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Abstract

Research has demonstrated that immediate-early genes/inducible transcriptional factorfo@emt-1) are increased in amygdala nuclei
(lateral, basal and central nuclei) known to be involved in fear conditioning, footshock stress and novelty. Although these data suggest that
expression of inducible transcriptional factors are involved in fear, other non-shock ethologically based paradigms (predator or predator odor
exposure) do not appear to increasisin the lateral and basal nuclei. While the lackoafosexpression may indicate that predator stress
does not engage the lateral and basal amygdala nuclei, it may heftrgh the amygdala is not responsive to predator exposure. Therefore,
egr-1, which increases in the lateral nucleus following fear conditioning, footshock and novelty, was assessed to determine if its expression
is induced in rats exposed to a cat. Five minutes of cat exposure did not increase expresgishraRNA in the lateral nucleus of the
amygdalaegr-1was increased in the paraventricular nucleus of the hypothalamus, indicating cat-induced stress, and visual cortex compared
to rats that were either confined for 5 min or handled. In the lateral periaqueductal gray, handled rats displayed a left hemisphere dominance,
which disappeared in both the cat-exposed and confined group, suggesting that immobility, induced by either cat-induced stress or unstressec
confinement, increased right hemisphege-1 expression. The results are discussed in a context of differences and similarities in neural
circuitry for conditioned and unconditioned fear.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction social defeat, predator or predator odor exposure) because
they emphasize interaction with other conspecifics or preda-
The study of the neurobiology of fear has primarily relied tors and predator odors that are part of normal evolutionarily
on conditioned fear paradigms (e.g., conditioned emotional derived ecological niches (for examplé&g3]). In the labo-
responses, Pavlovian fear conditioning) and behavior in ratory, some of the paradigms are quite ecologically natural,
unfamiliar situations that are fear- or anxiety-provoking (e.g., such as cat or cat odor exposure in a rodent visual burrow
elevated-plus maze, open field) in rodents. These paradigmsenvironment, while others take the naturally fearful stimuli
exploit the rodent’s normal behavior to threat or danger and or derivatives of these stimuli (e.g., cat odors or synthetic
have produced our best understanding of the neurobiologypredator odors) into more traditional experimental chambers.
of fear. In the last several years, other paradigms have beerDne rationale for the development of these paradigms is that
designed that are arguably more ethological relevant (e.g.,these unconditioned stimuli are more “natural” than those
typically employed in fear-conditioning paradigms (i.e.,
mpondmg author. Tel +1 302 831 4200: fax: +1 302 831 3645, electrical _shocl_<) but are still av_e_rsive or threatening W?thout
E-mail addressjrosen@udel.edu (J.B. Rosen)" necessarily l_aemg painful. Addltlonal_ly, these ethologically
1 present address: Department of Pharmacology, Vanderbilt University, P2sed paradigms rely on the unconditioned or unlearned na-
TN, USA. ture of the fear stimuli, whereas fear-conditioning paradigms

0166-4328/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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explicitly study learning and memory of fear. (The term zif268 ngfi-a krox 24 tis-8), does increase in the lateral
ethologically based does not suggest that learned fear isnucleus of the amygdala with fef82,33,40—42,57]Some
not ethologically important nor evolutionarily relevant, research suggests thedr-1increases in the lateral nucleus
but simply that some ethologically based stimuli have of the amygdala shortly following fear conditioning in a
a specific unconditioned quality derived from survival fear-conditioning specific manng¢41,57] whereas others
pressures in the ecological niches animal species evolved.suggest that its increase is involved in the stress of uncon-
Both conditioned and unconditioned paradigms measureditional fear or novelty and not specifically to its learning
similar defensive behaviors, so differences are in the nature([32]; for discussion of this issue, s¢&7]). In any case,
of the eliciting stimuli and not the behavioral responses. egr-1 expression may indicate that the lateral nucleus of
Therefore, unconditioned, ethologically based paradigmsthe amygdala is activated during unconditioned fear to a
may contribute to our understanding of the neurobiology of predator.
fear in unique ways that differ from conditioning paradigms. Expression o&gr-1, as opposed to-fos has not been ex-
One of the most widely studied of these paradigms is amined with exposure to a predator or predator odor. While
exposure to a predator or predator odor. Large lesions of expression oégr-1in the lateral nucleus of the amygdala is
the amygdala in rats block defensive behavior in responseof particular interest, whether increasgt-1is also found in
to a cat[12,30] Smaller lesions or chemical inactivation of other regions that displag-fosexpression during stress and
specific amygdaloid nuclei have shown that the medial nu- predator exposure is also not known. Thus, we have investi-
cleus and the associated bed nucleus of the stria terminalisgated the expression efir-1mRNA by in situ hybridization
reduce defensive freezing to cat or fox odi®8,39], but le- in the lateral nucleus of the amygdala, the paraventricular nu-
sions or inactivation of the basal, lateral or central nuclei of cleus of the hypothalamus, periaqueductal gray, and sensory
the amygdala have little effect on freezing to these preda- cortex.
tor odors[28,39,56,63] Interestingly, while not producing
major effects on unconditioned freezing, the lesions of the
basal, lateral or central nuclei of the amygdala severely dis-
rupt fear conditioned respong@9,61,63] These results are
corroborated by a lack of an effect of MK-801, an NMDA
antagonist, in the amygdala on unconditioned passive and

