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Abstract

 

The effects of kindling of the right anterior medial amygdala of Wistar rats was studied. Kindling lastingly increased anxiety (de-
creased open-arm exploration) in the elevated plus-maze 1 week after the last kindled seizure, replicating previous findings. Changes in
anxiety were independent of changes in exploration or activity in either the plus-maze or hole board. A new finding is the dependence on
baseline behavior of kindling induced behavioral changes. Using a novel-retest paradigm, it was possible to retest rats in the plus-maze
without changes in their open arm explorations. This permitted pretesting rats to determine their baseline levels of plus-maze anxiety.
Controls proved to be stable in their plus-maze behavior over a retest interval of 3 weeks. Rats below the median level of Test 1 open-arm
exploration were unaffected by kindling. Those above the Test 1 median level of open-arm exploration showed reduced exploration fol-
lowing kindling. Kindling did not affect closed-arm entries in the plus-maze in this analysis. However, it was discovered that rats with arm
entries below a critical level on Test 1 showed an increase in closed-arm entries following kindling. These findings point out how baseline
behaviors can interact with kindling to influence behavioral outcome. Risk assessment was unchanged by kindling in this study, unlike
previous reports. Subtle changes in focus location within the medial amygdala may have altered the effects of kindling on risk assessment.
The electrodes in this study were in a slightly but significantly different location in the medial amygdala than in previous studies. As in
previous studies, risk assessment was measured as frequency and duration of stretch attend postures toward the open arm of the plus
maze when the hind quarters were in the closed arms. Risk assessment was taken as a ratio of time spent in the closed arms of the maze.
This study, along with others reviewed elsewhere, suggest that a complex set of factors contributes to the effects of kindling on behavior.
The fact that previous studies have not taken them into account perhaps explains inconsistencies in the reported behavioral effects of kin-
dling on behavior in rodents. © 2000 Elsevier Science. All rights reserved.
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1. Introduction

 

The most commonly agreed upon forms of affective psy-
chopathology accompanying seizure disorders in humans
are anxiety and depression [6,37]. It is difficult to determine
in human clinical populations whether the pathophysiology
of the epilepsy causes the affective changes because other
psychosocial precipitants may be involved [6]. If seizures
can predispose to affective disorder, then one would expect
that lasting changes in affect should be produced in animal
models of epilepsy.

Repeated evocation of seizures in limbic foci (limbic
kindling) produces lasting changes in animal behavior (cog-
nition, e.g., [29,43,44,54,58]) and affect [1,4,5,6,11,13–
17,36,39,53]. Two types of change in affect are increases

and decreases in anxiety-like behavior (ALB) in rodents
[11,14,16,39] and in felines [3,4].

Several factors appear to be important in determining the
effect of kindling on ALB. Hemisphere of the focus is one.
Kindling of the right basolateral amygdala is anxiogenic
[11,14,36], whereas kindling of the left basolateral and cen-
tral nuclei is anxiolytic [14,39]. Location of the focus within
a nucleus in the same hemisphere is also important. In-
creases in anxiety accompany kindling of anterior locations
in the right corticomedial amygdala nuclei, whereas more
posterior foci are either behaviorally neutral (medial amygdala)
or anxiolytic (cortical nuclei) [11,13,14]. The reverse ap-
pears to be the case for kindling of the right central nucleus
of the amygdala [11]. Data for the left hemisphere are in-
complete with respect to AP plane importance in the corti-
comedial nuclei. On the other hand, anxiolytic effects of
kindling left basolateral and left central nuclei have been
demonstrated over a wide range of focus locations in the AP
plane [11].
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Another factor appears to be baseline anxiety at the time
of initiation of kindling. In cats, the effect of partial kindling
on behavioral outcome depends on the baseline anxiety (de-
fensiveness) prior to partial kindling [1,4,6,8]. Partial kin-
dling of the ventral hippocampus can either increase or de-
crease defensive response to species-characteristic threat. In
very nonfearful cats, such kindling reduces fearfulness fur-
ther and increases predatory aggressiveness. In more fearful
cats, partial ventral hippocampal kindling has the opposite
behavioral effects [1,4]. It has been suggested that baseline
behavioral differences in defensiveness are due to differ-
ences in excitability of the amygdala, and in the strength of
amygdala efferent transmission to medial hypothalamus and
periacqueductal gray (PAG) [2,3,4,7,9,10]. These physio-
logical differences, which underlie baseline behavioral dif-
ferences, may interact with the spread of seizures from hip-
pocampus into the defensive substrate, thereby altering the
physiological and behavioral effects of seizures [6,8,15].

To date, no comparable data concerning baseline in ro-
dents has been reported. The purpose of this study is to in-
vestigate the importance of baseline anxiety on the effects
of kindling of the rodent amygdala on behavior.

Effects of kindling on rodent ALB have used several
tests of rodent anxiety. The most commonly used is the ele-
vated plus-maze test. Moreover, the plus-maze test is a
pharmacologically validated test of rodent ALB that is sen-
sitive to benzodiazepine anxiolytic compounds [30].

The elevated plus-maze is plus shaped with two open
arms opposite each other. The other two arms usually have
solid sides rising 40 cm above the arm surface but open at
the top. The arms are elevated above the floor. The maze
measures the conflict between tendency to explore the arms
of the novel maze and the tendency to avoid the unprotected
open arms of the maze. Measures of ALB involve explora-
tion of the open arms of the maze. Reductions in open-arm
explorations are taken to indicate increases in rodent anxiety.
Although it was thought that the elevation of the open arms
presented the threat, it appears that the primary threats are
the exposed nature of the open arms and an absence of sides,
which prevents thigmotactic behavior in the open arms [60].

It is necessary to test animals in the plus-maze before and
after kindling in order to examine effects of baseline behavior
on effects of kindling on ALB. Unfortunately, repeated test-
ing in the plus-maze results in a reduction in exploration of
the open arms [31,33,60]. Behavior on retest appears like an
increase in anxiety, but it is insensitive to benzodiazepine
anxiolytic compounds. That is, anxiolytic compounds that
normally increase open-arm exploration do not affect open-
arm exploration on retest [25,33]. This presents a method-
ological problem that has been recently overcome in this lab-
oratory. We have found that a long (3-week) interval between
tests, in combination with retesting in the same maze placed
in a novel room, prevents the decrease in open-arm explora-
tion on retest (unpublished data). The novel room is required
because retesting in the same room at 3 weeks does not re-
store open-arm exploration (unpublished data). Moreover, us-

ing this paradigm, open-arm exploration is once again sensi-
tive to benzodiazepine anxiolytic compounds, so its validity
as a model of this type of rodent ALB is maintained (unpub-
lished data). This characteristic is important because anxio-
genic effects of kindling have been shown to be benzodiaz-
epine anxiolytic sensitive [36].

