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Abstract:

Interleukin-1B (IL-1P) level is modulated during multiple stress reactions both in brain structures involved in hypothalamic-
pituitary-adrenal (HPA) axis regulation and peripheral systems. Multiple distinct stressors induce different IL-13 and HPA axis re-
sponses. The purpose of the present study was to determine if the effect of prior repeated restraint stress on IL-1f levels in prefrontal
cortex, hippocampus, hypothalamus and plasma may have an impact on alterations induced in HPA axis responses. Experiments
were performed on male Wistar rats which were exposed to 10 min restraint stress twice a day for 3 days. Twenty four hours after the
last stress period rats were restrained for 10 min and decapitated at 0, 1, 2 or 3 h after cessation of stress. Control rats were injected ip
with saline and some of experimental groups with IL-1f receptor antagonist (IL-1ra). After rapid decapitation, trunk blood was col-
lected and prefrontal cortex, hippocampus and hypothalamus were excised and frozen. Interleukin-1f, adrenocorticotropic hormone
(ACTH) and corticosterone (CORT) levels were determined in plasma using commercially available kits and IL-1f levels in brain
structures samples were analyzed by western blot procedure. Repeated restraint for 3 days alone did not alter resting plasma levels of
IL-1B, and moderately augmented plasma ACTH and CORT levels and IL-1{ content in brain structures 24 h after the last restraint.
IL-1B antagonist abolished the increase in plasma levels of IL-13, ACTH and CORT as well as IL-1f in brain structures in response
to repeated stress and also reduced these changes induced by 10 min stress. This suggests the selectivity of IL-1f receptors in central
and peripheral mechanisms modulating the stress-induced HPA axis responses. These results indicate that repeated stress markedly
increases IL-1f3 production in brain structures involved in HPA axis regulation. The present results support the role of brain and pe-
ripheral IL-1p in adaptation of HPA response during prolonged stress.
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Introduction tive stress response and stress associated psycho- and

neuropathology [11, 12, 24].

Pro-inflammatory cytokine interleukin 1B is an en-
dogenous signaling molecule in the brain and the first
cytokine associated with modulation of the hypotha-
lamic-pituitary-adrenal (HPA) axis. During stimula-
tion by different stressors IL-1f interacts with neuro-
transmitter and neuropeptide regulatory systems [31,
35-37]. This cytokine is a critical mediator of adap-

The brain cytokines network can interact with their
receptors in regions involved in HPA axis regulation,
including the hypothalamus paraventricular nucleus
(PVN) and the hippocampus, which provides negative
feedback regulation on PVN activity [20, 21]. Brain
regions involved in signaling the message of circulat-
ing cytokine to the PVN express cytokine receptors.
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Interleukin-1p significantly modulates central syn-
aptic transmission and is modulated by stress [26, 27].
In well established potent stress-induced activation of
the HPA axis, interleukins can act at the level of the
hypothalamus, to induce expression and release of
corticotropin-releasing hormone (CRH), and at the pi-
tuitary to release ACTH or through both of these
mechanisms [20]. Interleukins can also directly stimu-
late the adrenal gland [8] to stimulate glucocorticoid
release.

Cytokines are too large to readily pass the blood-
brain barrier (BBB) to activate CRH-producing neu-
rons in the PVN [1, 4, 7]. Cytokines could act on the
brain regions that lack a functional BBB, the circum-
ventricular organs (CVOQO’s), such as the median emi-
nence, organum vasculosum laminae terminalis
(OVLT), or the area postrema (AP) [22]. This struc-
ture has a close relationship with the nucleus of the
tractus solitarius (NTS), and dorsal motor nucleus of
the vagus nerve (DMX), plays a role in controlling the
entry of blood-borne substances to neurons of brain-
stem and may convey IL-1-mediated signals [30, 34,
37]. IL-1 in the general circulation may also act di-
rectly on CRH-containing terminals in the median
eminence to initiate HPA axis activation [37]. Local
application of IL-1 in the median eminence elevates
plasma ACTH and corticosterone in rats.

Interleukin-1 may stimulate perivascular cells in
the medulla oblongata, in which IL-1 receptors are
abundantly expressed [34], and these perivascular
cells may activate ascending aminergic neurons to
eventually stimulate CRH neurons. Induction of cy-
clooxygenase (COX)-2 expression by IL-1 in perivas-
cular cells may mediate IL-1 effects in the hypothala-
mus and medulla and the HPA axis [14].

