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The aim of this study was to examine théeets of non-peptide corticotropin-releasing factor receptor 1 ({CRF
antagonist (antalarmin) administration on rat conditioned fear responses and gamma-aminobutyric acid (F&BA)-er
brain activity (GAD67 expression and GAB#oncentration) in low-anxiety (LR) and high-anxiety (HR) ratse

animals were divided into the LR and HR groups based on the duration of their conditioned freezing response in the first
contextual fear testfter 28 days, the animals were re-subjected to the contextual fear training archéesats

received an antalarmin injection (10 mg/kg or 20 mg/kg) 80 min before the second exposure to the aversive context.
Antalarmin significantly attenuated the conditioned fear response only in the HRmatsehavioral ééct of a lower

dose (10 mg/kg) of antalarmin was accompanied by increased GAD67 expression in the prelimbic cortex (PL) and
central nucleus of the amygdala (CeA) and an increased GBéentration in the amygdalBhese studies showed

that HR rats were more susceptible to the anxiolyfiece of CRFE antagonist administration, which were associated

with increased GABAgic activity in the medial prefrontal cortex and amygdale current data may provide insights

into the neurobiological mechanism operating within the mesolimbic CRF-G#sBifotransmitter systems, which may

be responsible for individual dérences in stress-related disea3éss knowledge can be applied to further elucidate

the pathophysiology of anxiety and trauma/stress-related disorders.

Key words: contextual fear re-conditioning, antalarmin, corticotropin-releasing factor, gamma-aminobutyric acid, prefrontal
cortex-amygdala circuitry, stress