escape requnsgs t(_) a live &t but a lasting reduction of purchased from Harlan. The rats were housed individually with a

fearful sensitization induced by cat expos{ttd,21] Both 15 1ight:12 h dark (Memorial University Newfoundland) cycle and

the lesion and pharmacological studies suggest that condi-a¢ |ibitum access to food and water. All behavioral experiments

tioned and unconditioned fear responses may rely on differentwere conducted at Memorial University Newfoundland. The Ani-

amygdala circuitry. mal Care and Use Committee of Memorial University Newfound-
Another way of addressing the neurobiology and neuro- land approved experimental protocols. Brains were shipped to the

circuitry of fear is to map activation patterns during or just University of Delaware for in situ hybridization.

following exposure to a fearful stimulus. Expression of genes

that are rapidly transcribed and translated, particularly in- 2.2. Apparatus

ducible transcription factors and immediate-early genes, has

been used as neuronal markers of activity (§3s]). One 2.2.1. Catexposure chamber

of these,c-fosand its protein product Fos, is activated in ~ The chamber was a 1.52:m1.83 m room without separate cat

a number of amygdala nuclei and periaqueductal gray fol- and re}t compartments and not clganed pf cat odors from previous

lowing fear conditioning and retention tests of fear learn- experlmgnts. Th(_e floor of the testing environment was divided into

ing [15,19,35,49,52,54,57-5% oweverc-fosexpression is 0.1n? with masking tape.

not increased in the lateral and basal nuclei of the amygdala

with exposure to a live cat or predator od¢2d,27,29,47] The chamber used to confine rats was Plexiglas cylinder (8.6 cm

whereasiitis in the periaqueductal 9(33,24,27,47]Wh|[e diameter, 20 cm long) from a commercial startle chamber (SR-Lab
these data suggest that the lateral and basal nuclei of theyimal enclosure, San Diego Instruments, San Diego, CA).

amygdala are involved in fear conditioning but not uncondi-

tioned fear to a predator or predator odoffos expression

may not be an appropriate activity marker for the lateral and 3. Procedure

basal amygdala nuclei during fear. While some have found

c-fosmRNA and Fos protein increased in the lateral and basal 3.1. Cat exposure

amygdala nuclei following fear conditioning or presentation

of a conditioned fear stimulufl1,49,58] others have not For 3 days prior to treatments, all rats were handled for

[52,57,59] 1 min each day. Rats were randomly assigned to three groups
Another inducible transcription factor/immediate-early of 10 rats each: (1) handled rats were handled for 1 min onthe

gene, early-growth response 1 geregr(l, also called day of cat exposure; (2) confined rats were first acclimated to

