this and all subsequent analyses of quadrant time
measures, the numerator degrees of freedom for the £ values
have been reduced by one to reflect the fact that the total
quadrant times necessanly add to 90 s This adjustment 1s not
necessary for the annulus crossing measure since these cross-
mgs are independent of each other) Desmite the shghtly
stronger spatial bias exhibited by young rats (see Figure 2),
subjects of different ages appeared to spend equivalent
amounts of time swimming 1n the traimng quadrant hecause
no significant age differences were obtained Parallel results
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Figure 1 Mean escape latencies across Tnais 1-40 for young, middle-age, and senescent rats dunng

place training 1n Experiment 1 (On Tnal 32, the amimals were given a 90-s free swim with no escape

platform present+)



6 P RAPP, R ROSENBERG, AND M GALLAGHER

YOUNG MIDDLE-AGE SENESCENT
50 — ﬁ
P
0 30+
a
4
=}
o
n 20
10—
O 1 1
TgrE ‘gEE gy
2 Z 2 0 2 Z 2 O 3 Z 2 0
2328 $38¢ 835¢¢
£E8 E 8 =8
QUADRANTS
Figure 2 Mean number of seconds (= S£) spent by young, middle-

age and senescent animals 1n each quadrant of the water maze during
the Tnal 32 free swim 1in Expenment 1 {Quadrants are designated as
follows Tramming = the quadrant of the maze that contained the
submerged escape platform durtng Tnals 1-31, ADJ-L = the quadrant
of the magze to the left of the training quadrant, ADJ-R = the quadrant
of the maze to the nght of the training quadrant, Opposite = the
quadrant of the maze directly opposite to the traimng quadrant )

to the quadrant times were observed 1n the annulus crossing
data denved dunng this free swim tnal (see Figure 3). Specif-
ically, all groups crossed the traiming location of the escape
platform significantly more often than other annuli of equal
area 1n the center of the three remaining quadrants young,
F(3, 40) = 85 52, p < .001, middle-age, F(3, 40) = 43 59, p
< 001, and senescent, F(3, 40) = 20.94, p< 001 Subsequent
between-groups compansons failed to reveal a significant age
difference 1n the number of tramning annulus crossings Fi-
nally, both the quadrant measure and annulus crossings re-
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Figure 3 Mean number of annulus crossings + SE for young.
middle-age, and senescent rats dunng the Tmal 32 frec swim 1n
Expeniment | (Quadrants are designated as in Figure 2)

vealed a ssmilar profile of spatial behavior in all age groups:
ammals showed the greatest bias for the training quadrant
and annulus location, the least preference for the quadrant
and annulus oppostte to the training location, and an inter-
medate as divided among the two quadrants adjacent to
the traiming quadrant.

Durning Tnals 33-40, subjects were tested in the place
version of the task with the escape platform located in the
same quadrant of the maze as duning Tnals 1-31 (see Figure
1). Statistical analysis of these data revealed no significant
effect of age or tnals on performance indicating that the free
swim tnal did not disrupt escape behavior 1n any group

For Tnals 41-53 the hidden escape platform was moved to
the center of the quadrant opposite to the onginal training
location. Dunng this transfer traiming procedure, the mean
escape latencies of all groups rapidly decreased from >60 s
on Tnal 41 to comparable asymptotic levels of performance
(see Figure 4) Statistical analysis verified the presence of a
significant tnals effect during transfer trmning, F(12, 360) =
31.08, p < .001. Despite the somewhat longer escape latencies
of aged subjects on the second and thard trials of transfer
training, statistical analysis revealed no significant age effect
dunng this phase of testing. A comparable acquisition of
spatial information across age groups was also indicated by
the quadrant time and annulus crossing measures denved
during the Trnal 54 free swim (data not shown). Specifically,
all groups showed a significant spatial bias for the quadrant
of the maze which had contained the escape platform dunng
Tnals 41-53- young, £(2, 40} = 16.42, p < .001, middie-age,
2, 40) =902, p < .001; senescent, (2, 40) = 2017, p <
.001. Parallel results were obtained 1n the annulus crossing
measure such that all age groups showed a significant bias for
the traiming location of the platform young, £(3, 40) = 21 4,
p < 001, middle-age, F(3, 40) = 17 10, p < 001, senescent,
F(3.40) = 23 68, p < 001 No statistically significant differ-
ences, however, were observed between age groups as assessed
by either the quadrant time or annulus erossing measure
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Frgure 4 Mean escape latencies for young, middle-age, and senes-
cent subjects durning transfer traiming (Tnals 41-53) in Expenment 1
(On Trial 54, the animals were given an 90-s frec swim with no cscape
platform present )