Using this retest paradigm, we examined the effect of
baseline ALB (open-arm exploration) on response to right
anterior medial amygdala kindling. Kindling of this area is
anxiogenic [5,14]. Target foci were taken from these pub-
lished accounts.

 

2. Methods

 

2.1. Subjects

 

Fifty-seven male Wistar rats (Charles River Canada,
Canada) served as subjects. Rats weighed between 200 and
250 g at the start of the experiment. Rats were housed singly
in transparent plastic cages on racks holding 15 rats. Light
cycle was 12 h, with lights on at 0700 h. Water and rat chow
were continuously available.

 

2.2. Experimental groups

 

Rats were adapted to the laboratory for 3 days before sur-
gery, as described elsewhere [14]. They were then randomly
assigned to one of three experimental groups. The first was
a handled control (

 

n

 

 = 25). These rats were handled as other
groups were but did not have electrodes implanted. The rea-
son for this control was to examine whether the electrode
implantation had any effect on behavior. Previous work
suggests that damage of electrode implantation impacts on
rodent ALB [13,14]. The second group was an implanted
control (

 

n

 

 = 15). These animals had electrodes implanted as
described below, but were not stimulated. The third group
was the kindled group (

 

n

 

 = 17). These rats had electrodes
implanted in the anterior medial amygdala. They were sub-
sequently kindled through these electrodes. The final num-
ber in the implanted controls was reduced by two (

 

n

 

 = 13)
because these rats had electrodes determined to be outside
of the target area.

 

2.3. Surgical procedures

 

Surgery was performed under sodium pentobarbital ana-
esthesia (60 mg/kg, i.p.) by aseptic technique. Twisted bi-
polar stainless steel stimulating electrodes (0.125 mm in
diameter, Plastics One) were implanted using stereotaxic
technique. Coordinates for the anterior medial amygdala
were taken from Adamec [5]. They were as follows: 0.6 mm
posterior to bregma, 4.0 mm lateral to the midline, 8.6 mm
ventral to the dura. The tooth bar was elevated 5 mm above
the horizontal (according to the atlas of Pellegrino et al.
[45]. Local anesthesia of wound edges was produced with
marcaine (2%) infusion. The skull and wound edges were
sprayed with antibiotic (Neosporin spray) before closing.
Electrodes were fixed in place with dental acrylic cement
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secured to the skull with four stainless steel skull screws.
Following surgery, rats were injected (SC) with 10 mg of
chloramphenicol. One week of recovery from surgery was
allowed before initial behavioral testing.

 

2.4. Behavioral testing

 

The hole board and elevated plus-maze were used to test
rodent anxiety. The hole board test provides an independent
measure of exploration and activity [32]. The elevated plus-
maze is a well-known, pharmacologically validated, and
relatively motivation artifact–free test of rodent anxiety
[21]. The plus-maze test measures strength of antagonism
between exploratory tendency and avoidance of open, novel
spaces [21]. The hole board and plus-maze were as de-
scribed in Adamec and Morgan [14].

Rats were tested twice in the hole board and plus-maze.
The first test (Test 1) took place 1 week after surgery, in a
novel room housing the novel hole board and plus-maze.
The second test took place 3 weeks later, and 1 week after
the completion of kindling. This second test (Test 2) was
carried out in the same hole board and plus-maze but in a
room different from the first test. All tests took place be-
tween 1200 and 1300 h.

Testing involved first placing the rats in the center of the
hole board and observing them via remote video camera for
5 min. Then the rats were transferred by hand to the ele-
vated plus-maze and placed on the center platform of the
maze facing the same open arm. Once again they were ob-
served remotely by video camera for 5 min. Tests were later
analyzed from videotape. Analysis for implanted rats was
done blind to experimental hypothesis. Analysis of unim-
planted controls could not be done blind.

Behavioral measures in the hole board were designed to
capture activity and exploratory tendency. Activity was
measured as time active or time spent in motion of any kind.
Rearing (frequency of rears) was a measure of vertical ac-
tivity. Exploratory tendency was measured as head dipping
(defined as placing the snout or head into a hole in the hole
board [32]. Finally, the number of fecal boli left in the hole
board were counted.

Boli left in the plus-maze were also counted. In addition,
the number of entries into the open and closed arms of the
maze were noted. Total arm entries and entries into the
closed arms of the maze were taken as measures of explor-
atory activity in the plus-maze.

The ratio of time spent in the open arms to time spent in
all arms of the maze (ratio time) was the measure of ALB in
the plus-maze. This is a commonly used measure of avoid-
ance of the open arms of the maze and has been shown to be
sensitive to the effects of kindling and anxiolytic com-
pounds [5,14,36,39]. The smaller the ratio time, the greater
the anxiety.

Another behavioral measure taken in the plus-maze was
time and frequency of risk assessment. Risk assessment was
scored when the rat poked its head into the open arms while

the hind quarters were in the closed arms (stretched attend
posture). Frequency and time of risk assessment were di-
vided by time spent in the closed arms of the maze. These
ratio measures were called relative time and frequency of
risk assessment. This ratio was taken to control for the
possibility that changes in time spent in the closed arm
would simply alter the opportunity to engage in risk assess-
ment, rather than reflect a real change in risk assessment be-
havior. Risk assessment was originally defined and inves-
tigated as a measure of rodent anxiety by Blanchard and
Blanchard [19].

 

2.5. Kindling

 

After the first plus-maze test and 2 days before kindling,
rats were adapted to the kindling apparatus. On each day,
rats were placed in the boxes in which they would be kin-
dled or housed (if controls) for 10 min. Stimulating leads
were attached for an additional 10 min. Rats were then re-
turned to their home cages.

Rats in the kindled groups were stimulated twice per day
with at least 3 h between stimulations. Stimulations oc-
curred between 0900 and 1100 h and between 1400 and
1600 h. Stimulation was square-wave pulses of 1-ms dura-
tion and 400-

 

m

 

A peak-to-peak constant current amplitude.
Pulses were delivered in trains of from 1–2-s duration at a
rate of 62.5 pulses per second. Train duration was set to 1 s
for the first two stimulations and then increased to 2 s for
the remaining stimulations. This regime was followed for
two reasons. The first reason is that in our experience, this
method produces the most reliable amygdala kindling in ro-
dents. The second reason is to replicate procedures used in
previous studies of effects of kindling on behavior. Because
we compare findings from the present study to others in this
laboratory, consistency of method is desirable. Stimulus in-
tensity was kept constant. Stimulations were repeated until a
rat showed three stage 5 seizures outlasting the stimulus, as
defined by Racine [46]. Number of stimulations to the first
stage 5 seizure was recorded. After the third stage 5 seizure,
kindled rats were left alone in their home cages for 1–4 days
to allow other rats in a group to achieve three stage 5 sei-
zures. Then a fourth stage 5 seizure was triggered in all kin-
dled-group rats, and the rats were then left unhandled for 1
week. The duration of this last seizure was recorded. At the
end of this week, the behavior of all rats were tested in the
hole board and plus-maze for a second time.