INTRODUCTION CRFRy_4) prior to contextual fear conditioning or administration
of the CRF antisense oligonucleotide affatént time points
The amygdala and medial prefrontal cortex (mPFC) areafter contextual fear conditioning isfeftive at attenuating the
structures that are engaged in the modulation of anxiety and feacquisition and expression of the fear response (3, 13-15).
learning (1-4). Evidence strongly supports a role for the The mPFC is recognized as important in mediating learning,
basolateral amygdala (BLA) as a critical structure for theattention and emotional behavior (16-18). Rats given mPFC
formation and storage of fear memory (3-B)e central nucleus lesions prior to training express a stronger fear reaction than
of the amygdala (CeA) is required for the acquisition,control rats (19). Immunocytochemical studies revealed that
consolidation and expression of fear memories in parallel withCRF was present in the mPFC and was expressed in glutamate
the BLA(1-3, 6). Corticotropin-releasing factor (CRF) has beendecarboxylase-positive interneurons in the cerebral cortex (20-
shown to play an important role within the amygdala in fear21). In situ hybridization studies showed that CREceptors
learning processes by acting at the ¢BRd CRE receptors.  were found in lage densities in the mPFC. Moreov&RF
Stimulation of the CREF receptors induces hormonal and injection into the mPFC increased anxiety-like behavior in the
behavioral stress-like responses (7-9). Mice lacking CRFelevated plus maze in both acutely and repeatedly stressed
receptors display reduced anxiety and selective ,GBEeptor  animals compared to vehicle (16).
antagonists inhibit the anxiogenic action of CRF (T@e BLA GABA is the main inhibitory neurotransmitter in the central
contains a high density of CRFeceptors. In contrast, the CeA nervous system. Its transmission in the amygdala is particularly
contains many CRF-expressing neurons but lacks strong CRifportant for controlling fear and anxiety levels (22). Clinical
receptor expression (31 The infusion of a CRfreceptor evidence suggests that alterations in normal GABAsmission
antagonist (DMP696) into the BLAisrupts contextual fear might contribute to the pathophysiology of anxiety disorders in
conditioning (12). Other studies have found that intra-CeAhumans. For instance, various studies using nuclear imaging
infusion of a non-selective CRF antagonist (alpha-helicaltechniques have revealed diminished central GABA GABA-
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A receptor activity in patients dafing from anxiety (panic containing bedding (Lignocel; Hygienknimal Bedding; JRS
disorder) and trauma/stress-related disorders (posttraumat@mbH + Co KG Germany). Cages were cleaned and the
stress disorder) (22). GAB#& synthesized from glutamate by bedding replaced twice a week.
the enzyme glutamate decarboxylase (GAD), which exists in The experiments were performed in accordance with the
two isoforms: GAD67 (thought be involved in GAB#&nthesis)  European Communities Council Directive of 24 November 1986
and GADG65 (controls the synaptic release of GABA) (23-25).(86/609 EEC)The Local Committee foAnimal Care and Use
Deletion of the GAD67 gene in mice resulted in a > 90%at the Warsaw Medical University Poland approved all
reduction in the basal GABAevels in the brain, whereas experimental procedures using animals.
GADG65-deleted homozygous mice expressed normal GABA
levels (22, 26-27).The preclinical study indicated that Experimental protocol
alterations in the GADG67 levels might participate in the
development and/or expression of symptoms associated with After seven days of acclimatization to the vivarium, the
fear and anxiety (22). animals (n = 70) were subjected to a contextualdeaditioning
The aim of this study was to examine the interaction betweetest to assess individual responses to conditioned aversive stimuli
the CRF system and the inhibitory neurotransmitter (GABA) in(28, 34).The rats were divided into low-anxiety (LR, n = 33) and
the modulation of amygdala and prefrontal cortex activity in low-high-anxiety (HR, n = 34) groups based on the duration of their
and high-anxiety rats. Recentlyve studied the central conditioned freezing in a contextual fear td$tree rats did not
mechanisms that are responsible for individual vulnerability tomeet either criterion. 90 min after exposure to the first aversive
stressors by employing a model that divided rats into highcontext, 6 animals from each group were decapitateg-{-Row
anxiety (HR) and low-anxiety (LR) groups (28-31). Our model isanxiety animals, n = 6; HI- - high-anxiety animals, n = 6) for
based on di€rences in the expression of a conditioned fear to themmunocytochemistry and biochemical analySése remaining
context.We did this on purpose, considering that in the clinicanimals (HR, n = 28 and LR, n = 27) were housed in their home
there occur dferent types of anxietye.g. panic feaiphobias or  cages for 28 day3wo rats from HR group and two rats from LR
trauma (PTSD).Thus our model refers mainly to the post- group were excluded from the stutgcause of their bad physical
traumatic stress disordeDifferent types of anxiety and condition. Next, the HR (n = 26) and LR (n = 25) rats were
trauma/stress-related disorders are treated in farelit way  randomly divided into six experimental groups as followsizd R
using pharmacological or psychotherapeutic methddss cre - low anxiety animals pretreated with vehicle solution and
indicates that the neurobiological mechanisms of various types afonditioned for a second time to the aversive context (n = 9);
anxiety are dierent at the level of cortical and limbic structures, LRy - low-anxiety rats administered antalarmin at a dose of 10
and only at the final point of execution of emotional reactions inmg/kg and conditioned for a second time to the aversive context
the structures like the brainstem and the hypothalamus, they shaiw = 8); LRy - low-anxiety rats administered antalarmin at a
a similar expression of behavioral and hormonal symptoms oflose of 20 mg/kg and conditioned for a second time to the
fear Consequently both populations of animals should be aversive context (n = 8); HRcrc - high-anxiety animals
defined as groups of HR and LR rats, in the model of apretreated with vehicle solution and conditioned for a second time
conditioned feafThe division of HR and LR rats is validated and to the aversive context (n = 10); W, - high-anxiety rats
justified by the results of many already published reportsadministered antalarmin at a dose of 10 mg/kg and conditioned for
indicating a diferent reactivity of HR and LR rats in flifent = a second time to the aversive context (n = 8); ang.dR high-
models of chronic stress (immobilization stress, chronicanxiety rats administered antalarmin at a dose of 20 mg/kg and
corticosterone) (28-31), and their fdifent reactivity to the conditioned for a second time to the aversive context (n = 8). Next,
ligands changing the activity of brain neurotransmitter systemshe animals were subjected to the contextual fear training and
which regulate emotional reactions (GABA, 5-HTRFE retestedThe ratgeceivedantalarmiror vehicle injection880 min
glutamate, glucocorticoid receptors) (32-34). Morepwse before the second contextual fear teBhe animals were
demonstrated in a recent study that LR rats were more sensitiiecapitated ninety minutes after the second exposure to the
to re-exposure to fear stimuli and that midazolam pretreatmerdversive context (180 min after drug administratidrg.( 1).
was associated with the attenuation of brain activity in theTheir brains were removed, frozen, and stored at —70°C for the
amygdala and prefrontal cortex (c-Fos and CRFimmunocytochemistry (GAD67 expression) and biochemistry
immunocytochemistry) in this group of animals (35). Based on(GABA concentration) analyseBif. 2).
these data, in the present studie tested the hypotheses that
animals with diferent vulnerabilities to fear stimuli would be Contextual fear-conditioning test
differentially sensitive to the fefcts of the non-peptide CRF
antagonist (antalarmin) on amygdala-prefrontal cortex activity The fearconditioning experiment was performed using a
and fear expression and that theseat$ would be accompanied computerized feaconditioning system (TSE, Bad Hombur
by changes in the local activity of the GAB#&r system. Germany; FCS 0411 in a Plexiglas cage (36 x 21 x 20 cm, w X
| x h) with a steel foot-shock grid (the 38 floor bars were 0.4 cm
in diameter and spaced 0.5 cm apart) under constant white noise
MATERIALS AND METHODS (65 dB) and constant illumination (22 10 W halogen lamp,
~150 Ix). Freezing behavior was recorded using an infrared
Animals photobeam system (10 Hz detection rate) controlled by the fear
conditioning systemrhe photobeams were spaced 1.3 cm in the
The experiments were performed on 70 mélistar rats  direction of the x-axis and 2.5 cm in the direction of the y-axis.
(200 — 220 g body weight), purchased from a licensed breedérhis method and equipment have been used in our and other
(The Center for Experimental Medicine of the Medical laboratories for years and have been validated
University 24A Sklodowskiej-Curie 8., Bialystok, Poland) and pharmacologically using many clinically fe€tive and
housed under standard laboratory conditions with a 12 Rexperimental anxiolytic and anxiogenic agents (36-37).
light/dark cycle (lights on at 7 a.m.) at a constant temperature The total duration of inactivity was calculated by the -fear
(21 = 2°C).The rats were group-housed, 4 per cage in theconditioning systemThe total duration was defined as no
polycarbonate cages (556 x 324 x 195 mm, floor area, 18%5 cminterruption of any photobeam over a 5-s period; these periods
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1-7 —=—  Habituation to the vivarium
——  Contextual fear conditioning habituation
——  Contextual fear conditioning training