An important role in cytokine to brain communica-
tion and endocrine hypothalamus stimulation have af-
ferent vagal system [6, 10] and visceral sensory inputs
[3, 29]. Interleukin 1B-induced corticosterone secre-
tion accompanied by hypothalamic noradrenaline de-
pletion is vagally mediated. Vagotomy can also block
the induction of IL-1f mRNA in the brain of rats in
response to systemic IL-1p. Electrical stimulation of
afferent vagus nerve induces IL-1(3 expression in the
brain and stimulates HPA axis [15]. Subdiaphragmatic
vagotomy affects dorsal motor nucleus of the vagus
and inhibits intra-abdominal stimulation of ACTH se-
cretion [18-20]. Interleukin-1 binding sites are pres-
ent in peripheral afferent vagus nerve fibers that relay
cytokine signals to nucleus of the solitary tract and
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hypothalamus [28] and in vagus nerve paraganglia,
which may be stimulated by circulating endogenous
or exogenously administered IL-1f3 and signal trans-
mitted by afferents of vagus nerve to its respective
brain regions [5]. The inflammatory signaling mole-
cule nuclear factor kappa B (NF-kB), a primary tran-
scription factor in the initiation of the inflammatory
response is an essential mediator at the blood-brain
barrier interface that communicates peripheral inflam-
matory signals to the central nervous system (CNS).
It is unlikely that blood-borne IL-1 contributes to
the majority of IL-1 detected in the hypothalamus.
Since the hypothalamus IL-1 is produced in neurons,
microglia, and astrocytes [38] and the bioactive IL-1
was present in brain under non-pathological condi-
tions [9]. Also icv IL-1 causes c-fos expression in
CRH-producing parvocellular neurons in the PVN, in-
dicating that stress-induced intrinsic IL-1f3 production
in the PVN evidently contributes to the activation of
HPA axis. The potential relationship between stress
and brain IL-1p has not been elucidated [25].
Pro-inflammatory cytokines often sensitize various
neuronal, hormonal, and behavioral responses to sub-
sequent stimulation [23, 24]. Single administration of
IL-1 increased CRH mRNA in the hypothalamic PVN
which paralleled long-lasting sensitization to emo-
tional stress [32]. HPA axis responsiveness to IL-1[3
undergoes individual variation. Prior stressor expo-
sure enhances peripheral and central pro-inflam-
matory cytokine and HPA axis responses to subse-
quent immune challenge [16, 17]. Stressful life events
can sensitize various neuronal and hormonal re-
sponses, sympathetic nervous system activation and
hypothalamic-pituitary-adrenal responses. Central and
systemic administration of IL-1f increased release of
ACTH and corticosterone upon subsequent IL-1B
stimulation 11-22 days later [34]. Elevated levels of
central IL-1p during stress exposure are necessary for
pro-inflammatory cytokine sensitization. Systemic
administration of human recombinant interleukin-1
beta (hrIL-1B) in animals under basal conditions re-
sults in sensitization of IL-1p responses in limbic
structures, hypothalamus, hippocampus, and cortex
involved in HPA axis activity to subsequent cytokine
challenge. Systemic and central IL-1p administration
augments the response to stressors or further cytokine
exposure and IL-lra attenuated the effects of the
stressor [15, 17]. Stressors, and IL-1 increased time-
dependently co-expression of CRH and AVP within
the external zone of the median eminence which syn-



Interleukin-1p levels, ACTH, corticosterone, HPA axis, stress
Anna Ggdek-Michalska et al.

ergistically stimulated ACTH secretion from the ante-
rior pituitary [33]. Thus exposure to stressful events
may sensitize animals to greater vulnerability to stres-
sor related pathology.

The purpose of the present study was to determine
if the changes in IL-1p levels in plasma and prefrontal
cortex, hippocampus and hypothalamus, reflect the al-
terations in HPA axis activity expressed by ACTH and
corticosterone secretion induced by acute restraint
stress. The further purpose was to examine if the ef-
fect of prior repeated restraint stress for 3 days affects
the plasma and brain IL-13 and ACTH and corticos-
terone response to acute restraint stress.

