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THE CENTRAL AMYGDALA MODULATES HYPOTHALAMIC—-PITUITARY —
ADRENAL AXIS RESPONSES TO SYSTEMIC INTERLEUKINfAADMINISTRATION

Y. XU, T. A. DAY and K. M. BULLER*
Department of Physiology and Pharmacology, University of Queensland, Brisbane, QLD 4072, Australia

Abstract—In the present study we examined the role of the central nucleus of the amygdala in hypothalamic—pituitary—adrenal
axis responses to an immune challenge in the form of systemic administration of the proinflammatory cytokine inteleukin-1
(1 na/kg). We found that bilateral ibotenic acid lesions of the central amygdala substantially reduced adrenocorticotropin hormone
release and hypothalamic corticotropin-releasing factor and oxytocin tedleqpression responses to interleukigsuggesting a
facilitatory role for this structure in the generation of hypothalamic—pituitary—adrenal axis responses to an immune challenge.
Since only a small number of central amygdala cells project directly to the paraventricular nucleus, we then examined the effect of
central amygdala lesions on the activity of other brain nuclei that might act as relay sites in the control of the hypothalamic—
pituitary—adrenal axis function. We found that bilateral central amygdala lesions significantly reduced intergeirdgiided cfos
expression in cells of the ventromedial and ventrolateral subdivisions of the bed nucleus of the stria terminalis and brainstem
catecholamine cell groups of the nucleus tractus solitarius (A2 noradrenergic cells) and ventrolateral medulla (A1 noradrenergic
and C1 adrenergic cells).

These findings, in conjunction with previous evidence of bed nucleus of the stria terminalis and catecholamine cell group
involvement in hypothalamic—pituitary—adrenal axis regulation, suggest that ventromedial and ventrolateral bed nucleus of the
stria terminalis cells and medullary catecholamine cells might mediate the influence of the central amygdala on hypothalamic—
pituitary—adrenal axis responses to an immune challenge. Thus these data establish that the central amygdala influences
hypothalamic—pituitary—adrenal axis responses to a systemic immune challenge but indicate that it primarily acts by modulating
the activity of other control mechanism®.1999 IBRO. Published by Elsevier Science Ltd.

Key words bed nucleus of the stria terminalis, brainstem catecholamine cells, central amygdala, corticotropin-releasing factor,
hypothalamic—pituitary—adrenal axis, interleukif-1

An immune challenge, in the form of peripheral infection, activation is often accompanied by release of oxytocin (OT)
inflammation or tissue injury, initiates the release of pro- and there is evidence that OT release from axons of hypo-
inflammatory cytokines into the circulation thereby setting thalamic magnocellular cells passing through the median
in motion a series of reciprocal interactions between the eminence can enhance ACTH release from cortico-
immune and central nervous systems. Numerous studiestrophs?3"® |t is thus notable that there is a concurrent

have shown that proinflammatory cytokines such as inter- increase in OT cell activation with ACTH release in response

leukin-13 (IL-1B), tumour necrosis factax- and inter-
leukin-6 can act as signalling molecules capable of
activating CNS mechanisms which contribute to the acute
phase response of an immune challeffg&#44°

An important and widely studied neuroendocrine compo-

to IL-1p administratior?

Although the importance of the mPVN CRF cells in the
HPA axis response to systemic II3-1s well documented, the
afferent pathways that converge on this cell group and trigger
their response to an immune challenge are less well charac-

nent of the acute phase response is the activation of theterized. Brainstem catecholamine cell groups of the nucleus

hypothalamic—pituitary—adrenal (HPA) axis. The HPA axis

tractus solitarius (NTS) and ventrolateral medulla (VLM) are

response to an immune challenge consists of a cascade ofikely to constitute the primary afferent mPVN input respon-

events primarily dependent on the integrity of a population
of tuberoinfundibular-projecting  corticotropin-releasing
factor (CRF) cells within the medial parvocellular division
of the paraventricular nucleus (mPVRj346:52 Systemic
administration of the cytokine ILfA produces robust
mPVN CRF cell activation in rat® and this is followed by
the release of adrenocorticotropin hormone (ACTH) from the
anterior pituitary into the circulatio”?85°In rodents CRF cell

*To whom correspondence should be addressed.