Handled and implanted controls were treated the same as
kindled rats, except they were not stimulated. In addition,
implanted controls were plugged into the stimulating appa-
ratus but not stimulated. Controls were yoked to stimulated
animals to ensure even distribution of time of testing.

 

2.6. Histology

 

Rats were euthanized with an overdose of sodium pento-
barbital. Small anodal lesions (2.0 mA for 2 s passed be-
tween the tips of the electrode). Then rats were perfused
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transcardially with 10% formalin and 1% potassium ferro-
cyanide in phosphate-buffered saline, and the brains were
removed. Potassium ferrocyanide reacts with the metallic
ions to produce a blue dot marking the tip of the electrode.
Frozen sections (37 

 

m

 

m) were taken through the electrode
tracks, and the tissue was mounted and stained with meta-
chromatic cresyl violet.

Stereotaxic coordinates of tip location were found with
the aid of an image analyzer. The rat brain section being an-
alyzed was normalized to the corresponding rat atlas sec-
tion. Normalizing factors were found by dividing the width
of the rat section being examined by the width of the same
cross section through the atlas. The vertical and lateral posi-
tions of the electrode tip measured in the section were mul-
tiplied by this factor. These normalized coordinates were re-
corded and plotted on rat atlas sections to determine
amygdala nucleus location. Rats whose electrodes were in
the medial amygdala and anterior to 1.0 mm posterior to
bregma were considered to have accurate placements. Two
implanted controls were discarded from further analysis be-
cause they did not meet these criteria.

 

2.7. Statistical analysis

 

Baseline behavioral effects were assessed by first finding a
median ratio time and frequency risk assessment score on the
first test over all animals. Then rats were classified as being ei-
ther below the median or equal to or above the median on the
first test. This classification created the median-split factor in
subsequent analyses. Rationale for using ratio time as a me-
dian-split criterion is described above, and arises from the fact
that it is one of the primary measures of ALB in plus-maze
tests of the effects of kindling. Rationale for using risk assess-
ment as a median-split criterion arose from analysis of the
data, and is given in the results section. Handled and im-
planted controls were compared to determine whether elec-
trode implantation affected behavior and to establish stability
of responding over the two plus-maze tests. To compare con-
trols, three-way analysis of variance with repeated measures
(Test factor) was used. These analyses contrasted group (han-
dled and implanted), median split (median split factor), and re-
test (Test 1 and Test 2). Implanted and kindled controls were
compared on the first test to ensure their behavior did not dif-
fer. A two-way ANOVA was done contrasting Groups (im-
planted and to-be kindled) and Median Split on Test 1 data.
The effects of kindling on behavior were assessed by a similar
two-way ANOVA on the same rats, contrasting Groups (im-
planted and kindled rats) and Median Split on Test 2 data.

Post hoc Duncan or a priori 

 

t

 

-tests (planned comparisons,
one-tailed tests) were used for individual mean contrasts. The
BMDP for PC-SOLO program was used to perform the statis-
tical tests.

 

2.8. Ethical approval

 

The research reported here was reviewed for compliance
with the guidelines of the Canadian Council on Animal

Care (CCAC) and approved by the Institutional Animal
Care Committee of Memorial University.

 

3. Results

 

There are three purposes to this study. The primary pur-
pose is to use a retest paradigm with the elevated plus-maze
to examine the effect of baseline anxiety-like behavior on
response to medial amygdala kindling. For clarity, the re-
sults of this analysis are presented first. The second purpose
is to show that behavior in the plus-maze using the retesting
paradigm is stable over retest. The interpretation of the first
analysis depends on such stability. For the most part, there
is test–retest stability of nearly all measures of behavior in
the hole board and plus maze. This stability will be docu-
mented as part of the third purpose of the study. The third
purpose is to examine effects of electrode implantation on
behavior. This is done by comparing handled and implanted
controls, and the comparison is combined with an analysis
of effects of retesting on behavior.

 

3.1. Effects of baseline behavior on response to medial 
amygdala kindling

3.1.1. Effects of median split along ratio time, retesting and
kindling on behavior in the plus-maze and hole board

Test 1.

 

—With the exception of one measure, there were
no differences between implanted controls and rats subse-
quently kindled on Test 1. Nor were there any interactions
with any behavioral measure. Group means on Test 1 in the
hole board (head dips and rears) along with closed-arm en-
tries in the plus maze are plotted in Fig. 1 (left panel). Fig-
ure 2 (top panel) shows Test 1 group means for measures of
open-arm exploration and risk assessment in the plus maze.

The one group difference seen on Test 1 was in boli pro-
duced in the hole board. Rats to be kindled produced more
boli than implanted controls [

 

F

 

(1, 26) 

 

5

 

 5.41, 

 

p

 

 

 

,

 

 0.03,
0.00 

 

6

 

 0.3 vs. 0.96 

 

6

 

 0.26, implanted versus kindled
groups, respectively]. Nevertheless, these groups did not
differ with respect to boli produced in the plus-maze.

There were several median split main effects on Test 1.
Ratio time of course showed a median-split effect, it being
the criterion variable [

 

F

 

(1, 26) 

 

5

 

 42.14, 

 

p

 

 

 

,

 

 0.001). This
was important, however, because the median was based on
all animals, including handled controls. This median split
effect without a group interaction indicates that the value of
the median chosen was appropriate to capture the median of
all implanted animals, kindled and controls. Moreover, the

 

n

 

’s in the median split were equal at 15 rats each. The
breakdown in 

 

n’

 

s across groups was as follows: implanted
controls, 

 

n

 

 

 

5

 

 13, split eight below and five above the me-
dian; Kindled, 

 

n

 

 

 

5

 

 17, split 7 below and 10 above the me-
dian. These 

 

n

 

’s are somewhat small but are comparable to
group size in which kindling effects were demonstrated in
previous studies [5,14]. Two other measures showed me-
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dian-split effects, total arm entries, and open-arm entries in
the plus-maze [

 

F

 

(1, 26) 

 

5

 

 4.82, 

 

p

 

 

 

,

 

 0.04 for total arm en-
tries and 

 

F

 

(1, 26) 

 

5

 

 52.04, 

 

p

 

 

 

,

 

 0.001, for open-arm en-
tries]. Clearly, the total arm-entry effect was due to the
open-arm entries, there being no differences in closed-arm
entries. This effect is not surprising because rats above me-
dian on ratio time would be expected to enter the open arms
more often than below-median rats.

 

Test 2.

