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1 The common mechanism of action of non-steroidal anti-in¯ammatory drugs (NSAIDs) is the
inhibition of the enzyme cyclo-oxygenase (COX), however, this inhibition is not enough to
completely account for the e�cacy of these agents in several models of acute pain.

2 It has been demonstrated that cholinergic agents can induce antinociception, but the nature of
the interaction between these agents and NSAIDs drugs has not been studied. The present work
evaluates, by isobolographic analysis, the interactions between the cholinergic indirect agonist
neostigmine (NEO) and NSAIDs drugs, using a chemical algesiometric test.

3 Intraperitoneal (i.p.) or intrathecal (i.t.) administration of NEO and of the di�erent NSAIDs
produced dose-dependent antinociception in the acetic acid writhing test of the mouse.

4 The i.p. or i.t. co-administration of ®xed ratios of ED50 fractions of NSAIDs and NEO, resulted
to be synergistic or supra-additive for the combinations ketoprofen (KETO) and NEO, paracetamol
(PARA) and NEO) and diclofenac (DICLO) and NEO administered i.p. However, the same
combinations administered i.t. were only additive. In addition, the combinations meloxicam
(MELO) and NEO and piroxicam (PIRO) and NEO, administered either i.p. or i.t., were additive.

5 The results suggest that the co-administration of NEO with some NSAIDs (e.g. KETO, PARA
or DICLO) resulted in a synergistic interaction, which may provide evidence of supraspinal
antinociception modulation by the increased acetylcholine concentration in the synaptic cleft of
cholinergic interneurons. The interaction obtained between neostigmine and the NSAIDs could carry
important clinical implications.
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Introduction

It is generally accepted that the common mechanism of

action of non-steroidal anti-in¯ammatory drugs (NSAIDs)
is the inhibition of the enzyme cyclo-oxygenase (COX).
Two isoforms of COX, referred to as COX-1 and COX-2,
have been identi®ed (Vane et al., 1998; Marnett &

Kalgutkar, 1999). Each enzyme is encoded by a separate
gene with a di�erent pattern of expression and function.
COX-1 is constitutively expressed and high levels can be

found in most tissues, whereas COX-2 is inducible and
usually, under physiological conditions, low levels are
detectable in some tissues, but levels are rapidly increased

during in¯ammation (Vane et al., 1998; Marnett &
Kalgutkar, 1999). Several works have demonstrated that
the inhibition of COX mediates the anti-in¯ammatory,

antipyretic and analgesic e�ects of NSAIDs (Cryer &
Feldman, 1998; Warner et al., 1999; Mitchell & Warner,
1999; Smith et al., 2000; Paik et al., 2000). In spite of this
emphasis on the COX mediated-antinociceptive activity of

NSAIDs, the selective inhibition of COX seems not to be
enough to completely account for the e�cacy of these

agents, since in several models of pain without in¯amma-

tion, such as models of chemical and thermal acute pain,
NSAIDs are powerful analgesics (Miranda et al., 2001;
Pinardi et al., 2001).
The role of the cholinergic system in nociception has been

recognized. Thus, it has been suggested that acetylcholine is
an endogenous antinociceptive compound that may act
through monoaminergic pathways (Gillberg et al., 1989;

Iwamoto & Marion, 1993; Guimaraes & Prado, 1994).
Cholinergic agents such as neostigmine (NEO), produce
analgesia after systemic and intrathecal administration

(Eisenach & Gebhart, 1995; Naguib & Yaksh, 1997; Chiari
et al., 1999; Eisenach, 1999). On the other hand, cholinergic
agonists exert a positive modulatory action enhancing

analgesia induced by opioid or clonidine (Abram & Winne,
1995; Eisenach & Gebhart, 1995; Xu et al., 1996; Hood et al.,
1997).
Although previous studies have demonstrated that choli-

nergic agents can induce antinociception, a study of the
characteristics of the interaction between these agents and
NSAIDs has not been performed. The purpose of the current

study was to examine, by isobolographic analysis, the
interactions between the cholinergic indirect agonist NEO
and NSAIDs drugs, using a chemical algesiometric test.
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Methods