——  Contextual fear conditioning test, the rats were divided in two groups:
HR (n = 34) — the mean duration of freezing + 1 S.E.M. (> 240.48 s)
LR (n = 33) — the mean duration of freezing — 1 S.E.M. (<209.02 s)
= 90 min later, 6 animals from each groups were decapitated for
immunocytochemical and biochemical analysis
. (HRcrc, n = 6; LRcre, n = 6)

\

\

Day of experiment

37 ——  (Contextual fear conditioning training

The HR and LR rats were divided in 6 groups:
HRRge-cre, n = 10; LRge-crc, n=9;
HRAnt10, 1= 8; LRant10, n =8;
HR An0, n = 8; LRAno, n =38

38 —+— Antalarmin or vehicle injection (80 min before test)

Contextual fear conditioning test

90 min later all rats (n = 51) were decapitated for immunocytochemical and
biochemical analysis

Fig. 1. Scheme of the experiment. HR — high-anxiety rats; LR — low-anxiety ratg;cHRhigh-anxiety animals after the first
contextual fear test; L&igc — low anxiety animals after the first contextual fear testzddR — high-anxiety animals pretreated with

vehicle solution, and conditioned for a second time to the aversive contexistR low anxiety animals pretreated with vehicle

solution, and conditioned for a second time to the aversive context;HRhigh-anxiety rats administered with antalarmin at a dose

of 10 mg/kg, and conditioned for a second time to the aversive context:HRhigh-anxiety rats administered with antalarmin at a

dose of 20 mg/kg, and conditioned for a second time to the aversive contgx; £Rw-anxiety rats administered with antalarmin

at a dose of 10 mg/kg, and conditioned for a second time to the aversive contgxt;-LRw-anxiety rats administered with
antalarmin at a dose of 20 mg/kg, and conditioned for a second time to the aversive context. For more details, see the experimental
procedure.
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Fig. 2. (A) Schematic view of brain
regions analyzed for
immunocytochemistry(B) Schematic
view of brain regions used for
biochemical study The number
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were summarized for the entire experimental session to yield theere dehydrated by serial alcohol rinsing, cleared in xylene, and
total freezing timeThe box was cleaned with 95% ethanol after coverslipped in a histofluid mounting mediuvklestern blotting
each trial. The testing was performed from 8.30 to 12.0Be analysis confirmed the specific binding of the antibodies.
animals were transported from the vivarium to the experimental Cells counts were assessed by light microscopy (Olympus
room in pairs, and 3 hours after the end of the experiment the raBX-51 light microscope, DP-70 digital camera) at a total
returned to the vivariunThe experiment was performed on three magnification of x100The number of positive cells was counted
consecutive days in the same testing box and experimentalith a computerized image analysis system (Olympus CellSens
chamberOn the first daythe animals were placed separately for 2 software, MunsterGermany) in the following subregionaP

min in a training box without aversive stimulation to adapt to the3.20: infralimbic cortex (IL) and prelimbic cortex (PL) akB(-)
experimental conditions. On the second day (a training day), th2.80: basal nucleus of the amygdala (BA), central nucleus of the
animals were placed for 10 min in the training b&fter 5 min of ~ amygdala (CeA), and lateral nucleus of the amygdala (LA) (42).
sitting undisturbed in the box, the rat received 4 footshocks (0.The total number of positive cells was manually counted for each
mA\) delivered through the stainless steel floor grid, lasting for 1 segion of each rat brain as showrFég 2A and expressed as the
each, with 59 s breaks between stimuli, for final 5 fire animals  number of positive nuclei per 1 MnAn independent researcher
were removed from the testing boxes 1 min after the last shock wédinded to the groups to which the rats had been assigned
delivered. On the third experimental d#ye freezing behavior of performed the analysis.

rats was observed for 10 min in the same Adwe conditioned

response (freezing reaction) was analyzed and recorded by the feBiochemical analysis of the GABA concentration

conditioning systemThe absolute duration of inactivity was

calculated from the activity plots and expressed as the total time After serial sections were cut for the immunocytochemistry
during which the animals were inactivéne computerized method analysis, the anatomical structures of the cortex (bregma 3.20 —
is based on the latency between the photobeam interruptioh.20) and the amygdala (bregma -2.80 — -3.30) were
measures obtained during the contextual-deaditioning tests, micropunched under a dissecting microscope as showigas
which is highly correlated with hand-scored freezing (r values?B. Each tissue was weighed (the average weight Wwasd),
ranged from 0.87 to 0.94) (38-3%he rats were divided into two placed in a dry ice-cooled polypropylene vial, and homogenized
experimental groups according to the duration of the contextwith a polytron-type homogenizer (30 s, 4°C) in a solution
induced freezing responsdsie LR group had a total duration of containing perchloric acid (0.2 M)The homogenates were
freezing responses at least one S.E.M or more below the meaentrifuged (26,880 x g at 4°C for 8 min) and the supernatants
value (224.75 — 15.73, i.e., < 209.02®)e HR group had a total were filtered through Syringe Driven Filter Units (Millipore)
duration of freezing responses at least one S.E.M or more above thgor to the analysis.

