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Abstract

We previously reported that the alarm pheromones released from stressed male rats

exaggerated both behavioral and autonomic (stress-induced hyperthermia) responses in

recipient rats that were introduced into a novel environment. Subsequent experiments

provided evidence that these alarm pheromones could be divided into two functionally

different categories based on the site specificity and testosterone dependency of their

production. However, the neural mechanisms underlying these behavioral and

physiological responses remain unknown. In the present study, we examined Fos

expression in 26 brain sites of the recipient rat 60 minutes after the exposure to the

pheromone that aggravated stress-induced hyperthermia. The alarm pheromone-exposed

rats showed a concurrent increase in Fos expression, in contrast to control odor-exposed

rats in the anterior division lateral and medial group of the bed nucleus of the stria

terminalis, paraventricular nucleus, dorsomedial hypothalamic nucleus, anterodorsal

medial, lateral and basolateral amygdaloid nucleus, ventrolateral periaqueductal gray,

laterodorsal tegmental nucleus, and locus coeruleus. These results provide information

about the neural mechanisms in response to a non-sexual pheromone, i.e., an alarm



pheromone, and suggest that the perception of the alarm pheromone is related to

stress-responsive brains structures, including the hypothalamus and brainstem, as well

as to the amygdaloid nuclei.
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Introduction

Chemical communication plays important roles in various social interactions

among mammals, including sexual [52], territorial [20], and maternal behaviors [33].

Alarm chemosignals, which alert animals to the proximity of conspecific individuals

[1,4,53], are considered to be used widely in the animal kingdom. In rodent species, it

was reported that rats could distinguish between the odors released from stressed and

non-stressed conspecifics [51]. These odors were shown to change the behavior

[1,34,35] and immune responses of the recipient [11].

We previously reported that the alarm pheromones released from male rats

receiving foot shocks augmented both behavioral (increased sniffing, walking and

rearing, and decreased resting behavior) and autonomic (stress-induced hyperthermia,

SIH) responses in recipient male rats [26]. We then found that these alarm pheromones

could be divided into two functionally different categories based on the

androgen-dependent production and the area of the body surface from which they were

released, namely, one category of alarm pheromone modifying recipient behavior is

released from the whisker pad of the male in a testosterone-dependent manner, whereas



the other category of alarm pheromone influencing the autonomic response is released

from the perianal region in a testosterone-independent manner [27,28]. Considering that

the importance of propagating the notice of a dangerous situation to family or group

members is not limited to male and that the intensity of SIH reflects the animal’s

anxiety status [32], it appears reasonable to postulate that the testosterone-independent

pheromone that aggravates SIH is biologically more important as compared with the

other one. We have therefore decided to focus more attention on this category of alarm

pheromone in our subsequent investigation including the present study.

Although behavioral and physiological responses to alarm pheromones have

been clearly demonstrated [27-29], the neural mechanism underlying these responses

remains largely unknown, with the exception of our preliminary finding that exposure to

alarm pheromones increased Fos protein expression in the mitral cell layer of the

accessory olfactory bulb [26]. Along with responses elicited due to intra-species

chemical communication, a fear or anxiety response has also been shown to be elicited

by inter-species chemical communication, e.g., by being exposed to predator odor. It is

well known that cat odor can innately elicit a fearful response and risk assessment



behaviors in rats [3,38]. C-Fos immunohistochemistry has been most widely used for

functional anatomical mapping in laboratory animals, and previous reports have

suggested that several brain regions play especially important roles in the stress

response in reaction to fear and anxiety [2,31,47]. Recently, a systematical brain

mapping study was conducted in rats that had been exposed to the cat odor using c-Fos

immunohistochemical analysis [14,37]. It is therefore of interest to compare the neural

circuit activated by intra-species chemical communication (e.g., via an alarm

pheromone from conspecifics) with that activated by inter-species chemical

communication (e.g., by predator odor).

In the present study, we examined Fos expression in 26 brain regions of

subjects 60 minutes after exposure to an alarm pheromone that aggravated the

autonomic response [26-28]. To the best of our knowledge, this is the first report to

examine Fos expression in response to a non-sexual pheromone in rats. In comparison

with the results obtained using control animals, we attempted to map the neural circuit

activated by the perception of the alarm pheromone.