CF-1 mice, weighing 27+2 g, were used throughout the

experimental work. The animals were acclimatized to the
laboratory environment for at least 2 h before being used and
ethical standard guidelines were followed as previously
described (Pinardi et al., 1998) and were approved by the

local ethical commission. In particular, the duration of the
experiments was as short as possible, the number of animals
involved was kept to a minimum and the animals were killed

immediately after the recording period. Each animal was used
only once and received only one dose of the drugs tested. All
drugs were freshly prepared by dissolving them in normal

saline or in a slightly hyperbaric solution of glucose (6%). All
observations during the assay were performed by the authors
in a randomized and blind manner. Evaluation of anti-

nociceptive activity was accomplished as previously reported
(Pinardi et al., 1998). Brie¯y, intraperitoneal (i.p.) adminis-
tration was done by injecting the total dose in a constant
volume of 10 ml kg71, 30 min before the algesiometric test.

For intrathecal (i.t.) administration, the Hylden & Wilcox
(1980) technique was used, and the doses of the drugs were
injected 15 min before the algesiometric test, in a constant

volume of 5 ml, dissolved in a slightly hyperbaric solution of
glucose (6%) to limit di�usion. The procedure was performed
rapidly with a high degree of accuracy and reproducibility.

The times of drug administration before the algesiometric test
(30 min for i.p. and 15 min for i.t.) were found in previous
experiments to be near the time of onset of the maximum

analgesic e�ect. Control animals (saline or 6% glucose) were
run interspersed concurrently with the drug-treated animals,
which prevented all the controls being run on a single group
of mice at one time during the course of the investigation.

Algesiometric test (writhing test)

Mice were injected i.p. with 10 ml kg71 of 0.6% acetic acid
and the number of writhes was counted during a 5 min
period, starting 5 min after the administration of the acetic

acid solution. A writhe was de®ned as a contraction of the
abdominal muscles accompanied by an elongation of the
body and extension of the hindlimbs.

Evaluation of antinociception

Dose-response curves, determined near the time of peak

e�ect, were constructed in order to assess the antinociceptive
action of the di�erent NSAIDs and of NEO administered
either intraperitoneally or intrathecally. Eight animals were

used at each of at least four doses to determine a dose-
response curve. The dose that produced 50% of antinocicep-
tion (ED50: 50% reduction of control writhes) was calculated

using standard linear regression analysis of the log dose-
response curve. Antinociceptive activity was expressed as per
cent inhibition of the usual number of writhes observed in i.p.
saline (19.77+0.30, n=60) or i.t. glucose (20.1+0.43, n=53)

control animals.

Isobolographic analysis

The interaction of the cholinergic agent neostigmine (NEO)
with the antinociceptive e�ects of NSAIDs was evaluated by

the simultaneous administration of ®xed proportions of NEO
with each NSAID, and performing an isobolographic
analysis for the di�erent combinations, as described by

Tallarida et al. (1989). The isobologram was constructed by
connecting the ED50 of the corresponding NSAID plotted on
the abscissa with the ED50 of NEO plotted on the ordinate to
obtain the additivity line. For each drug mixture, the ED50

and its associated 95% con®dence intervals were determined
by linear regression analysis of the log dose-response curve
(eight animals at each of at least four doses) and compared

by a `t'-test to a theoretical additive ED50 obtained from the
calculation: ED50 add=ED50 NSAID/(P1+R´P2), where R is
the potency ratio of the NSAID alone to NEO alone, P1 is

the proportion of NSAID and P2 is the proportion of NEO
in the total mixture. In the present study, ®xed-ratio
proportions were selected by ®rst combining the ED50 of

each compound and then constructing a dose-response curve
in which ED50 fractions (12,

1
4 and 1

8) of NEO-NSAID
combinations were administered; in the equation above,
ED50 add is the total dose and the variance of ED50 add was

calculated from the fraction of the ED50's (i.e. 0.5) in the
combination as: Var ED50 add=(0.5)2´Var ED50 NSAID