mean value (224.75 + 15.73, i.e., > 240.48kg mean value of HPLC analysis of GABAvas performed using a Luna 5 um
freezing for the LR group = 98.18 s and for HR group = 345.88 sC18(2) 100A(250 x 4.6 mm) reverse phase column according to
Three rats did not meet either criterion. the previously described procedure (4Bj)e compounds were
eluted isocratically with the mobile phase delivered at 0.70
Drug treatment ml/min using a Shimadzu Cla¥P LC 10AD pump.An

electrochemical detector with a flow-through cell (Intro-

Antalarmin hydrochlorideN-butyl-N-ethyl-2,5,6-trimethyl- ~ AntecLeyden) linked to the Shimadzu Cl&83Integrator SCL-
7-(2,4,6-trimethylphenyl)-A-pyrrolo[2,3d]pyrimidin-4-amine  10Avp was usedA high-density glass carbon-working electrode
hydrochloride Tocris Bioscience, Bristol, United Kingdom) was (Antec) was operated at +0.85A rheodyne injection valve with
suspended in a vehicle composed of IWéen 80 and distilled a 20-pl sample loop was used to manually inject the sanfjpies.
water and administered intraperitoneally (i.p.) in a 1 ml/kgpreparation of the mobile phase and the derivatizing agents were
injection volumeThe injection doses and timing were selectedbased on the method of Rowlegt al. (44) with some
based on previous studies (40-41). For vehicle injection, 10%nodifications.The mobile phase consisted of 45 mM disodium

Tween 80 alone was administered in the same volume. phosphate and 0.15 mM ethylenediaminetetraacetic acidXEDT
with 24% methanol (v/v) in water adjusted to pH 3.9 with 0.2 M
Immunocytochemistry of GAD67 citric acid.Then, the mobile phase was filtered through a 0.45 pm

filter and degassed for 15 miA.stock solution (0.01 M) of the
The immunocytochemical reaction was performed on slide-GABA standard was prepared in double-deionized water and kept

mounted frozen brain sections. Based on the atlas of Paxinos aati4°C for five daysThe standard was prepared in polyethylene
Watson (42), coronal 1jim cryostat slices were cut, mounted on vials to prevent adhesion to the gladérking solutions were
silane-coated slides and fixed in cold methanol fomi Inthe  prepared daily by diluting the stock solutidio. obtain agents for
study three slices from each section per animal were taken foderivatization, o-phthaldialdehyde (®P22 mg, Fluka) was
immunostaining Fig. 2A), and the rest of the tissue samples dissolved in 0.5 ml of 1 M sodium sulfite, 0.5 ml of methanol,
were used for biochemical analysis of the GA&fcentration and 0.9 ml of sodium tetraborate fauf(0.1 M) adjusted to pH
(see below)FKig. 2B). The specimens were washed twice (2 x 1510.4 with 5 M sodium hydroxid&he derivatization reaction was
min) in 0.01 M PBS solution (pH 7.4), incubated in a 3% performed at room temperatufEhe derivatizing agent (20 pl)
hydrogen peroxide (#0,) solution for 30 min to block the was reacted with 1 ml of the GABsgtandard for 15 min in a
activity of endogenous peroxidase, washed twice again (2 x 1polyethylene vial prior to injection onto the coluriine GABA
min) in 0.01 M PBS and incubated in a 3% normal horse serurnoncentration was calculated in pM.
blocking solution. Subsequentlythe slide-mounted brain
sections were incubated with a rabbit polyclonal antibodySatistical analysis
directed against GAD67 (1:200, Santa Cruz) at 4 — 8°C ftx. 72
Following incubation, the slides were washed in 0.01 M PBS The data are shown as the means and standard errors of the
three times (3 x 15 min) and detected with peroxidasemean (S.E.M)To verify the diferences between the HR and LR
conjugated anti-rabbit IgG (1:1000, ImmunoJackson Researchiroups in the contextual feaonditioning test, we useduslents t
The peroxidase reaction was developed with DAB (0gZml) test. In the first part of the studye performed the analysis for the
and hydrogen peroxide (0.003%) Tmis bufer. The sections first and second contextual fear conditioning test to determine how



fear re-conditioning &écted the behavior and local GAB®#tivity
in the HR and LR rats. In the second part of the study
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RESULTS

performed the analysis to determine how antalarmin administratioContextual fear-conditioning test

modulated the behavioral and biochemical activity after the second

contextual fear test in the HR and LR rats. In the analysis of the Students t-test did not revealed a significantlyfediences
different brain structures, the number of the analyzed animals mayetween LR and HR groups in the 5 min pre-shock period (t =
be diferent from the number of animals in the test group, because.04, df = 65, P> 0.1) Fig. 3A). Sudents t-test revealed a

for technical reasons some brain sections slices wer@ testlata
were analyzed by two-wayANOVA followed by the most
conservativelukey’s post hoc tes probability value of & 0.05
was considered significant in this studye statistical analyses
were performed using t&-Soft Satistica 12.0 forWindows
(StatSoft Inc., USA).
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Fig. 3. (A) Freezing duration in the 5 min pre-shock period in the

significantly weaker freezing response in the LR group compared
to the HR group (t = 15.70, df = 65<0.01) Fig. 3B).

The effects of fear re-conditioning

1. Contextual fear-conditioning test

Two-way ANOVA revealed significant diérences in the
freezing durations between the experimental groupsd-ERge.
cre HRere, HRre.crd: group efect [F(1,27) = 35.95 (R 0.01)],
fear efect [F(1,27) = 14.48 (< 0.01)], and group x fear
interaction efiect [F(1,27) = 4.51 (R 0.05)].Tukey's post hoc test
revealed a lower freezing duration in theE&group compared
with the HRyc group (P< 0.01) and in the LR crc group
compared with the HR crcgroup (P< 0.05).The post hoc test
also indicated a much higher freezing duration in th@.lR
group compared with the LR group (P<0.01)Kig. 4A).