SPATIAL MEMORY IN AGED RATS 7

For the final phase of testing in Experiment 1, subjects were
tested across Tnals 55-61 1n a cued version of the Morrs task
with a visible escape platform fixed 1n the center of a quadrant
of the maze that, for individual animals, was not used dunng
pnor traiming The mean escape latencies of all groups dunng
these trials decreased to equivalent asymptotic levels of <5 s
(see Figure 5) This observation was reflected 1 statistical
analysis that revealed a significant tnals effect, F(6, 174) =
2671, p < 001 This analysis did not, however, reveal a
significant age effect

Finally, necropsy data obtained 2 weeks following behav-
1oral testing revealed that 2 aged rats had large prturtary
tumors which involved the entire gland. Duning behavioral
testing, however, escape latencies, quadrant times, and an-
nulus crossings for these 2 subjects fell well wathin the range
of values exhibited by other senescent rats.

Discussion

The results of the present experiment demonstrate that
aged subjects exhibit inihal deficits 1n the acquisition of water
maze performance. In addition, the specific pattern of senes-
cent escape performance early i trammng provides evidence
that aged ammals are more profoundly impaired on the first
trial of each day relative to their performance on the second
tnal of the same day This finding suggests that one important
determinant of the observed impairment in the Moms task
may be due to an age-related deficit in the retention of
information important for task performance across days. This
nterpretation 1s consistent with other findings, which suggest
that one prominent feature of senescent memory decline 1s
an increase 1n the rate of forgetting of newly acquired infor-
mation among aged subjects (Zornetzer, Thompson, & Rog-
ers, 1982) The present results further demonstrate that with
continued training, s¢nescent rats achieve asympiotic levels
of performance equivalent to young and middle-age subjects
This general pattern of results 1s consistent with a number of
previous nvestigations that have reported significant senes-
cence-related imtial deficits 1n 8-arm radial maze performance
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Figure 5 Mean escape latencies for young, middle-age, and senes-

cent rats during cue tramnng (Tnals ¥5-61) in Expeniment |

(Barnes et al , 1980; Gallagher et al., 1985) Furthermore, the
amelioration of onginal acquisittion deficits with continued
training 1s also a consistent finding across the studies cited. In
contrast, other investigations have demonstrated that aged
amimals exhibit persistent impairments in spatial behavior
across a vanety of training procedures (Barnes, 1979, Davis
eral, 1983; de Toledo-Morrell et al , 1983, de Toledo-Morrell
et al, 1984; Gage et al , 1984, Ingram et al , 1981, Wallace et
al., 1980). Because all age groups 1n the present experiment
eventually reached equivalent asymptotic levels of perform-
ance, however, these results are important in as much as they
suggest that aged rats have sufficient motonc capacity to
perform well in the task Based on these findings, then, the
hypothesis that deficits early 1in training 1n the Morns task
result from generalized motor deterioration in aged animals
would seem less tenable

The nterpretation that learning in the Morns maze 15
pnmanly supported by the presence of spatial information 1s
consistent with the data obtained duning the free swim on
Tnal 32. Dunng this tnal, all age groups showed as an
equivalent and significant spatial bias for the previous location
of the escape platform as well as for that quadrant of the maze
that had contained the platform Since, as these data dem-
onstrate, learming 1n the water maze 1s accompanied by a
significant acquisition of spatial information, 1t appears rea-
sonable to suggest that age-related impairments early in train-
ing 1n this task could reflect a speaific deficit in the acquisition
and/or retention of spatial information The notion that the
senescent deficits observed in the present experiment specifi-
cally reflect impaired spatial information processing 1s also
consistent with results obtained durnng latter phases of train-
ing. Speafically, durning transfer training tnals, all age groups
showed stmilar acquisition of a novel platform location within
the onginal testing environment The equivalence of learning
across age categories in this phase of testing 1s reflected by the
lack of significant differences 1n escape latency across Trnals
41-53, as well as similar annulus crossing and quadrant time
measures obtained durning the second free swim on Tnal 54
In conjunction, these findings provide evidence that given
extensive exposure to the testing environment, aged rats ac-
quire sufficient spatial information to support levels of learn-
ing 1n the Morrs task comparable to young control subjects.