2. Methods
2.1. Animals

Thirty naive male Long-Evans rats, about 60 days old, were

2.2.2. Confinement chamber
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the Plexiglas confinement cylinder over the 3 days of initial salmon sperm DNA, 10% dextran sulfate, 100 mM dithio-
handling (day 1—2 min, day 2—3 min, and day 3—4 min) threitol, 0.1% SDS, and 0.1% sodium thiosulfate. The fol-
and on test day were placed in the confinement cylinder for lowing day, the sections were rinsed four times for 5 min each
5min; (3) cat-exposed rats were placed in a room with a catin 4x SSC. They were then treated with 20 mgiLRNAse
for 5min. Rats were returned to their home cages following A (Boerhinger Mannheim, Indianapolis, IN) in an RNAse
manipulation. Buffer solution containing 0.5 M NaCl, 1 mM EDTA, 10 mM
Behavior of the cat and rats in the test situations was video- Tris (pH 8) for 30 min at room temperature. The slides were
taped for later analysis. The percent time rats spentimmobilethen washed in decreasing concentrationsof 0.5x, and
(no movement except for breathing) during exposure to the 0.1x SSC for 5 min each. This was followed by two 30 min
catand during confinementwere calculated. Responses of thevashes in 0.« SSC at 65C. Finally, the slides were washed
rats to cat approach were also monitored. Frequencies of acin increasing concentrations of ethanol containing 300 mM
tive, passive and escape defensive responses were measuresinmonium acetate, and allowed to air-dry. The slides were
as described elsewhed. exposed to Kodak Biomax MR film for 2 day$'C standards
Behavior of the cat in the test situation was also analyzed (Amersham, Arlington Heights, IL) were also placed on the
to provide a quantitative measure of the cat exposure experi-film.
ence. The cat behaviors scored from videotape were: latency egr-lautoradiograms were digitized and converted to gray
to approach, and time spent near the rat; latency to sniff andvalues using a Dage CCD video camera with Image 1.63 pro-
time spent sniffing the rat. Time spent near the rat was scoredgram (Wayne Rasband, NIMH) on an Apple G4 and then an-

when the cat was within 0.3 m of the rat. alyzed with the same program. The Image program was used
to subtract the background (2D-rolling ball option) and mea-
3.2. In situ hybridization of egr-1 sure the mean density (mean gray value) within the area of

interest. Because the response of the film to the radioisotope

Thirty minutes after treatments, all rats were sacrificed is notlinear, the gray values are not an accurate representation
by decapitation. The brains were removed quickly and of the radiolabeled signal of the hybridized probe. Therefore,
frozen in —45°C isopentane. They were stored-af0°C the gray values were converted to standardized units with a
until sectioned. Sixteen micrometer coronal brain sections third degree polynomial equation from a standard curve con-
corresponding to the amygdala, bed nucleus of the striastructed from thé““C standards that were exposed to each
terminalis, paraventricular nucleus of the hypothalamus, andfilm. The standardized units are not meant to be the precise
periaqueductal gray were sectioned on a cryostat (Leica Inc.,amount of mRNA in a measured area, but are an accurate rel-
Deerfield, IL) using the atlas of Paxinos and Watfah] as ative measure aégr-1 mRNA density in the area of interest
a guide and thawed onto superfrost plus microscope slidesthat can be used for statistical analysis. The densiggofL
(VWR, West Chester, PA). Two adjacent brain sections were labeling was statistically analyzed in the dorsolateral portion
placed on each slide. These slides were stored7°C of the lateral nucleus of the amygdala (Plate 33 of Paxinos
until processed for in situ hybridization. and Watsor{51], paraventricular nucleus of the hypothala-

An antisense RNA probe (riboprobe) was transcribed from mus (Plate 27 of Paxinos and Wat$bh], and periaqueductal
a plasmid containing an antisense cDNA coding for a 230 bp gray (PAG, Plate 49 of Paxinos and Watgb], and visual
sequence oégr-1(qgift from Jeffrey Milbrandt, Washington  (Plate 49 of Paxinos and Wats¢Bl] and somatosensory
University, St. Louis). The riboprobe was labeled by in vitro (Plate 27 of Paxinos and Watsf#1] cortices. The densities
transcription with3°S-UTP (approximately fdpmug1) of the right and left side of the brain for the four brain sec-
using a T7 RNA polymerase Maxiscript kit according to the tions per animal were averaged into a single score in each
manufacture’s instructions (Ambion Inc., Austin, TX). brain area for each rat. The dorsal and lateral aspects of the