Abbreviations ACTH, adrenocorticotropin hormone; BNST, bed nucleus
of the stria terminalis; CeA, central amygdala; CRF, corticotropin-releas-
ing factor; HPA axis, hypothalamic—pituitary—adrenal axis; B.-ihter-
leukin-18; MeA, medial amygdala; mPVN, medial parvocellular
division of the paraventricular nucleus; NTS, nucleus tractus solitarius;
OT, oxytocin; PBS, phosphate-buffered saline; PNMT, phenyl-N-methyl
transferase; PVN, paraventricular nucleus; SON, supraoptic nucleus; TH,
tyrosine hydroxylase; VLM, ventrolateral medulla.
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sible for the generation of HPA axis responses following an
immune challenge since destruction of PVN catecholamin-
ergic terminal¥®?53356 and interruption of catecholamine
projections from the medulla oblongata to the hypothaldfhus
attenuate IL-B-induced HPA axis responses. However, this
pathway may not fully account for HPA axis responses
observed following an immune challenge. In particular the
amygdala, and more specifically the central amygdala
(CeA), is robustly activated by systemic 1[34%° and has
previously been shown to have a role in HPA axis function.
Electrical stimulation of the amygdala has been reported to
increase ACTH release while lesions of the amygdala, and
particularly the CeA, have been shown to attenuate HPA axis
responses to various stimaf:2%3%53 Conversely the CeA
does not appear to alter HPA axis regulation following
restraint stress or ether exposété? Furthermore we have
recently proposed that different amygdala nuclei may mediate



HPA axis responses to different categories of stressor; the
CeA being important for physical and MeA for psychological
stressors® Thus it seems possible that the amygdala could
hold an important position in generating, or at least modu-
lating, HPA axis activation during an immune challenge.

Even though there is a direct neural projection from the
CeA to the mPVN it involves only a small number of cell
bodies??3314148 This, coupled with evidence that IL31
activated neurons in the CeA do not correspond to those
that project directly to the PVR suggests that if the CeA
does contribute to the HPA axis response to immune
challenge it may do so via indirect pathways. Retrograde
tracing and lesion studies implicate two regions as potential
relay pathways for CeA regulation of HPA responses: brain-
stem catecholamine cell groups and the bed nucleus of the
stria terminalis (BNST). As described above, brainstem
noradrenergic and adrenergic cell groups of the NTS and
VLM have already been demonstrated to play a pivotal role
in generating HPA axis responses to systemic fLatimin-
istration!® Moreover the CeA projects to regions of the NTS
and VLM that contain catecholamine nucféf®>4although to
date there has been no investigation, to our knowledge, of the
contribution of descending amygdala pathways to HPA axis
responses. The amygdala could also potentially influence
HPA axis responses via the BNST. The amygdala projects
to the BNST via the stria terminafis®” and the BNST is
believed to be involved in modulating HPA axis
response&®??4In addition, it has been demonstrated that
BNST lesions block HPA axis responses elicited by amygdala
stimulation?! The CeA projects specifically to lateral com-
ponents of the BNST including the oval nucleus, ventrolateral
and ventromedial subdivisions and the latter two subdivisions
have been shown to project to the mPVN cell grétifs:*8
Although there is evidence to suggest that the oval nucleus
does not contribute to ILfA-induced HPA axis activatidf
the involvement of the ventromedial and ventrolateral sub-
divisions of the BNST has not been studied.

In view of the lack of knowledge on the role of the
amygdala during an immune challenge we sought to examine
its involvement in IL-B-induced HPA axis activation in the
rat. We have used a bilateral CeA lesion approach, in
combination with measuring plasma ACTH levels anfbs-
expression (an indicator of neuronal activation) in mPVN
CRF cells, to address the importance of the CeA in generating
HPA axis responses. In addition, because of evidence that OT
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(2:25,000; Peninsula Lab. Inc., CA), OT (1:250; OT-neurophysin
directed monoclonal gift from D. Pow, University of Queensland),