 

—Kindling resulted in an anxiogenic effect on
Test 2, 1 week after the last stage 5 seizure. Ratio time was
decreased by kindling. However this decrease was only seen
in kindled rats with ratio time scores above the median on
Test 1 (Fig. 2, plot of Ratio Time Test 2). Kindled rats with
ratio time scores below the median on Test 1 showed no
change in ratio time relative to implanted controls on Test 2
(Group 

 

3

 

 Median Split interaction, 

 

F

 

(1, 26) 

 

5

 

 5.58, 

 

p

 

 

 

,

 

0.03; mean contrasts. Duncan test, 

 

p

 

 

 

,

 

 0.05 and 

 

t

 

(26) 

 

>

 

1.99, 

 

p

 

 

 

,

 

 0.04 planned comparisons). These effects of me-
dian split and kindling were specific to open-arm avoidance
in the plus maze. There were no effects of kindling or me-
dian split on any other behavior in the hole board or plus
maze, nor were there any interactions (for examples, see
Fig. 1, right panel).

It is of interest that kindling was without effect on risk
assessment measures (Fig. 2, Frequency and Time Risk Test
2), especially because medial amygdala kindling has been
reported to reduce risk assessment [14]. It is possible that
above-median risk assessment rats might reduce their risk
assessment following kindling, as did rats above the median
on ratio time. However, the median split on ratio time did
not result in a significant median-split effect on risk assess-
ment. Therefore, rats were reassigned to new groupings on
the basis of a median split using relative frequency risk as-
sessment. The above analysis was redone.

 

3.1.2. Effects of median split along frequency of risk assess-
ment, retesting and kindling on behavior in the plus maze
and hole board

Test 1.

 

—As with ratio time median splits, on the first
test, there were no differences between implanted controls
and kindled rats with respect to hole board and plus-maze
behavior or plus-maze boli. Unlike ratio time median splits,
there were no effects on hole-board boli.

There were several median-split effects. Risk assessment
measures, as well as total and closed-arm entries, showed
median-split effects [all 

 

F

 

(1, 26) 

 

>

 

 6.57, all 

 

p

 

 

 

,

 

 0.02]. The
breakdown in 

 

n

 

’s across groups were as follows: implanted
controls, 

 

n

 

 

 

5

 

 13, split seven below and six above the me-
dian; kindled, 

 

n

 

 

 

5

 

 17, split nine below and eight above the
median. These median-split effects were without group in-
teractions. Ratio time did not show any effects of median
split or group or interactions. The same conclusion applied
to any of the other measures.

Fig. 1. Plotted in the figure are means 1 SEM of hole-board exploration
and activity (head dips and rearing) and plus-maze activity/exploration
(closed-arm entries). The left panel shows comparisons of implanted con-
trols and rats in the kindled group (To Be Kindled) on Test 1, prior to kin-
dling. A similar plot for the same groups appears in the right panel for Test
2 data, after completion of kindling. To Be Kindled rats are now labeled
“Kindled”. Unmarked means do not differ from each other. Therefore,
there were no differences between groups.

Fig. 2. Plotted in the figure are means 1 SEM of ratio time, relative time
risk and relative frequency risk. The uppermost three panels show a com-
parison of implanted controls and rats in the kindled group (To Be Kin-
dled) on Test 1, prior to kindling on all three measured. The plots below
these three panels show the same behaviors observed on test 2. Plotted sep-
arately are implanted controls and kindled groups from above and below
the median split on Test 1 using median ratio time. Unmarked means in the
risk plots do not differ. Ratio time means marked with @ do not differ but
together differ from the mean marked with # (Duncan test, p , 0.05).
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Test 2.

 

—Kindling altered total and closed-arm entries.
Implanted and kindled rats did not differ on these behaviors
on Test 1 (Fig. 3, top panel). On Test 2, however, there were
Group 

 

3

 

 median split interactions for total arm entries [

 

F

 

(1,
26) 

 

5

 

 12.28, 

 

p

 

 

 

,

 

 0.002] and closed-arm entries [

 

F

 

(1, 26) 

 

5

 

12.84, 

 

p

 

 

 

,

 

 0.002]. The pattern of results were the same for
both measures (Fig. 3, bottom panel). Kindling increased
arm entries in rats that were below the median split in Test 1
and left unaffected arm entries of above-median rats. More-
over, arm entries increased by kindling rose to the level of
above-median rats (Fig. 3, Duncan test, 

 

p

 

 

 

,

 

 0.05).
Not surprisingly, there was no effect of kindling on ratio

time. This is because animals were not split along median
ratio time in this analysis. Kindling was also without effect

on risk assessment measures. However, there was no main
effect of median split on Test 2, either. This may be ex-
plained by a rise in risk assessment on retest described be-
low in the control analyses.

There are a variety of interpretations of why risk assess-
ment was unchanged by kindling, and these will be ad-
dressed in the discussion. One possibility needs to be con-
sidered here, however. That is that the lack of effect of
medial amygdala kindling on risk assessment in this study,
in contrast to the suppression seen previously [14], is ex-
plained by the location of the kindled focus.

 

3.1.3. Electrode locations

 

Implanted controls and kindled groups as a whole or di-
vided along the two median splits did not differ in AP, lat-
eral, and vertical plane coordinates of their electrodes. The
average coordinates over all animals whose behavior was
analyzed appears in Table 1. Table 1 also shows the location
of right medial amygdala electrodes from a previous study
of the effects of medial amygdala kindling on anxiety from
this laboratory [14]. Also shown are mean differences be-
tween the studies and 

 

t

 

-tests of those differences. As can be
seen, there were no differences between the present study
and the previous study in AP plane, but there were differ-
ences in the lateral and vertical planes. Electrodes in the
present study were more lateral and less deep than in Ad-
amec and Morgan [14].

It is possible that the kindling placements used in this
study, while affecting ratio time, are outside of independent
circuitry that influences risk assessment. If true, then one
would predict that risk assessment and ratio time should
load on orthogonal factors in a factor analysis. This was
tested by performing separate factor analyses on implanted
and kindled rats on Test 1 and Test 2. Hole board and plus-
maze variables were entered into a principle components
analysis with varimax rotation (i.e., head dip, rears, time ac-
tive, total-arm entries, closed-arm entries, ratio time, rela-
tive frequency, and time risk). Scree analysis indicated a
three-factor solution for all analyses. A factor loading cutoff
of 0.5 was set. All factor solutions accounted for 99.05 to
99.96% of the variance. The factors and their variable load-
ings appear in Table 2.

Factor structures did change somewhat from Test 1 to
Test 2 in that there was a shift in the factors on which arm
entries in the plus maze and activity in the hole board
loaded. However, there was consistency in all groups in the
factor loadings of risk assessment and ratio time. These
measures loaded on separate factors in all analyses. This
finding is consistent with the idea that these behaviors are
under the control of separable neural substrates.