Experimental procedures

Animals

Experimentally naive male Wistar rats were purchased from Clea Japan

(Tokyo, Japan) and were used at the age of 10 weeks. Three animals per cage were

housed under constant temperature (24+1°C) and humidity (45+5%) until they were

implanted with a telemetry transmitter (see below). Food and water were available ad

libitum, and the animals were maintained under a 12 h light/12 h dark cycle (lights on at

0800) throughout the experiment. The animals were cared for in accordance with

“Policies Governing the Use of Live Vertebrate Animals”, set by the University of

Tokyo, and based on “The Public Health Service Policy on Humane Care and Use of

Laboratory Animals” (revised in 1985) and “the National Institutes of Health’s Guide

for the Care and Use of Laboratory Animals”. The subject animals were implanted with

a telemetry transmitter (TA10TA-F40; Data Sciences International, St. Paul, MN)

intraperitoneally under anesthesia with ether 10-11 days before the experiment. After

surgery, the animals were housed individually on an antenna board (RLA1020 RPC-1;

Data Sciences International) in a soundproof chamber (36 cmx54 cmx35 cm;



Muromachi Kikai, Tokyo, Japan) located in another room that was maintained at a

constant temperature (22+1°C) under a 12 h light/12 h dark cycle (lights on at 0800).

All animals were handled for 5 minutes each day beginning 6 days before the

experiment, and then each animal was exposed to the test box (see below) for 20

minutes each day beginning 4 or 5 days before the experiment in order to minimize the

effects of novelty stress.

Pheromone exposure

The general procedures were basically the same as those used in our previous

study [27]. Adult male Wistar rats were selected as the pheromone donors and were

anesthetized with sodium pentobarbital (50 mg/kg, i.p., Nembutal; Abbott Laboratories,

North Chicago, IL). Anesthetized donor rats bearing two intra-dermal needles (27G) for

electrical stimulation of the neck or perianal region were placed in the acrylic test box

(27.5 cmx20 cmx27 cm) for 15 minutes; during this period, the donor rats received 15

electrical stimulations (10V for 1 second) at 1 minutes intervals. The electrical

stimulation to the perianal region induced the alarm pheromone release that aggravated



the SIH response in the other rats [27]. A box in which the neck region of the donor had

been electrically stimulated was used as a control box in an attempt to provide the

subject with similar amount of the olfactory stimuli derived from the body surface

following local stimulation. The neck region was chosen based on our previous finding

that the presence of this odor in the test box modify neither the SIH nor behavioral

response as compared with the one that were exposed to odors released from the donor

receiving no stimulation [27].

After stimulation, the donor rat was removed and the empty box was brought

into the room in which the subject animals were maintained after the surgery. Then, the

test box was installed on an antenna board in the soundproof chamber and the body

temperature (BT) and behavioral responses of each subject rat were recorded. To ensure

stable baselines for BT, subject rats were placed in the test box only after showing a BT

of less than 37.5°C for at least 5 minutes before the experiment in their homecage, and

then they were held there for 60 minutes. The subject rats were randomly assigned to

one of two treatments groups, i.e., exposed to either an alarm pheromone (n=7) or a

control odor (n=8). After being placed in the test box, the BT and activity were



transmitted via the antenna board and the signals were recorded by a data acquisition

system (Dataquest® LabPRO 3.10; Data Sciences International). Activity was a

continuous measure of body movements, which was automatically extracted by the

software from changes in orientation of the radio-telemetric probe [10]. After the

experiment, the test box was washed in hot water with a cleanser to remove any odors

that might influence the next measurement. The pheromone donors were used 3-4 times

with at least a one-week interval between uses and the pheromone exposure trials were

conducted between 0900 and 1800.

Immunohistochemistry

After the 60 minutes exposure period, each subject rat was deeply

anesthetized with sodium pentobarbital (Nembutal; Abbott Laboratories, North Chicago,

IL) and perfused intracardially with 0.9% saline followed by 4% paraformaldehyde in

0.1M phosphate buffer (PB). The brain was removed and immersed overnight in 4%

paraformaldehyde in 0.1M PB and then placed in 30% sucrose/PB for cryoprotection.