TH (1:15,000, monoclonal, Incstar, U.S.A)) or PNMT (1:1200,

monoclonal, Incstar, U.S.A.). The sections were incubated for 2 h
in biotinylated anti-mouse (for OT and TH; 1:400, Jackson Immuno-
Research, West Grove, U.S.A.) or anti-rabbit (for PNMT and CRF,;
1:400, Jackson ImmunoResearch) followed by an avidin—biotin—
horseradish peroxidase complex solution (Vector Elite Kit, CA) for

2 h. Horseradish peroxidase activity was visualized with diaminoben-
zidine alone (nickel omitted) producing an amber cytoplasmic deposit.
To minimize possible variations in immunocytochemistry, sections

from each experimental group were processed simultaneously and

therefore incubated for equal lengths of time in diaminobenzidine.

Sections were mounted on chrome-alum slides, dehydrated in a series

of alcohols, cleared in xylene and coverslipped.

Data analysis

All results are expressed as the méa8.E.M. Fos-positive cells
were identified by their black nuclear deposit whereas those immuno-
labelled for TH, PNMT, OT or CRF were distinctive by their amber
cytoplasmic deposit. Counts were done blind to treatment. In the SON
the total number of OT-positive cells co-localizing Fos was counted at
160pm intervals at eight rostrocaudal levels. For the PVN, the
numbers of OT- and CRF-positive cells co-localizing Fos were deter-
mined at two rostrocaudal levels corresponding to the posterior magno-
cellular and medial parvocellular subdivisions of the P¥#NThese
PVN divisions are where the majority of magnocellular OT and parvo-
cellular, tuberoinfundibular-projecting CRF cells are located. The Fos-
positive CRF cell count is a good estimate of cell activation in the
mPVN as we have previously shown a high correlation of Fos-positive
versus Fos-positive CRF mPVN cells for a variety of stinfdfi.
Furthermore this is consistent with others who, by combinimgitu
hybridization with Fos-immunolabelling, have shown that in animals
subjected to an ACTH releasing stimulus, over 70% of Fos-positive
mPVN cells expressed CR&.The numbers of Fos-positive cells
within the CeA and medial amygdala (MeA) were determined at
160p.m intervals at five rostrocaudal levels. In the BNST the number
of Fos-positive cells were counted at 166 intervals at four, two and
four rostrocaudal levels in the oval, ventrolateral and ventromedial
subdivisions, respectively. The ventromedial and ventrolateral sub-
divisions correspond to regions located ventral to the anterior commis-
sure while the oval nucleus is located ventral to the lateral
ventricle}®*#! In the VLM and NTS, TH- and PNMT-positive cells
co-localizing Fos were counted at 2p@n intervals from 2.5 mm
caudal to 2 mm rostral to obex. The VLM and NTS contain partially
overlapped populations of noradrenergic cells, the A1 and A2 groups,
and adrenergic cells, the C1 and C2 groups. As PNMT only occurs in
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adrenergic cells these were taken to be C1 or C2 cells. However, since

TH is a marker for both noradrenergic and adrenergic cells the number
of activated noradrenergic Al or A2 cells was estimated by subtracting
the number of double-labelled PNMT cells in one section from the

number of double-labelled TH cells in the adjacent section. To deter-
mine ACTH plasma concentrations a radioimmunoassay was per-
formed using a commercial radioimmunoassay kit was used
(Diagnostic Product Corporation, CA). All plasma samples were

analysed in the same assay and the intra-assay coefficients of variation

were less than 10%. The extent of the amygdala lesions was assessed

by determining the percentage reduction in Fos-positive cells in the
CeA and MeA and also on the basis of gliosis in adjacent Nissl-stained
amygdala sections. Only animals with a discrete CeA lesion were
included in the present study. The effect of bilateral CeA lesions on
IL-1B-induced cfos expression in neuronal populations and plasma
ACTH levels were analysed by comparing values from CeA-lesioned
versus sham-lesioned groups using unpaired Studémgsts (two-
tailed).