 

3.1.4. Effects of other median split criteria

 

The median split using risk assessment as a criterion pro-
duced a split with respect to arm entries. This split was not
along the median of arm entries, however. Therefore, we

Fig. 3. Plotted in the figure are means 1 SEM of total arm entries
(TOTAL), and closed arm entries (CLOSED) in the elevated plus-maze.
The upper left panel compares arm entries of kindled (To Be Kindled) and
implanted controls on Test 1. The groups did not differ. A similar compari-
son of Test 2 arm entries appears in the lower panel. In this case implanted
controls and kindled animals identified to be below (,MD) or above the
median (.MD) of relative frequency risk scores on the first test are plotted
separately. Means marked with @ differ from unmarked means, which do
not differ (Duncan test, p , 0.05).
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wished to determine whether the effect of arm-entry base-
line on response to kindling seen (Fig. 3) was due to some
absolute level of entries or could be detected by a median
split of arm entries. Using either total arm entries or closed-
arm entries as a criterion for a median split, the Test 2 anal-
yses of kindling effects were redone. There were no effects
of kindling on arm entries in these analyses or in any other
behavior. The means of the implanted controls on Test 2
were 10 and 8 for total and closed-arm entries for median
splits based on total and closed-arm entries. These values
are above the values of these measures observed in the be-
low-median implanted controls on Test 2 using the fre-
quency risk median split (see Fig. 3; means were 8.2 and 6.4
for total and closed-arm entries, respectively). Therefore,
perhaps fortuitously, the risk assessment criterion for the
median split divided groups along the lines of sufficient low
levels of arm entries to detect this effect of kindling.

Finally, other median splits were done using head dips,
amount of time active, and rearing in the hole board. There
were no effects of kindling on any behavior using these
measures as criteria for the median split variable.

 

3.1.5. Effects of kindling on body weight

 

Implanted controls and kindled rats did not differ in body
weight on Test 1 (Fig. 4). In addition, all rats grew heavier

on Test 2 (see analysis below). On Test 2, regardless of
which median split was used (ratio time or risk assessment),
there were no group 
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assessment split]. Kindled rats weighed more than im-
planted controls (Fig. 4, bottom panel). Given that these
groups did not differ in weight on Test 1, it appears as if
kindling accelerated weight gain.

 

3.1.6. Kindling parameters as contributors to
behavioral effects

 

It was of interest to know whether the median split
groupings of kindled rats differed with respect to kindling
parameters. Therefore, the effects of median split were ex-
amined with respect to number of stimulations to first stage
5 seizure and duration of the fourth stage 5 seizure. Two
sets of analyses were done using ratio time and frequency
risk assessment median splits.

There were no median-split effects using either median crite-
rion for number of stimulations to first stage 5 seizure. Overall,
it took 8.7 
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 0.8 (mean 
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 SEM) simulations. With regard to
duration, there were no median-split effects when ratio time was
used to set the median. Overall, mean duration was 67.9 
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 2.7 s.

 

Table 1
Table of electrode locations in the right medial amygdala

Study Anterior–posterior

 

a

 

 plane Lateral

 

b

 

 plane Vertical plane

This study 0.79 

 

6

 

 .03 4.21 6 .06 9.25 6 .06
Adamec and Morgan[14] 0.69 6 .07 3.89 6 .09 9.69 6 .10
Differencec 0.10 0.32 20.44
t-values [t(36)] 1.40, p . 0.05 2.45, p , 0.05 3.58, p , 0.05

All coordinates are averaged over kindled and implanted controls, which did not differ in either study. Values are means 6 SEM.
a Data are in millimeter posterior to bregma.
b Lateral position is in millimeter lateral to the midline, vertical is millimeter below the dura.
c Coordinates in the present study minus those in Adamec and Morgan [14].
d T-tests comparing the two studies.

Table 2
Table of factor loadings from factor analysis of plus-maze and hole-board behavior

Risk assessment Anxiety Activity/exploration

Implanted controls, Test 1a Total arm entries {.74} Ratio time {.78} Rear {.72}
Closed arm entries {.83} Total arm entries {.62} Time active {.70}
Time risk assessing {.85}
Frequency risk assessing {.92}

Implanted controls, Test 2 Time risk assessing {.96} Ratio time {.98} Total arm entries {.88}
Frequency risk assessing {.90} Total arm entries {.51} Closed-arm entries {.78}

Kindled animals, Test 1 Time risk assessing {.91} Ratio time {.92} Total arm entries {.89}
Frequency risk assessing {.92} Closed-arm entries {.96}

Kindled animals, Test 2 Time risk assessing {.94} Ratio time {.92} Total arm entries {.72}
Frequency risk assessing {.94} Total arm entries {.67} Closed-arm entries {.98}

Numbers in brackets next to variables are factor loadings.
a Variables entered were as follows: head dips, rears, time active (all hole board), arm entries (total and closed arms), ratio time, and relative time and fre-

quency of risk assessment (plus maze).



74 R. Adamec, T. Shallow / Physiology & Behavior 70 (2000) 67–80

However, when frequency risk was used to set the me-
dian, there was a difference in below- and above-median
kindled rats in duration of the fourth stage 5 seizure [F(1,
13) 5 6.00, p , 0.03; 74.0 6 3.5 vs. 62.5 6 3.2 s for be-
low- and above-median groups respectively] It is unlikely
that this difference accounts for the effects of kindling on
arm entries in these groups, for two reasons. First, below-
and above-median kindled groups did not differ in their be-
havior, including arm entries. Second, covarying seizure du-
ration out of the analysis for arm entries does not change the
pattern of results.

3.2. Effects of baseline behavior on response to electrode 
implantation

3.2.1. Effects of retesting, median split along ratio time,
and electrode implanation on behavior and body weight
of controls

Group n’s.—The breakdown in n’s across groups was as
follows: handled controls, n 5 25, split 14 below and 11

above the median; implanted controls, n 5 13, split 8 below
and 5 above the median.

Behavior in the hole board.—Electrode implantation did
not affect exploration (head dips), activity (time active), or
boli in the hole board test. Electrode implantation did in-
crease rearing over both Test 1 and 2 [group effect, F(1, 34) 5
6.83, p , 0.02, Fig. 5, top left panel]. With respect to stabil-
ity over tests, only two measures changed on Test 2. Head
dips decreased equally in handled and implanted groups on
Test 2 [Test effect, F(1, 34) 5 7.00, p , 0.01], while rear-
ing increased on Test 2 in both groups [Test effect, F(1, 34) 5
19.61, p , 0.01, Fig. 5, top right panel].