2. GADG67 expression

In the IL, two-way ANOVA did not reveal significant
differences between the experimental groupscfb,R-Rge.cro
HRcre, HRre.crd: NO group eect [F(1,27) = 1.08 (B 0.1)], no
fear efect [F(1,27) = 2.04 (P> 0.1)], and no group x fear
interaction efect [F(1,27) = 0.75 (B 0.1)] Fig. 4B).

In the PL, two-wayANOVA revealed significant diérences
between groups (L&Rc, LRre.cro HRcre, HRRe.crd: group efect
[F(1,26) = 4.76 (R 0.05)], fear d&ct [F(1,26) = 31.81 (R 0.01)],
but no group x fear interactionfeft [F(1,26) = 1.72 (B 0.1)]
(Fig. 4C).

In the LA, two-wayANOVA revealed significant dérences
between groups (L&Rc LRre.cro HRcre, HRrecrd: fear efect
[F(1,27) = 8.17 (P< 0.01)], group x fear interaction fe€t
[F(1,27) = 7.57 (K 0.05)], and no group fefct [F(1,27) = 0.01
(P > 0.1)]. Tukey’s post hoc test revealed a decrease in the
number of GADG67-positive nuclei in the kRcrcgroup
compared with the LR group (P< 0.01) fig. 4D).

In the BA, two-wayANOVA revealed significant dérences
between groups (L&Rc LRre.cro HRcre, HRrecrd: fear efect
[F(1,26) = 52.38 (R 0.01)] but no group &fct [F(1,26) = 0.06
(P> 0.1)] and no group x fear interactiorfieet [F(1,26) = 0.03
(P> 0.1)] Fig. 4E).

In the CeA, two-wayANOVA revealed significant diérences
between groups (L&Re, LRre.cre HRcre, HRRecrd: group efect
[F(1,25) = 30.1 (P< 0.01)], fear dect [F(1,25) = 25.12 (R
0.01)], and group x fear interactiorfesft [F(1,25) = 7.97 (K
0.01)]. Tukey’s post hoc test revealed lower GAD67 expression in
the HRec group than in the LR group (P< 0.01) and in the
LRge.crcgroup than in the LRc group (P< 0.01) Fig. 4F).

The effects of antalarmin pretreatment

1. Contextual fear-conditioning test

Two-way ANOVA revealed significant diérences in the

contextual fear test (trainiljg day). (B) Freezing duration in thqreezing duration between the experimental groupsgdbR
contextual fear test (10 min — test dajfie data are shown as | Ry, LRawzo, HRre-crs HRanao, HRanzo): drug efect [F(1,45) =
the means + S.E.M. HR — high-anxiety rats (n = 34), LR — low-11.28 (P< 0.01)], group x drug interactionfeft [F(1,45) = 7.64

anxiety rats (n = 33). **K 0.01, difers from HR. For more
details, see the experimental procedure.

(P< 0.01)], but no group ffct [F(1,45) = 1.30 (B 0.1)]. Tukey's
post hoc test revealed a lower freezing duration in thgd&oup
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HRcre LRcre HRgecre  LRpecre HRere LRcrc HRgecrc LRpecre anxiety anima|s after the ﬁl’St
contextual fear test, n = 6 (A-F);
LRcrc — low anxiety animals after the
C F first contextual fear test, n = 6 (A-F);
PL CeA HRge.crc — high-anxiety animals
pretreated with vehicle solution, and
400 7 T 400 7 conditioned for a second time to the
350 1 350 1 aversive context, n = 8 (F), n =9 (C,
g 300 1 s 300 1 E), n=10 (A, B, D), LRe-CFC_ low
£ 250 Ss04 7 " anxiety animals pretreated with
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é 150 é 150 second time to the aversive context, n
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50 4 50 4 means + S.E.M. *F< 0.01, difers
0 o from LRcrc *P < 0.05, difers from
HRee  LRere  HRpecre  LRpecrc HRere  LRere HRpecre  LRpecrc HRge.cre FOr more details, see the
experimental procedure.

compared with the HR crcgroup (P< 0.01), and in the HR
group compared with the HR:rcgroup (P< 0.05) Fig. 5A).

2. GADG67 expression

In the IL, two-wayANOVA revealed significant dérences
between groups (LRcrs LRanuoe LRanzor HRre-cro HRantio,
HRanwo): group efect [F(1,44) = 4.99 (R 0.05)], but no drug
effect [F(1,44) = 1.61 (B 0.1)], and no group x drug interaction
effect [F(1,44) = 0.96 (B 0.1)] Fig. 5B).

In the PL, two-wayANOVA revealed significant diérences
between groups (LRcrs LRanuo LRanpo HRkecrs HRanuo
HRaw0): drug efect [F(1,43) = 3.25 (K 0.05)], group x drug
interaction dect [F(1,43) = 6.09 (R 0.01)], but no group fefct
[F(1,43) =0.02 (B 0.1)]. Tukey's post hoc revealed higher GAD67
expression in the HR group compared with the HR-c and
HRazogroups (< 0.01 and R 0.05, respectively)g. 5C).

