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The effect of medial septum and mammillary body radio-frequency lesions on memory for list 
items was examined in rats. Subjects were exposed, one arm at a time, to a list of 7 arms pre
sented in a 12-arm radial maze and were then required to return to a list arm in the subsequent 
test phase. Before surgery, rats in both groups displayed a serial position curve-that is, superior 
recognition for arms presented at the beginning of the list (primacy effect) and the end of the 
list (recency effect) but not the middle of the list. Medial septal lesions had two major effects on 
performance: accuracy at all serial positions was reduced, but while the primacy effect disap
peared, a recency effect was retained. Following lesions of the mammillary bodies, the primacy 
and the recency effects disappeared, but there was no significant reduction in overall accuracy. 
The disruptive effect of both lesions on memory performance was robust despite extended train
ing after surgery and was unaffected by increasing the exposure time to list arms during presen
tation. The memory impairment observed in rats following a medial septal lesion mimics the 
disruption in memory for list items that has been observed in patients with mild Alzheimer's 
disease and with Korsakoff's syndrome, two diseases that involve neuropathological changes in 
the medial septum. 

In an important line of research in the neurosciences, 
the effect of specific brain lesions in rats has been exam
ined in memory tasks that are analogous to those used with 
human subjects. An established procedure used with rats 
in this context is the serial probe recognition task, which 
allows the examination of memory for a list of spatial 
items (see Kesner, 1988a, 1988b). Humans and animals 
both show superior recognition for items at the beginning 
(called a primacy effect) and end (called a recency effect) 
of a list versus items from the middle of the list (see, e.g., 
Bolhuis & van Kampen, 1988; Glanzer & Cunitz, 1966; 
Harper, Dalrymple-Alford, & McLean, 1992; Murdock, 
1962; Wright, Santiago, Sands, Kendrick, & Cook, 
1985). However, the primacy effect is often reduced or 
eliminated in humans who suffer from the neurodegener
ative disorders of Alzheimer's disease (AD) (Adelstein, 
Kesner, & Strassberg, 1992; Gibson, 1981) and Kor
sakoff's syndrome (KS) (Baddeley & Warrington, 1970). 
To help determine which aspects of the neuropathology 
present in these diseases play a role in the disruption of 
list memory, in the present study we investigated the ef
fects of medial septum or mammillary body damage on 
a serial probe recognition task in rats. 

An overlapping area of neuropathology in AD and KS 
is basal forebrain damage in the medial septum (Arendt, 
Bigil, Arendt, & Tennstedt, 1983) and a subsequent loss 
of acetylcholine activity in the hippocampus (Antuono, 
Sorbi, Braco, Fusco, & Amaducci, 1980). This overlap 
in neuropathology may underlie the behavioral overlap 
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observed between AD and KS in a number of memory 
tasks (see Delis et al., 1990). Of interest in the present 
study was whether the severe disruption in the primacy 
component of the serial position curve observed in both 
diseases could be modeled in rats by lesioning the medial 
septum. There is some evidence that primacy is disrupted 
more than recency by medial septal lesions in rats. For 
example, Kesner, Crutcher, and Beers (1988) examined 
the effect of medial septal lesions on memory for spatial 
list items. They presented rats with a list of five arms in 
an eight-arm radial maze. After a rat had visited each arm, 
its recognition of list arms was assessed by providing a 
choice between a previously seen list arm and a novel non
list arm. Six rats with a relatively large medial septal le
sion displayed an impairment in recognition accuracy at 
all serial positions in the list of five arms. Four other rats, 
which were found to have a relatively small medial sep
tal lesion, showed no significant impairment at the final 
list position but were significantly impaired at all earlier 
positions. That is, rats with small medial septal lesions 
were similar to people with AD and KS in that perfor
mance on early and middle positions of the list was more 
impaired than performance on the final position(s). 

However, the conclusions of Kesner et al.'s (1988) 
study are weakened by the observation that neither the 
control group nor the septal lesion group displayed clear 
primacy and recency effects prior to surgery. One possi
bile cause of the absence of clear serial position curves 
for some groups may have been the use of a 75 % accuracy 
criterion (at both the first and the last serial positions) in 
baseline training. As noted by Gaffan (1992), such crite
ria do not allow an indication of the actual magnitude of 
primacy or recency effects, since the range of data vari-
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ability is restricted by the selection process. Another pos
sible reason for the absence of clear serial position ef
fects consists in the procedural limitations of using a 5-arm 
list in an 8-arm maze. When presented with a 5-arm list 
in an 8-arm maze, the rat can potentially reduce any de
mand on memory by remembering only the arms that have 
not been visited (a total of 3 arms at the end of a list pre
sentation). However, with the use of a 12-arm maze in
stead of an 8-arm maze, the list length can be increased 
to 7 arms and still leave 5 arms unvisited for the compar
ison phase of a trial. Indeed, with the use of a 7-arm list 
presented in a 12-arm maze, robust and persistent primacy 
and recency effects do emerge (Harper et al., 1992). 
Therefore, we examined the effect of a small medial sep
tal lesion in rats on the primacy and recency effects that 
emerge when a 7-arm list is presented in a 12-arm radial 
maze, to assess whether primacy would be reduced more 
than recency. 