RESULTS

Controls

In animals that received only an intra-arterial injection of
saline 2 h prior to sacrifice very few Fos-positive cells were
observed in any of the regions examined. For example, Fig.
1A illustrates the paucity of Fos-labelled cells in the CeA of a

Fig. 1. Photomicrographs of coronal CeA sections (4@ taken from
animals that had received systemic vehicle injection only (A), CeA sham
lesion followed by systemic IL{ injection (B) and CeA ibotenic acid
lesion followed by systemic IL{1 (C). Sections have been immunolabelled
for the detection of nuclear Fos and cytoplasmic CRF. Virtually no Fos-
positive cells were apparent in vehicle-injected animals whereas there was a
large recruitment of CeA cells in sham-lesioned animals following L-1
administration. In sham-lesioned animals Fos-positive cells were concen-
trated within the lateral region of the CeA, a pattern analogous to that seen
in intact animals. It is also notable that none of the CRF-positive cells were
Fos-positive. Ibotenic acid injected into the CeA (Alcian Blue dye seen as
grey smudge in the centre of the CeA) resulted in a significant loss of both
Fos-positive and CRF-positive cells within the CeA. Scale=ba00 p.m.

vehicle-injected animal. These findings indicate that variables
such as surgery, housing and mode of drug delivery had no
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Table 1. Effects of bilateral central amygdala lesions on the number of Fos- . : g s TP > SeE &
positive amygdala cells, hypothalamic oxytocin and corticotropin-releasing A ! i > e o . { > ':3 ‘»’,1. 2 .‘fp.ﬁ
factor cells, bed nucleus of the stria terminalis and brainstem catecholamine § ‘ 2 Z‘. o 3 Al 4,4 'm‘, - % o
cells following systemic interleukinfl administration - b “. o % 34 b
Sham lesion CeA lesion = s
Amygdala
Central amygdala 325.4329.83 50.14™12.05***
Medial amygdala 61.298.37 57.578.16
Hypothalamus
mPVN CRF cells 146.5718.55 18.439.18***
SON OT cells 202.57°17.43 51.88™24.12%*
PVN OT cells 437 6.41 4NN 2,67+
Bed nucleus of the stria terminalis
Ventromedial nucleus 10322.65 18.25™3.17**
Oval nucleus 96.7527.63 100.2212
Ventrolateral nucleus 67%18.29 21 7.58*
Brainstem
VLM A1l cells 88.14"9.54 35" 9.38*
VLM C1 cells 60.1428.54  21.86™4.87*
NTS A2 cells 112.149.10 63.7¥13.42*
NTS C2 cells 6.71°1.55 6.29™1.73

In the amygdala sham-lesioned animals showed typical patterndasf c-
expression after immune challenge with the majority of cells recruited
within the CeA and relatively few in the MeA. Bilateral CeA lesions : ; i STm b
resulted in an 85% reduction in the number of CeA cells recruited by . . S N : ‘;Q
systemic IL-B but had no effect on the number of cells recruited within R R T L i ‘S
the MeA. In the hypothalamus bilateral CeA lesions resulted in signifi- ke i KL 4
cant reductions in the number of Fos-positive mPVN CRF cells and oAl
magnocellular OT cells of the SON and PVN. In the BNST bilateral
CeA lesions resulted in a significant reduction in the number of Fos-
positive cells in the ventromedial and ventrolateral cell groups but had
no effect on the number of cells recruited in the oval nucleus of the
BNST. In the brainstem bilateral CeA lesions resulted in a significant
reduction in IL-B-induced Fos expression in the A1 and A2 nor-
adrenergic and C1 adrenergic cell groups but had no effect on the Y. 5
small number of C2 adrenergic cells recruited. e e plel @ e

Values are meaft S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001 compared Fig. 2. Photomicrographs of coronal sections (40) taken through the
with sham-lesioned values. mPVN CRF cell division from sham- (A) and CeA-lesioned (B) animals
administered systemic IL8L Sections have been immunolabelled for the
detection of nuclear Fos and cytoplasmic CRF. In sham-lesioned animals,

; ; ; here was substantial recruitment of mPVN CRF cells following systemic
detectable effects on baseline Fos levels in the brain area#L-lB as shown by the dense population of Fos-positive CRF cells (A). The

examined. . . . inset of A presents a Fos-positive CRF immunolabelled cell. In contrast, in
To determine whether the surgical procedures required tobilateral CeA-lesioned animals there was a significant loss of Fos-positive
perform CeA lesions might influence ILB%induced activa- CRF cells within the mPVN. Scale ba#s50 pm.