In the LA, two-wayANOVA revealed significant dérences
between groups (LRcrs LRanuor LRanzor HRre-cro HRanto,
HRano): drug efect [F(1,44) = 3.74 (R 0.05)], but no group

effect [F(1,44) = 1.17 (B 0.1)] and no group x drug interaction
effect [F(1,44) = 1.12 (B 0.1)] Fig. 5D).

In the BA, two-wayANOVA revealed significant diérences
between groups (LRcrs LRamo LRanzos HRre-cra HRanuo
HRan0): drug efect [F(1,43) = 3.94 (R 0.05)], but no group
effect [F(1,43) = 0.14 (B 0.1)] and no group x drug interaction
effect [F(1,43) = 0.06 (B 0.1)] (Fig. 5E).

In the CeA, two-way ANOVA revealed significant
differences between groups (Rrc LRantio: LRantzo, HRre-cro
HRAmo HRano): drug efect [F(1,41) = 7.31 (R 0.01)], group
x drug interaction ééct [F(1,41) = 9.93 (K 0.01)], but no
group efect [F(1,41) = 0.83 (B 0.1)]. Tukey’s post hoc test
revealed higher GAD67 expression in the AR group
compared with the HR cec (P < 0.01), LRu0 (P < 0.05), and
HRan20 (P < 0.05) groupsKig. 5F and6).

3. GABA concentration

In the cortex, two-wayANOVA revealed significant
differences between groups (Rrc LRanto, LRantzo, HRre-cro
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HRant10, HRanz0): drug efect [F(1,37) = 15.87 (R 0.01)] but no
group efect [F(1,37) = 0.01 (P 0.1)] and no group x drug

interaction efect [F(1,37) = 2.40 (B 0.1)] Fig. 7A).

In the amygdala, two-wayANOVA revealed significant
differences between the experimental groupsg{cR LRant10,
LRantz0, HRre.cro HRano, HRano): drug efect [F(1,39) = 6.22 (P
< 0.01)], group x drug interactionfe€t [F(1,39) = 3.25 (K
0.05)], but no group &fct [F(1,39) = 2.17 (B 0.1)]. Tukey’s post
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Fig. 5. (A) The influence of antalarmin
pretreatment on rat behavioral in the
second conditioned fear test. (B-F)
GAD67 expression 180 min after
antalarmin administration and 90 min
after exposure to the conditioning
boxes.The data show the number of
immunoreactive neurons per 1 mm
BA — basal nucleus of the amygdala,
CeA- central nucleus of the amygdala,
IL — infralimbic cortex, LA— lateral
nucleus of the amygdala, PL
prelimbic cortex. HRe.cec — high-
anxiety animals pretreated with vehicle
solution, and conditioned for a second
time to the aversive context, n = 8 (F),
n=9(C, E),n=10 (A, B, D); HR1o

— high-anxiety rats administered with
antalarmin at a dose of 10 mg/kg, and
conditioned for a second time to the
aversive context, n = 8 (A-F); HRxo—
high-anxiety rats administered with
antalarmin at a dose of 20 mg/kg, and
conditioned for a second time to the
aversive context, n = 8 (A-F); lRcrc

— low anxiety animals pretreated with
vehicle solution, and conditioned for a
second time to the aversive context, n =
9 (A-F); LRy — low-anxiety rats
administered with antalarmin at a dose
of 10 mg/kg, and conditioned for a
second time to the aversive context, n =
7 (F), n=2=8 (A-E), LRmzo — low-
anxiety rats administered with
antalarmin at a dose of 20 mg/kg, and
conditioned for a second time to the
aversive context, n = 7 (B-F), n = 8
(A). The data are shown as the means +
S.E.M. *P< 0.05, *P< 0.01, difers
from HRge.crg #P < 0.05, difers from
HRanwo, 4P < 0.05, difers from LRyyuo.
For more details, see the experimental
procedure.

by decreased GAD67 expression in the &#d CeAcompared
with the LR.rc group. Pretreatment of the rats with antalarmin

(10 mg/kg or 20 mg/kg), prior to the second exposure to the

hoc test revealed a higher GAB®ncentration in the HRio

group compared with the HRcrcgroup (P< 0.01) Fig. 7B).

DISCUSSION

increased the freezing duration compared with the firstresponse. In the HR rats, the second exposure to the aversive

aversive context, decreased the conditioned fear response only in
the HR group Fig. 5). The behavioral éct of the lower dose
(10 mg/kg) of antalarmin was accompanied by increased the
GADG67 expression in the Pand CeA(Fig. 5) and GABA
concentration in the amygdala, in the HR grokiyg.(7).

The effect of fear re-conditioning on rat behavior and

GABAergic system activity in the amygdala of the high- and

low-anxiety rats

Fear re-conditioning significantly increased the freezing
In the present studywe found that fear re-conditioning duration in the LR rats compared with the first conditioned fear

conditioned fear response in the LR group, similar to ourcontext also increased the freezing duration, albeit not
previous reportKig. 4) (35). Howeverthe behavioral response significantly (the mean value of the freezing duration for the
of these animals remained lower compared with the HR groupgdRcec group = 310.00 s, and for the RRecgroup = 359.10 s).