In addition to the effect of medial septal lesions, we also 
examined the effect of mammillary body lesions on 
primacy and recency effects in rats. The mammillary bod
ies receive input from the medial septum and hippocampus 
(Swanson, 1982), and like the medial septum, they are 
often found to be damaged in people with KS (Mair, War
rington, & Weiskrantz, 1979; Mayes, Meudell, Mann, 
& Pickering, 1988). Furthermore, damage in the mam
millary bodies has been linked to the memory impairments 
observed in KS. For example, Mair et al. (1979) exam
ined two cases of KS and noted a variety of memory 
deficits. At autopsy, the brains of both cases showed 
marked gliosis and shrinkage in the mammillary bodies, 
but no evidence of abnormality in the hippocampi, tem
porallobes, or medial dorsal nucleus. The mammillary 
bodies have not, however, been implicated in the neu
ropathology or behavioral disruptions observed in AD. 
The case for claiming that the overlapping neuropathol
ogy in the medial septum is responsible for the overlap
ping behavioral disruptions in KS and AD would be 
strengthened by observing a different pattern of disrup
tion following a mammillary body lesion as opposed to 
a medial septal lesion. Therefore, we examined the ef
fect of mammillary body lesions on primacy and recency 
effects and compared the pattern of deficit to that observed 
with medial septal lesions. 

A second issue addressed here is the robustness of 
changes in the serial position curve in both the medial sep
tal and the mammillary body lesion groups. Since diseases 
such as AD and KS cause permanent memory disruptions, 
an ideal model of these diseases should produce robust 
deficits. However, it is not known how responsive the le
sion effects are to extended training and changes in vari
ous aspects of the serial probe recognition task. Two 
means of assessing the robustness of the lesion effects 
were examined in the present study. The first consisted 
of training for an extended period of time after surgery. 
It may be that the observation of a memory disruption 
is limited to only a relatively restricted number of train
ing trials before behavior recovers. In previous efforts 
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to assess the effect of lesions on memory for list items, 
performance has only been examined over a small num
ber of training trials. For instance, Kesner et al. (1988) 
examined performance over 40 trials (8 per serial posi
tion) following surgery, but the longer term aspects of 
performance were not assessed with training beyond this 
point. In the present study, we examined behavior over 
120 trials (24 sessions) postlesion for medial-septal
lesioned rats and over 90 trials (18 sessions) postiesion 
for mammillary-body-lesioned rats. The second way in 
which the robustness of memory deficits was examined 
was to increase the time during which a rat was exposed 
to list arms during presentation. Research with humans 
has shown that increasing the exposure time to list items 
increases accuracy on items occurring at the beginning 
and middle of a list (Murdock, 1962). Therefore, extended 
exposure to list arms may aid the recognition of those 
arms, and thereby counteract any reductions in accuracy 
caused by the lesions, particularly at positions early in 
the list. For 6 sessions, medial-septal- and mammillary
body-lesioned rats were exposed to list arms for a longer 
period during presentation, to test whether lesion effects 
would be robust with extended exposure. 

METHOD 

Subjects 
Twenty male Wistar rats approximately 14 months old at the start 

of the experiment and with extensive experience in the serial probe 
recognition task were used in the experiment. The rats had previ
ously been used in the study of Harper et al., (1992), in which they 
received approximately 24 sessions (120 trials) of training in the 
same seven-arm list procedure that was used here. This previous 
study had indicated that the serial position curve was persistent and 
that the rats had reached assymptotic performance. The rats were 
housed 4 per cage and were maintained at 80%-85% of their free
feeding body weight with free access to water throughout the study. 

Apparatus 
The apparatus was an elevated (85 cm from the floor) radial maze, 

comprising 12 evenly spaced aluminum arms radiating from a 
wooden central platform, 35 cm wide and painted black. Each arm 
was 9 cm wide and 65 cm long, with 3-cm borders, a 25-cm-high 
clear plastic barrier at the proximal end, and a 2-cm-diam food well 
drilled in a wooden block placed at the distal end. Access to each 
arm was controlled via a clear plastic guillotine door located be
tween the platform and the arm. Doors could be raised singly or 
in combination, by means of pulleys operated by the experimenter 
adjacent to the maze. The windowless room housing the maze was 
lit by two 22-W fluorescent lamps. A door, shelves, and table pro
vided ample external cues to the maze, the position of which was 
kept constant. 