tion of the nuclei of interest, ILf was administered to

animals that had received a sham CeA lesion. In these animaldocalized pattern of neuronal loss and glial infiltration
the localization and number of Fos-positive cells for all brain between the internal limb of the external capsule and the
regions examined were indistinguishable from those we haveoptic tract. Nuclei bordering the CeA such as the lateral
previously reported for intact animals which had not under- amygdala were not affected by ibotenic acid. Bilateral CeA
gone neurosurgery.Furthermore the baseline and 11341 lesions significantly reduced the number of Fos-positive cells
induced plasma ACTH levels measured in sham-lesioned by 85% compared to sham-lesioned animals (Fig. 1C; Table
animals were comparable to those seen in intact anifnals. 1). The number of Fos-positive cells seen in the MeA was not
Consequently we conclude that the neurosurgical proceduresaltered in CeA-lesioned animals (Table 1) thus further indi-
used in the present study had no effect on p-ihduced cating that the lesions were confined to the CeA.
responses.

Effects of central lesions on medial parvocellular division of
Effects of central amygdala lesions on the amygdala the paraventricular nucleus corticotropin-releasing factor

In sham-lesioned animals systemic administration of f.-1 cells and adrenocorticotropin release

resulted in a substantial recruitment of cells within the CeA  In sham-lesioned animals, systemic IB-Iproduced a
(Fig. 1B; Table 1). Fos-positive cells were concentrated substantial number of Fos-positive mPVN CRF cells (Fig.
primarily within the lateral portion of the CeA and negligible 2A; Table 1). Compared to sham-lesioned animals, bilateral
Fos-positive or Fos-positive CRF cells were apparent in the CeA lesions significantly reduced the number of mMPVN Fos-
medial CeA. Besides the CeA, the amygdala of sham-lesionedpositive CRF cells recruited in response to systemic BL-1
animals was largely devoid of Fos-positive cells except for a (Fig. 2B; Table 1). Systemic administration of Il3lalso
very small number of cells in the MeA (Table 1). Bilateral produced a significant release of ACTH into the plasma
injections of ibotenic acid into the CeA resulted in a very 30 min after IL-3 delivery in sham-lesioned animals
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Table 2. Plasma adrenocorticotropin values (pg/ml) in sham- and central SON and PVN Fos-positive OT cells recruited by IB-1

amygdala-lesioned animals measured 30 min before and after systemiccompared to sham-lesioned animals (Table 1).
administration of interleukinfi

Sham lesion CeA lesion
30 min before IL-B 18.46M2.44 17027295 tEffec"[s ?f cer;ltral amygdala lesions on bed nucleus of the stria
30 min after IL-B 143.9123.44 74.21°12.07* erminalis cells
In sham-lesioned animals ILBladministration resulted in a pronounced In sham-lesioned animals, systemic IB-Administration

release of ACTH into the plasma. Compared to sham-lesioned values, resulted in Fos-positive cells in three distinct bilateral regions
bilateral CeA lesions resulted in significant reductions in the plasma of the BNST; the ventromedial (Fig. 3A), ventrolateral and

ACTH level measured 30 min after ILgladministration. Note that = oya| nuclei (Fig. 3C). Bilateral CeA lesions significantly
compared to sham-lesioned animals, bilateral CeA lesions had no effect

on baseline plasma ACTH levels measured 30 min beforepllwas reduced th_e number of Fos-posmve_ (_:e_”S within both the
administered. ventromedial and ventrolateral subdivisions but there was
Values are meaft S.E.M. *P < 0.05 compared with sham-lesioned values. no significant difference between the sham- and CeA-lesioned

animals for the oval nucleus (Fig. 3B, C; Table 1).