The behavioral changes in the dRrcrats were accompanied This efect confirms the result of our previous study that the LR
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. . HRRe-cFC

¢ & T b HRAnt10

» LRRe-CFC

w . : Fig. 6. Photomicrographs showing representative
: expression of GAD67 in the central nucleus of the
J amygdala. Slices were photographed with an
. . objective lens at 20 x magnification (total
magnification x200). Scale bar indicates 75 jIime
arrow heads show representative immunopositive
cells. HRke.crc— high-anxiety animals pretreated with
= ‘ vehicle solution, and conditioned for a second time to
2 > R the aversive context (n = 8); HRo — high-anxiety
’ rats administered with antalarmin at a dose of 10
v ; > LRant10 mg/kg, and conditioned for a second time to the
aversive context (n = 8); LRcrc — low anxiety
e s : animals pretreated with vehicle solution, and
; S ; conditioned for a second time to the aversive context
. ‘ ; (n = 9); LRyo — low-anxiety rats administered with
Y- . 2 antalarmin at a dose of 10 mg/kg, and conditioned for
" : —_— a second time to the aversive context (n = 7).

rats appeared to be more sensitive to re-exposure to tHBABA-synthesizing enzyme GADG67 in the amygdala (2, 45-46).
contextual fear stimuli. In this group of animals, the fear re-Reduced GAD67 expression during acquisition may be associated
conditioning increased neuronal activity in the amygdala andvith a loss of inhibitory control of the amygdala, thereby
decreased neuronal activity in the prefrontal cortex (c-Fos andontributing to the hyperactivity or prolonged activation of this
CRF immunocytochemistry) (35). In the current studke limbic nucleus (45, 47Accordingly, in the current study a stronger
showed that a second exposure to the aversive context aléear reaction after the second exposure to the aversive context in
decreased GABAgic neurotransmission (measured by GAD67 the LR rats could be due to a decrease in the GAdéactivity
expression) in the LAnd CeAin the LR rats. (represented by a decrease GAD67 expression) in the amygdala,
Our findings are consistent with other data indicating theleading to the disinhibition of amygdala-related processes and
important role of amygdala GABMnervation in fear memory enhancement of the fear reactidhis hypothesis is substantiated
processing. It was found that, during acquisition and consolidatioby our earlier findings that fear re-conditioning induces an increase
of fear memory fear conditioning decreases the extracellularin the freezing duration that is accompanied by an increase in
GABA levels in the BLAand reduces the mRNMvel of the  amygdala activity (measured by c-Fos and CRF expression) and
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A of male rat¢48).This increase may be critical for fear conditioning
because reducing thefefts of CRF in both the BLABA and LA)
and the CeAdisrupts the consolidation or stabilization of fear
memories in male raf¢2, 14).Compelling evidence indicates that
37 CREF activation of the CRFeceptor is stitient and in many cases
necessary to initiate an anxiety-like respdis@). The anxiogenic
character of the CRFreceptor ligands was verified by the
2 consistent anxiolytic &cts of peptide or non-peptide CRF
receptor antagonis{d9). For example, pharmacological blockade
at the CRI receptor by the nonpeptide corticotropin-releasing

factor antagonist antalarmin produced anxiolytic-likée@s$ in
11 animal models of anxietyncluding a blockade of the anxiogenic-
like effects of CRF in the elevated plus maze test (10 and 20
mg/kg), impaired induction and expression of conditioned fear (20
J : : : : : ‘ mg/kg), and reduced burying behavior in rats (10 and 20 mg/kg)

HRpecre  HRamio HRamzo  LRpecre LRamio  LRanco (11, 41, 50, 51)In agreement with these findings, in the present
studythe pretreatment of rats with antalarmin (10 mg/kg and 20
mg/kg) prior to the second exposure to the aversive context
inhibited the conditioned fear response in the HR gidigndid not
Amygdala observe any significant inhibitoryfetts of antalarmin in the LR
rats. Similar results were presented by Kethkl. (52). In this

37 report, the anxiolytic-like écts of a diferent non-peptide CRF
receptor antagonist (R121919) were found to depend on the level
of innate emotionality in the rafShe authors found that R121919
displayed anxiolytic éécts in the elevated plus maze only in rats

selectively bred for high anxiety-like behavior (HAB rats) and had
no anxiolytic efects in rats selectively bred for low anxiety-like
behavior (LAB). Similarly Rotzingeret al. (49) suggested that the

1 ] effects of a CRFreceptor antagonist in animal models of anxiety

Cortex

GABA concentration [pmol/g]

were dependent upon the baseline anxiety state of the animal and
the test parameters (49, 52).

