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Phenytoin normalizes exaggerated fear behavior in p-
chlorophenylalanine (PCPA)-treated rats.
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Abstract

Temporal lobe epilepsy may be associated with emotional difficulties such as depression or anxiety.
Since the amygdala is involved in both epilepsy and emotion, common neural mechanisms in this
temporal lobe structure may underlie the emotional disturbances observed in people with epilepsy.
The neurotransmitter serotonin (5-hydroxytryptamine, or 5-HT) is implicated in many
psychopathologies, and 5-HT also modulates amygdala excitability. Therefore, the present study
used the fear potentiated startle (FPS) paradigm to investigate the effect of neuronal excitability on
fear behavior in rats treated with p-chlorophenylalanine (PCPA) to chronically inhibit 5-HT
synthesis. PCPA treatment selectively enhanced FPS in individually-housed rats. The exaggerated
FPS response was reduced to control level by the anticonvulsant phenytoin (10mg/kg) and phenytoin
(30 mg/kg) further decreased FPS behavior. These data suggest that a sub-seizure state of neuronal
excitability mediated by low 5-HT in brain fear circuits may be associated with pathological fear
behavior.
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INTRODUCTION

The amygdala is a collection of nuclei in the temporal lobe that has important functional roles
in both epilepsy and emotion. Imaging studies in humans have revealed the importance of the
amygdala in processing fearful stimuli, showing that the amygdala is activated during the
acquisition of conditioned fear [1] and recognition of emational facial expressions [2].
Conversely, destruction of the amygdala selectively impairs emotional learning [3]. Amygdala
dysfunction is implicated in several neurological and psychiatric disorders, especially mood
and anxiety disorders [4]. Several lines of evidence suggest the neural mechanisms in the
amygdala are part of a highly conserved network contributing to the evolutionarily
advantageous ability to recognize and respond to potentially harmful stimuli in the
environment, and functional deficits in this network can lead to altered emotional behavior.

The critical role of the amygdala in fear behavior has been analyzed using classical fear
conditioning, in which a neutral conditioned stimulus (CS) is paired with a noxious
unconditioned stimulus (US) such as a footshock. After conditioning, an animal will exhibit
enhanced startle behavior in the presence of the CS. Fear potentiation of the acoustic startle
reflex has been shown to involve well-defined neural circuits, with the amygdala playing a
critical role in the learning of CS-US associations [5]. Hyperactivity in otherwise adaptive
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amygdala circuitry may produce abnormal emotional behavior and contribute to the
neurobiology of mental illnesses such as mood and anxiety disorders .

In addition to its role in fear conditioning, the amygdala is often the focus of seizure activity
in patients with temporal lobe epilepsy (TLE) [6]. These two seemingly disparate functional
roles of the amygdala may be related. Converging evidence from human and animal studies
suggests that there may be biological mechanisms in the amygdala that contribute to both
epileptic activity and emaotional disturbances [7,8]. That is, the underlying cellular mechanisms
in the amygdala that result in epilepsy may, at a sub-seizure level of hyperexcitability, result
in abnormal emotional behavior. For example, TLE may be accompanied by emotional
disturbances such as anxiety, depression, and aggression [6]. When anticonvulsant treatment
is efficacious in controlling seizures in TLE, abnormal emotional behaviors are often
normalized as well. And, in people without epilepsy, anticonvulsants are mood-stabilizing.
Phenytoin, and other widely used anticonvulsants such as carbamazepine and valproate,
selectively reduce the frequency of impulsive aggressive acts in both prison inmates [9] and
non-incarcerated individuals [10]. Similarly, animal studies support common biological
mechanisms in emotion and epilepsy. For example, amygdala kindling increases anxiety-like
behavior in both rats and cats [11], and phenytoin reduces isolation-induced aggression in rats
[12]. Altogether, these human and animal studies suggest that epilepsy-like hyperexcitability
in the amygdala is involved in abnormal emotional behavior. Moreover, it has been suggested
that the increased neuronal excitability in the amygdala and other limbic areas contribute to
the emotional difficulties sometimes faced in people with epilepsy [7].