Fig. 4. Plotted in the figure are means 1 SEM of body weight in grams.
The upper-left panel compares body weight of kindled (To Be Kindled)
and implanted controls on Test 1. There were no differences. A similar
comparison only on Test 2 appears in the lower panel. Kindled rats marked
with @ differ from implanted controls.

Fig. 5. Plotted in the figure are means 1 SEM of behaviors in the hole
board and elevated plus maze. The upper left panel compares handled and
implanted controls with respect to head dips and rearing observed on both
Tests 1 and 2 (collapsed over tests). Handled-group rearing is less than
implanted rearing. The upper-right panel compares head dips and rearing
observed on Tests 1 and 2 collapsed over handled and implanted controls.
In this plot, Test 1 means marked with # differ from the comparison Test 2
mean. The middle plots show relative frequency risk and relative time risk
of handled and implanted controls plotted separately for tests 1 and 2. For
each plot, the mean marked with # differs from the unmarked means,
which do not differ from each other. The bottom plot shows ratio time of
handled and implanted controls combined, plotted separately for Tests 1
and 2. Test comparisons are further divided among rats that were below
(,MD) or above (.MD) median ratio time on Test 1. Means marked with
# do not differ from each other. Unmarked means do not differ but together
differ from marked means.
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Behavior in the elevated plus maze.—Electrode implant-
ing and retesting, but not the median split, affected the risk
assessment measures. There were significant test and group 3
test interactions for relative frequency and time risk assess-
ment. Analyzing the group 3 test interactions revealed the
following. For both frequency and time risk, handled and
implanted controls did not differ on Test 1 (Fig. 5, middle
panels). On Test 2, handled controls remained at Test 1 lev-
els, whereas implanted controls increased their risk assess-
ment to levels above handled controls, and their own Test 1
levels [Fig. 5, middle panels; Group 3 Test interactions
F(1, 33) 5 10.55, 10.38, p , 0.001 for frequency and time
risk, respectively].

Neither electrode implantation, nor retesting affected to-
tal or closed-arm entries. Nor were there any effects of elec-
trode implantation or retesting on open-arm avoidance (ra-
tio time) in the plus maze. There were no effects or
interactions with the test variable for ratio time or arm en-
tries. As expected, there was a significant median effect, but
only for ratio time [median-split effect, F(1, 34) 5 23.29, p ,
0.001]. Figure 5 (lower left panel) illustrates the median ef-
fect and the stability over tests of ratio time.

Body weight.—There was a significant three-way inter-
action for body weight [group 3 median split 3 Test, F(1,
33) 5 19.76, p , 0.001, Fig. 6). Although one would expect
an increase in body weight over tests, this interaction was
surprising. Mean contrasts revealed the expected increase in
body weight in all groups from Test 1 to Test 2 (Fig. 6, top
panel). Moreover, most handled and implanted controls did
not differ on either test. The interaction was due to a greater
increase in body weight on Test 2 for below-median han-
dled controls than in other groups. Moreover, the above-
median implanted controls had lower starting body weights
on Test 1 (Fig. 6).

3.2.2. Effects of retesting, median split along risk assess-
ment, and electrode implantation on behavior and body
weight of controls

Group n’s.—The breakdown in n’s across groups was as
follows: handled controls, n 5 25, split 9 below and 16
above the median; implanted controls, n 5 13, split 7 below
and 6 above the median.

Effects on behavior and body weight.—For most mea-
sures, the pattern of effects matched those seen using ratio
time to set the median split. There were some differences.
First, the group 3 median split 3 test interaction for body
weight seen above was replaced by a simple test effect
[F(1, 33) 5 1211.25, p , 0.001], where all rats were heavier
on Test 2 than on Test 1. With regard to behavior, there were
no median-split or group to test effects on ratio time. In con-
trast, and as expected, there were main median-split effects
for risk assessment measures [F(1, 26) 5 15.16, 6.67, p ,
0.001, 0.02 median-split effects for frequency and time risk,
respectively]. There were also the group 3 test interactions
for risk assessment, as described above (see Fig. 5, middle
panels).

In addition, there were median-split effects for total and
closed-arm entries in the elevated plus maze [F(1, 26) 5
18.36, 15.46, p , 0.001, , 0.02, median-split effects for
closed-arm entries and total entries, respectively]. These ef-
fects were consistent across tests, and there were no group
interactions (Fig. 6, bottom panel). Therefore, retesting and
electrode implantation had no effect on arm entries.

3.3. The role of the rise in risk assessment on test 2 on 
effects of kindling on risk assessment

From the above control analysis, it is apparent that risk
assessment measures were not stable over retest in im-
planted controls. Risk assessment rose on Test 2 in im-
planted controls (Fig. 5, middle panels). Previous work [14]
would predict that medial amygdala kindling should reduce

Fig. 6. Plotted in the upper panel are means 1 SEM of body weight in
grams of handled and implanted controls. The panel shows the group 3
median split 3 test interaction using the ratio time median split. Means
marked with a similar letter are equal and differ from means marked with a
different letter (Duncan test, p , 0.05). Plotted in the lower panel are
means 1 SEM of total and closed-arm entries of controls (collapsed over
handled and implanted controls). Means from Tests 1 and 2 are plotted for
comparison, further separated into those from rats above (.MD) and
below (,MD) the median, based on relative frequency risk on Test 1. For a
given variable plot, means marked with # do not differ from each other.
Unmarked means do not differ but together differ from marked means.
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risk assessment. In that study, only one test in the plus-maze
was used. It is possible that the rise in risk assessment over
tests seen in implanted controls also occurs in kindled rats.
This rise might mask the reduction in risk assessment pro-
duced by kindling. If so, then removing the anticipated rise
in risk assessment in kindled rats should uncover the kin-
dling-induced decrease.

Statistical removal of this “anticipated” rise in risk as-
sessment on Test 2 was attempted in the following manner.
Multiple robust regression (Andrews sine) was used to gen-
erate linear equations to predict Test 2 risk assessment from
Test 1 variables in the implanted controls. Three variables
proved useful in providing good-fitting equations for both
frequency and time in risk assessment. These variables were
Test 1 time active in the hole board, Test 1 total arm entries
in the plus maze, and either Test 1 frequency or time of risk
assessment depending on whether frequency or time of risk
assessment were being predicted. All regression coefficients
differed from 0 [all t(7) > 2.63, all p , 0.04). Multiple R’s
were highly significant [R’s 5 0.956, 0.863, all F(1, 7) >
11.69, p , 0.001). These prediction equations were used to
generate predicted values of Test 2 risk assessment for im-
planted and kindled rats from Test 1 variables. Predicted
values were subtracted from the observed Test 2 values, and
these residuals normalized to Test 2 implanted control
means. ANOVAs were then done on these normalized re-
sidual data assessing effects of group (implanted vs. kin-
dled) and median split (with ratio time or frequency risk as
criteria). There were no main effects or interactions in either
of these analyses. Because residuals were used, it is impor-
tant to ensure that there were no floor effects, precluding
room for risk assessment to decrease following kindling.
There were none, as illustrated in Fig. 7. Therefore, it is un-
likely that the rising baseline per se masked a kindling-
induced suppression of risk assessment.