Procedure 
A serial probe recognition procedure was used to examine mem

ory for list items. Each trial of training involved two phases-a pre
sentation phase, in which a sequence of successively available arms 
was presented to the subject, followed by a test phase, in which 
recognition for one of the list arms was examined. At the start of 
each trial, a rat was placed on the central platform and all doors 
were lowered. A predetermined sequence of seven arms was then 
presented to the rat, one arm at a time. The door to the first arm 
in the sequence was raised, allowing the rat to run down the arm 
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and gain a single piece of chocolate (0.1 g). When the rat returned 
to the central platform, the door was lowered and the door to the 
next arm in the list was raised. After all seven arms in the list se
quence had been visited, one of the arms in List Position 1, 3, 4, 
5, or 7 was then rebaited with three pieces of chocolate before the 
experimenter simultaneously raised the door to the rebaited arm 
and the door to an unbaited arm that had not been visited in the 
previous list. The interval between the last door's being lowered 
in the presentation phase and the two doors' being raised in the 
test phase was 10 sec, and the rat was left in the apparatus during 
the delay. In the test phase, the rat was required to return to the 
one arm of the pair that it had visited during the presentation phase 
(i.e., match to sample). If the rat correctly returned to the list arm, 
it gained three pieces of chocolate; otherwise, it received nothing. 
Once three paws had entered an arm, the door was lowered and 
the rat was counted as having made a response. Six sequences of 
seven-arm lists were chosen that did not allow for a response strategy 
to aid recognition of the previously presented arm (e.g., the list 
1,2,3,4,5,6,7 was not allowed). Comparison arms (i.e., arms 
previously unvisited) chosen for each test phase of a trial were al
ways next door but one to the correct arm. On 50% of the trials, 
the comparison arm was to the right of the correct arm, and on 
the other 50%, it was to the left. 

Sessions were run 5 days a week, and each daily session con
sisted of five trials per rat. Rats were exposed to only one sequence, 
repeated for all five trials in a given session. On each trial, the seven 
list arms were presented and recognition was then tested for an arm 
in Position I, 3, 4, 5, or 7. To allow each of the five tested serial 
positions to be tested once (for each rat in a given session), on each 
trial a different list arm and one of the five nonlist arms were tested 
for recognition. The order of testing serial positions was varied 
across rats per session and within rats over sessions. After being 
run on a trial, the rat was removed from the apparatus and the next 
rat was run, until all rats had received one trial. The first rat was 
then run on the second trial of the session and so on until all the 
rats had completed their five trials for the day. Thus, successive 
trials for a given subject were normally at least 20 min apart. This 
current procedure has been shown to be successful in establishing 
clear and persistent serial position curves (see Harper et al., 1992), 
with rats not showing any systematic improvements or impairments 
in performance across the five trials in the session. Furthermore, 
apart from enabling the examination of each serial position in a single 
session, the current procedure overcomes many of the difficulties 
present in some manually based serial probe recognition procedures 
identified by Gaffan (1992). For instance, there was no selection 
criterion of the data included (cf. Kesner et al., 1988), which may 
have confounded the magnitude of primacy or recency effects. Also, 
arms were presented in different list positions, and equally often 
as the correct list item or as the novel comparison arm, thus reduc
ing the possibility that a group preference for a certain arm (or arms) 
confounded accuracy at a given serial position (see Gaffan). 

In order to maximize the use of the 20 subjects, 10 subjects served 
first as the sham-control group and then later as the mammillary 
body lesion group. Thus a single control group was used to control 
for both medial septal and mammillary body lesion effects. The 
current research began with examination of the effect of a small 
medial septal lesion on the serial position curve in rats. Training 
began with all 20 rats being run for six sessions (30 trials) in a base
line condition. Following completion of the baseline training, the 
rats were assigned to either a sham-operation control group (n = 
10) or the medial septal lesion group (n = 10) in such a way that 
the serial position curves exhibited by each group prior to lesions 
were similar. The animals were allowed 5-7 days to recover fol
lowing surgery, and then they were given the same behavioral pro
cedure that had been used before surgery. Individuals from the two 
groups were tested in a mixed order. Following surgery, the rats 
in the medial septal group were tested for four blocks of six ses
sions per block (120 trials). The rats in the sham-operated control 

group were tested for three blocks of six sessions per block (90 
trials) after surgery before receiving a mammillary body lesion. 
Since the sham surgery did not produce any observable cortical 
damage, the effects of mammillary body surgery were considered 
to be unconfounded by prior surgery. After being given a mam
millary body lesion, the rats were allowed 5-7 days to recover and 
then they were given the same behavioral procedure that had been 
used before surgery. The 6 rats that survived mammillary body le
sion surgery were trained for three blocks of six sessions per block 
(90 trials). 

Following the fourth and third blocks of training after surgery 
for the medial-septal- and rnamrnillary-body-Iesioned groups, respec
tively, the effect of increasing the exposure time to list arms was 
examined. Exposure to list arms was increased by requiring the 
rat to spend a longer period of time down each arm during presen
tation, achieved by placing more chocolate at the end of a list arm. 
The procedure was the same as before, except that on every alter
nate session, three pieces of chocolate were placed at the end of each 
list arm in the presentation phase of a trial. On every other session, 
only one piece of chocolate was placed at the end of each list arm, 
as had been the case with previous baseline training. The rats were 
run for six sessions for each of these conditions. The mammillary
body-Iesioned, but not the medial-septal-Iesioned rats were then trained 
for six more sessions in the basic baseline procedure with only one 
piece of chocolate per arm in the presentation phase. 