The neurotransmitter serotonin (5-HT) is a critical regulator of cell excitability in the amygdala
and has been implicated in a variety of amygdala-dependent behaviors such as fear, aggression,
and emotional learning. The lateral amygdala (LA) nucleus is the primary target of inputs to
the amygdala, and the LA is thought to be the site of plasticity during fear learning [13-15].
5-HT mediates a net inhibitory tone in the amygdala by enhancing GABA, and inhibiting
glutamate neurotransmission [16,17]. Serotonergic mechanisms also play an important role in
emotional behavior in vivo. Chronic administration of selective serotonin reuptake inhibitors
(SSRIs) reduces acquisition of auditory fear conditioning [18]. Studies in 5-HT receptor knock-
out mice have shown that 5-HTqa receptor knock-outs have high anxiety [19], whereas 5-
HT1p receptor knock-outs are less anxious and more aggressive [20]. Together, these studies
suggest that serotonergic control over emotional behavior may involve regulation of cellular
excitability in limbic brain areas such as the amygdala.

Based on the role of 5-HT in amygdala excitability, and the link between excitability and
emotional behavior, it is hypothesized that low 5-HT results in an epilepsy-like state associated
with disturbed amygdala-dependent emotional behavior. To test this, the effect of phenytoin
on fear-potentiated startle (FPS) in animals treated with the 5-HT synthesis inhibitor p-
chlorophenylalanine (PCPA) was examined. This study shows that FPS is increased in PCPA-
treated rats. Consistent with previous findings, phenytoin dose-dependently reverses the
PCPA-induced increase in FPS, suggesting that neuronal hyperexcitability may play an
important role in the modulation of amygdala-dependent behaviors. These results are discussed
in relation to emotional disturbances in people with epilepsy.

A total of 77 male Sprague-Dawley rats (Harlan, Houston, TX), weighing 50-74 g at the time
of arrival, were used. Rats were either group-housed or individually housed in 48 x 21 x 27
cm clear plastic cages. Animals were maintained on a 12-h light/dark cycle (lights on at 07:00)
in a temperature-controlled (22°C) animal colony with food and water available ad libitum.
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Each rat was handled 5 min/day for four days prior to behavioral experimentation. Experiments
were performed in accordance with the National Institutes of Health Guide for the Care and
Use of Laboratory Animals and were approved by the Institutional Animal Care and Use
Committee of Baylor University.

DL-p-chlorophenylalanine hydrochloride (PCPA, Sigma) was dissolved in saline and pH
adjusted to 7.2 with KOH. Animals were injected intraperitoneally on days 1 and 10 after
beginning the housing condition. Control rats received 0.9% saline (SAL) only. Phenytoin
(PHN, 5,5-diphenylhydantoin sodium salt, Sigma) was dissolved in vehicle (VEH) composed
of 40% dimethyl sulfoxide (Sigma), 40% propylene glycol (Fisher Scientific), and 20%
dH,0 at a pH of 7.2. Thirty minutes prior to fear potentiated startle testing, rats received
intraperitoneal injections of VEH alone followed by phenytoin (10 and 30 mg/kg) on
subsequent testing days.

Rats were trained and tested in an acoustic startle reflex system (Med Associates). Steel grid
rod animal holders were attached to startle platforms and enclosed in unlit ventilated sound-
attenuating chambers with inside dimensions 56 x 38 x 36 cm. Background noise was 45 dB,
measured from the center of the animal holder using the Sound Pressure Level Measurement
Package designed especially for use with this system.

Startle responses were evoked by 50 msec white noise bursts (5 msec rise-decay time) amplified
by a two-channel power amplifier, and delivered through high frequency speakers located 5
cm behind each animal holder. Startle response amplitudes were quantified using an
accelerometer located beneath each platform. The force of each rat’s startle response displaced
the accelerometer below, causing a change in voltage output proportional to the velocity of
platform movement. This output was amplified and digitized on a scale of 0-2047 units and
analyzed by a PC. Startle response amplitude was defined as the maximum peak voltage that
occurred during the first 200 msec after onset of the startle-eliciting stimulus.

The CS was a 3.7 sec light (80 Lux) produced by an 8 W fluorescent bulb (15 psec onset)
located 10 cm behind each animal holder. Luminosity was measured using a Vivitar 230 LX
light meter. The US was a 0.5 sec, 0.6 mA shock (shock intensity measured using an
oscilloscope and calculated as 0.707 x 0.5 base/peak voltage) generated by a stand-alone
shocker/scrambler unit and delivered through the steel floorbars of the animal holder. The
presentation and sequencing of all stimuli were under the control of a Dell PC using the Startle
Reflex software package provided by Med Associates. Animal holders and platforms were
cleaned between subjects with 1% acetic acid.

Behavioral Procedures

Behavioral procedures consisted of acclimation to the test chambers, habituation of the startle
response, fear conditioning, and fear potentiated startle testing.