4. Discussion

4.1. Stability of behavior on retest

As mentioned in the introduction, many studies have
shown that retesting in the elevated plus maze over intervals
of under 1 week reliably results in increases in open-arm
avoidance (e.g., decreased ratio time). One can prevent this
increase in hooded and Wistar rats by retesting with inter-
vals of 3 weeks, but not 2 days, in the same maze placed in a
different room (in preparation). A 3-week delay with testing
in the same room still results in an increase in open-arm
avoidance, so it is both the delay and novel room that are re-
quired (in preparation). This suggests that a familiar maze in
a novel-room context, with sufficient delay between testing,
restores the novelty of the maze and promotes exploration
of the open arms. In this study, we have replicated this find-
ing with some additional observations on the effects of elec-
trode implantation.

Of particular importance is the fact that open-arm explora-
tion (ratio time) is unchanged from Test 1 to Test 2 in handled
and implanted animals. The handled data replicate previous
findings. The lack of change in implanted animals indicates
that electrode damage, including the medial amygdala has no
effect on retest open-arm exploration. A similar conclusion
applies to measures of activity in the hole board and plus maze
(time active in the hole board and total and closed-arm entries
in the plus-maze).

In contrast, in the hole board, exploratory and vertical ac-
tivity (head dipping and rearing) change on retesting, and

Fig. 7. Plotted in the figure are means 1 SEM of relative frequency (fre-
quency) and relative time (time) risk assessment. The means are residual
values of Test 2 data after removing the predicted Test 2 increase in risk
assessment (see Fig. 5 and the text). Results of two analyses are plotted
separately. The analysis using a median-split independent variable based
on Test 1 ratio time appears in the lower panel. The analysis using a
median-split independent variable based on Test 1 relative frequency risk
appears in the upper panel. Kindled and implanted controls which were
above (.MD) or below (,MD) median on these criterion variables are
plotted separately. There were no differences between the means, not even
median-split differences.
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equally so in both handled and implanted controls (Fig. 5).
Electrode implantation influences rearing on both tests,
however, in as much as implanted controls show more rear-
ing than handled controls on both tests.

The reduction in head dipping suggests that there is some
retention of habituation to the familiar hole board in the
novel-room context. This is of interest, since ratio time is
unchanged on Test 2, indicating the independence of hole-
board exploration from open-arm exploration in the plus-
maze. This independence has been seen repeatedly in this
laboratory, and confirmed with factor analysis in this and
other studies [12].

The rise in rearing on Test 2 in both control groups may
have been enabled by the reduction of competing head-dip
exploration (see Fig. 5). The increased rearing among im-
planted controls suggests electrode damage to the medial
amygdala impairs a normal function of this area which pro-
motes immobility. In the absence of appropriate anatomical
controls, this conclusion must be tentative. In support of the
conclusion, Rodgers and File [52] have shown that opioid
receptors in the medial nucleus of the amygdala mediate in-
creased immobility in the hole board.

4.2. Effect of baseline and kindling on anxiety measured by 
ratio time

These findings replicate and extend previous work show-
ing that right anterior medial amygdala kindling is lastingly
anxiogenic in rats. Kindling produced an increase in open-
arm avoidance (ratio time decreased) lasting at least 1 week
after kindling. As in previous work, these changes in ratio
time cannot be accounted for by changes in activity or explor-
atory tendencies. Measures of activity and exploration in both
tests were unchanged by kindling. In addition, there were no
effects of electrode location, or electrode implantation on ra-
tio time. Implanted controls and handled controls did not dif-
fer in activity, exploratory behavior, or ratio time. Further-
more, electrode locations of implanted controls and kindled
animals did not differ. Therefore, kindling-induced behav-
ioral changes were specific to open-arm avoidance, reflecting
an anxiogenic process.

What is new is that this increase in open-arm avoidance is
dependent on baseline open-arm avoidance prior to kindling.
Behavior of rats below the median on ratio time in the first of
two plus-maze tests was unchanged by kindling. In contrast,
kindling decreased ratio time in rats above the median on ra-
tio time in the first of two plus-maze tests. Although ratio
times of the below the median groups means are low, they
are not equal to zero (t-tests against a constant of 0, all p ,
0.05). Therefore, this is not a floor effect. Rather the data
suggest that kindling in Wistar rats reduces ratio time to
some level that is between 0.1 and 0.05, but no further.

Available evidence suggests that enhancement of normal
limbic system functioning is responsible for interictal be-
havioral changes after kindling [5]. The present data might
be interpreted as a kindling-induced enhancement of medial

amygdala activity that promotes anxiety in the plus-maze.
Several lines of evidence support this view. First, kindling
and amygdala seizures are known to lastingly interfere with
GABA neurotransmission in the basolateral and medial
amygdala [20, 50, 61]. Disabling of GABA transmission
could increase amygdala excitability in situations that pro-
voke neural activity in the amygdala. There are a variety of
data that suggest the existence of tonic GABAergic inhibi-
tory influences on amygdala cells [48, 49]. Moreover, acti-
vation of the medial amygdala has been associated with
anxiety-like behavior in several models of rodent anxiety
[28,34,55,57]. Furthermore, two studies have reported in-
creased c-fos immunoreactivity in the medial amygdala of
rats exposed to the elevated plus maze [27,57]. In addition,
injection of GABA transmission–enhancing compounds
into the medial amygdala reduces open arm avoidance in
the plus maze [62]. Together, these latter findings are con-
sistent with the view that failure of GABA transmission
within the medial amygdala induced by kindling could in-
crease medial amygdala excitability and anxiety.

Modification of amygdala efferents could also be impor-
tant in behavioral changes [6,22–24,41,42]. It has also been
suggested that behavioral changes depend upon a long-last-
ing long-term potentiation (LTP) of amygdala efferents to
targets involved in modulating anxiety-like behavior
[6,8,9,11,15,17,55]. LTP of amygdala efferents is closely
correlated with increased anxiety in cats produced by partial
kindling [6,8,16,17] or pharmacologically [9,10]. Kindling
in rodents induces LTP in amygdala efferents to the medial
hypothalamus [47], and the medial hypothalamus appears to
modulate anxiety in the plus maze [56].

The present median-split findings are consistent with an
LTP hypothesis, if one assumes that amygdala efferents are
naturally potentiated in below-median rats but less so in
above-median rats. There is evidence for such a possibility
in cats differing naturally in defensiveness [2,3,4,7]. If kin-
dling changes behavior by potentiation of efferents and if
efferents are naturally potentiated to saturation in below-
median rats, then further potentiation is not possible, and
behavior will not change. Behavior may only be changed in
brains whose pathways have the potential for further poten-
tiation, which may be the case in above-median rats.