(Table 2). Bilateral CeA lesions significantly attenuated the
rise in plasma ACTH normally observed 30 min after
systemic injection of IL-B (Table 2). There was no differ-  Effect of central amygdala lesions on ventrolateral medulla
ence between sham- and CeA-lesioned animals in the baselingatecholamine cells
plasma ACTH values obtained 30 min before Ig-admin- . . o . )
istration (Table 2). In sham-lesioned animals ILBladministration resulted in
the recruitment of Fos-positive Al noradrenergic and C1
Effects of central amygdala lesions on hypothalamic neuro- adrenergic_cell groups of the VLM cell column (Fig. 4,
. Table 1). Rostrocaudal plots of the VLM Al and C1 cell
secretory oxytocin cells recruitment patterns indicate that the majority of cells were
In sham-lesioned animals, systemic administration of IL- located just caudal and rostral to obex, respectively (Fig. 5A,
1B resulted in a large number of Fos-positive OT cells in the B). Bilateral CeA lesions resulted in significant reductions in
magnocellular divisions of both the SON and PVN (Table 1). the recruitment of both A1 noradrenergic and C1 adrenergic
Bilateral CeA lesions significantly reduced the numbers of cells (Table 1, Fig. 5A, B).
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Fig. 3. Photomicrographs illustrating the effects of CeA lesions on BNST cells recruited by systenficadiriinistration. Sections (40m) have been
immunolabelled for nuclear Fos and taken from the ventromedial (A, B) and oval nucleus subdivisions (C, D) of the BNST. Syst@ranhinistration
resulted in recruitment of cells within both the ventromedial and oval nucleus in sham-lesioned animals (A, C). Bilateral CeA lesions sigeificeed ytre
number of Fos-positive cells within the ventromedial BNST (B) but not the oval nucleus (D). Scate H@®gam. a.c., anterior commissure; l.v., lateral
ventricle.
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Fig. 4. Photomicrographs illustrating the effects of CeA lesions on VLM catecholamine cells following systengi@tirvinistration. Sections (50m) have

been immunolabelled for nuclear Fos and cytoplasmic TH and have been taken from approximatety @&dal to obex corresponding to a rostrocaudal

level containing A1 noradrenergic cells. In sham-lesioned animals systemig tipically recruited large numbers of VLM A1 cells (A) while in bilateral
CeA-lesioned animals there was a significant reduction in the number of Fos-positive TH cells in the VLM (B). Scalé®ars.

Effects of central amygdala lesions on nucleus tractus solitar- A VLM A1 cell distribution
ius catecholamine cells

20 - .
In sham-lesioned animals, systemic IB-Administration 2 g::n:eg:ign
X ; X 8 ——

also resulted in the recruitment of both A2 noradrenergic and - 15 -
C2 adrenergic cells however the majority of NTS cells ;
recruited were A2 noradrenergic cells (Table 1; Fig. 6A, B). & 10
Rostrocaudal plots of Fos-positive NTS A2 noradrenergic o
cells showed that most recruited A2 cells were concentrated % 5
at the level of obex. Bilateral CeA lesions resulted in signifi- &
cant reductions in the recruitment of A2 cells while the very L§ 0
small number of C2 cells activated by Il31remained 3
unchanged compared to sham-lesioned animals (Table 1; P T U T U S R SO B NP

Fig. 6). -3 25 -2 -15 -1 05 0 05 1 15 2 25
Rostro-caudal level relative to obex (mm)

DISCUSSION
B VLM C1 cell distribution

The present study provides the first evidence for the 20
involvement of the CeA in the generation of HPA axis o ] —o— CeA lesion
responses to immune challenge. As well as suppressing 8 —e— Sham lesion
HPA axis responses, lesions of the CeA greatly reduced the & 154
activation of BNST and brainstem catecholamine cells. Since =
these populations have been implicated in the control of the s 104
HPA axis, and because direct connections between the CeA 2
and the hypothalamic apex of the HPA axis are scarce, it g 5
appears likely that the CeA can modulate the activity of &
other central pathways that normally provide the primary £ 04
drive to the HPA axis after detection of an increase in circu- * e

lating levels of proinflammatory mediators such as -1 3 25 2 15 1 05 0 05 1 15 2 25