Acclimation—On each of two consecutive days, rats were placed into the test chambers for
10 min and then returned to their home cages.

Habituation—On each of the next two consecutive days, rats were placed into the test
chambers and after 5 min presented with 30 startle-eliciting white noise bursts (10 each at 90,
95, and 105 dB, 50 msec duration). The three intensities were presented in a quasi-random
order, with the restriction that each intensity occurred once within each successive block of
three stimuli, at a 30 sec inter-stimulus interval (ISI).
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Fear Conditioning—After 24 h, rats received 15 light-shock (CS-US) pairings. The first
pairing occurred 5 min after rats were placed in the test chambers, and successive presentations
occurred on average every 3 min (variable ISI 2—-4 min). For each pairing the CS and US
coterminated, with the 0.5 sec shock delivered 3.2 sec after onset of the 3.7 sec light CS.

Fear Potentiated Startle Test—Fear potentiated startle was measured 24 h after fear
conditioning. Rats were placed into the test chambers and after 5 min were presented with three
consecutive blocks of stimuli. Block 1, called “leaders,” consisted of 15 startle-eliciting noise
bursts (5 each at 90, 95, and 105 dB, 50 msec) presented in a quasi-random order. Thirty seconds
after the final leader, the first of 60 test trials (Block 2) was presented. Half of the test trials
presented the startle-eliciting noise burst 3.2 sec after onset of the light CS (light-noise trials)
while the other half of the test trials presented a startle-eliciting noise burst without the CS
(noise-alone trials). As with the leaders, equal numbers of 90, 95, and 105 dB 50 msec noise
bursts were used, and the six resulting trial types were presented in a quasi-random order. Block
3, called “trailers,” began 30 sec after the final test trial and was identical to Block 1, consisting
of 15 startle-eliciting noise bursts (90, 95, and 105 dB, 50 msec) presented in a quasi-random
order. The ISI throughout fear potentiated startle testing was 30 sec.

Potentiation of the startle response was calculated as the difference between the light-noise
trials and the average of the leaders and trailers, divided by the average of the leaders and
trailers to be expressed as a percent. We used the average of the leaders and trailers as a baseline
startle response for comparisons because we found this measurement to be more consistent
within subjects than comparison to the noise-alone trials (data not shown).

The concentration-response relationship of phenytoin was examined within subjects. Animals
were re-trained with CS-US pairing on intervening days to prevent extinction. Pilot data
showed that rats exhibit consistent FPS on as many as six distinct testing days when retrained
between FPS tests (data not shown). Data from VEH-treated and untreated controls (Figure 1)
were pooled.

Statistical Analyses

RESULTS

Two-way analysis of variance (ANOVA) was used to analyze percent potentiation and baseline
startle responses. Housing and PCPA treatment were treated as between-groups factors.
Repeated measures ANOVA was used to analyze effects of increasing dose of PHN. Following
ANOVA, individual groups were compared using Bonferonni’s multiple comparison post-hoc
test. All analyses were performed using Microsoft Excel and GraphPad Prism. The criterion
of significance for all comparisons was p < 0.05.

The effect of chronic p-chlorophenylalanine (PCPA) treatment on fear-potentiated startle
(FPS) was examined in both group-housed and individually-housed rats. PCPA isa competitive
and irreversible inhibitor of tryptophan hydroxylase, the rate-limiting enzyme in 5-HT
synthesis, used to deplete brain serotonin (5-HT) [21]. Fear potentiation of the acoustic startle
reflex was measured as percent increase in startle amplitude during presentation of the CS (see
Methods). During the housing condition, rats received either PCPA (300 mg/kg i.p) or
isovolumetric injections of 0.9 % saline (SAL). In group-housed animals (Figure 1, Group),
PCPA had no effect on FPS. FPS was 33 + 7 % in SAL-treated (n = 10, open bar) and 35 + 7
% in PCPA-treated (n = 10, filled bar) rats. However, in individually-housed rats (Figure 1,
Individual), PCPA increased FPS. Startle reflex amplitude was 38 + 7 % potentiated (n = 12,
open bar) in SAL-treated, individually-housed rats, whereas FPS was enhanced to 60 £ 8 % (n
=13, filled bar) in PCPA-treated rats. Two-way analysis of variance (ANOVA) followed by
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post-hoc tests showed that PCPA treatment enhanced FPS in individually housed rats (p <
0.05).