Materials and Methods

Experiments were performed on male Wistar rats
(6 weeks old, 190-220 g). The animals were housed
in groups of 5 per cage (52 % 32 x 20 cm) under con-
trolled conditions (12 h light/dark cycle; a constant
temperature 22 + 2°C) with free access to a standard
laboratory diet and tap water. The rats were allowed
1 week of habituation to the animal room before the
onset experimentation. Experiments were performed
on 4 groups of rats in which the changes in plasma
levels of IL-1P, ACTH and corticosterone were deter-
mined and IL-1f content in brain structures, prefron-
tal cortex, hippocampus and hypothalamus involved
in HPA axis regulation were measured.

In the first group, the effect of restraint stress for
10 min on the above parameters was determined im-
mediately after restraint termination and 1, 2 and 3 h
later. The restraint was performed using metal tubes
(length = 16 cm; inside diameter = 4.5 cm) with am-
ple holes for ventilation. In the second group, the ef-
fect of prior 10 min restraint twice a day at 8 a.m. and
4 p.m. repeated for 3 consecutive days on 10 min re-
straint stress 24 h after the last restraint on the above
listed parameters was examined. In the third group,
the effect of IL-1ra 50 pg/kg given 15 min earlier on
10 min restraint stress induced IL-1p, ACTH and cor-
ticosterone responses were investigated. In the fourth
group, the influence of prior repeated restraint stress
for 3 days and IL-1ra on the 10 min restraint stress in-
duced responses were determined. Respective control
group was examined with each of experimental
group. All experimental protocols were approved by

the Local Bioethics Commission of the Institute of
Pharmacology, Polish Academy of Sciences in Krakow
and met internationally accepted principles for the
care and use of laboratory animals.

Blood and tissue collection

Animals were sacrificed by rapid decapitation 0 h,
1 h, 2 h or 3 h after restraint. Trunk blood for plasma
determinations was collected in the presence of EDTA
(10% w/v; Merck; 25 pl/ml of blood) and for ACTH
immunoassay in the presence of EDTA and aprotinin
(0.6 TIU/ml of blood; Sigma-Aldrich). After decapi-
tation, the brain was removed from the skull and three
structures (prefrontal cortex, hippocampus, hypo-
thalamus) were excised on a cold plate and snap fro-
zen at —70°C until assayed.

Plasma hormones and IL-13 measurement

Total corticosterone, ACTH and IL-1P levels were
measured in plasma obtained from blood by centrifu-
gation within 30 min after collection. There were used
commercially available Rat/Mouse Corticoterone En-
zyme Immuno Assay (EIA) kit (Immunodiagnostic
Systems), ACTH Rat/Mouse EIA kit (Phoenix Phar-
maceuticals) and Rat IL-1 enzyme-linked immuno-
sorbent assay (ELISA) kit (BioVendor).

Preparation of protein extracts

Proteins were extracted from frozen tissues by ho-
mogenization (Ultra-turax, 10,000 rpm) in a solution
of Radio-Immunoprecipitation Assay (RIPA) buffer
(Sigma-Aldrich) and freshly added Protease Inhibitor
Cocktail, Phosphatase Inhibitor Cocktail 2 and 3
(1:100, Sigma-Aldrich), then centrifuged at 14,000
rpm for 20 min at 4°C and supernatant collected. Af-
ter determining of protein levels using BCA™ Protein
Assay Kit (Thermo Scientific) and adjusting concen-
trations, homogenates were mixed 1:1 with Laemmli
sample buffer (Bio-Rad) and p-mercapthoethanol
(50 pl per 950 ml of Laemmli; Sigma-Aldrich) and
boiled for 5 min.

Sodium dodecyl sulfate polyacrylamide gel
(SDS-PAGE) and western blot

Denaturated proteins (30 pg per lane for hippocampus

samples, 40 pg for prefrontal cortex, 25 ug for hypo-
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thalamus) were separated on a 7.5% SDS-polyacryl-
amide gel (90 V in stacking gel; 150 V in resolving
gel) and electrotransferred (90 V, 1 h) onto a nitrocel-
lulose membrane (0.45 pm, Bio-Rad). The mem-
branes were blocked with 5% nonfat milk (Bio-Rad)
in Tris-buffered saline (TBS, pH 7.5) containing
0.05% Tween20 (Sigma-Aldrich) for 1 h at room tem-
perature, and then incubated overnight at 4°C with
anti-IL-1p antibody (1:750, Thermo Scientific) in 1%
non-fat dry milk in TBS with 0.05% Tween20. The
membranes were then washed four times for 10 min
with TBST (TBS-0.1% Tween20) and finally incu-
bated with the respective horseradish peroxidase-
conjugated secondary antibody (1:10,000 in TBS-
0.05% Tween20) for 1 h at room temperature. After
washing the membranes four times for 15 min with
TBST, the proteins were detected using Immun-Star
HRP Chemiluminescence Kit (Bio-Rad) and visual-
ized by a computerized video-densitometry (FujiLas
1000 Imager). The optical density of appropriate
bands was quantified by densitometric analysis of
blots using Image Gauge V4.0 Software (Fujifilm).
Results were normalized to 3-actin and the values are
expressed as a percentage of controls.

