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p38 MAPK mediates cardiovascular and behavioral responses
induced by central IL-1β and footshock in conscious rats1
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ABSTRACT

AIM: To investigate the roles of p38 mitogen-activated protein kinase (p38 MAPK) in the cardiovascular and
behavioral responses induced by intracerebral ventricular injection (icv) of interleukin-1β (IL-1β) or footshock.
METHODS: We examined the effects of p38 MAPK on mean artery blood pressure (mABP), heart rate (HR), and
motor activity (MA) during central administration of IL-1β, or footshock after icv SB203580 (a specific inhibitor of
the p38 MAPK) with Cardiovascular and Behavior Telemetry System in conscious SD rats.  RESULTS: (1) IL-1β
(icv) or footshock remarkably rise the mABP, and the maximal changes are (7.8±1.8) and (12.3±3.5) mmHg,
respectively, which was abrogated by the pretreatment with p38 inhibitor SB203580 intracerebroventricularly.  (2)
Compared with icv saline group, the motor activity was significantly decreased in SB203580 group with maximal
changes (-7.6±1.1) counts/min after footshock.  CONCLUSION: p38 MAPK plays an important role in the pres-
sor response induced by central administration of IL-1β or footshock and change of motor activity after footshock
in conscious rats.

INTRODUCTION

Sharing characteristics of stress mediators[1], cen-
tral interleukin-1β (IL-1β) is very important in cardio-
vascular and behavioral responses to stressors[2-4].  It
can induce similar hypertensive responses to stress via
cardiovascular regulatory regions[5].  We observed pre-
viously that central IL-1β mediated cardiovascular re-
sponses to some stressful stimuli, such as conditioned
fear stimuli and footshock[6].  Many stressful stimuli
may increase IL-1β mRNA expression and IL-1β bio-
activity in such cardiovascular regulatory areas in the

brain as hypothalamus, etc[7]; IL-1β innervations exist
in hypothalamus[5,8].  IL-1β in hypothalamus mediates
the pressor effects of amygdala[9].  Central IL-1β is
involved in the behavior responses to stress[10], and cen-
tral administration of IL-1β can increase motor activity
during conditioned fear stimuli[11].  IL-1β mediate pres-
sor responses to footshock via IL-1β receptor (IL-1RI)[6].
p38 mitogen-activated protein kinase (p38 MAPK) is a
pivotal molecule of signal pathway initiated by IL-1RI[2].
In neurons of hippocampus, inhibition of p38 MAPK
activation induced by SB203580 blocks suppression of
long term potentiation (LTP) evoked by IL-1β [12] and
cellular stress responses to IL-1β[13].  In addition,
SB203580 inhibits effects of IL-1β on AP-1[14].  Elec-
tric stimuli increase not only protein levels of IL-1β,
but also the phosphorylation of p38 MAPK simulta-
neously in rat brain[7,15].  These suggest that effects of
IL-1β are partially dependent on the activation of p38
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MAPK.  Our previous studies have shown that icv IL-1β
induced pressor responses and central IL-1β partici-
pates in the mediation of pressor responses to foot-
shock[6].  In this study, we further investigate whether
p38 MAPK is involved in the pressor responses and
behavior responses induced by icv IL-1β or footshock.

MATERIALS  AND  METHODS

Drugs administration  Recombinant rats inter-
leukin-1β (PeproTech EC Ltd UK), SB203580 (ALEXIS,
Qbiogene, Inc USA) was diluted with saline to 0.01 g/L
and 0.1 g/L, respectively.  IL-1β, SB203580 or saline
were intracerebroventricularly (icv) administered in a
volume of 10 µL over 1 min period via cerebroven-
tricular cannula.  Pretreatment with SB203580 was per-
formed at 30 min prior to icv IL-1β or footshock.  The
concentration of SB203580 was determined by dose
response previously (Data not shown).

Experimental animals  Experiments were per-
formed on male Sprague Dawley rats (180-230 g), pur-
chased from center of laboratory animals of Peking
University and housed individually with a 12-h light/
dark cycle and had free access to food and water.  The
procuration of animals, the husbandry and the experi-
ments conformed to the “European Convention for the
Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes” (Council of Europe No
123, Strasbourg 1985).

Surgery for implantation of cerebroventricular
cannula  After the rats were anesthetized with chloral
hydrate (0.4 g/kg, ip), a stainless cannula was inserted
into the right lateral cerebral ventricle with the tip lo-
cated at 0.6 mm caudal to the bregma, 1.6 mm lateral to
the midline and 4.5 mm below the skull.  Then, the rats
were placed back into the cage and allowed to recover
for 2 to 3 d.