Because 5-HT mediates a net inhibitory tone in the amygdala [16,17] and because the amygdala
is known to be important in fear learning [5], we hypothesized that the PCPA-induced increase
in FPS is mediated by epilepsy-like mechanisms of neuronal excitability. To test this, we
examined the effect of the anticonvulsant phenytoin (PHN) on FPS in PCPA-treated,
individually-housed rats. FPS was measured 30 min after injection of PHN (0, 10, or 30 mg/
kg; i.p.). Figure 2 shows the effect of PHN administration on startle reflex potentiation. In
control, FPS was 26 + 6 % (n = 20) in saline-treated animals, but was 47 + 7 % (n = 22) in
PCPA-treated rats. PHN (10 mg/kg) reduced FPS amplitude in PCPA-treated rats to 26 + 10
%, but FPS in SAL-treated animals remained relatively unchanged (28 £ 13 %; n = 8). In PHN
(30 mg/kg) treated rats, FPS was further reduced in PCPA-treated (6 £ 7 %; n = 8) but not in
SAL-treated (19 £ 9 %; n = 8) rats. Two-way ANOVA showed a significant main effect of
PHN (F2, 65 = 3.19; p < 0.05) but no significant main effect of PCPA (F1 gg = 0.09; p > 0.05)
and no significant interaction (F, gg = 1.84; p > 0.05). Post-hoc comparisons show that FPS is
enhanced in PCPA-treated rats compared to SAL-treated controls (p < 0.05) and that PHN (30
mg/kg) reduced FPS in PCPA-treated animals (p < 0.05). PHN had no effect on FPS in group-
housed rats (data not shown).

To determine whether phenytoin altered startle reflex nonspecifically, rather than fear
potentiated startle responses, we examined baseline startle (amplitude during leaders and
trailers, see Methods) at each dose of PHN (0, 10, and 30 mg/kg) for both saline and PCPA
treated rats (Figure 3). PCPA treatment slightly reduced baseline startle reactivity, but this
effect was not statistically significant. Two-way ANOVA revealed no significant effect of
either PCPA treatment (p > 0.05) or PHN treatment (p > 0.05) on baseline startle behavior.
However, the matching within subjects was significant (p < 0.05), indicating that baseline
startle responses were consistent over several testing days in these animals.

DISCUSSION

This study investigated the effect of PCPA on FPS in group and individually-housed rats, and
the effect of the anticonvulsant phenytoin in PCPA-treated, individually-housed rats. The
results show that FPS is significantly enhanced in PCPA-treated, individually housed animals
and that phenytoin dose-dependently reduces FPS in PCPA-treated rats but has no effect in
saline treated controls. Because both PCPA [21] and isolation-induced stress [22] lower brain
levels of serotonin, together these data suggest that serotonergic modulation of neuronal
excitability in brain structures comprising the fear circuitry is important in fear learning in
vivo.

The neural systems mediating fear conditioning include limbic structures (amygdala,
hypothalamus), as well as higher cortical areas and brainstem nuclei [5]. Much of the detailed
analysis of fear circuitry has focused on the amygdala. Of the many nuclei located in the
amygdala, the lateral (LA) and central (CeA) nuclei are implicated in having critical roles in
acquisition and expression of fear learning. The LA serves as a sensory input area, receiving
both cortical and thalamic sensory input, and synaptic plasticity in the LA underlies US-CS
association [13-15]. The CeA is a final common output pathway to other structures involved
in fear behavior. Information about the emational salience of environmental stimuli (CS-US
associations from the LA) is sent via the CeA to brain areas involved in fear responses. Output
from the CeA to the periaqueductal gray (PAG) and nucleus reticularis pontis caudalis (RPC)
mediate fear behaviors such as freezing and potentiated acoustic startle reflex, respectively.
Additional CeA output to the lateral hypothalamus, dorsal vagal motor nucleus, parabrachial
nucleus and bed nucleus of the stria terminalis mediate the autonomic and endocrine responses
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to environmental danger. Because of the nature of systemic drug administration used in the
present study, these results shown here could be mediated by increased excitability in any or
all of these structures. Given the importance the amygdala in fear learning and the RPC in
acoustic startle reflex, it is proposed that these structures have critical roles in the PCPA-
induced exaggerated fear behavior shown in this study. Although it remains to be shown that
the amygdala is critically involved in the PCPA-induced exaggerated FPS response, we have
previously observed epilepsy-like excitability in LA neurons in vitro from rats treated
chronically with PCPA in vivo [40].