+(0.5)2´Var ED50 NEO (Pinardi et al., 2001). From these

variances, con®dence limits are calculated and resolved
according to the ratio of the individual drugs in the
combination. Supra-additivity or synergistic e�ect is de®ned

as the e�ect of a drug combination which is higher and
statistically di�erent (ED50 signi®cantly lower) than the
theoretical calculated equie�ect of a drug combination with

the same proportions. When the drug combination gives an
experimental ED50 not statistically di�erent from the
theoretically calculated ED50, the combination has an
additive e�ect and additivity means that each constituent

contributes to the e�ect in accord with its own potency and
the less potent drug is acting as though it is merely a diluted
form of the other (Tallarida, 2001).

Drugs

All drugs used were dissolved in saline solution for i.p.
administration or in a slightly hyperbaric solution of glucose
(6%) to limit di�usion, for i.t. administration. The drugs,
provided by local laboratories, were: diclofenac (DICLO),

Table 1 ED50 values with 95% con®dence limits (CL) for
the antinociceptive e�ect of NSAIDs and NEO administered
intraperitoneally or intrathecally

ED50 mg kg71 (95% CL)
Drugs Intraperitoneal Intrathecal

Meloxicam 6.50 0.21
(4.90 ± 8.54) (0.18 ± 0.25)

Diclofenac 7.20 0.43
(3.95 ± 13.30) (0.41 ± 0.45)

Piroxicam 8.50 0.50
(6.50 ± 11.20) (0.43 ± 0.60)

Ketoprofen 30.30 0.82
(24.50 ± 37.60) (0.73 ± 0.92)

Paracetamol 41.30 4.70
(33.80 ± 50.50) (3.96 ± 5.63)

Neostigmine 0.0035 0.000004
(0.0027 ± 0.0045) (0.000003 ± 0.000007)
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ketoprofen (KETO), meloxicam (MELO), paracetamol
(PARA) and piroxicam (PIRO). Neostigmine bromide

(NEO) was purchased from Sigma Chemical Co., (St. Louis,
MO, U.S.A.).

Table 2 Theoretical and experimental antinociceptive ED50

values with 95% con®dence limits (CL) for combinations of
NSAIDs with NEO administered intraperitoneally

ED50 mg kg71 (95% CL)
Drugs Theoretical Experimental

Meloxicam/Neo 3.25 3.01
(2.16 ± 4.88) (2.42 ± 3.70)

Diclofenac/Neo 3.36 0.32*
(1.60 ± 7.04) (0.23 ± 0.44)

Piroxicam/Neo 4.37 3.50
(2.96 ± 6.46) (2.88 ± 4.25)

Ketoprofen/Neo 15.15 8.46*
(10.46 ± 21.94) (7.13 ± 10.04)

Paracetamol/Neo 20.65 14.40*
(14.38 ± 29.64) (13.80 ± 15.03)

The ratio between the NSAID and NEO corresponds to the
ratio of the respective ED50's. (See Methods). *P50.05
between theoretical and experimental values.

Table 3 Theoretical and experimental antinociceptive ED50

values with 95% con®dence limits (CL) for combinations of
NSAIDs with NEO administered intrathecally.

ED50 mg kg71 (95% CL)
Drugs Theoretical Experimental

Meloxicam/Neo 0.12 0.086
(0.09 ± 0.16) (0.07 ± 0.10)

Diclofenac/Neo 0.21 0.14
(0.16 ± 0.23) (0.13 ± 0.16)

Piroxicam/Neo 0.25 0.21
(0.16 ± 0.23) (0.16 ± 0.27)

Ketoprofen/Neo 0.42 0.23*
(0.31 ± 0.56) (0.22 ± 0.24)

Paracetamol/Neo 2.36 0.79*
(1.67 ± 3.34) (0.38 ± 1.65)

The ratio between the NSAID and NEO corresponds to the
ratio of the respective ED50's. (See Methods). *P50.05
between theoretical and experimental values.