The olfactory bulb was cut into 30 um thick sagittal sections and the rest of the brain
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was cut into 30 um thick coronal sections. Six successive sections were collected and

the second and fifth of these sections were stained with Cresyl Violet in order to

confirm the location of the nucleus. The remaining sections were floated in 0.05M

phosphate buffered saline with 0.3% Triton X-100 (PBST) and in 3% H,O, in methanol

for 15 minutes in order to eliminate endogenous peroxidase activity. Thereafter, these

sections were incubated with blocking serum (Vectastain Elite ABC kit; Vector

Laboratories, Burlingame, CA) in PBST containing 10 % BlockAce (Dainippon

Pharmaceutical, Tokyo, Japan) for 30 minutes, and then, for 60 hours with the antibody

to Fos protein (Ab-5, Oncogene Research Products, Cambridge, MA; diluted 1:7500) in

PBST containing 10% BlockAce and at 4°C. After being washed in PBST, the sections

were incubated in biotinylated secondary antibody, anti-rabbit IgG (VECTASTAIN®

elite ABC kit) for 2 hours, followed by incubation in an avidin and biotinylated

horseradish peroxidase macromolecular complex (VECTASTAIN® elite ABC kit) for 2

hours. Thereafter, the sections were rinsed with PBST, washed twice with 175 mM

sodium acetate buffer, incubated with 0.004% 3,3’ diaminobenzidine solution with

nickel intensification. The sections were then mounted on subbed slides, dehydrated in
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ascending concentrations of ethanol, xylene cleared, and coverslipped.

Quantification

We analyzed Fos immunoreactive cells in 26 sites that had been selected

generally based on a previous study [14]. The regions of interest were confirmed by

subsequent sections stained with Cresyl Violet and evaluated according to a brain atlas

[45]. Four sections at each region were captured using a microscope equipped with a

digital camera (DP-12, Olympus, Tokyo, Japan). The numbers of Fos immunoreactive

cells in a 0.5 mm square was counted unilaterally by an experimenter who was blind to

the experimental groups using NIH image 1.63 software. The accessory olfactory bulb

(AOB) was divided according to the mitral/tufted cell layer and the granule cell layer,

and the center of each layer was analyzed. Because the boundary between the mitral cell

layer and the granule cell layer was ambiguous in the main olfactory bulb, the

immunoreactive cells were counted inclusively in its dorsal anterior region, as was also

the case in our previous study [26]. Analyzed areas at other sites are shown in Figure 1.

In some cases, the designated area containing cells to be counted was smaller than the
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boundaries of a 0.5 mm square. In such cases, only the cells in the region of interest, but

not those in the extraneous areas, were counted.

Statistical analyses

Data analysis was performed with Stat View J 5.0 software (Abacus Concepts,

Berkeley, CA) and values of p<0.05 were considered to indicate statistical significance

for all tests. Body temperature was recorded continuously and the values were stored as

an average for a 5 seconds period in each minute. The individual baseline values were

defined as the averaged BT values recorded at the home cage during the 5 minutes

period just prior to the introduction to the test box. The SIH was expressed as the

change from the baseline for group comparison, and was analyzed by repeated two-way

analysis of variance (ANOVA). Activity was recorded continuously each minute and

was analyzed by repeated two-way ANOVA. For the immunohistochemical analysis, the

mean numbers of 4 sections in each region was used for the group comparison and the

results were analyzed by one-way ANOVA.
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Results

The effects of the alarm pheromone on SIH and behavioral response

The rats exposed to the alarm pheromone showed a significantly aggravated

SIH (F(1,13)=16.7, p<0.01), as compared to those rats exposed to the control odor (Fig.

2, top). The body temperature also significantly changed with time (F(65, 845)=524,

p<0.0001) and there was a significant interaction between group and time

(F(65,845)=6.04, p<0.0001). In contrast to the effects on SIH, the alarm pheromone did

not exert any influence on the activity of the subjects. The activity of the subject

animals changed significantly with time (F(65,845)=9.58, p<0.001), but there was no

interaction between the group and time (Fig. 2, bottom).

The effects of the alarm pheromone on Fos expression

The mean numbers of Fos immunoreactive cells in 26 brain regions was

summarized in Table 1. No significant between-group difference was observed in the

olfactory bulb. In the forebrain and hypothalamus, on the other hand, the exposure to

the alarm pheromone significantly increased Fos expression in the anterior division
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lateral group (F(1,13)=44.5, p<0.0001) and medial group (F(1,13)=6.39, p<0.05) of the

bed nucleus of the stria terminalis, the paraventricular nucleus (F(1,13)=23.2, p<0.001),

and the dorsomedial hypothalamic nucleus (F(1,13)=17.0, p<0.01), as compared to the

effects associated with the control odor only (Fig. 3). Significant differences between

the alarm pheromone and control odor groups were also found in the amygdaloid nuclei,

including the anterodorsal medial amygdaloid nucleus (F(1,13)=11.0, p<0.01), lateral

amygdaloid nucleus (F(1,13)=14.7, p<0.01), and the basolateral amygdaloid nucleus