Previous studies have addressed the role of serotonin in fear learning. Increased serotonergic
activity generally reduces fear behavior in animal models. Systemic administration of the 5-
HT14 agonists buspirone, flesinoxan, or 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-
DPAT) prior to testing dose-dependently reduces the expression of FPS in rodents [23-25].
Intra-amygdala infusion of the selective 5-HT1 4 receptor agonist flesinoxan blocks FPS in rats
[26]. Similarly, intra-amygdala injection of the 5-HT o agonist 8-OH-DPAT impairs inhibitory
avoidance of the open arms of the elevated T-maze, a task representing conditioned fear [27].
Also, bilateral microinjection of the selective serotonin reuptake inhibitor, citalopram, into the
amygdala before testing significantly reduces freezing behavior induced by conditioned fear
stress [28]. In contrast, decreasing serotonergic activity often enhances fear behavior. Mice
lacking the 5-HT3a receptor show enhanced fear conditioning as indexed by fear-induced
freezing behavior [29]. Similarly, 5-HTq A receptor knockout (5-HT1oR KO) mice have been
shown to be more fearful than wild type mice in tests of behavioral anxiety [19,30,31]. Also,
5-HT1g KO mice have been shown to be more reactive to nonentrained stimuli and more
aggressive in the resident-intruder paradigm [20,32]. The results of the present study show that
PCPA-treated, individually-housed rats exhibit an exaggerated FPS response. These data are
consistent with studies showing an inverse relationship between 5-HTR activation and fear
learning. Altogether with our results, these studies further show that enhancing 5-HT decreases
fear and reducing 5-HT increases fear behavior.

Phenytoin reduced FPS selectively in PCPA-treated, individually-housed rats as shown in
Figure 2. Phenytoin is a widely used anticonvulsant which is effective in treating both human
seizure disorders [33] and animal models of epilepsy [34]. While phenytoin is known to have
several biological activities, its ability to limit the spread of seizure activity is thought to result
primarily from its inhibitory effects on voltage-gated sodium channels. We and others [7,8]
have suggested that increasing excitability in limbic brain areas may sensitize these regions,
resulting in dysfunctional emotional behavior. In support of this hypothesis, many antiepileptic
drugs (AEDs) have been used to treat an array of conditions in people without epilepsy. Pain
disorders, impulsive aggression, personality disorders, mood and anxiety disorders and
schizophrenia have been treated with AEDs [9,10,33]. Recent studies show that phenytoin
reduces symptoms of hyperarousal in patients with a DSM-1V diagnosis of PTSD [35],
consistent with the reduction in startle potentiation shown here. Together, these studies show
that many human pathologies involving emotional dysfunction are sensitive to treatment with
anticonvulsants. The present finding that phenytoin reduces the exaggerated FPS response seen
in PCPA-treated animals further suggests that epilepsy-like hyperexcitability in brain fear
circuitry, such as the amygdala, is associated with emotional dysfunction.

In rats, the kindling model of epilepsy has been used to examine the relationship between
neuronal hyperexcitability and abnormal emotional behavior. Rosen and colleagues [36] found
that FPS was exaggerated in amygdala-kindled, but not in hippocampus-kindled, rats compared
to sham-kindled controls. Partial amygdala kindling also renders aggressive cats less
aggressive but more defensively fearful [37]. Full kindling is anxiogenic as measured with the
elevated plus maze [38,39]. The results of these experiments suggest that the kindling process
alters the brain’s response to fear provoking stimuli. Phenytoin is an effective anticonvulsant
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in the kindling model [34]. In the present study, we show that phenytoin (30mg/kg) also reduces
FPS in PCPA-treated, individually-housed rats. Together, these findings suggest that the neural
mechanisms contributing to epilepsy may also contribute to abnormal emotional behaviors.