Figure 1 Dose-response curves for the administration of diclofenac (DICLO), neostigmine (NEO) and the simultaneous
administration of DICLO+NEO (A: intraperitoneal, B: intrathecal). Isobologram for the simultaneous administration of diclofenac
and neostigmine (C: intraperitoneal; D: intrathecal). Filled circles correspond to the theoretical ED50 with 95% con®dence limits
and open circles correspond to the experimental ED50 with 95% con®dence limits. Ordinates of intraperitoneal (i.p.) and intrathecal
(i.t.) isobolograms are on di�erent scales.
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Statistics

Results are presented as ED50 values with 95% con®dence

limits. Student's `t'-test for independent means was used to
assess statistical signi®cance (P50.05).

Results

Antinociceptive activity of NSAIDs and NEO in the
writhing test

The i.p. or i.t. administration of NEO and the di�erent

NSAIDs produced dose-dependent antinociceptive e�ects in
the algesiometric assay of acetic acid-induced writhes, with
di�erent potencies. The dose-response curves obtained were

characterized by equal e�cacy, and the corresponding ED50

values with their 95% con®dence limits are shown in Table 1.
Animals tested with the di�erent doses of NSAIDs or NEO
used did not exhibit signi®cant behavioural or motor

dysfunctions.

Interactions of NSAIDs and neostigmine

The antinociceptive activity induced by the co-administration

of ®xed ratios of ED50 fractions of NSAIDs and NEO was
examined by the analysis of the corresponding isobolograms
obtained after i.p. or i.t. administration. The ED50 values for
the combinations and their 95% con®dence intervals are

shown in Tables 2 and 3. Figure 1 shows an example of the log
dose-response curves obtained, determined for DICLO and
the combination DICLO/NEO administered i.p. (Figure 1A)

and i.t. (Figure 1B), from where the experimental ED50's for
the combinations were calculated. The isobolographic analysis
for the combination DICLO/NEO administered i.p., resulted

in a supra-additive interaction (Figure 1C), however, the same
combination administered i.t. was only additive (Figure 1D),
since the experimental point was not statistically di�erent from

the calculated theoretical additive point. In addition, KETO/
NEO and PARA/NEO, administered either i.p. or i.t., resulted
to be synergistic or supra-additive (Figure 2A,B,C,D). The
combinations MELO/NEO and PIRO/NEO, administered

either i.p. or i.t., were only additive (Figure 3A,B,C,D).

Figure 2 Isobologram for the simultaneous administration of ketoprofen and neostigmine (A: intraperitoneal; B: intrathecal) and
paracetamol and neostigmine (C: intraperitoneal; D: intrathecal). Ordinates of intraperitoneal (i.p.) and intrathecal (i.t.)
administration are on di�erent scales. Symbols as in Figure 1.
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Discussion

There is evidence that muscarinic receptor agonists, such as

carbachol and acetylcholinesterase inhibitors, such as NEO,
increase the pain threshold after systemic and spinal
administration. The mechanism of spinal cholinergic anti-

nociception is not known, but muscarinic interneurons in the
pain transmission pathway and muscarinic desensitizing
e�ects on peripheral nociceptors have been postulated to

explain the interactions with other neurotransmitters (Hartvig
et al., 1989; Bernardini et al., 2001). In the central nervous
system (CNS), cholinergic antinociception seems to be

mediated by activation of M1 post-synaptic muscarinic
receptors, even if M2 muscarinic autoreceptors can also
regulate pain by modulating acetylcholine release via a
negative feedback mechanism (Ghelardini et al., 1990;

Bartolini et al., 1992).
It has been postulated that the administration of the

acetylcholinesterase inhibitor NEO, modulates central and

peripheral sites of intrinsic cholinergic inhibitory pathways of
pain perception (Buerkle et al., 1998). In the spinal cord,
muscarinic receptors are concentrated in the super®cial layers

of the dorsal horn (Eisenach, 1999). Several mechanisms,
such as hyperpolarization of neurons, reduction in the release
of pro-nociceptive neurotransmitters and activation of the

nitric oxide-cyclic guanosine monophosphate pathway, have
been suggested as mediators of cholinergic antinociception,
through the elevation of endogenous Ach (Yang et al., 1998).