In situ hybridization was performed on two slides (four PAG were analyzed separately. The area of the dorsal PAG
brain sections) per brain area per animal. Sections were fixedwas defined by drawing a horizontal line intersecting the most
in 4% formaldehyde in & PBS and thenrinsed in PBS. The dorsal point of the aqueduct and consisted mostly of the dor-
sections were treated with 0.25% acetic anhydride in 0.1 M somedial PAG and some of the dorsolateral PAG. The lateral
triethanolamine for 10 min at room temperature. This was PAG consisted of the area between two horizontal lines, one
followed by dehydration in which the sections were treated intersecting the most dorsal point of the aqueduct and the
with increasing concentrations of ethanol, defatted in chlo- other intersecting the most ventral point. The area consisted
roform, and then followed by another ethanol rinse. The sec- of the dorsolateral and lateral PAG. In addition, the right
tions were air-dried3°S-labeled riboprobe (% 10° cpm) and left sides of the lateral PAG were analyzed separately.
was added to 100QL of hybridization buffer and appliedto  These demarcations of the dorsal and lateral PAG were used
each slide. The slides were covered with a glass coverslipbecause previous research demonstrated hemispheric differ-
and incubated in a humidified box overnight at°85 The ences in phosphorylated CREB in the lateral PAG following
hybridization buffer contained 20 mM Tris—HCI (pH 7.4), catexposur@d]. To test for statistically significant group dif-
50% formamide, 300 MM NaCl, 1mMEDTA (pH 8),x1 ferences, ANOVAs were performed fegr-1mRNA of each
Denhardt’s, 25@gmL~! yeast total RNA, 10Q.g mL~?1 brain region separately followed by post-hoc analyses de-
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scribed inthe results section. Statistical significance was set at

p<0.05.

4. Results
4.1. Behavior

Cat-exposed rats spent 11415 s (Meant S.E.M.) of the

5 min exposure in a defensive immobile posture, whereas the

confined rats spent 18916 s of their 5min confinement in
an immobile position. As shown ifig. 1, confined rats spent
significantly more time immobile than the cat-exposed rats
(t18=3.46,p<0.003).

Other behaviors of both the rats and the cat are shown
in Table 1 These behaviors included rat approaches to the

cat, rats’ active and passive defense and escape responses (

defined in[9]), the latency of the cat’'s approach to the rats,
and the time near (within 0.3 m) and latency for the cat to
sniff the rats. The cat did not touch or bite any of the rats.

100+

80|

Percent Immobility

Confinement

Cat Exposure

Fig. 1. Meant S.E.M. immobility expressed in percent time spent immo-
bile. Both cat-exposed and retrained rat were immobile for a significant
amount of time, however, immobility in the confined condition was statisti-
cally greater than immobility in the cat-exposed grolp<0.003).

Table 1
Behavior of cat and rats during cat exposure

Frequency of rat behavior to cat (meas.E.M.)

Approach to cat 0.6t 0.3
Active defense 0.6£ 0.3
Passive defense 6% 1.4
Escape 3.6t 0.9

Latency or amount of time cat spent engaged in behavior toward rats (s)
(meant S.E.M.)
Latency to move toward rats 1392 27.4

Time spent near rats 212 4.6
Latency to sniff rats 159.4 254
Time spent sniffing rats 6.9 18
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P<0.04

350+

300

250

2004

—

150

egr-1 mRNA
(standardized units)

100

50

0
Handled

Confinement

Cat Exposure

E‘%. 2. Meant S.E.M.egr-1mRNA levels in the paraventricular nucleus of
the hypothalamus. Expression levels in the cat-exposed group differed from
a combined handled and confined gropg: 0.04).

4.2. Expression of egr-1 following cat exposure and
confinement

4.2.1. Paraventricular nucleus of the hypothalamus
(PVN)

egr-linthe PVN was analyzed as a measure of stress. With
visual inspection of both a graph edr-1levels and the brain
images, it appeared that there was increaggd.expression
in the PVN of rats exposed to the cat compared to the handled
and confined rats, but there was no difference between the
handled and confined ratBi@s. 2 and R Therefore, thegr-
1 expression in the handled and confined groups formed a
combined control group for comparison to the cat-exposed
group. Some of the brain sections containing the PVN were
damaged (one handled and three confined) and not included
in the analysis. A combined control vs. cat expostitest
demonstrated a significant differendesE2.21,p<0.04),

PVN

PAG

Visual
Cortex

Handled

Confined Cat-exposed

Fig. 3. Representative imagesagfr-1mRNA in the paraventricular nucleus

of the hypothalamus (PVN), periaqueductal gray (PAG), and visual cortex
of handled, confined and cat-exposed rats. V, ventricle; A, aqueduct. The
digitized images are reversed to dark field and the contrast increased for
demonstration purposes.
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30 4

100+ 20

50 4 10 4

0
Handled Confinement  Cat Exposure (A) Handled Confinement Cat Exposure

Fig. 4. Meant S.E.M. egr-1 mRNA levels in the dorsolateral division of 104

the lateral nucleus of the amygdala. There were no statistical differences
between any of the groups.

indicating that cat exposure induced significantly mege 1
in the PVN compared to handling and confinement.