Surgery 
Radio-frequency medial septal and mammillary body lesions were 

made with a Radionics RFG-4A lesion generator with a 0.25-mm 
electrode lowered to the appropriate coordinates in the brain. The 
rats were anaesthetized with an i.p. injection ofaxylazine 
(50 mg/kg)/ketarnine (100 mg/kg) mixture. The rat was then placed 
in a stereotaxic apparatus with the incisor bar set 3 mm below the 
interauralline. The medial septal lesion was made at the midline, 
0.8 mm anterior to bregma and 5.0 and 5.8 mm below the dura. 
For the dorsal site, the temperature was raised to 60 0 C for 1 min. 
For the ventral site, the temperature was raised to 65 0 C for 1 min. 
For the sham-operated control group, the electrode was lowered 
into the cortex above the medial septum, but no current was passed. 
After a period of training, the sham group received a mammillary 
body lesion at 2.6 mm anterior to lambda, ±0.5 mm lateral to the 
midline and 9 mm below the dura. At each site, the electrode tem
perature was raised to 65 0 C for I min. 

Histology 
At the end of the experiment, all subjects were sacrificed and 

perfused, and their brains were removed for storage in 4 % formalde
hyde followed by a 30% sucrose-formalin solution. Two series of 
frozen coronal sections (40 I'm thick) were taken. One series was 
taken through the rostrocaudal extent of the medial septum. Every 
third section was mounted on a glass slide, which was then stained 
with cresyl violet. The size and location of the lesions were assessed 
by microscopic examination for the loss of neurons and the pres
ence of gliosis. The other series of sections was obtained through 
the rostrocaudal extent of the hippocampus. Every third section was 
mounted on a glass slide, which was stained for the presence of 
acetylcholinesterase (AchE) to examine the extent of cholinergic 
denervation. The sections were incubated overnight in a solution 
containing cupric sulfate, glycine, ethoproprazine, and acetyl
thiocholine iodide and subsequently developed with sodium sulphide 
and enhanced with silver nitrate. 

RESULTS 

Histology 
Reconstructions of the largest and smallest lesions in 

both the mammillary body and medial septal lesion groups 



Figure 1. Scbematic representation of tbe largest and smallest 
mammillary body lesion (A) and medial septal lesion (8) recon
structed from cresyl violet stained sections. 

are shown in Figures lA and lB, respectively . All 10 rats 
in the medial septal lesion group displayed appropriate 
damage to the medial septal area. All 6 rats in the mam
millary body lesion group displayed damage to the mam
millary body region. One rat in the mammillary body le
sion group displayed damage located primarily in the 
lateral mammillary nuclei, but all rats displayed some 
damage to the posterior medial mammillary nucleus. The 
cholinergic denervation in the hippocampi of representa
tive rats from the mammillary body and medial septal le
sion groups is shown in Figures 2A and 2B. The AchE 
sections for 1 medial-septal-Iesioned rat were lost during 
processing. For the remaining 9 medial-septal-Iesioned 
rats , there was a greater, although incomplete, bilateral 
reduction in AchE than there was for the 6 mammillary-
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body-Iesioned rats . For 6 of the medial-septal-Iesioned 
rats, the hippocampal AchE reduction was asymmetric . 
Although there was only a limited range of hippocampal 
AchE depletion, the greater the lesion size, the greater 
the denervation observed. However , the rats with the 
greatest depletion did not necessarily display the greatest 
behavioral changes (see the section below) . For exam
ple, the rat with the greatest depletion displayed a change 
in serial probe recognition performance similar to that of 
the rat with the least depletion. 

Behavior 
The first issue addressed in the present research was 

the effect of medial septal and mammillary body lesions 
on the serial position curve in rats. The left panels in Fig
ure 3 show the mean accuracy at Positions I, 3, 4, 5, and 
7 from the initial 6 sessions (30 trials) before surgery for 
the 10 medial-septal-Iesioned rats, 6 mammiIlary-body
lesioned rats, and 10 sham-control rats . Note that because 
some members of the mammillary body lesion group were 
originally in the sham group, the baseline data for the mam
millary body lesion group were obtained from the last 6 
sessions of training following sham surgery . The right 

Figure 2. Degree of cbolinergic innervation in tbe hippocampus 
as revealed by acetylcbolinesterase histocbemistry for a typical ani
mal from tbe mammillary body (A) and medial septal (8) lesion 
group. 
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Figure 3. Percent correct recognition at Serial Positions 1, 3, 4, 
5, and 7 in a seven-arm list prior to (left column of graphs) and fol
lowing (right column of graphs) surgery. The top, middle, and bot
tom rows of graphs show data from rats in the medial septal, mam
millary body, and sham-control conditions, respectively. For each 
graph, the five points on the horizontal axis represent Serial Posi
tions 1, 3, 4, 5, and 7. The vertical axis gives percent correct, gained 
by averaging over all subjects in a group for a given serial position. 
For the presurgery graphs, the measure of percent correct was ob
tained from 6 sessions of training immediately prior to surgery. For 
the postsurgery graphs, the measure of percent correct was obtained 
from the 7th to 18th sessions of training following surgery. 

panels in Figure 3 show the mean accuracy at Positions 
1, 3, 4, 5, and 7 from Sessions 7-18 following medial sep
tal, mammillary body, and sham surgery. Since the first 
6 sessions of training after surgery revealed disruptive ef
fects of surgery even for the control rats (see Figure 4), 
these data were considered to represent a period of re
familiarization with the task and were excluded from the 
data presented in Figure 3. Accuracy was measured by 
using the percentage of correct returns to a list arm dur
ing the test phase of a trial at a given serial position. 