In addition, the central antinociception induced by choliner-
gic agonists seems to be mediated in part, by the subsequent
activation of spinally-projecting noradrenergic neurons,

located in the pontine A7 catecholamine cell group (Nuseir
et al., 1999).
The synergism obtained after the i.p. administration of the

muscarinic indirect agonist NEO combined with KETO,
PARA or DICLO can be interpreted as a signal of
supraspinal antinociception modulation by the increased
acetylcholine concentration in the synaptic cleft, with

activation of descending inhibitory noradrenergic and ser-
otonergic pathways, probably by modulating cholinergic
interneurons (Gillberg et al., 1989; Iwamoto & Marion,

1993; Guimaraes & Prado, 1994). Synergistic mechanisms
between drugs may be in¯uenced by pharmacodynamics
interactions (at receptor or second messenger levels) and by

Figure 3 Isobologram for the simultaneous administration of piroxicam and neostigmine (A: intraperitoneal; B: intrathecal) and
meloxicam and neostigmine (C: intraperitoneal; D: intrathecal). Ordinates of intraperitoneal (i.p.) and intrathecal (i.t)
administration are on di�erent scales. Symbols as in Figure 1.

British Journal of Pharmacology vol 135 (7)

Neostigmine and NSAIDs interactionsH.F. Miranda et al 1595



functional pharmacokinetic interactions due to di�erent
activity at diverse anatomic sites (Solomon & Gebhart,
1994), and this consideration might explain the di�erences

between the e�ects observed with di�erent NSAIDs.
The present ®ndings, in which di�erences were found

between i.p. and i.t. administrations, are in agreement with
previous works, in which synergistic antinociceptive interac-

tions were obtained after systemic administration, but not
after intrathecal administration, since systemically adminis-
tered drugs reach both supraspinal and spinal sites and

intrathecal drugs have limited di�usion and a more local
e�ect (Yeung & Rudy, 1980; Roerig et al., 1984). In addition,
it has been suggested that drug interactions may involve the

activation of di�erent pathways of pain inhibition; thus,
systemic administration may stimulate descending pain
inhibitory pathways, usually mediated by norepinephrine

and serotonin, while these inhibitory pathways should not be
activated to the same degree by intrathecal administration
(Suh & Tseng, 1988; Roerig et al., 1988). The fact that
intraperitoneal co-administration of NEO with NSAIDs

results mainly in supra-additive interactions can then be
related to the di�erent distribution of the drugs in the CNS.
As a result, supra-additive interactions could be ascribed to

the activation of complementary central and peripheral

mechanisms of antinociception, since the activation of a
common mechanism should presumably produce only an
additive interaction. Thus, cholinergic stimulation would

imply the activation of several circuits, perhaps cholinergic,
noradrenergic, serotonergic, opioid, and/or nitridergic, that
modulate the a�erent nociceptive information.

The results obtained in the present study are in agreement

with previous results that suggest that drug interactions
between other type of drugs, i.e. opioids, may be additive or
synergistic, depending on the route of administration and the

nociceptive test used (Ossipov et al., 1990). In addition, these
results indicate that NSAIDs have a powerful e�ect upon
spinal nociceptive processing, in agreement with previous

works (Malmberg & Yaksh, 1993). The interactions obtained
between NEO and the NSAIDs could carry important
clinical implications for the treatment of pain states, in the

same way that those observed between cholinergic agents and
a2-adrenergic agonists or opioid drugs (Bouaziz et al., 1995;
Abram & Winne, 1995; Eisenach & Gebhart, 1995; Xu et al.,
1996; Hood et al., 1997).

Work supported by Fondecyt project No 1990842. The authors
thank J. LoÂ pez and A. Correa for outstanding technical assistance.
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