Telemetry system  The telemetry system (Data
Sciences Inc (DSI), USA) was used in this study.  This
system can measure the cardiovascular and behaviours
responses of conscious rats[16].  The system consists
of 5 major components: (1) Telemetric implant
(TA11PA-C40) for measurement and transmit signals
of artery blood pressure (mABP), heart rate (HR) and
motor activity (MA) of rats.  (2) Radio receiver plat-
form (RPC-1 receivers) to receive telemetered signals,
(3) Ambient pressure monitor to measure absolute at-
mospheric pressure, (4) Data Exchange Matrix to mul-
tiplex multiple cage signals to the computer, and (5) a
PC-based Data Acquisition System (Dataquest ART

System 2.0) to process signals.
Surgery for telemetric implant  The rats, which

recovered in surgical operation for implantation of
cerebroventricular cannula, were anaesthetized with
chloral hydrate (0.4 g/kg, ip) again.  Telemetric implants
(PA-C40, DSl, USA) were implanted as described below.
Briefly, the telemetric implants were inserted in the peri-
toneal cavity under aseptic conditions.  A nonoccluding
catheter (attached to telemetric implant) with an
antithrombogenic tip was inserted in the abdominal aorta
with the tip just below the renal arteries; it was fixed in
place with tissue adhesive (3M Vetbond USA).  The
body of the radiotelemetric implant was immobilized by
suturing it to the ventral abdominal wall and the wounds
were closed by suture.  Antibiotics were administered;
the animals were allowed to recover for at least 5 d
prior to experiments.

Record the cardiovascular and behavioral re-
sponses by telemetry system  Under conscious con-
dition of rats, we tested the cardiovascular and behav-
ior responses with Telemetry System.  RPC-1 receiv-
ers platform (DSI, USA) were placed under each
animal’s cage or experimental box.  When telemetry
implant in abdomen of rat was initiated by a magnetic
switch, the signals of mABP, HR and MA which mea-
sured and emitted by telemetry implant were received
by the RPC-1 receivers platform and transmitted via
Data Exchange Matrix (DSI, USA), the signals were
logged, deposited and analyzed by Dataquest ART.
System (DSI, USA).

Footshock  The continuous footshock was con-
ducted as described below.  On the first and the second
days of experiments, the animals received two habitua-
tion procedures per day.  In each habituation procedure,
animals were transferred to the experimental room,
placed in an experimental box (25 cm×30 cm×30 cm)
(RTC-20, BRS/LVE division of Tech Serv Inc USA)
equipped with a grid floor made of stainless steel tubes,
left there for 5 min.  On the third day, rats were placed
in the experimental box and footshock (14 V, 50 Hz)
were given over 1 min to the rats.

Statistical analysis  All data were expressed as
mean±SEM and analyzed with ANOVA followed by post-
hoc Fisher LSD test set at α=0.05.

RESULTS

Effects of SB203580 on cardiovascular re-
sponses and motor activity induced by icv IL-1βββββ
In IL-1β group (n=8), the responses of mABP were
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observed starting at 3 min after icv IL-1β and lasting
over 30 min, the maximal changes (7.8±1.8 mmHg) of
mABP were significantly higher than those of saline
control group (n=9) (P<0.05).  In addition, compared
with IL-1β group, in 3, 6, 12 min, the mABP did not
increased in the rats pretreated with SB203580 at 30
min prior to icv IL-1β (n=6) (Fig 1A).  There was no
significant change in heart rate and motor activity (Fig
1Β, Fig 1C).

Effects of SB203580 on cardiovascular re-
sponses and changes of motor activity induced by
footshock  As shown in Fig 2, in saline+footshock
group (n=7), the responses of mABP were observed
starting at 3 min after footshock and lasting over 15
min.  The maximal changes of mABP (12.3±3.5 mmHg)
were significantly higher than that of unshock group
(n=9) (P<0.05).  In SB203580+footshock group (n=6),
the changes of mABP (in 3, 6 min) were significantly
lower than the changes in saline+footshock group
(P<0.05) (Fig 2A).  Compared with unshock group,
the significant increase of heart rate were observed at
3, 6, 9 min and 3, 6 min in saline+footshock group and
SB203580+footshock group, respectively (P<0.05) (Fig
2B).  Compared with unshock group, the motor activ-
ity in 3 min after footshock were significantly increased
in saline+footshock group (P<0.05), the maximal
change was 37.1±4.1 counts/min.  When compared with
saline+footshock group, the motor activity were sig-
nificantly decreased in SB203580+footshock group in
12, 15, 21 min after footshock (P<0.05), the maximal
change is -7.6±1.1 counts/min (Fig 2C).

DISCUSSION

In present study, we observed the roles of p38
MAPK in the behavior responses to footshock and in
the changes of blood pressure and heart rate induced
by icv IL-1β or footshock.