o
1

4.2.2. Amygdala

As previous studies have demonstrafé@,33,41,57)
basal expression aggr-1 mRNA is consistently found in
the dorsolateral division of the lateral nucleus of the amyg-
dala (LaDL), and following contextual fear conditioning and
footshock stresegr-1 expression increases in the LaDL
[32,41,57] Similar to what we have reported previously 16
[41,57] expression okgr-1was very light in other nuclei (®) Handled
of the amygdala. Thereforegr-1was only analyzed in the
LaDL. One of the brains of the cat-exposed group was dam- Fig. 5. Meant S.E.M.egr-ImRNA levels in the lateral periaqueductal gray.
aged atthe amygdala and notincluded in the analysis. Expres{A) Expression in the left and right hemispheres are shown. There was no
sion in the LaDL was found in all group&ig. 4), however n_1air_1 groups or me_lin side (left vs. right)_differer_]ces. How_eve_r, there was a

. . significant interactionf{< 0.04). (B) The interaction effect is displayed by

none of the groups QH_‘fered with an ANOVAFﬁ12_6< 1, ns) . the graph of the change in hemispheric expressioegofl Plotted over
or at-test after combining the handled and confined data into groups is mea: S.E.M. of the difference in expression in the lateral PAG
a single control groupt{7< 1, ns). Thus, it appears that ex- of the right and left hemispheresdr-1levels in the right minus left hemi-
posure to a cat did not induegr-1mRNA expression in the spheres). The handled group displayed a left hemiphere dominance, whereas

LaDL compared to the handled and confined groups the confined and unprotected exposure groups had dominance of the right
’ hemisphere. The difference scores of the confined and unprotected exposure

groups were statistically different from the handled gropg 0.03).

(standardized units)
&
1

-104

Right minus Left PAG egr-1 mRNA

Confinement Cat Exposure

4.2.3. Periaqueductal gray
Although theegr-1 mRNA signal in the PAG was fairly
light, there appeared to be higher levels in the cat-exposedAnalysis ofegr-1expression in the dorsal aspect of the PAG
rats. Therefore, expressionegr-1was analyzed in the dor-  did not reveal any differences (group effed¢ts;e=1.44, ns;
sal and lateral aspects of the PAG because Fos expressiogide effectsFi 26<1, ns; interactionf; 26=1.79, ns).
was previously shown to be highest in these regions of the  Analysis of the lateral aspect of the PAG also did not find
PAG following cat exposur§l8] or predator odor exposure  group and side effect$$ 26< 1 andF1 26< 1, respectively).
[24,27,47] In addition, differences in expression in the left However, there was a significant interaction of group by side
and right sides of the lateral PAG were analyzed becauseof the PAG £2,26=3.73,p<0.04). The data are shown in
previous work has shown that the right lateral PAG is more graphic form inFig. 5A.
critical for potentiation of defensive behavior than is the left ~ To analyze this interaction further, a left—right difference
PAG [2,3]. Representative images efir-1 mRNA labeling score inegr-1 expression in the lateral PAG was calculated
in the PAG are shown ifig. 3 for each subject (right side minus the left side). These dif-
One of the brains of the handled group was damaged inference scores were subjected to individual comparison tests
the PAG and not included in dorsal or lateral PAG analyses. (Fig. 5B). The unprotected cat-exposed and confined groups
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significantly differed from the handled group<0.03 for Visual Cortex
each comparison). Moreover, the difference scores of the cat- P<0.03
exposed and confined groups did not differ from each other.
In addition, the handled difference score was biased to the
left hemisphere, being less than zet9<2.19,p<.04). In 6004
contrast, the difference scores of the unprotected cat-exposed
and confined groups did not differ from zero. The right—left 500
side PAG analysis suggests that basal (handled group) asym-
metry in the lateral PAG is weighted toward more activation
in the left side. However, following exposure to a cat or con-
finement the asymmetry was eliminated with equal activation
of both hemispheres due to increased activation of the right
hemisphereKig. BA).

700+ ‘

I

400

3004

egr-1 mRNA
(standardized units)

2004

4.2.4. BNST 100
The BNST has been shown to be important for uncon-
ditioned fear responses in rats to a predator odor and a

brightly lit environmen{28,61] The BNST was visually ex-

amined, but no expression efr-1was apparent. Therefore, Somatosensory Cortex
egr-1 expression in the BNST was not subjected to image 300
analysis.