4.3. Effects of electrode implantation on anxiety

It is also of interest that electrode implantation was with-
out effect on ratio time. This finding is relevant to previous
work. Adamec and Morgan [14] found that left medial
amygdala–implanted controls were more anxious (lower ra-
tio times) than right medial amygdala–implanted controls.
In the absence of handled controls at that time, the data
could be interpreted to mean either that damage to the left
medial amygdala was anxiogenic or that damage to the right
medial amygdala was anxiolytic. The lack of behavioral ef-
fect of right medial amygdala implantation in this study is
consistent with the view that electrode damage to the left
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medial amygdala is anxiogenic, implying a tonic anxiolytic-
modulating function for the left, but not right, medial
amygdala.

4.4. Effects of baseline and kindling on risk assessment

Unlike in previous studies [14], kindling was without ef-
fect on either time or frequency of risk assessment. The me-
dian split using ratio time as the median criterion did not
group rats into higher and lower baseline risk assessment.
Analysis using this grouping yielded no effects of kindling
or interactions with the median split factor.

Another analysis using frequency of risk assessment as
the median criterion did sort rats into higher and lower base-
line risk assessment groupings on the first test. However,
when the effects of kindling were analyzed using Test 2
data, no effects of kindling or of median split were observed.
This effect is likely due to the instability of risk assessment
measures on retesting. Electrode implantation seemed to in-
duce an increase in risk assessment on Test 2 (Fig. 5).
Therefore, it was hypothesized that this rise in risk assess-
ment may also have occurred in implanted kindled rats. If
so, it may have interacted with the expected reduction in
risk assessment after kindling to mask the reduction. An at-
tempt was made to covary this rise from the kindled rats’
data. Analysis of risk assessment with the predicted rise in
risk assessment removed still showed no effects of kindling
and no median-split effects.

If one assumes that the same rule applies to risk assess-
ment that applies to ratio time, then one would expect that
above–median risk kindled rats should show a reduction in
risk assessment. Given the instability in risk assessment in
this paradigm, it is not possible to test this hypothesis.
Therefore, it cannot be conclusively decided whether or not
kindling has an effect on risk assessment in this study. If the
median rule does not apply to risk assessment, then one would
have to conclude that kindling does not affect risk assess-
ment in the present study, whereas it did in Adamec and
Morgan [14]. There may be a reason for the discrepancy.
Comparing electrode location in the right medial amygdala
in this study with electrode location in that study (see Table
1) reveals no differences in the AP plane but differences in
the lateral and vertical planes. Electrodes in this study are
significantly more lateral and dorsal to those in Adamec and
Morgan [14]. Although the actual differences are small
(0.32 mm in the lateral plane and 0.44 mm in the vertical
plane), changes in behavioral outcome with small shifts in
location of the kindled amygdala focus have been seen repeat-
edly and are documented in a recent review [11]. The cur-
rent electrode placements may be in a location that does not
influence risk assessment. If location of the focus explains
the lack of effects on risk assessment, then risk assessment
is under control of neural circuitry, which is separable from
circuitry controlling open-arm avoidance (ratio time). The re-
sults of the factor analyses are consistent with this viewpoint.
Risk assessment and open-arm avoidance consistently
loaded on orthogonal factors, suggesting independence.

4.5. Effects of baseline and kindling on arm entries

A serendipitous finding was that if rats are divided into
groups with arm entries below and above a particular cutoff,
then effects of kindling are revealed. This cutoff is not the
median of arm entries but rather some value below that.
Nevertheless, in this instance, total and closed-arm entries
were increased by kindling. Because open-arm entries were
not increased, changes in total arm entries actually reflect
increases in closed-arm entries. It is important to note that
this result is specific to this behavior. No other measures of
behavior in the hole board or plus maze were affected by
kindling using this split of animals.

The significance of this finding is unclear. The findings
just discussed above are consistent with an enhancement of
the normal functioning of the medial amygdala, which is to
facilitate anxiety-like behavior and immobility and to re-
duce exploratory behavior [52]. These findings suggest that
in certain animals, kindling may facilitate activity and ex-
ploration, albeit “safe” exploration, in the plus maze. Be-
cause immobility functions of the medial amygdala appear
to involve activation of opioid receptors [52], kindling may
induce some dysfunction in this system in rats with reduced
levels of exploratory tendencies in the plus maze. Right-
amygdala kindling induces lasting increases in opioid bind-
ing in anterior amygdala following kindling [51]. This
might indicate some reduction in release of an endogenous
opioid ligand, which could account for the increased activ-
ity seen in the present study. This logic assumes some in-
creased vulnerability of this system to seizures in animals
with reduced exploratory tendencies.

4.6. Effects of kindling on body weight

Kindling seemed to facilitate weight gain (Fig. 2). This
was a consistent finding regardless of the median split used. It
is unclear whether this represents an enduring effect on feed-
ing in kindled rats or some transient increase reflecting tran-
sient aftereffects of kindling on amygdala regulation of feed-
ing. Two neuropeptides that are changed following kindling
are TRH and neuropeptide Y. Both have been implicated in
the regulation of feeding by the amygdala. Amygdala TRH
suppresses feeding [59,60], whereas amygdala NPY likely fa-
cilitates feeding [35]. Synthesis of TRH and NPY are tran-
siently increased in the amygdala after kindling and seizures
[18,26,38,40,54]. If the balance of the two processes were in
favor of NPY, then one might expect transient increased feed-
ing in kindled animals (perhaps over 4 days) leading to the
observed increase in body weight.

5. Conclusions

The results of this study replicate and extend previous
findings of lasting increases in anxiety-like behavior after
amygdala kindling. It has been pointed out how critical is
location of the kindled focus for behavioral outcome [11].
This study offers findings consistent with that view in that
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subtle changes in focus location within the medial amygdala
in the same AP plane may alter effects of kindling on risk
assessment. Moreover, the findings of this study suggest
that baseline levels of both open-arm exploration and
closed-arm entries interact with kindling to alter the behav-
ioral outcome. Complex set of factors appear to contribute
to the effects of kindling on behavior. It is possible that in-
consistencies in previous reports of the behavioral effects of
kindling on behavior in rodents are due in part to such fac-
tors and the fact that they were not taken into account
[6,15]. The findings are also consistent with those from the
cat, where prekindling behavioral disposition interacts with
kindling in determining behavioral outcome. In cats, defen-
sive disposition has its correlates in degree of potentiation
of amygdala efferent transmission [4,7]. Perhaps a similar
dispositional correlate exists in rodents. Further work test-
ing this hypothesis seems warranted.
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