Figure 3 shows that medial septal, mammillary body, 
and sham surgery all had different effects on the serial 
position curve in rats. Before surgery, rats showed a serial 
position curve with primacy and recency effects present. 
That is, accuracy was higher at the two ends of the list 
than at the middle positions. The presence of a serial po
sition curve was confirmed by the existence of a signifi
cant quadratic (i.e., U-shaped) trend in accuracy across 
serial positions for rats in the medial septal, mammillary 
body, and sham groups before surgery [F(1,9) = 6.05, 
p < .05; F(l,5) = 6.67, p < .05; and F(I,9) = 12.96, 
p < .01, respectively]. Figure 3 also shows that after the 
6-day recovery period following surgery, the rats in the 
sham-control condition continued to show a serial posi
tion curve with both primacy and recency effects present. 
Analyses for the sham-control group revealed no effect 
of surgery on performance (F < 1.0), and a significant 
quadratic trend in accuracy was still present [F(I,9) 
31.12, p < .001]. 

Both medial septal and mammillary body lesion groups 
showed changes in recognition performance after surgery. 
The rats with medial septal lesions showed two major 
changes from their presurgery performance: overall ac
curacy decreased, and the primacy effect ceased to be evi
dent. The decrease in accuracy over all serial positions 
was confirmed by a significant effect of surgery on per
formance [F( 1 ,9) = 26.22, p < .00 1]. A significant de
crease in accuracy occurred at both Position 1 [F(1,9) = 
13.33, p < .05] and Position 7 [F(l,9) = 18.47, p < 
.01]. However, despite a significant decrease in accuracy 
for Position 7, Figure 3 and the subsequent analyses dem
onstrated that a recency effect was maintained. Across 
serial positions, following surgery, accuracy was poorest 
for Position 1 and greatest for Position 7. Trend analy
sis revealed a significant positive linear component [F( 1,9) 
= 7.91, p < .05] in accuracy across serial positions but 
no evidence of a quadratic trend (F < 1.0) in the medial 
septal lesion group. Therefore, despite accuracy's decreas
ing overall, a recency effect was maintained due to ac
curacy's remaining superior for positions late in the list 
as opposed to positions early in the list. However, the 
primacy effect disappeared, because accuracy was no 
longer superior at early list positions as opposed to mid
dle list positions. 

The mammillary body lesion did not result in the 
changes in performance observed in the medial-septal
lesioned rats following surgery. The mammillary body 
lesion did not significantly decrease overall performance 
(F < 1.0), but it did eliminate evidence of the primacy 
and recency effects that had been present throughout ex
tended training prior to rnarnrnillary body surgery. There
fore, despite the existence of a significant quadratic trend 
across serial positions before surgery, mammillary-body
lesioned rats failed to show the same trend following sur
gery. Furthermore, following the mammillary body le
sion, the rats did not show the significant linear increase 
in accuracy across serial positions (F < 1.0) that was 
shown by the medial septal lesion group. 

A second issue of interest in the present study was the 
robustness of medial septal or mammillary body lesion 
effects on memory for list arms. The robustness of le
sion effects was assessed in two ways: first, byobserv
ing performance in the basic procedure over several six
session blocks of training following surgery, and second, 
by examining whether postsurgery performance could be 
altered by increasing the time in which rats were exposed 
to list arms. The robustness of the lesion effects with ex
tended training was examined by plotting performance in 
rats following medial septal, mammillary body, and sham 
surgery over a succession of six-session blocks, as shown 
in Figure 4. The top, middle, and bottom rows in Fig
ure 4 show data following the medial septal, mammillary 
body, and sham lesions, respectively. The left panel in 
each row in Figure 4 shows accuracy at Positions 1, 3, 
4,5, and 7 in the first six sessions following surgery. The 
three subsequent panels (for the medial septal lesion 
group) and two subsequent panels (for the mammillary 
body lesion group and sham group) are successive 6-day 
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Figure 4. Percent correct at Serial Positions 1, 3, 4, S, and 7 in 
a seven-arm list for medial-septal-Iesioned, mammiIIary-body
lesioned, and sham-control rats broken down into sequential six
session blocks of training following surgery. For each graph, the 
five points on the horizontal axis represent Serial Positions 1, 3, 4, 
S, and 7, respectively. 1be vertical axis gives percent correct, gained 
by averaging over all subjects in a group for a given serial position 
across all six sessions shown in a graph. Also shown for the medial
septal- and mammiIlary-body-lesioned rats is a graph of accuracy 
across serial positions during the six sessions of extra-arm exposure 
(open circles) interpolated with six sessions of baseline with no ex
tra exposure (closed circles). 

blocks following surgery. Each data point represents the 
average percentage score from all the rats in a group over 
the six sessions of training in a block. 