) ) o Rostro-caudal level relative to obex (mm)
Role of the_ central amygda]a in the hypothalamic—pituitary— Fig. 5. Effects of bilateral CeA lesions on the rostrocaudal distribution of
adrenal axis responses to interleukiys- IL-1B-induced Fos-positive Al noradrenergic cells (A) and C1 adrenergic

. . . cells (B) in the VLM. Note that because TH is a marker for both noradre-
I_n agreement with preyloys reports We,f,ound that ',n ,Sham' nergic and adrenergic cells the number of activated noradrenergic Al cells
lesioned animals the majority of Fos-positive CellS_W|th|n the was estimated by subtracting the number of double-labelled PNMT cells in
amygdala were located in the lateral CBR.The failure to one section from the number of double-labelled TH cells in the adjacent
observe more than minor levels offas expression in other section. Systemic ILf4 administration resulted in the recruitment of both
regions of the amygdala cannot be construed as evidence thaﬁl _no_radrenerglc and C1 erenerglc cells along the VLM cell column. The
h re not also affected. althouah it is noteworthy that majority of Al cells recruited were fou_nd below obe>_< whereas C1 qells
they we . ] g e _y were concentrated from 0—2 mm relative to obex. Bilateral CeA lesions
other studies have established that almost all divisions of resulted in a significant reduction in ILginduced Fos expression in both
the amygdala do contain substantial numbers of cells capable the A1 noradrenergic and C1 adrenergic cell groups.
of expressing dos®

Many previous studies have implicated the CeA in the response to immune challenge. The present data show that

control of HPA axis responses to stressful stirhtff3%53 CeA lesions reduced ILg-induced cfos expression in both

although none have investigated its involvement in the mPVN CRF cells and neurosecretory OT cells, the latter
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Several lines of evidence suggest that direct projections
between the CeA and the mPVN are not likely to be respon-
sible for the altered HPA axis responses observed in the
present study. Even though the CeA does have a small
number of cells that project to the mPVR$314148g recent
study shows that systemic IL3ldoes not activate neurons in
the CeA that project directly to the PVN.Moreover some
reports have specified that this small PVN-projecting CeA
population originates primarily in the medial division of the
CeA?3lwhereas we found that neurons recruited by f-1
administration were mostly concentrated in the lateral CeA.
Consequently the significant attenuation of IR-hduced
HPA axis responses in CeA-lesioned animals is very unlikely
to be dependent on a direct pathway from the CeA. Similarly,
although it is thought the amygdala can influence OT cell
activity in the SON and PVN magnocellular regions?
it is unlikely that monosynaptic pathways mediate this
influence.

Role of the bed nucleus of the stria terminalis in central
amygdala-dependent hypothalamic—pituitary—adrenal axis
responses

CeA lesions significantly reduced ILBiinduced cfos
expression within the ventromedial and ventrolateral subdivi-
sions of the BNST showing for the first time that the CeA can
influence BNST cell responses to an immune challenge.
Previous reports indicate that these BNST subdivisions
project to the PVNZ3248and selective anterior BNST lesions,
that encompass the ventrolateral and ventromedial sub-
divisions, reportedly reduce the expression of ACTH

Fig. 6. Effects of bilateral CeA lesions on the rostrocaudal distribution of S€cretagogue®. Although we and others also found Fos
IL-1B-induced Fos-positive A2 noradrenergic cells (A) and C2 adrenergic labelling in the oval nucleus of the BNST following systemic
cells (B) in the NTS. Note that because TH is a marker for both noradre- |L-13,81° CeA lesions did not alter this response and it has
nergic and adrenergic cells the number of activated noradrenergic A2 cells 5155 heen shown that ILgtactivated neurons in the oval

was estimated by subtracting the number of double-labelled PNMT cells in .
one section from the number of double-labelled TH cells in the adjacent nucleus do not project to the PVR.Based on the present

section. Within the NTS the vast majority of catecholamine cells recruited data it seems plausible that the ventromedial and ventrolateral
following systemic IL-B administration in sham-lesioned animals were A2 subdivisions of the BNST could mediate CeA influences on
noradrenergic cells. Bilateral CeA lesions resulted in a significant reduction || -1 B-induced HPA axis activation although it remains to be
in IL-1B-induced Fos expression in A2 noradrenergic cells but had no effect : P : :
on the small number of C2 adrenergic cells recruited. determined Whethe_r .It is the ILB_Lresponswe neurons in
these BNST subdivisions that project to the mPVN.