Although the preceding hypotheses appear tenable on the
basis of the findings obtained, the results discussed thus far
provide no direct evidence as to the possible contnibution of
other nonspecific factors to senescent deficits seen early 1n
training n the water maze The final phase of testing during
Expeniment 1 therefore used a cued version of the Morns task
10 assess whether sensory or motivational alterations n aged
subjects might contrnibute to performance deficits among these
animals. Data obtained during Tnals 55-61 demonstrate that
age does not differentially affect performance 1n swimming to
a novel, but visible escape location Therefore, to the degree
that behavior 1n the cued version of the Morrs task 1s guided
by the presence of the visible goal, these data suggest that aged
rats have sufficient sensory capacity to locate a visible escape
platform and that they are motivated to perform 1n the task

Although these findings are consistent with the interpreta-
tion that age-related deficits in the Morns task reflect a
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senescent decline in the ability to acquire or utihze spatial
information, a plausible alternative 1s that aged subjects are
impaired 1n learning other nonspatial task contingencies If,
for example, aged rats require more tnials than young subjects
to learn that a means of escape 1s provided in the maze,
acquisiion deficits among senescent animals might reflect
impatred retention for this information rather than impaired
spatial information processing, per se. Furthermore, because
aged rats are known to exhibit increased neophobia 1n other
behavioral testing procedures (Brennan, Bhizard, & Quarter-
main, 1982, Collier & Sladek, 1984, Goodrick, 1967), 1t may
be that a persistence of neophobic reactions among aged
ammals dunng water maze traming interferes with the acqui-
sttion or retention of information that 1s critical for normal
task performance. Note that neither of these possibilities 1s
well addressed by the inclusion of coe traiming 1n Expeniment
1 since, by this point 1n traiming, senescent subjects had been
extensively tested and were found to have acquired sufficient
spatial information to support normal performance in the
task Expenment 2, therefore, investigated water maze acqui-
sition 1n naive young and old rats in the cued version of the
task that does not requare the utiization of spatial informa-
tion Initial cue training should thereby provide evidence as
to whether nonspatial task variables contribute importantly
to performance differences between young and aged rats. Two
weeks following cue tramning in Experiment 2, young and
senescent subjects were tested 1n the place version of the task
exactly as described 1in Experiment 1 Thus, by providing
extensive prnior experience 1n the maze, this design was in-
tended to mimimuze the neophobic response of aged animals
dunng subsequent place training.

Expertment 2

Method

In Experiment 2, naive groups of young (4 months, #n = 13) and
aged (23-25 months, » = 1 1) male Long-Evans hooded rats (Charles
River Laboratones) were intially trained 1n the cued version of the
Morns task as described above For this expenment. the testing
environment and apparatus were the same¢ as in Experiment |
Subjects were tramned over Tnals 1-13, 2 tnals per day, with the
visible black platform always located 1n the center of one quadrant
for each individual animal The platform location among amimals 1n
each group, however, was counterbalanced As in Expenment |, a
60-s 1ntertnal interval was imposed, dunng which the amimal re-
mained on the escape platform A 120-s cutoff was used on all trals
Immediately following the last cue training tnal, animals were given
a 90-s frec swim as descnbed above

Following training as outlined, animals were not tested in the maze
for 2 weeks Subsequently, all subjects in Expennment 2 were trained
i the place version of the Morns task exactly as descnibed in
Expeniment | for 7 tnals During this phasc of testing, the submerged
platform was fixed for each subject in the center of the quadrant of
the maze opposite to the cued platform location used earlier in
training Immediately following Tnal 7, subjects were given a 90-s
free swim as descnbed above

Finally, 2 weeks following behavioral tesung, all subjects were
sacrificed by decapitation, and necropsy data were obtained by n-
specting the pituitary gland of cach subject for evidence of tumors