The first block of training following surgery shows that 
immediately after medial septal, mammillary body, and 
sham surgery, there was no evidence of a serial position 
curve. No significant trends in accuracy across serial po
sitions were evident for any group. However, following 
the first postsurgery block, the trends summarized in Fig
ure 3 were found to be robust across the subsequent six
session blocks of training for all groups. Following sham 
lesions, the rats displayed a significant quadratic trend in 
accuracy across serial positions in Blocks 2 [F(1,9) = 
24.59, p < .001] and 3 [F(I,9) = 11.29, P < .01]. Fol
lowing medial septal lesions, the rats displayed a signifi
cant linear trend in accuracy across serial positions in 
Blocks 2 [F(I,9) = 13.95,p < .01],3 [F(I,9) = 5.81, 
p < .05], and 4 [F(1,9) = 4.94, p < .05], but they failed 
to demonstrate a significant quadratic trend in any block. 
Also, the medial-septal-Iesioned rats displayed a main ef
fect of pre- versus postsurgery on accuracy in Blocks 2 
[F(1,9) = 11.62, p < .01], 3 [F(1,9) = 34.09, p < 
.001], and 4 [F(I,9) = 5.48, p < .05], indicating that 
accuracy was reduced across all serial positions for each 
block following surgery. Following mammillary body le
sions, the rats failed to show any significant trends in ac-

LESIONS AND LIST MEMORY 135 

curacy across serial positions in any block or any signifi
cant reduction in accuracy overall. 

The second means of examining the robustness of the le
sion effects for the medial-septal-Iesioned and mammillary
body-Iesioned rats was to provide them with extended ex
posure to list arms during presentation. To extend the time 
spent down each arm during the presentation phase, the 
amount of chocolate placed at the end of each arm was 
extended from the baseline 1 piece to 3 pieces. This ma
nipulation was effective in extending the period of time 
that rats spent down each arm in the list from an average 
of 53 sec to an average of 82 sec per rat in the medial
septal-Iesioned group, and from an average of 51 sec to 
one of 87 sec per rat in the mammillary-body-Iesioned 
group. The increase in time spent down list arms was not 
different for the two lesion groups (i.e., there was no inter
action of group X condition, F = 1.23). Across both 
groups, the increase in time spent down an arm due to 
the presence of extra chocolate was significantly greater 
than it was in the baseline condition [F(1,14) = 107.0, 
p < .001]. 

The effect of increased exposure to list arms on ac
curacy is shown in Figure 4 (see the fifth panel for medial
septal-Iesioned rats and the fourth panel for mammillary
body-Iesioned rats). These panels show performance dur
ing the six sessions of extra exposure to list arms (open 
circles) as opposed to the alternated six sessions with no 
extra exposure to list arms (filled circles). For the medial
septal-Iesioned rats, the graph and subsequent analyses 
showed that despite an increase in exposure time to list 
arms, overall accuracy was not improved, nor was the 
positive linear trend in accuracy across serial positions 
altered. For the mammillary-body-Iesioned rats, Figure 4 
suggests that at Positions 3, 5, and 7 there was some in
crease in accuracy with extra list arm exposure in com
parison with the baseline sessions. However, an analysis 
of the effect of extra exposure versus baseline on accuracy 
revealed no significant change in overall accuracy or ac
curacy at any given serial position. It may have been that 
the six sessions of extra exposure influenced accuracy dur
ing the interpolated six sessions of baseline in such a way 
that accuracy was improved during baseline, and hence 
an effect of condition could not be confirmed for the 
mammillary-body-Iesioned rats. To check this possibil
ity, a final six sessions of training under baseline condi
tions (see the fifth panel in the middle row of Figure 4) 
were conducted for the mamrnillary-body-Iesioned rats, 
to observe whether accuracy in the baseline declined when 
training was not interpolated with the extra-exposure con
dition. However, there was no significant difference in 
accuracy between this baseline conducted without inter
polated training and the six sessions of extra-arm expo
sure. Therefore, despite spending a significantly longer 
time down each list arm when extra chocolate was avail
able, both groups failed to show any reliable change in 
accuracy in the present task. 
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DISCUSSION 

In the present study, both the medial septal and the 
mammillary body lesions resulted in a disruption in mem
ory for list items. The medial septal lesion resulted in a 
decrease in accuracy at all serial positions of a 7 -arm list 
presented in a 12-arm maze. Although overall accuracy 
was reduced, a recency effect reemerged after 30 trials 
of postlesion training and remained throughout the rest 
of the experiment, an additional 150 trials per rat. The 
mammillary body lesion group showed a different pat
tern of impairment from that of the medial septal lesion 
group. The mammillary body lesion did not reduce over
all accuracy but did remove the primacy and recency ef
fects. During subsequent training, the serial position curve 
did not reemerge for the mammillary body lesion group, 
and accuracy did not vary as a function of serial position. 
Therefore, the effect of lesions differed between the two 
groups and resulted in memory deficits that were robust 
with continued training. 