(A) Handled Confinement  Cat Exposure

250

4.2.5. Visual cortex and somatosensory cortex

With visual inspection of the brain images it appeared that
there was increasesjr-1 expression in the visual cortex of
rats exposed to a cdftig. 3). Image analysis was conducted
on an area that included primary and secondary visual cor-
tices of the coronal sections sliced for analysis of expression
in the PAG (Plate 49 of Paxinos and Watgéi]). Because
expression in the handled and confined groups did not appear
to differ, a combined control group was formed for compari-
son to the cat-exposed group. One cat-exposed and one han-
dled brain had damage to the visual cortex and were used not 0 -
in the analysis. A combined control vs. cat exposttest (B) Handled  Confinement  Cat Exposure
including all of the animals did not find a significant dilffer— Fig. 6. Meant S.E.M. egr-1 mRNA expression in the visual cortex (A)
ence {26 = 1.53,0<0.14). However, there were two subjects, and somatosensory cortex (B). In the visual cortex, expression levels in the
one each in the handled and confined groups that had scoregat-exposed group differed from a combined handled and confined group,
about 2 standard deviations from the group means. Analysisp<0.03.egr-1mRNA expression in the somatosensory cortex was not dif-
with these two animals removed revealed a significant differ- ferent between any of the groups.
ence between the combined control and cat-exposed groups
(t24=2.37,p<0.03). The analysis suggests that cat exposure
induced an increase igr-1expression in primary and sec- 5. Discussion
ondary visual corticesHig. 6A).

Because the cat exposure group had increaged ex- The results of the present study demonstrate that only
pression in the visual cortex, image analysis was performedsome of the selected brain regions known to be involved
on the somatosensory cortex to determine if the increasesin fear are activated in rats exposed to a cat, as measured
also occurred in another sensory cortex. The brains from onepy egr-1mRNA expression. Increased expression was found
handled, two cat-exposed, and three confined rats were damin the PVN and PAG in exposed rats, whereas expression
aged and not used in the analysis. In contrast to the visualin the amygdala and the BNST was not augmented. In the
cortex, there were no differenceségr—l expression in the cortex, cat exposure increasegr_l expression in the vi-
somatosensory cortex with an ANOVA{21<1, ns) ora  suyal cortex, but not in the somatosensory cortex. These data
t-test after combining the handled and confined data into a generally agree with studies usingosin situ hybridization
single control groupt¢> <1, ns). Thus, cat exposure or con-  and Fos protein immunohistochemical analyses following cat
finement did not inducegr-1in the somatosensory cortex exposure or predator odor exposure, but not in all regions
(Fig. 6B). [16,18,24,27,29,47Pur behavioral andgr-1expression re-

200

150

egr-1 mBNA
(standardized units)

100 4

50
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sults will be discussed and compared to the Fos studies andulbs[47]. Exposure to a cat, which has an olfactory com-
lesion or inactivation studies. ponent, should also induegr-1 expression in the olfactory
bulb, but this awaits demonstration.
5.1. Behavior and egr-1 expression in the PVN
5.3. egr-1 expression in the amygdala
Cat-exposed and confined rats spent a significant amount
of their time (about 40% and 60%, respectively) immobile, In previous studies with fear conditioninggr-1was in-
and the confinement procedure actually induced significantly duced in the dorsolateral division of the lateral nucleus of
more immobility than cat exposure. While immobility in sit- the amygdald32,41,55,57kuggesting thatgr-1in the lat-
uations of threat or danger is generally considered a defensiveeral nucleus of the amygdala is important for learning and
behavior and indicative of a state of fear or stregs;1levels memory of feaf41,56,57] footshock stress or novel{g2].
in the PVN of the confined rats were no greater than those In the present experiment, cat exposure did not indegre
of the handled rats. This is likely due to habituation to the 1 in the lateral nucleus of the amygdala compared to both
confinement procedure and chamber as expression of bottthe handled and confined groups. Taken together, the results
c-fosandegr-1decreases in the PVN with repeated restraint intimate that induction oégr-1in the amygdala is involved
[20,64] In comparisonggr-1 expression in the PVN was  in transcriptional processes during fear conditioning or nov-
significantly greater in the cat-exposed rats compared to theelty, but not unconditioned fear of a predator. Further sup-
confined and handled rats. Because expression of immediateport for this notion is found in experiments where knocking
early genesinthe PVN s reliably induced by acute stress pro-down the levels oggr-1in the amygdala with aegr-1an-
cedureg22], including cat odor exposur§l®,27} however, tisense oligodeoxynucleotide blocks long-term memory of
seg[29)), itis typically used as a measure of stress. Although conditioned fear but not unconditioned freezing to a predator
c-fosexpression inthe PVN can be dissociated from CRH and odor[43].
ACTH release¢-fosresponse in the PVN has stronger links The lack of change iagr-1lexpressionin lateral nucleus of
to stress than hypothalamus—pituitary—adrenal axis activity amygdala is of interest because cat exposure induces NMDA-
[14]. Thus, according tegr-1expression in the PVN, expo-  dependent neuroplasticity (i.e., LTP), fear sensitization, as
sure to a cat was stressful, but confinement was less stressmeasured by elevated plus maze behavior and s{a@Bg
ful. Furthermore, because confinement induced high levelsand phosphorylation of CREB in the lateral and basal nuclei
of immobility without increased fear, a confinement proce- of the amygdala (Adamec et gb]). Whereas these changes
dure can be used independently as a control for the effects ofappear to be independentegr-1induction, an NMDA an-