Statistical analysis

Data in text and figures are expressed as the mean
+ SEM (n = 6-8 rats per group). For multiple com-
parisons, a one-way ANOVA followed by the Dun-
nett’s post-hoc test to compare means of all groups to
controls was made. Differences with p value < 0.05
was considered statistically significant.

Results

Effect of prior repeated restraint stress on
acute restraint-induced plasma IL-13, ACTH
and corticosterone levels

Restraint stress for 10 min considerably increased
plasma IL-1P level immediately after termination of
restraint and more strongly 1 h later, whereas no sub-
stantial increase was observed 2 or 3 h after stressor
termination. Likewise, the increase in plasma ACTH
and corticosterone levels were most potent immedi-
ately after cessation of restraint and were absent 1, 2
and 3 h later. (Fig. 1A, B, C). These results show
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Fig. 1. Effect of restraint stress on plasma levels of interleukin-1p
(IL-1B) (A), ACTH (B) and corticosterone (C). Rats were restrained in
metal tubes for 10 min and decapitated at the termination of restraint
0, and 1, 2 and 3 h later. In Figs. 1-7, 4-6 rats per group were used.
*p<0.05 " p<0.01and *** p < 0.001 vs. saline control group

a rapid and strong increase of plasma IL-13, ACTH
and corticosterone levels induced by acute short last-
ing restraint stress.

Since prior stressor exposure may alter peripheral
and central pro-inflammatory cytokine levels and
HPA axis response to subsequent stimulation, we in-
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Fig. 2. Effect of prior repeated restraint 2 x 10 min per day for 3 days
on 10 min restraint stress-induced plasma IL-1B (A), ACTH (B) and
corticosterone (C) levels. In Figures 2, 4, 6, 7 rats were restrained
24 h after the last prior restraint. ** p < 0.05, *** p < 0.001 vs. group re-
strained for 10 min. See legend to Figure 1

vestigated weather and how prior repeated restraint
stress (2 x 10 min/day for 3 days) influences plasma
IL-1B levels and HPA axis responses to subsequent
10 min restraint stress applied 24 h after the last re-
straint. Repeated stress alone (2 x 10 min/day for 3
days) induced a moderate increase in plasma ACTH
and corticosterone levels, measured 24 h after the last
restraint compared to the corresponding levels in con-
trol rats without prior stress exposure.

Prior, repeated restraint significantly reduced the
plasma IL-1P response to 10 min restraint immedi-
ately after termination of stress and 1-3 h later (Fig.
2A). Prior repeated stress also markedly impaired the
potent increase of plasma ACTH level at the end and
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Fig. 3. Influence of IL-1p receptor antagonist (IL-1ra) given ip 15 min
earlier on 10 min restraint stress-induced plasma levels of IL-1p (A),
ACTH (B) and corticosterone (C). See legend to Figure 1
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1 h after termination of 10 min restraint stress (Fig.
2B). Prior stress did not diminish but substantially en-
hanced the 10 min restraint-induced corticosterone re-
sponse immediately after terminating of restraint pe-
riod and markedly impaired this response 1 h later
compared with control levels (Fig. 2C).

Influence of IL-1p receptor antagonist on
stress-induced plasma IL-13, ACTH and
corticosterone levels

Functional specificity of IL-1p in the stimulation of
HPA axis by acute restraint stress was verified by pre-
treatment of rats with antagonist of its receptor (IL-
Ira) 15 min before stress exposure. Interleukin-1f3 re-
ceptor antagonist 5 pg/kg administered ip 15 min ear-
lier totally abolished the 10 min restraint-induced po-
tent increase in plasma IL-1p level immediately after
stress termination and 1 and 2 h later (Fig. 3A).
Interleukin-1p receptor antagonist also significantly
diminished the 10 min RS-induced ACTH response
immediately after cessation of restraint (Fig. 3B). Sig-
nificantly increased corticosterone response at the end
of 10 min RS period was not altered by pretreatment
of rats with IL-1p receptor antagonist (Fig. 3C).
These results show that selective functional antago-
nist of IL-1p receptor totally abolishes the acute re-
straint stress-induced plasma IL-1 response, signifi-
cantly diminishes ACTH response and does not alter
corticosterone response immediately after restraint
termination when the increase of plasma IL-1p,
ACTH and corticosterone were most strongly mani-
fested.