The effect of surgery in the medial-septal- and 
mammillary-body-Iesioned rats was robust even when the 
rats spent a significantly longer time at the end of each 
list arm, a procedure intended to improve performance 
at the middle and early list positions in the recognition 
task. One potential problem of increasing the exposure 
to each list arm was that the time between presentation 
of a list arm and subsequent recognition was also greater 
than it was in sessions without extra exposure, and this 
increase in delay was greater for earlier list positions than 
later ones. Harper, McLean, and Dalrymple-Alford (in 
press) have shown that with an increase in delay of 
30-60 sec between presentation of a list and subsequent 
recognition, the primacy effect is reduced. Hence, any 
possible improvements in early list positions may have 
been restricted under the present procedure, and this may 
explain why the medial-septal- and mammillary-body
lesioned groups did not show a restoration of the primacy 
effect. However, it is unlikely that potential improvements 
at early list positions were inhibited in this way. In both 
lesion groups, it was not just memory for early serial po
sitions that failed to increase significantly but also ac
curacy at the middle serial positions. Also, previous re
search with humans has shown that accuracy at both the 
early and middle serial positions increased with increased 
exposure time to list items despite simultaneously increas
ing the delay between presentation of these list items and 
subsequent testing (e.g., Murdock, 1962). 

The effect of the medial septal lesion on memory for 
list items in the 10 rats in the present study is similar to 
that observed by Kesner et al. (1988). In 4 rats with small 
medial septal lesions, they found that accuracy at early 
positions in a five-arm list was reduced and that the 
primacy effect was thereby not evident following surgery , 
although a recency effect was present. However, in Kes
ner et al. 's study, primacy and recency effects were not 
clearly evident prior to surgery. The present findings in
dicated that even when there were clear primacy and 

recency effects before surgery, there was a differential 
effect of medial septal lesions on primacy versus recency. 
The present study not only adds support to Kesner et al. 's 
observations, but also extends them by showing that the 
effect of small medial septal lesions is robust with con
tinued training and with extra exposure to list arms. 

Interpreting the differential effects of the medial septal 
and mammillary body lesions on the serial position curve 
at the behavioral level is difficult, because of the variety 
of theoretical interpretations that have been suggested to 
account for primacy and recency effects. Some theorists 
attribute primacy and recency effects to differential pro
cessing within long- or short-term memory (see, e.g., At
kinson & Shiffrin, 1968; Craik, 1970; Glanzer, 1972). 
Others have accounted for primacy and recency in terms 
of the action of retroactive and proactive interference (e.g., 
Postman & Phillips, 1965; Waugh, 1960) or in terms of 
the delay reduction in reinforcement properties of stimuli 
that occur in different serial positions (e.g., Wixted, 1989). 
However, none of the theories have been able to account 
for all the data available on the serial position effect (Bad
deley, 1986; Koppenaal & Glanzer, 1990). Therefore, to 
interpret the effects of lesions on list-item memory in terms 
of a single model of memory is problematic. 

An analysis of alterations in accuracy as a product of 
trial in the session suggested that the general decrease in 
accuracy observed at all serial positions for the medial 
septal lesion group was due to a buildup of proactive in
terference across trials. An analysis of accuracy at Posi
tions 1, 4, and 7 when each position was tested in the first, 
middle, or last trial of the session indicated that for all 
groups before surgery and for all groups after surgery (ex
cept the medial septal lesion group), there were no sig
nificant alterations in accuracy at a given serial position 
or across all serial positions overall. This lack of influ
ence of previous trials on later ones was the same as that 
observed in previous research done with the present pro
cedure (Harper et al., 1992). However, for the medial 
septal lesion group in the 12 sessions following surgery, 
there was a significant reduction in accuracy on later trials 
in the session as opposed to early trials in the session 
(E(2,18) = 7.08, p < .05]. Specifically, for the medial 
septal lesion group, following surgery, accuracy (across 
Positions 1,4, and 7) was on the average 69% for the 
first trial of the session, 62 % for the third, and 54 % for 
the fifth. This trend was consistent with the possibility 
that medial septal damage may result in a greater suscep
tibility to proactive interference effects from previous 
trials. However, there was no significant interaction of 
serial position X trial of the session. Therefore, although 
medial septal lesions may result in a sensitivity to pro
active interference effects from previous trials, and thus 
in an impairment in performance with continued testing 
in the session, this did not account for the differential in
fluence of medial septal damage on the primacy and re
cency effects. 