(F(1,13)=29.0, p<0.001), as shown in Fig. 4. In the brainstem, the alarm pheromone

increased Fos expression in the ventrolateral periaqueductal gray (F(1,13)=29.6,

p<0.001), laterodorsal tegmental nucleus (F(1,13)=40.7, p<0.0001) and the locus

coeruleus (F(1,13)=17.0, p<0.01)(Fig. 5). In other regions, no significant difference was

observed between the two groups, although Fos expression in the alarm pheromone

group tended to increase in five regions, namely, in the lateral hypothalamic area

(F(1,13)=3.41, p=0.0876), central amygdaloid nucleus (F(1,13)=3.71, p=0.0762),

posteroventral medial amygdaloid nucleus (F(1,13)=3.54, p=0.0824), dorsolateral

periaqueductal gray (F(1,13)=3.70, p=0.0768) and the lateral parabrachial nucleus
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(F(1,13)=3.86, p=0.0723).

Discussion

In the present study, it was observed that the alarm pheromone released from

the perianal region of anesthetized donor rats by local electrical stimulation aggravated

the SIH but not the behavioral response of recipient animals. These results were

consistent with our previous findings [27]. It therefore appears likely that the activation

of neural circuit herein described can be ascribed to the effect of the alarm pheromone.

Fos expression in the olfactory bulb

It is well known in rodents that pheromonal signals are processed by the

vomeronasal (or the accessory olfactory) system, which involves the vomeronasal organ

and the AOB [25,40]. In the present study, we did not see any differences in Fos

expression between the main and the accessory olfactory bulbs. These results were

inconsistent with our previous finding that exposure to alarm pheromones resulted in an

increase in Fos protein expression, specifically in the mitral/tufted cell layer of the AOB
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[26]. This discrepancy may be due to experimental procedures employed in the two

studies, e.g., differences in the timing of sample collection. In the present study, brain

samples were collected 60 minutes after the start of pheromone exposure, and this time

point was twice as long as that in our previous study [26]. If we observe at different

time point, we may be able to detect the difference in Fos expression in the AOB,

because Fos protein is known to be expressed its maximal level between 1 and 3 hours

and then gradually disappears by 4-6 hours after stimulation [31]. Taken together, it

seems likely that the time point of brain sampling may have disturbed the comparison of

Fos expression between the groups in this study.

Fos expression in the forebrain and hypothalamus

Lesion and stimulation studies have shown that the bed nucleus of the stria

terminalis (BNST) is involved in anxiety and stress responses [8,48,55,57]. The anterior

BNST can be divided into subdivisions, including the anterior division medial group

(BNSTam) and anterior division lateral group (BNSTal), and each subdivision appears

to play different roles in the stress responses [19]. The BNSTal was densely connected
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to the central and basolateral amygdaloid nucleus (BLA), whereas the BNSTam

received light input from the medial amygdaloid nucleus (Me) [16-18]. Increased Fos

expression in the BNSTam due to pheromone exposure suggests that the BNSTam

receives input from the Me and alarm pheromone can elevate a recipient’s general state

of arousal [30]. In the present study, the effect of the alarm pheromone was more

conspicuous at the BNSTal, from which the neural connections are known to project to

the ventrolateral periaqueductal gray (VLPAG) and less heavily to the paraventricular

nucleus (PVN) [16,18]. Fos expression was also enhanced in these areas, as described

below, and it seems likely that the information communicated by alarm pheromone is

transmitted from the amygdaloid nuclei to the deeper part of the diencephalons

regulating the anxiety and stress responses via the BNST (especially the BNSTal).

The observed increased Fos expression in the dorsomedial hypothalamic

nucleus (DMH) and the PVN due to exposure to the alarm pheromone was consistent

with previous findings that the DMH provides a dense input to the PVN via CRFergic

neurons [9]. In addition, it is also known that the DMH plays an important role in brown

adipose tissue thermogenesis [41,56] and that the DMH itself mediates the stress
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response as well as anxiety [15,23].

Increased Fos expression in these three regions was observed in response to a

wide variety of stressors [5,6,36,42.44]. Taken together, the present results suggest that

exposure to the alarm pheromone Serves as a stressor.

