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Abstract : Possible central noradrenergic and cholinergic modulation
of acute peripheral inflammation was investigated in rats, adopting the
formaldehyde-induced pedal inflammation as the experimental model.
Intracerebroventricularly (icv) administered noradrenaline (NA),
o-adrenoceptor agonist, L-phenylephrine, o-2 adrenoceptor agonist,
clonidine and non-selective B-adrenoceptor blocker, propranolol,
suppressed formaldehyde-induced inflammation producing a decrease
in oedema volume and increase in pain threshold. Conversely, both
noradrenergic neuron degenerator, 6-hydroxydopamine (6-OHDA) and
non-selective o-adrenoceptor antagonist, phenoxybenzamine produced
an increase in paw oedema alongwith an augmentation of pain.
Significant oedema augmenting effects were also produced by central
excitatory neurotransmitter, acetylcholine (ACh) on icv administration.
ACh also produced pro-nociceptive action. An ACh antagonist,
scopolamine and ACh synthesis inhibitor, hemicholinium-3 (HC) reduced
pedal oedema and produced analgesia.

The results of this study indicate that central NA exerts an
inhibitory effect on peripheral oedema and pain whereas, ACh has an
augmenting effect on formaldehyde-induced peripheral inflammation.
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INTRODUCTION

The role played by autonomic nervous
system in peripheral inflammation is now well
established and the mechanism underlying it
has been studied in detail (1). Unlike the
peripheral influences modulating inflammation,
very little is known about the role of the central
nervous system (CNS) in this regard. Central
stimulants antagonise the inhibitory effects of
general anaesthetics and hypnotics on
inflammation (2). Thalamic and spinothalamic

lesions in patients have been associated with
reduced flare response to histamine. In rats,
the mid-spinal transection abolished the early
phase of carrageenin/or formaldehyde-induced
hind paw oedema. These clinical and
experimental observations indicate that
vasodilator component of inflammation is
mediated by CNS (3). Central neural changes
have been suggested to occur during early phase
of inflammation after subcutaneous formalin
injection (4). Evidence is now accumulating to
show the existence of central neurogenic
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HC showed inhibitory effects. Whereas, HC
attenuated oedema volume only upto 2 h post-
formalin injection, the action of the scopolamine
was evident throughout the period with greater
activity, initially.

Central effects of drugs influencing nor-
adrenergic and cholinergic systems on
formaldehyde-induced pain are summarised in
Table II. NA, L-phenylephrine, clonidine and
propranolol, significantly increased the pain
threshold. Though the effect of NA was
discernible throughout the period of observation,
L-phenylephrine inhibited the pain perception
at 1 and 3 h while clonidine and propranolol,
decreased nociception at the later part of the
observation. On the other hand, phenoxy-
benzamine and 6-OHDA decreased pain
threshold throughout the observation period.

Centrally given ACh significantly
accentuated pedal pain throughout the
observation period. Conversely, scopolamine and
HC produced significant attenuation in pain.
Scopolamine showed its effect for full term of
5 h while, the action of HC was evident only
upto 3 h.

DISCUSSION

The formalin model of inducing pedal
inflammation was chosen for this study as it is
widely used as a noxious stimulus for inducing
pain and in the development of oedema (11).
Further, central neuronal changes are known to
occur following subcutaneous injection of
formalin (4) and supra-spinal regulation of
formalin-induced inflammation has also been
suggested (11). In the present study, injection of
formalin into hind paw of rats produced localized
inflammation and pain. Formalin showed a mean
increase in the oedema volume and hyperalgesia
of an increasing order upto the observation
period of 5 h (Table I).

NA has gained wide acceptance as a
neurotransmitter in mammalian CNS (12). In
the present study, NA significantly inhibited
paw oedema and hyperalgesia produced by
formaldehyde. NA is reported to have either
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little (13) or no role (14) in increased plasma
extravasation. The involvement of central NA
in mitigating peripheral inflammation is further
substantiated by a similar response to
L-phenylephrine, a selective a-1 adrenoceptor,
agonist. Probably, NA might bring about the
anti-inflammatory and anti-nociceptive effect
through o-1 adrenoceptors as evidenced in the
present study, and by the enhancement of the
oedema response and nociception to chemical
denervation by 6-OHDA (13) and by increased
rat brain NA level during early phase of
carrageenin-induced inflammation (15). The
involvement of a-adrenoceptor is supported by
augmentation of oedema as well as nociception
by central administration of non-selective
adrenoceptor antagonist, phenoxybenzamine
(13). Interestingly, however, clonidine, an o-2
adrenoceptor agonist which suppresses the
sympathetic outflow in brain (16) significantly
reduced the oedema volume as well as the pain
response. This finding is in accordance with the
observation of Tasker and Medzack (17) who
suggested the involvement of a-1 adrenoceptors
in clonidine-induced analgesia in formalin test,
since the clonidine effect was antagonised by
o-1 antagonist, prazosin but not by yohimbine.

With a view to assessing the role of B-
adrenoceptors, a nonselective (-adrenoceptor
blocker, propranolol was used which was found
to decrease oedema volume and pain response
significantly at 3-5 h. A similar anti-inflamma-
tory response to carrageenin-induced oedema
by propranolol has been reported earlier (18).
However, this effect was not related to its [-
adrenoceptor blockade but to its other activities
such as anti-prostaglandin effect since another
B-adrenoceptor blocker timolol and B-2 agonist,
terbutaline were also found to inhibit the oedema
response to carrageenin (18). The present
observations, thus suggest the involvement of
NA in peripheral inflammation.

ACh plays an important role as a neuro-
transmitter in the CNS (12). Centrally
administered ACh significantly increased
formaldehyde-induced pedal oedema of rats
alongwith a decrease in pain threshold.



Indian J Physiol Pharmacol 1996; 40(1)

Increased central cholinergic activity is known
to be reflected by enhanced peripheral
cholinergic activity which induced vasodilation
(19). Further, cholinergic activation has been
shown to elevate intracellular cyclic GMP which
is pro-inflammatory (20). This could be possible
mechanism underlying inflammation
augmenting effect of ACh. The involvement of
ACh is further substantiated on icv
administration of scopolamine, a muscarinic
cholinergic antagonist and HC, an ACh synthesis
inhibitor which produced significant inhibitory
effects on rat paw oedema and pain. These
results indicate that the central cholinergic
system in rats exerts a pro-inflammatory effect
on peripheral inflammation. The observed effects
of centrally administered ACh, scopolamine and
HC on peripheral inflammation do not appear
to be due to any peripheral leakage effect
because ACh, HC and atropine were not found
to produce any such effect when administered
intraperitoneally (21).

The central neuro-transmitter systems do
not function in isolation but intensive
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interconnections are known to exist between
nor-adrenergic and cholinergic neurons in rat
brain (22). Presence of cholinergically activated
nor-adrenergic inhibitory systems has been
suggested in rat cortex (22). Further, HC has
been reported to enhance central nor-adrenergic
activity (23) and the mechanism involved in the
anti-inflammatory effect of HC, may also be
attributed to this action.

In conclusion, the present study
demonstrates that central nor-adrenergic system
exerts anti-inflammatory and antinociceptive
effects whereas, central cholinergic system shows
a pro-inflammatory and pro-nociceptive action
on formaldehyde-induced peripheral inflamma-
tion in rats. The study further reveals
conclusively that the CNS is capable of
modulating peripheral inflammation.
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