Footshock is a stressor which induces cardiovas-
cular response such as hypertension, increasing heart
rate and motor activity.  In previous study, we observed
that hypertension induced by footshock was mediated
by central IL-1β via central IL-1 receptor and icv IL-1β
can induce pressor response[6].  The mechanism of those
responses is not clear yet.  In this study, we observed
that icv SB203580 (a specific inhibitor of p38 MAPK)
attenuated the pressor response induced by footshock
or icv IL-1β.

IL-1β is a stressor as well as a well-known acti-
vator of p38 MAPK[2], and plays important roles in car-

diovascular or behavior response to stressors[2-4,6].  In
the rat brain, the levels of IL-1β increased by stressful
stimuli, was coupled with the IL-1β-triggered a signal-
ing cascade which leads to the activation of the p38
MAPK[2,7,15,17].  The p38 MAPK, an intracellular stress-

Fig 1.  Effects of icv SB203580 on cardiovascular responses
and motor activity (MA) induced by icv IL-1βββββ.  mABP, artery
blood pressure. HR, heart rate. Saline: icv saline 10 µL
(n=8); IL-1βββββ: icv IL-1βββββ 100 ng (n=9); SB203580+IL-1βββββ:
icv SB203580 1 µg at 30 min before icv IL-1βββββ 100 ng (n=6).
Mean±SEM.  bP<0.05 vs saline.  eP<0.05 vs SB203580+IL-1βββββ.
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activated protein kinase (SAPK) associated with stress-
ful stimuli, is a major signaling system by which cells
transduce extracellular stressful stimuli such as IL-1β,
etc into intracellular responses[18].  After p38 MAPK was
activated by stressors, the activated p38 MAPK can
phosphorylates transcription factors in the nucleus that

are responsible for the regulation of cell in stress [19].
Moreover, p38 MAPK is a pivotal molecule of signal
pathway initiated by IL-1 receptors[2], and that, central
IL-1β mediates pathological effects on cortical neurons
through the p38-MAPK pathway[20], and inhibition of
p38 MAPK can attenuate the stressful effects of IL-1β[13].
Further, administration of SB203580 can block the
effects of IL-1β on neurons in the rat[12].  These suggest
the functions of IL-1β are partially dependent on the
activation of p38 MAPK.  Our results implied that p38
MAPK was involved in pressor responses induced by
central administration of IL-1β or footshock.

Footshock can trigger complex stress process,
which not only include the cardiovascular responses,
but also the behavior responses in rats[21].  The motor
activity of rats was transiently increased during foot-
shock in present study. The changes of motor activity
may be elicited by the escape behavior to footshock.
Interestingly, we observed that icv SB203580 signifi-
cantly decreased motor activity after footshock.  Thus,
these data suggest that inhibition of activation of p38
MAPK may reduce motor activity after footshock.

We have noted that central IL-1β mediates physi-
ological and pathophysiological responses to stressors
as well as psychological responses to stressors[2,6].  It
has been reported that the endogenous or exogenous
central IL-1β can enhance motor activity under psy-
chological stress[5,10], and footshock can significantly
increase endogenous IL-1β levels in rat brain[17], the bio-
logical functions of IL-1β may attenuated by SB203580
through inhibition of p38 MAPK activation[13].  Our re-
sults show that SB203580 can decrease motor activity
after footshock.  Therefore, we supposed that central
endogenous IL-1β induced by footshock may act as
upregulative factor which control the balance of motor
activity via p38 MAPK.  Although central IL-1β affect
MA under the psychological stress, it did not obviously
affects MA under present stressful condition.  We sup-
posed that influence of central IL-1β on MA may relate
to the properties of stressors.

In this study, we observed that footshock in-
creases mABP, HR, and MA significantly, and icv IL-1β
did not affect on the HR or MA.  To take account of
properties of central administration of IL-1β and
footshock, although IL-1β is a typical stressor, it may
be one factor which was included in these complicated
responses stimulated by footshock.  Thus, as distinct
to cardiovascular response induced by icv IL-1β,
footshock increases mABP, HR, and MA significantly.

Fig 2.  Effects of icv SB203580 on cardiovascular responses
and motor activity induced by footshock.  mABP, artery
blood pressure. HR, heart rate. unshock: icv saline 10 µL
only (n=9); footshock: icv saline 10 µL at 30 min before
footshock (14 V, 50 Hz) was given to the rats (n=7);
SB203580+footshock: icv SB203580 1 µg at 30 min before
footshock (14 V, 50 Hz) was given to the rats (n=6).
Mean±SEM. bP<0.05 vs unshock. eP<0.05 vs saline+footshock.
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Similarly, pretreatment with SB203580 did not affect
on the HR.  It is possible that central IL-1β or p38 MAPK
is not very important in regulation of HR.

In conclusion, p38 MAPK mediates the cardio-
vascular responses and behavior responses induced by
central administration of IL-1β or footshock.
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