In the present studyhe behavioral &ct of a lower dose of
HRpecre  HRamio HRamoo  LRrecre LRamto LRanao antalarmin was accompanied by increased GAD67 expression in
the PLand CeAand increased the GABg&oncentration in the
amygdala in the HR rathe PL, which is a subregion of the
Fig. 7. GABA concentration in the cortex (A) and the amygdalamedial prefrontal cortex, seems to be critical for the expression of
(B) 180 min after antalarmin administration and 90 min afterfearrelated behavior (18, 53-54). RLtivity increases during and
exposure to the conditioning box&he data are shown as the following fear conditioning (17, 55)Additionally, PL has a
means + S.E.M. HR.c.c— high-anxiety animals pretreated with reciprocal connection with the amygdala, especially with the BA.
vehicle solution, and conditioned for a second time to theSubsequentlyaugmented BActivity mediated through the R&
aversive context, n = 8 (A-B); HRw — high-anxiety rats a necessary condition to activate Cegfiput neurons, which
administered with antalarmin at a dose of 10 mg/kg, andesults in fear responses (53-58)us, the antalarmin treatment-
conditioned for a second time to the aversive context, n = 7 (A)elated increase in GAD67 activity in the BLHR ratsvia the
n = 8 (B); HRu — high-anxiety rats administered with enhancement of local GABgynthesis might diminish the activity
antalarmin at a dose of 20 mg/kg, and conditioned for a seconef this important neuronal loop for the expression of. fear
time to the aversive context, n = 7 (A-B); ARrc— low anxiety Pretreatment of the HR rats with antalarmin enhanced
animals pretreated with vehicle solution, and conditioned for &5ABAergic neurotransmission (shown by the increased GAD67
second time to the aversive context, n =7 (A), n =8 (B).kfR  expression) in the CeA. Similar results were observed in our
— low-anxiety rats administered with antalarmin at a dose of 1@revious studywhere the non-selective CRF receptor antagonist
mg/kg, and conditioned for a second time to the aversive contexti-helical CRF(9-41) significantly decreased the rat freezing
n = 7 (A-B); LRuwo — low-anxiety rats administered with responses and increased the GAB@ncentration in the CeA
antalarmin at a dose of 20 mg/kg, and conditioned for a seconduring the first 30 min of observation (microdialys{S§). The
time to the aversive context, n = 7 (A-B). *40.01, difers from CeAis lamgely GABAegic, receives glutamatc projections
HRge.cee FOr more details, see the experimental procedure. from the LAand expresses a wide variety of neuropeptides (CRF

vasopressin, neuropeptitte and oxytocin)The role of all these

peptides in regulating of anxiety-related behavior has been

suggested (2, 57-58)Ve can not exclude that antalarmin could
weaker prefrontal cortex activity (measured by CRF expression) idisinhibit the activity of other neuropeptide systems found in the
both the HR and LR groups. Howeyahese décts were  CeAby blocking the action of CREhereby contributing to the

GABA concentration [pmol/g]

0 -

significantly stronger in the LR group (35). anxiolytic efect. For example, Hubet al. (58) demonstrated that
oxytocin, which is a neuropeptide with a strong anxiolytic
The effect of antalarmin on the fear response and GABAergic potency excited a subpopulation of GABAgc neurons in the

system activity in the amygdala of the high- and low-anxiety rats CeA. When activated by oxytocin, these neurons exerted tonic
inhibition by reducing the excitability of Ceeurong2, 58).
The CRFplays an importanle in modulatingthe activity of Some data from the literature indicate that CRF has a
the brain structuresnvolved in fear learning and fear expression. stimulating efect on GABAegic activity in the amygdala (10, 59).
Exposureto footshock increases CRF expression in the amygdalélowever these data are limited and significantly felif
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methodologically from our studyFor example, Niest al. (10) interaction within the prefrontal cortex-amygdala circuitry
based their conclusions solely on the analysis ofwhich is responsible for individual d&rences in reactivity to
electrophysiological changes in IPSC (inhibitory postsynapticstressors.This knowledge can be applied to elucidate the
current) amplitudes in CRFand CRE receptor knock-out mice. pathophysiology of the predisposition to anxiety and
Roberto et al. (59) analyzed the fefct of a diferent CRE traumal/stress-related disorders.

antagonist (R121919) on the ethanol-induced release of GABA

the CeAinvivo. Howevey these authors did not observe arfgaf AcknowledgmentsThe study was supported by Grant No.
of this CRF receptor antagonist on the basal release of GABA.  501-003-17017 from the Institute of Psychiatry and Neurology
mechanisms underlying thefeft of CRF antagonists on the in Warsaw and Grant No. 2014/15/B/NZ4/05305 from the
GABA system require further analysihe possibility that this National Science Centre, Polanthe authors thank Mrdla
effect is indirect and secondary to the influence of the ;CRFBiegaj for the excellent technical assistance.

receptor antagonist on the equilibrium between the other

neurotransmitter systems present in the prefrontal cortex and Conflict of interests: None declared.

amygdala also cannot be excludad.mentioned earlielCRF is
expressed in GAD-positive interneurons in the cerebral cortex (20-
21). Another point is that fear conditioned context may stimulate
corticosterone secretion, which has actions in the amygdala not
only inhibiting GABA release, but also facilitating glutamate 1. Duvarci S, Pare DAmygdala microcircuits controlling
release (32, 60-62Z)he efects of CREantagonist could be linked learned fearNeuron 2014; 82: 966-880.

to these activities, as shown by a number of other publications (52, Ehrlich I, Humeau, Grenier FCiocchi S, Herry C, LuthA.
63-65), howevemore accurate discussion of this topic is beyond ~ Amygdala inhibitory circuits and the control of fear memory
the scope of our work. Neuron 2009; 62: 757-771.

The efects of a lower dose (10 mg/kg) of antalarmin were3. Gafford GM, Ressler KJ. GABAnd NMDA receptors in
more potent than thefetts of the higher dose (20 mg/kg) of the CRF neurons have opposindegts in fear acquisition and
antagonistAccordingly Heinrichset al. (66) found that only the anxiety in central amygdala vs. bed nucleus of the stria
lowest dose (1 g, i.c)wof a-helical CRR.,, tested was &ctive terminalis.Horm Behav 2015; 76: 136-142.
at blocking the stress-induced decrease in exploration on thé LeDoux JE. Emotion circuits in the braifnnu Rev
elevated plus maze test, whereas higher doses (5 and 25 pg) were Neurosci 2000; 23: 155-184.
ineffective (49, 66). Although there are some important 5. Johansen JPHamanaka H, Monfils MHet al. Optical
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