Results

Dunng cue training Trals 1-13, the mean escape latencies
of young animals and senescent subjects decreased from
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Figure 6 Mean escape latencies across Tnals 1-13 for voung and senescent rats during cue traiming
in Experiment 2 (On Tnal 14, subjects were given a 90-s free swim with no escape platform present )
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greater than 35 s and 65 s, respectively, to below 8 s (see
Figure 6) A two-way analysis of vanance with repeated
measures revealed a significant tnals effect, F(12, 264) =
16 37, p < 001, a significant age effect, F(1,22)=2303,p<
001, as well as a significant Tnals X Age interaction, F(12,
264) = 3.81, p < 001 Individual tnal compansons, however,
revealed that by the end of cue training, both groups achieved
equivalent asymptotic levels of performance Immediately
following Tnal 13, subjects were given a 90-s free swim Aged
subjects showed no spatial bias during this tnal as assessed by
either the quadrant or annulus crossings measures (see Figures
7 and 8) In contrast, quadrant time measures derived during
the Tnal 14 free swim showed that young anmimals spent the
greatest amount of time swimming 1n that quadrant of the
maze which had contained the cued escape platform (see
Figure 7) Statistical analysis revealed this effect to be signifi-
cant, F(2, 48) = 5 08, p < .01 For young animals, the pattern
of time spent in each quadrant was also observed to be ssmilar
1o results obtained 1n Expeniment 1, with the greatest amount
of time spent 1n the traimming quadrant, the least amount of
ume spent swimmung n the opposite quadrant, and the
remaining time approximately equally distnbuted among the
half of the maze adjacent to the training quadrant Among
young subjects, the pattern of annulus crossings also paralleled
these quadrant measure results (see Figure 8) There were,
however, no statistically sigmificant dafferences 1n the number
of umes voung armimals crossed the four annuli locations A
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Figure 7 Mean number of seconds + SE spent by young and
senescent rats 1n each quadrant of the maze durning the Trnal 14 free
swim 1n Expennment 2 (Quadrants are designated as follows Training
= the quadrant of the maze that contained the cued escape platform
dunng Trnals 1-13, ADJ-L = the quadrant of the maze to the left of
the tramming quadrant. ADJ-R = the quadrant of the maze to the nght
of the training quadrant. Opposite = the quadrant of the maze directly
opposite to the traiming quadrant )
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Figure 8  Mean number of annulus crossings + SI for young and
senescent rats duning the Tnal 14 free swim 1n Expenment 2 (Quad-
rants are designated as 1n Figure 7 )

finer grained analysis of these data was performed by meas-
urng each animal’s latency to 1ts first crossing of the traiming
location of the platform These data yielded a median latency
of 7 0 s for young animals and a median latency of 40 7 s for
senescent subjects. Statistical analysis by a Mann-Whitney U
test (two-tailed) revealed these results to be significant, p <
05, U=32

Two weeks following the end of cue training, subjects were
tested 1n the place version of the Moms task, with the hidden
platform located 1n the quadrant of the maze opposite to the
cued platform location used earlier 1n testing During Tnals
1-7, the mean escape latencies of both groups decreased as
revealed 1n a significant tnals effect for these data (see Figure
%), K6, 132), p < 001 A significant age effect was also
obtained, F(1, 22) = 4.23, p < 05, which reflected the longer
escape latencies of aged subjects throughout place training

Immediately following the last traxming trial, subjects were
provided a second free swim Quadrant times measured dur-
g this tnal revealed that young subpects spent the greatest
proportion of time swimming 1n the quadrant of the maze
that had contained the submerged platform (see Figure 10)
This effect was statistically significant, F(2,48) = 1765, p <
.001 A similar bias among young rats was also observed for
the traiming location of the platform as assessed 1n the annulus
crossing measure (see Figure 11). Again, this effect was sigmf-
icant, F(3, 48) = 13.91, p < 001 In contrast, Tnal 8 free-
swim data revealed no significant spatial bias among aged rats
m either quadrant time or annulus crossings measures

Finally, 2 weeks following the completion of behavioral
testing, subjects from Experiment 2 were sacnficed by decap-
itation. Necropsy data revealed no evidence of pituitary tu-
mors in any subjects used 1n this investigation
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Figure 9 Mean escape latencies across Trials 1-7 for young and senescent rats during place training
1 Experiment 2 (On Tnal 8, the animals were given a 90-s free swim with no escape platform present )

Discussion

The results of Expeniment 2 demonstrate that naive aged
subjects are impaired dunng early phases of cue training 1n
the Morris water maze Importantly, however, the results
obtained indicate that age-related deficits 1n the cued version
of the task are primarily confined to the first three tnals of
training (see Figure 6) Therefore, because the impaired per-
formance of senescent subjects in Expenment | became ap-
parent only after the first three tnals (see Fagure 1), 1t would
appear unlikely that the factors contributing to senescent
deficits 1n cued performance are responsible for the impair-
ments observed dunng place traiming Furthermore, the re-
sults of cue tramning 1n Expenment 2 indicate that nonspatal
learning impairments 1n senescent subjects do not prevent
rapid and substantial acquisition 1n the task as reflected 1n
the good performance of aged amimals after Trial 3. Indeed,
the rmparred performance of older rats dunng the first several
tnals of cue training 1n the present expenment may, 1n part,
reflect impaired spatial information processing among senes-
cent subjects, since a spatal strategy could be used to solve
the cued version of the task used here Additional data rele-
vant to this proposal are discussed below. In any case, the
confluence of these data provide strong support for the pro-
posal that sensory and motor dysfunctions in aged rats are
not sufficient to account for the senescent deficits observed
dunng place training Direct evidence that aged amimals do
have a specific deficit 1n processing spatial information 1s also
provided by the results of Experiment 2 Data obtained during
the first free swim on Tnal 14 clearly demonstrate that during