being of interest due to evidence that OT can contribute to
ACTH release through a direct action at the cortico-
troph 223738 |mportantly, we were able to demonstrate that
the effects of CeA lesions on CRF and OT cell activity It is plausible that brainstem catecholamine cells might be
were matched by a reduction in plasma ACTH responses toinvolved in mediating CeA effects on HPA axis responses to
systemic IL-B thus supporting the view that neuroendocrine systemic IL-B administration. In the present study we found
cell cfosexpression can provide a useful index of HPA axis that CeA lesions resulted in significant reductions in the
endocrine output during short-term activation. Furthermore recruitment of VLM Al and C1 cells and NTS A2 cells.
we have recently shown an excellent correlation between Whilst the CeA densely innervates the NTS A2 and C2
the number of Fos-positive mPVN CRF cells and level of regions within the VLM it is thought to provide only a sparse
ACTH in response to systemic administration of IB:4 innervation of C1 cell bodie®:*¢%Therefore, evidence that
The CeA lesions produced in this study were quite discrete, the CeA can influence VLM A1 and C1 cell activity is some-
as indicated both by the restricted extent of gliosis observed in what surprising. It may be that the CeA alters VLM catechol-
the amygdala of the lesioned animals and the fact that theseamine responses through NTS—VLM connecti§s some
lesions had no effect on the small but consistent levelfolsc-  other indirect pathway. PVN catecholamine inputs arising
expression observed in the MeA after [3-aAdministration. primarily from the VLM and NTS noradrenergic and adren-
Interestingly we also found that in two animals where ibotenic ergic cell groups constitute major afferent pathways involved
acid lesions had been misplaced, and the MeA rather than thein generating HPA axis responses following systemic admin-
CeA had been destroyed, the HPA axis response t@llds istration of IL-13. Previous studies have shown that destruc-
indistinguishable from that observed in sham-lesioned tion of PVN catecholaminergic terminals or inputs to the
animals (data not shown). PVN inhibit HPA axis responses to systemic 1£23°25:3356

Role of brainstem catecholamine cells in central amygdala-
dependent hypothalamic—pituitary—adrenal axis responses
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and IL-13-activated catecholamine cells project to the PYN. by the occurrence of a rise in circulating levels of proinflam-
Also with regard to magnocellular OT cell responses, there matory mediators is transduced by prostaglandin-mediated
are substantial catecholaminergic projections to the SON andmechanisms at the level of the area postrema and the vascu-
PVN!31447and knife cuts that interrupt the ascending cate- lature of the NTS and VLM:2%1"18This is followed by an
cholamine bundle have been shown to block PVN neuro- activation of medullary catecholamine cells which provide
secretory cell responses to IIB¥ suggesting that the primary excitatory input to tuberoinfundibular CRF and
brainstem catecholamine cells play a major role in generating perhaps neurosecretory OT cells, thus resulting in HPA axis
at least the PVN OT response to I3 1However, the role of ~ activation. However, the catecholaminergic response to an
brainstem catecholamine cells in I[34nduced SON OT cell immune challenge, based on the present results, appears to
recruitment remains to be elucidated. be gated by a descending input from the CeA. Given the
Despite there being no direct evidence of specific CeA acknowledged role of the amygdala in emotions, this could
connectivity with brainstem catecholamine cells which conceivably constitute a mechanism by which the emotional
project to the hypothalamus, the present data suggest thatand physical responses of an animal to an immune challenge
the activity of PVN-projecting brainstem catecholamine are integrated. With regard to the current findings concern-
cells that respond to immune challenge could be under theing the BNST there is no evidence that BNST activation is
influence of the CeA. This proposal is consistent with a report integral to the activation of the HPA axis by an immune
that CeA ablation can result in a decrease in stress-inducedchallenge as has been established for medullary catechol-
noradrenergic activity in the PVA\and also with findings that ~ amine cells.
stimulation of the amygdala results in concomitant increases
in brain catecholamine levefs. ) )
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