Fos expression in the amygdaloid nucleus

The exposure to the alarm pheromone increased Fos expression in the

anterodorsal medial amygdaloid nucleus (MeAD). These results also support the view

that the alarm pheromone is transmitted via the vomeronasal pathway. Along with other

subdivisions, the MeAD receives direct projections from the AOB [54] and plays an

important role in the transmission of sexual pheromonal signals [43]. However, there

remains a possibility that increased Fos expression is simply part of stress responses

because the Me is functionally related to the activation of the

hypothalamic-pituitary-adrenal axis [13].

Increased Fos expression was observed in the BLA and lateral amygdaloid

nucleus (La) after exposure to the alarm pheromone. These regions play an important
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role in the convergence of information regarding conditioned stimuli (CS) and aversive

unconditioned stimuli (US) [22]. Such results have indicated the possibility of an

involvement of learned associations in response to the alarm pheromone because

previous studies showed that odor could serve as CS in fear-conditioning experiments

[46], and that the BLA was shown to play an important role in this CS-US association

[12]. As regards Fos expression, an exposure to a reward-conditioned neutral odor

induced Fos expression in the BLA [50]. This possibility was also supported by a report

showing that repeated exposure was necessary for female mice to be attracted to sexual

pheromones, i.e., chemically naive females were not attracted to the volatile compound

of male sexual pheromones [39]. Further research is still needed to clarify whether

learning is involved in the response evoked by the alarm pheromone.

Fos expression in the brain stem

The periaqueductal gray (PAG) is known for its role in the integration of

defensive behavior [21]. Moreover, increased Fos expression was shown at the

ventrolateral region of the periaqueductal gray in response to CS associated to aversive
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US [7]. In addition to its role in the fear response, this region is also postulated to

modulate the emotional response to inescapable stressors [24]. The present results were

found to be in agreement with such findings, because the alarm pheromone evoked

anxiety, as assessed by SIH, under conditions in which the subject could not escape

from the test box.

It is well known that the locus coeruleus (LC) provides the majority of

noradrenergic neurons in the brain and is activated in response to a variety of acute

stressful stimuli [49]. The stress-evoked activation of LC neurons was shown to mediate

the activation of other stress-related brain regions [44]. The present results demonstrated

that exposure to the alarm pheromone also increased Fos expression in the LC, as was

the case with a variety of acute stressful stimuli [36,42,44].

Comparison to cat odor

The comparison of the present results with the Fos expression patterns

induced by exposure to cat odor [14,37] provided us information regarding differences

between the neural circuit related to inter- and intra-species communication of fear,
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although the laterodorsal tegmental nucleus was investigated only in response to the

alarm pheromone. The regions activated by both olfactory signals are thought to be

related to anxiety and/or stress responses (e.g., the BNSTam, PVN, DMH, VLPAG, and

LC). The observation that both the alarm pheromone and cat odor induced Fos

expression in the Me was consistent with previous findings that Me plays important

roles in the mediation of vomeronasal information as well as in stress responses [13,54].

The alarm pheromone induced Fos expression in the anterodorsal subdivision whereas

the cat odor increased Fos expression in the posteroventral subdivision. It therefore

appears likely that these subdivisions of the Me play different roles in mediating intra-

and inter-specific olfactory stimuli.

The alarm pheromone induced Fos expression in the BNSTal, La and BLA,

whereas cat odor induced Fos expression in the lateral septum, medial and lateral

preoptic area, the ventromedial hypothalamic nucleus, and the dorsomedial and

dorsolateral periaqueductal gray. These results suggest that intra- and inter-species

communications of fear are probably transmitted in distinct neural circuits; for example,

the amygdaloid nuclei may be more closely related to the transmission of alarm
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pheromones, whereas the cat odor signal may be more related to hypothalamic regions.

Further research will still be necessary in order to answer this question, as well as to

reveal the meaning of these differences.

Implication of this study

Based on the present findings, we hypothesizes the neural circuit of the alarm

pheromone perception as follows. When the rat is placed in the test box containing

alarm pheromone, the pheromone information is perceived by the vomeronasal system

and transmitted through the AOB to the Me, and then to the BNST. At the same time,

the main olfactory system might also transmit some volatile information because even

an experimenter can discriminate the odor released from perianal region of anesthetized

donor [27]. The information perceived by the main olfactory system is then transmitted

through the main olfactory bulb to the La and BLA, and then to the BNST. At the BNST,

the information from the both systems is integrated, and then pheromone signal is

transmitted to several nuclei in the hypothalamus and the brain stem such as PVN,

DMH, PAG and LC that are involved in the regulation of anxiety as well as stress
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responses.
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Figure Legends

Fig. 1. Schematic diagrams showing the location of brain regions (open square

containing numbers) in which Fos immunoreactive cells were mapped and counted.