cue tramming 1n the Morns maze, young subjects acquire a
sigmificant amount of spatial information, whereas aged rats
exhibit no evidence of similar learming. Moreover, this age
difference occurs despite senescent subjects having had greater
exposure to the testing environment by virtue of their imitially
longer escape latencies These results are consistent with other
data demonstrating that compared with young subjects, aged
animals preferentially use nonspatial stategies to solve tasks
when such alternative strategies are available (Barnes et al,
1980)

In the final phase of testing 1n Expenment 2, aged subjects
exhibited impaired escape performance duning place training
in the Morns task. Because both age groups appeared to
benefit substantially and equally from their prnior expenience
m the maze (1.e., compare Tral 1 escape latencies in Figures
1 and 9), it does not appear hkely that a persistence of
neophobia 1n senescent subjects contnbutes importantly to
age-related deficits during subsequent place training Further-
more, age-related acquisition deficits 1n place tramming n
Experniment 2 are probably not due to behavioral inflexability
among senescent subjects (1 €, a persistence of swimming to
the former cued platform location), since the results of transfer
training 1n Experiment | demonstrate that aged rats are not
mmpaired 1n learming a novel spatial location within the ong-
mal testing environment Direct evidence that the deficits
observed among senescent rats pnmanly reflect impaired
spatial information processing 1s provided by the free swim
data obtained following place traiming. These results demon-
strate that deficits early 1n place training 1n the Mornis task
are accompanied by a profound lack of acquisition of spatial
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Figuwre 10 Mean number of seconds £ SE spent by young and
senescent rats 1n each quadrant of the maze duning the Trnal § free
swim 1n Expeniment 2 (Quadrants are designated as follows Training
= the quadrant of the maze that contained the submerged escape
platform duning Tnals 1-7. ADJ-L = the quadrant of the maze to
the left of the traiming quadrant, ADJ-R = the quadrant of the maze
to the nght of the tramming quadrant, Opposite = the quadrant of the
maze directly opposite to the training quadrant )

information among aged subjects Indeed, given the results
described, 1t 1s not unreasonable to suppose that the acquisi-
tion of spatial information among young subjects during prior
cue tramming may have served to facilitate later place learning
in these subjects

General Discussion

The expeniments described here demonstrate that aged rats
exhibit marked impairments dunng place training in the
Momns water maze These findings are 1n general agreement
with other recently reported data (Gage et al,, 1984) and
provide substantial additional evidence supporting the inter-
pretation that aged rats have a specific impairment 1n their
ability to process spatial imformation I[n addiion, this re-
search suggests that the Morns water maze may be a partic-
ularly sensitive procedure with which to test the nature of
cognitive dysfunctions in senescence Given the substantial
literature delineating neuroanatomical sites and neurochem-
1cal mechamisms nvolved 1n mediating spatial learning, the
present expeniments may also facilitate efforts to 1dentify
candidate neural substrates of age-related spatial learning
impairments Current expenments are, therefore, underway
1n our laboratory to investigate age-related neurochemical
dynamics and their relation to deficits 1n processing spatial
information
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Figure 11 Mean number of annulus crossings + SE for young and
senescent rats during the Tnal 8 free swim 1n Expeniment 2 (Quad-
rants are designated as in Figure 10)
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Correction to Thomas and Gash (1986)

In the article “Dnfferential Effects of Posterior Septal Lestons on Dispositional and Repre-
sentational Memory” by Garth J Thomas and Don M Gash (Behavioral Neuroscience,
1986, Vol. 100, No 5, pp 712-719), a phrase was erroneously deleted from the text In the
seventh paragraph on p. 713, the second sentence should read as follows Early in training
mdividual differences were great, but by the end of adaptation training, indhvidual differences
were quite small and all rats responded at close to asymptotic speeds.