Effect of IL-1j3 receptor antagonist on restraint-
induced plasma IL-13, ACTH and corticosterone
response after prior stress

In rats exposed to prior repeated stress IL-1ra reduced
the 10 min-restraint stress-evoked increase in plasma
IL-1pB levels 1 and 2 h after termination of restraint
(Fig. 4A). In repeatedly restrained rats IL-1ra mark-
edly enhanced plasma ACTH response 1 and 2 h after
termination of 10 min restraint stress and insignifi-
cantly altered corticosterone response (Fig. 4B, 4C).
The lack of diminution of plasma ACTH and insig-
nificantly altered corticosterone response parallel
with IL-1f response is not clear and needs further elu-
cidation.
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Fig. 4. Effect of prior repeated restraint 2 x 10 min per day for 3 days
and IL-1pB receptor antagonist (IL-1ra) on the 10 min restraint induced
plasma IL-1B (A), ACTH (B) and corticosterone (C). See legend to
Figure 2

Effect of restraint stress on IL-1§ level in brain
structures

Immediately after termination of 10 min restraint
stress, IL-1P content increased significantly and most
markedly in the prefrontal cortex, hippocampus and
to a lesser extent in the hypothalamus. One hour later,
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IL-1B content significantly decreased in prefrontal
cortex and hippocampus and 2 and 3 h after restraint
this content gradually and significantly increased
compared with respective control levels in non-
stressed rats. These alterations were most pronounced
in the prefrontal cortex, and least marked in the hypo-
thalamus (Fig. 5A, B, C).

Effect of prior stress on the restraint-induced
IL-1p level in brain structures

In rats exposed to repeated restraint stress (10 min/
day for 3 days twice a day) acute stress for 10 min 24 h
after the last restraint significantly increased IL-1f3
content in all brain structures examined. Prior stress
enhanced the acute restraint-induced IL-1J content
immediately after termination of restraint (Fig. 6A, B)

and 2 and 3 h later. The strongest increase appeared
2 h after termination of restraint in the prefrontal cor-
tex and the hippocampus and weaker effect was ob-
served in the hypothalamus (Fig. 6A, B and C).

IL-1p receptor antagonist-induced inhibition of
stress-evoked changes of IL-1§ in brain
structures

Interleukin-1p receptor antagonist, given 15 min be-
fore 10 min restraint in prior stressed rats abolished
the stress-induced significant increase of IL-1f3 con-
tent in the prefrontal cortex 1 h after restraint termina-
tion and further diminished that content below control
level 2 h after restraint (Fig. 7A). In the hippocampus
IL-1ra also suppressed the IL-1p content below the
control level 1 h after termination of restraint (Fig. 7B).
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The restraint-induced significant increase of IL-1B
content in the hypothalamus was not substantially af-
fected by pretreatment with IL-1 receptor antagonist
(Fig. 7C). This finding indicates a selective involve-
ment of IL-1B receptors in the stress-induced in-
crease of IL-1P levels in brain structures involved in
the regulation of HPA axis.

Discussion

In the present experiment, acute 10 min restraint
stress induced rapid significant and transient increase
in plasma IL-1B which coincided with changes in
plasma ACTH and corticosterone levels. Consider-
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able increases of these components in plasma imme-
diately after termination of restraint were practically
absent 1, 2 and 3 h later. The changes in plasma IL-1f3
and ACTH and corticosterone levels coincided in
time and magnitude, which suggests interaction of
their mechanisms of release. The results evidently in-
dicate that IL-1 is an essential mediator in the rapid
stimulation of HPA axis during acute stress. The
specificity of the functional involvement of IL-1f in
ACTH secretion was confirmed by total reduction of
plasma IL-1B and significant diminution of ACTH
levels by selective IL-1P receptor antagonist during
acute restraint stress.