Adapted from [45]. For an explanation of the abbreviations, see the corresponding

numbers in Table 1.

Fig. 2. Top: Time-dependent changes in the body temperature of recipient rats

introduced into a test box containing either the odor released from the neck region

(Control) or perianal region (Alarm pheromone) of an anesthetized donor by regional

electrical stimulation (meantS.E.M.). Bottom: Time-dependent changes in the activity

of recipient rats introduced into a test box containing either the odor released from the

neck region (Control) or the perianal region (Alarm pheromone) of an anesthetized

donor by regional electrical stimulation (meantS.E.M.). * P <0.05 with repeated

two-way ANOVA.

Fig. 3. Photomicrographs showing Fos immunoreactive cells in the bed nucleus of the
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stria terminalis (A,D), paraventricular nucleus (B,E), and dorsomedial hypothalamic

nucleus (C,F) from male rats sacrificed 60 minutes after being exposed to either the

control odor (A-C) or the alarm pheromone (D-E). Horizontal bar indicates 200 um.

Fig. 4. Photomicrographs showing Fos immunoreactive cells in the anterodorsal medial

amygdaloid nucleus (A,C) and lateral and basolateral amygdaloid nucleus (B,D) from

male rats sacrificed 60 minutes after being exposed to either the control odor (A,B) or

the alarm pheromone (C,D). Horizontal bar indicates 200 pum.

Fig. 5. Photomicrographs showing Fos immunoreactive cells in the ventrolateral

periaqueductal gray (A,D), laterodorsal tegmental nucleus (B,E), and locus coeruleus

(C,F) from male rats sacrificed 60 minutes after being exposed to either the control odor

(A-C) or the alarm pheromone (D-F). Horizontal bar indicates 200 pum.
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Table 1. Number of Fos immunoreactive cells/0.25 mm? in various brain regions of either exposed
to control odor or alarm pheromone.

Region Control Alarm pheromone
(n=8) (n=7)
Olfactory bulb
1. Accessory olfactory bulb (mitral/tuffted cell layer) 30.4 =+ 0.8 308 £ 14
2. Accessory olfactory bulb (granule layer) 574 %= 40 694 £ 6.0
3. Main olfactory bulb 64.1 * 5.5 578 = 3.6
Forebrain and Hypothalamus
4. Bed nucleus of the stria terminalis,
anterior division medial group 145 £ 1.1 196 * 1.8
5. Bed nucleus of the stria terminalis,
anterior division lateral group 264 = 23 521 £ 32
6. Lateral septal nucleus (ventral) 159 = 1.6 202 = 2.0
7. Medial preoptic area 11.3 £ 09 126 = 1.0
8. Lateral preoptic area 245 = 3.0 288 = 34
9. Paraventricular nucleus 576 = 3.0 848 = 50
10. Lateral hypothalamic area 2277 = 1.8 283 £ 25
11. Dorsomedial hypothalamic nucleus 340 = 2.6 463 = 1.1
12. Ventromedial hypothalamic nucleus 88 * 1.3 98 = 21
Amygdaloid nuclei
13. Bed nucleus of the accessory olfactory tract 29.8 * 3.5 390 £ 42
14. Cortical amygdaloid nucleus (anterior) 532 * 438 61.7 £ 4.6
15. Medial amygdaloid nucleus (anterodorsal) 250 £ 19 333 £ 15
16. Central amygdaloid nucleus 194 = 3.6 344 = 73
17. Lateral amygdaloid nucleus 144 = 10 229 = 20
18. Basolateral amygdaloid nucleus 212 = 1.6 371 £ 25
19. Medial amygdaloid nucleus (posterodorsal) 196 = 2.6 233 £ 3.0
20. Medial amygdaloid nucleus (posteroventral) 373 * 3.8 46.6 = 3.1
Brainstem
21. Dorsomedial periaqueductal gray 10.7 £ 1.3 13.1 £ 2.0
22. Dorsolateral periaqueductal gray 85 = 1.6 13.1 £ 1.8
23. Ventrolateral periaqueductal gray 154 = 0.6 295 = 27
24. Lateral parabrachial nucleus 256 = 2.8 334 £ 28
25. Laterodorsal tegmental nucleus 125 £ 09 224 = 13
26. Locus coeruleus 44 = 0.3 6.8 * 0.5

Data are expressed as means = SEM. The number of subjects is given in parentheses.

*P<0.05 with ANOVA as compared to Control group.