immobility when measuring fear-induced freezing aspi- tagonist blocks both fear conditioning and increasesgofl

1 induction in brain regions other than the PVN (see PAG in the lateral nucleus induced by fear condition[Ag]. To-

below). gether, these studies suggest different molecular processes in
the lateral and basal amygdala during fear conditioning as

5.2. egr-1 expression in the visual and somatosensory opposed to predator stress induced fear sensitization. They

cortices further suggest that non-associative learning associated with

exposure to a predator does not involve induced transcription

As just discussedegr-1in the PVN suggests that cat ex- of egr-1in the lateral nucleus of the amygdala, but likely acti-
posure induced fear or stress compared to confinement andation of other transcriptional pathways (e.g., phosphorylated
handling.egr-1in cat-exposed rats also increased in the visual CREB).
cortex compared to a combined handled-confined group. In  In contrast to the lack of an increaseagr-1in the amyg-
contrastegr-lexpression inthe somatosensory cortex did not dala with cat exposure, small increases in Fos protein have
differ in any of the groups. Taken together, the data indicate been found in the lateral and basal nuclei with exposure to
that the visual cortex, but not the somatosensory cortex, is ac-fox urine [31]. However, the importance of these increases
tivated when encountering a predator. The lack of increasedis not known, particularly because they have not been repli-
egr-1 expression in the somatosensory cortex differs from cated with exposure to a live cat, cat fur odor or a synthetic
that found by Figueiredo et §R9], where both test chamber fox feces odof24,27,29,47] Furthermore, lesions or inacti-
and cat exposure increasedbsin the somatosensory cortex.  vation of the basolateral complex or central nucleus do not
While differences in experimental procedures may contribute block freezing to predator odof28,39,56,63] Significant
to the discrepant outcomes of the studies, in our experiment,Fos increases have also been found in the medial nucleus of
it would have been interesting to see if the somatosensorythe amygdala, but not other amygdaloid nuclei, following ex-
cortex would be engaged in other circumstances, like a directposure to a live cat, or cat and fox oda#,27,29,47]While
tactile encounter with the cat. Unfortunately, in this experi- Fos increases in the medial nucleus are not specific to un-
ment, at no time did the cat touch any of the rats. conditioned fear of predator stimy5,29,49,57] a recent

Other primary sensory areas were not analyzed. However,study found a blockade of defensive freezing to cat odor fol-
exposure to cat odor has been shown to increase the numbelowing lesions of the medial nucleus of the amygda&8y.
of Fos labeled cells in both the main and accessory olfactory These studies, and othégesg., 61] suggest thatthe amygdala
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circuitry for fear conditioning and unconditioned fear may this shifted to symmetric hemispheric expression in the cat-
be different[56], although other interpretations are possible exposed and confined groups due to increasing expression in
[62]. Further studies on the effects of lesions or inactivation the right hemisphere. Because cat-exposed rats appeared to
of specific amygdaloid nuclei would help clarify the amyg- be more fearful than confined rats (as indicateckgs1 ex-

dala circuitry for responses to predators and specific predatorpression in the PVN), the changes in hemispheric expression

associated stimuli. in the lateral PAG are likely not associated specifically with
fear, but more generally with immobility. This is not universal

5.4. egr-1 expression in the bed nucleus of the stria for all transcription factors. Phosphorylation of CREB was

terminalis shown to increase in the lateral PAG following cat exposure,

but not confinemend]. Whether Fos displays a right PAG
The BNST did not displaggr-1and could notbe analyzed. dominance has not been examined.
It was anticipated thaggr-1 would increase in the BNST
because the BNST is critical for freezing to a predator odor 5.6. Conclusions: functional neurocircuitry for
[28] andc-fosand Fos were found to increase inthe BNST in  conditioned and unconditioned fear
rats exposed to a live cat, and predator od@ds27,29,47)