The present study supports the hypothesis that neuronal hyperexcitability in limbic areas may
contribute to human emotional disorders [7]. PCPA treatment combined with the stress of
individual housing significantly lowers brain serotonin levels [21,22]. We have previously
shown that phenytoin reduces aggressive behavior in animals with low 5-HT, and that
individually housed, PCPA treated rats may be a useful model of human disorders characterized
by impulsive aggressive acts [12]. Furthermore, systemic PCPA treatment is associated with
epilepsy-like hyperexcitability in LA neurons recorded in vitro [40]. Here, we show that
emotional learning, as indexed within the well-established fear potentiated startle paradigm,
is also responsive to phenytoin treatment. The fear-related behaviors controlled by the
amygdala require particularly fast neural processing to ensure the survival of an organism. The
same adaptive neurochemical and neurobiological mechanisms that allow this rapid processing
to occur may also predispose fear circuits to neuronal hyperexcitability. Also, 5-HT mediates
an inhibitory tone in the amygdala, the putative location of synaptic plasticity during classical
fear conditioning. The present data suggest that low 5-HT in brain structures such as the
amygdala that are important in fear behavior results in a sub-seizure state of neuronal
hyperexcitability that underlies an exaggerated FPS response. Also, individually-housed,
PCPA-treated rats show pharmacological sensitivities similar to those of patients with mood
and anxiety disorders. Thus, these animals may provide a useful model to investigate the
neurobiological mechanisms involved in human conditions characterized by pathological fear.
Understanding the mechanisms of cell excitability in the amygdala, and how they impact
emotional behavior may improve treatment options for patients suffering from fear, anxiety,
and other disorders involving amygdala dysfunction. Further studies will be necessary to define
the critical role of the amygdala in PCPA-induced exaggerated fear behavior, and to elucidate
the pharmacological and physiological mechanisms underlying low 5-HT-mediated
hyperexcitability and emotional disturbance.
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Figure 1.

DL-p-chlorophenylalanine (PCPA) increases fear-potentiated startle (FPS) selectively in rats
housed individually. Rats were assigned to one of four treatment groups in a 2 x 2 design with
housing and drug treatment as between-groups factors: group/saline (n = 10), group/PCPA (n
=10), individual/saline (n = 12), or individual/PCPA (n = 13). Animals were either group or
individually housed for 13 days, and received either PCPA (300 mg/kg i.p.; black bars) or
isovolumetric 0.9% saline (SAL; white bars) on days 1 and 10. FPS was tested on day 13 and
is expressed as percent (mean * SE) potentiated startle amplitude (Methods). In the group
housed condition, there is no significant difference in FPS between saline (33 = 7%) and PCPA
(35 % 7) treated animals (p > 0.05). However, in the individually housed condition PCPA treated
rats show 60 + 8 % FPS compared to 38 + 7 % in saline treated controls (p < 0.05). Thus, PCPA
increased FPS selectively in the individually-housed rats. * indicates significant difference
from individually-housed, SAL-treated control (P < 0.05, Bonferroni multiple comparisons
post-hoc test).
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Figure 2.

Phenytoin (PHN) reduces FPS selectively in PCPA-treated rats. Individually housed rats
received i.p. injections of either saline (SAL) or PCPA (300 mg/kg) on days 1 and 10. FPS
was measured 30 min. after injection of PHN (0, 10, or 30 mg/kg i.p.) within subjects on days
13, 15, and 17. On days 14 and 16, animals were retrained with CS-US pairing to minimize
extinction. In individually-housed, PCPA-treated rats FPS was 47 £ 7% in control (n = 22),
and reduced to 26 £ 10% (n = 8) and 6 = 7% (n = 8) by 10 and 30 mg/kg PHN, respectively.
In individually housed, SAL-treated rats FPS was 26 + 6% in control (n = 20), and 28 = 13%
(n=8)and 19 + 9% (n = 8) after 10 and 30 mg/kg PHN, respectively. ANOVA shows that
phenytoin significantly reduced FPS in PCPA-treated animals (p < 0.05), but had no effect in
saline treated controls (p > 0.05). * indicates significant difference (p < 0.05, Bonferroni
multiple comparison post-hoc test).
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Figure 3.

Phenytoin does not alter baseline startle responses in individually housed rats. Rats were
individually housed for 13 days prior to testing, and received either PCPA (300 mg/kg i.p.)
injections on days 1 and 10 or isovolumetric injections of 0.9 % saline. Baseline startle was
measured 30 min after injection of PHN (0, 10, or 30 mg/kg i.p.) on days 13, 15, and 17 within
subjects, and is expressed as percent (mean £ SE) of control (group housed, saline, 0 mg/kg
PHN) startle amplitude during leaders and trailers (Methods). The baseline startle amplitude
of saline treated animals was 970 + 130, 900 + 70, and 990 + 80 at 0, 10, and 30 mg/kg PHN,
respectively. In PCPA treated rats, baseline startle amplitude was 870 + 110, 800 + 70, and
890 £ 100 at 0, 10, and 30 mg/kg PHN, respectively. Two-way ANOVA shows no significant
main effect of PHN (p > 0.05) or PCPA (p > 0.05) and no significant interaction (p > 0.05).
However, the matching within subjects was significant (p < 0.05), indicating that phenytoin
did not alter baseline startle reactivity in these animals.
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