At the neurological level, it has been suggested that 
medial septal damage affects primacy because of the dis-



ruption of acetylcholine activity in the hippocampal for
mation (Kesner et al., 1988). This view is supported by 
the observation that lesions of the dorsal hippocampal for
mation in rats (Kesner & Adelstein, 1989; Kesner et aI., 
1988) and that humans with hippocampal damage (Mil
ner, 1972) display patterns of list memory disruption sim
ilar to those in rats with medial septal lesions. However, 
because research to date has investigated electrolytic le
sions (e.g., Kesner et al., 1988) or radio-frequency le
sions (the present study) of the medial septum, it remains 
to be established that disruption in hippocampal acetyl
choline activity rather than nonspecific fibre or cell 
damage is responsible for list-item memory impairment. 
Indeed, in the present study, although there was only a 
limited range of AchE depletion across the medial septal 
lesion group, the level of denervation did not reflect the 
amount of behavioral disruption exhibited by an animal. 

Although the mammillary body region receives input 
from the medial septum and hippocampus (Swanson, 
1982), the mammillary body region does not appear to 
serve the same role as the medial septum or hippocampus 
in memory for list items. For instance, whereas the mam
millary body lesion removed the primacy effect, the 
removal of recency as well suggests that the medial sep
tal and mammillary body regions are involved in differ
ent aspects of memory functioning. Furthermore, the lack 
of overall reduction in accuracy following the mammil
lary body lesion suggests that damage in the mammillary 
body region is not as disruptive to list-item memory as 
damage in the medial septum or hippocampus. There are, 
however, similarities between the effects of mammillary 
body lesions (in the present study) and nucleus basalis 
rnagnocellularis (NBM) lesions (observed in other studies) 
on memory for list items. For example, Kesner and Adel
stein (1989) found that although small and large NBM le
sions did not reduce overall performance, there was no 
evidence of primacy or recency effects following surgery 
for the large NBM group. In general, despite a number 
of studies of the effect of mammillary body lesions in a 
variety of tasks, the role of the mammillary body region 
in memory remains equivocal. The lack of overall reduc
tion in memory performance on the serial probe recogni
tion task following a mammillary body lesion is consis
tent with previous research, which has shown no or only 
limited impairment due to mammillary body lesions in 
delayed nonmatching-to-sample tasks (e.g., Aggleton, 
Hunt, & Shaw, 1990; Aggleton, Keith, & Sahgal, 1991) 
and an eight-arm radial maze task (Jarrard, Okaichi, 
Steward, & Goldschmidt, 1984). However, other studies 
have reported a significant impainnent in performance fol
lowing mammillary body lesions in delayed nonrnatching
to-sample and the eight-arm radial maze task (Saravis, 
Sziklas, & Petrides, 1990), and in alternation tasks 
(Beracochea & Jaffard, 1987; Field, Rosenstock, King, 
& Greene, 1978). 

Of the two types of lesions investigated in the present 
study, only the medial septal lesion appears to mimic the 
list-item memory deficits observed in both AD and KS. 
The medial septal lesion not only damaged cells in the 
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medial septal region but also decreased the presence of 
acetylcholine activity in the hippocampus. These aspects 
of the neurological damage occur in both AD (Nakano 
& Hirano, 1982; Vogels et aI., 1990) and KS (Antuono 
et al., 1980; Arendt et al., 1983). Behaviorally, the 
medial septal lesion resulted in a severe impairment in 
memory for early list arms, but less of an impairment for 
later list arms, as observed in mild AD and KS (Adel
stein et al., 1992; Baddeley & Warrington, 1970). Fur
thermore, the finding that accuracy was generally reduced 
as training proceded through a session is consistent with 
the suggestion that medial-septal-Iesioned rats displayed 
sensitivity to the disruptive influence of previous trials 
on later ones. Sensitivity to the potentially disruptive in
fluence of previous list learning (albeit with lists contain
ing different stimulus items) is also a feature of list recall 
in AD and KS. For example, Kramer et ai. (1988) and 
Delis et al. (1991) have demonstrated that AD and KS 
subjects show a tendency to recall previous list items when 
asked to recall a more recent list. 

Not only do rats with a medial septal lesion mirror the 
basic pattern of memory disruption observed, they also 
mirror the lack of improvement shown by AD sufferers 
under procedures that promote an increase in accuracy. 
For example, Miller (1971) showed that recall improved 
at early and middle positions for control subjects when 
the rate of stimulus presentation of list items was de
creased. In contrast, for demented subjects, the low re
call shown at early and middle list items was unaltered 
when the rate of stimulus presentation was decreased. 
Similarly, in the present study, increasing the amount of 
exposure to list items, which has been shown in humans 
to improve accuracy at early and middle list positions 
(Murdock, 1962), did not improve the performance of 
medial-septal-Iesioned rats. Therefore, the present results 
are consistent with the suggestion that the similar neu
ropathology of the medial septum observed in both AD 
and KS may underlie the overlapping patterns of mem
ory deficits for list items. However, it should be noted 
that when the stimuli used are of the "order" oflist arms, 
the medial septal region does not appear to result in the 
memory impairments observed in AD (Kesner, 1988a). 
Therefore, the ability of any specific brain damage to re
sult in a behavioral change that mimics a neurological dis
order may be restricted to only one or a few behavioral 
tasks, and a clear picture of the functional importance of 
areas such as the medial septum and mammillary bodies 
will only emerge after a variety of experimental paradigms 
have been explored. 
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