These results demonstrate differential expressi@gofland Expression ofegr-1 and c-fos following exposure to a

c-fosin the BNST. predator or predator odors suggest a circuit for unconditioned
fear that has considerable overlap with circuitry proposed for

5.5. egr-1 expression in the periaqueductal gray Pavlovian conditioned fear, but with some striking differ-

ences. Canterd46] proposed an unconditioned fear circuit

The PAG is known to be important for both active escape where a medial hypothalamic defensive system is a major
and passive immobile responses to fear and [26(86] In interface between sensory input and motor output. Both le-
general, the dorsolateral PAG is responsible for active behav-sion and Fos expression studies support this notion that the
ioral and autonomic responses, while the ventrolateral PAG anterior and ventromedial hypothalamic nuclei and the dor-
is responsible for passive respon§&8], however, another  sal premammillary nucleus are involved in fear responses to
functional parcellationis thatthe dorsolateral PAG isinvolved predator and predator oddis,18,24,27,29,46,47\Vhether
in unconditioned fear responses, whereas the ventrolaterathis system is important for fear conditioning is unknown;
PAG is part of a conditioned fear circi@0]. Fos expression  results from one Fos study suggest the possiljility. How-
in the caudal parts of the ventrolateral PAG increases with ever, what appear to be missing from the unconditioned fear
conditioned feaf19]. Cat and cat odors exposure increases circuit are amygdala nuclei that are central to conditioned
Fos expression in all aspects of the PA®,27,47] while fear (i.e., lateral, basal, and central nuclei of the amygdala)
c-fosmRNA in both the ventro- and dorso-lateral PAG was [23,38,45,56]egr-1, which is increased in the lateral nucleus
notincreased by synthetic fox odor above a no odor condition of the amygdala following contextual fear conditioning, foot-
[24]. Moreover, predator stress lastingly potentiates central shock stress, or novelf32,41,57] and Fos, which has been
amygdala efferent transmission to right but not left lateral foundincreased inthe lateral, basal and central nucleifollow-
PAG [4,6], and phosphorylated CREB increases in the right ing fear conditioning in some studi¢s1,35,49,58] but not
lateral PAG with cat exposuri@]. We therefore examined  all [52,57,59] are not induced in the lateral, basal or central
egr-lexpression in dorsal and lateral aspects of the PAG, andnuclei in response to a cat or predator od@#4,27,29,47]

hemispheric differences in the lateral aspect. except in one study testing fox urine expos8&]. Further-
Contrary to Fo$18,27,47] there was no change in expres- more, whereas large lesions of the amygdala reduce fear re-
sion ofegr-1in the dorsal PAG. This suggests thegfr-1is sponses to cat exposufE2,30], small lesions or inactiva-

not the appropriate activity marker for the dorsal PAG. Aswe tion confined to the basolateral complex or central nucleus
have seerggr-1is not expressed in the BNST or medial nu- of the amygdala do not disrupt fear responses to predator
cleus of the amygdala—both regions that Fos has been foundodors[28,39,56,63] Deficits found following large amyg-
to increase following cat and fox odor expos{2é,27,47] dala lesions may be due to destruction of the medial nucleus.
In contrast to the lack of an effect in the dorsal PAG, dif- Indeed, a lesion confined to the medial nucleus was shown to
ferent patterns oégr-1expression were found in the lateral interfere with unconditioned fear to predator of88]. Inter-
PAG between the groups. While there were no main group estingly, the medial nucleus does not appear to be involved
or side (left or right PAG) effects, there was a significant in fear conditionind39,50]
group by side interaction. Previous studies demonstrated a In conclusion, answering questions of whether the neural
right hemispheric dominance for long-lasting fear in cats circuitry instantiating conditioned and unconditioned fear are
and rats in the amygdala—PAG circ{®,3]. In the present  different and whether plasticity occurs in unconditioned fear
study, a similar hemispheric effect emerged in the lateral PAG circuits as it appears to occur in fear conditioned circuits
of the cat-exposed and confined groups, although a distinct[44,48,53)will benefit from application of both conditioning
right hemispheric dominance did not occur. Whereas the han-and ethoexperimental approacHé&s8] to the study of the
dled group displayed a left dominanceegr-1 expression, neurobiology of fear.
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