In the present experiment, 10 min restraint stress
immediately after termination, significantly increased
IL-1p content in brain structures involved in HPA axis
regulation, prefrontal cortex and hippocampus. One
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immunoblot showing the expression of
IL-1B in studied brain regions
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hour later IL-1P content in these structures decreased
below control levels and gradually returned to its
higher levels 2 and 3 h later. The fall of IL-1f3 content
1 h after stress termination may result from the
stress-induced IL-1f utilization which is compensated
by increased synthesis 2—3 h later.

Interleukin-1f is particularly inducible in CNS by
stressors, both at the mRNA or protein levels [2, 24].
Immobilization and psychological stressors can aug-
ment hypothalamic IL-1 production [13], while re-
straint and social isolation did not markedly affect hy-
pothalamic IL-1 levels in some earlier report. Our
data show much weaker, insignificant increase of

= 4+ o+ o+
+
N+ o+ o+

IL-1PB content in hypothalamus in comparison with its
considerable increase in prefrontal cortex and hippo-
campus at the termination of acute restraint in rats.
However, different kinds of stress differently affect
IL-1B levels in brain structures. Stressors such as
footshock, tailshock, immobilization and psychologi-
cal stressors can induce hypothalamic IL-1 production
[13], while other stressors such as restraint, maternal
separation and social isolation have no marked effect
on hypothalamic IL-1 levels. Stress-induced intrinsic
IL-1B production in the PVN contributes to the acti-
vation of HPA axis since icv IL-1 causes c-fos expres-
sion in CRH producing parvocellular neurons in the
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PVN. The potential relationship between stress, brain
IL-1p and HPA axis activity has not been elucidated
[24]. In our experiment the moderate rise of IL-1f3
level by chronic stress and further significant increase
by acute restraint stress in brain structures involved in
regulation of HPA axis activity indicate important me-
diation of IL-1f in these stress-induced reactions and
HPA axis response. The robust increase of IL-1p in
brain structures, parallel with similar changes in
plasma levels as well as effective or almost total re-
duction of the stress-induced reactions in peripheral
and brain components of HPA axis by IL-1p receptor
antagonist in our present experiment indicate the in-
volvement of central and systemic IL-1p in regulation
of HPA axis activity.

The induction of IL-1p by stressors is accompanied
by an increase in IL-13 mRNA in hypothalamus and
an increase in IL-1P protein levels in a number of
brain regions 2 h after inescapable tailshock. Diverse
stressors such as inescapable tailshock, social isola-
tion, immobilization and restraint increase IL-1 in
both peripheral tissues such as blood, pituitary and
spleen as well as in the CNS hypothalamus, hippo-
campus and cortex. The regional specificity of these
effects within the CNS depends upon the nature of the
stressor employed [12]. Psychological stressors can
induce pro-inflammatory cytokine production both
centrally and peripherally. Proinflammatory cytokines
often sensitize various neuro-hormonal and behav-
ioral responses to subsequent stimulation [22, 23].
Single administration of IL-1p increased CRH mRNA
in the hypothalamic PVN which paralleled long-
lasting sensitization to emotional stress [30]. Prior
stressor exposure enhances peripheral and central cy-
tokine and HPA axis up to 4 days later [15, 16].

Elevations in central IL-1f induced by stress or ex-
ogenous administration are necessary and sufficient
for sensitizing central IL-13 and corticosterone re-
sponses to subsequent stress challenge. Our data
shows that exposure of rats to repeated restraint
stress, for 10 min 2 x daily per 3 days, itself substan-
tially increased plasma IL-1p, ACTH and corticoster-
one levels, measured 24 h after the last restraint. Pre-
vious repeated restraint also intensified markedly
IL-1B content in brain structures, involved in HPA
axis regulation, prefrontal cortex, hippocampus and
hypothalamus 24 h after the last restraint, compared
to control levels in non-stressed rats. This suggests
the selectivity of IL-1f systems in central and periph-
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eral mechanisms modulating the stress-induced HPA
axis responses.

It is known that the IL-1p -induced stimulation of
central and peripheral components of HPA axis may de-
pend on both direct stimulation of anterior pituitary cor-
ticotrophs and adrenal gland and by activation of central
limb of HPA regulatory systems. Systemic IL-13 may
do so by penetration of brain through leaking parts of
the BBB in the circumventricular organs or by afferent
sensory nerves, particularly the vagal afferents.

The present results indicate time-related similari-
ties in the potent alterations in both plasma and brain
structures IL-1B levels and pituitary-adrenal hor-
mones. This suggests that both peripheral and central
IL-1p is involved in inducing IL-1f and HPA axis ac-
tivity alterations under basal and stress conditions.
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