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1 Nitroaspirin (2.5-50 mg kg™, i.p. or 2.5—-100 mg kg™, p.o.) and aspirin (2.5—-100 mg kg~ ',
1L.p. or p.o.) exhibit anti-inflammatory activity in the carrageenan-induced hindpaw oedema model in
the rat. When administered i.p., nitroaspirin was a more effective anti-oedema agent than aspirin
particularly in the ‘early’ phase (i.e. up to 60 min) of the response. The EDs, values for nitroaspirin
and aspirin as inhibitors of the ‘late’ phase response (measured at 180 min) were 64.3 uymol kg~!
and >555 umol kg~!, respectively. When administered p.o., neither nitroaspirin nor aspirin
exhibited significant anti-inflammatory activity in the ‘early’ phase and were of similar potency in
the ‘late’ phase. Thus, at the highest dose used (100 mg kg™', 360 min) orally administered
nitroaspirin (aspirin in parenthesis) inhibited oedema formation by 46.9+1.6% (47.2+3.8%, both
n=6, P<0.05).

2 Nitroaspirin and aspirin (25-200 mg kg~!, p.o.) caused dose-related inhibition of the
hyperalgesia to mechanical stimulation following intraplantar injection of carrageenan in the rat.
EDs, values were 365 umol kg=' and 784 umol kg~', respectively. Neither drug influenced the
threshold for mechanical stimulation in the contralateral (i.e. untreated) hindpaw.

3 Nitroaspirin and aspirin (2.5—100 mg kg~', p.o.) caused dose-related inhibition of acetic acid
induced abdominal constrictions in the mouse (EDs, values of 154.7 umol kg™' and
242.8 umol kg™, respectively).

4 Nitroaspirin and aspirin (>200 mg kg~', p.o.) reduced the ‘late’ phase (but not the ‘early’ phase)
of the formalin-induced hindpaw licking assay in the mouse. Similarly, nitroaspirin and aspirin
(>50 mg kg~!, p.o.) prolonged tail withdrawal latency following application of a noxious heat

stimulus in the mouse.
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Introduction

Aspirin and like non-steroidal anti-inflammatory drugs
(NSAID) have been extensively employed in the clinic for
their anti-inflammatory and analgesic activity. The mechanism
of action is widely believed to involve inhibition of cyclo-
oxygenase (COX) mediated biosynthesis of prostacyclin (PGI,)
and prostaglandin E, (PGE,, Moncada et al., 1973). At the site
of inflammation, these prostanoids exhibit both pro-inflam-
matory and pro-nociceptive activity and potentiate the effect of
other pro-inflammatory mediators such as histamine and 5-
hydroxytryptamine. Unfortunately, the side effects of aspirin
in the gastrointestinal tract (e.g. haemorrhage, ulceration),
resulting from reduced formation of vasodilator and cytopro-
tective prostanoids in the gastric mucosa, limit the usefulness
of these compounds in the clinic (Wallace, 1997).

In recent years, a number of strategies have been adopted in
an attempt to reduce the gastrointestinal side effects of aspirin
and like NSAID. For example, the realization that COX exists
as two separate isoforms viz. COX-1 and COX-2 (reviewed by
Vane et al., 1998) has led to the development of a number of
selective COX-2 inhibitors, which exhibit anti-inflammatory
activity (COX-2 inhibition) but with reduced gastrointestinal
toxicity (COX-1 inhibition) (for review, see Fung &
Kirschenbaum, 1999).
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An alternative approach to the development of less toxic
NSAID is provided by the nitro-NSAID (NO-NSAID)
class of compounds including nitroaspirin. To date,
experiments in animals have revealed that, compared with
aspirin, oral administration of nitroaspirin is associated
with a marked reduction in gastrointestinal damage
(Wallace et al., 1994a). Furthermore, nitroaspirin protects
the stomach against injury following haemorrhagic shock
(Wallace et al., 1997) and HCl/ethanol (Takeuchi et al.,
1998) and additionally promotes the healing of pre-existing
ulcers (Ukawa et al., 1997). Other NO-NSAID including
nitrodiclofenac (Wallace et al., 1994b) and nitronaproxen
(Davies et al., 1997) also cause reduced gastrointestinal
damage when compared with the corresponding parent
NSAID. In each case, nitro-NSAID most probably ‘spare’
the gastrointestinal tract by the local release of nitric oxide
(NO) resulting in increased stomach mucosal blood flow.

The improved gastrointestinal tolerability of nitro-NSAID
(c.f- NSAID) suggest that these compounds may prove of value
in the clinic. However, whilst the effect of nitroaspirin on
gastrointestinal function has been extensively investigated (see
above), its ability to reduce oedema formation and to modify
algesia/hyperalgesia in experimental animals has, perhaps
surprisingly, received relatively little attention. Indeed, to the
best of our knowledge, there has been no systematic assessment
of the ability of nitroaspirin vis-d-vis aspirin to exert anti-
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oedema and anti-nociceptive activity in a range of animal
models and using a range of doses and by different routes of
administration. To this end, we have now compared the ability
of nitroaspirin and aspirin to influence, (i) carrageenan-induced
hindpaw oedema and mechanical hyperalgesia in the rat and (ii)
formalin-induced hindpaw licking, acetic acid induced abdom-
inal constriction and tail flick latency to thermal stimulation in
the mouse. Some of these results have been presented
previously in preliminary form (al-Swayeh et al., 1999).

Methods

Rats (male, Wistar, 80—240 g, Tucks Ltd., U.K.) and mice
(male, LACA, 22-35 g, Tucks Ltd., U.K.) were purchased
from accredited suppliers and maintained in the Biological
Services Unit of this College until required. All experiments
were carried out ‘blind’ in that the observer was not aware of
the identity or dose of drugs administered to individual
animals and were conducted under the conditions of the
Animals Scientific Procedures Act, U.K. (1986).

Measurement of carrageenan-induced hindpaw oedema
formation in the rat

Rats (male, Wistar, 160—240 g) were used in this study.
Experiments were conducted essentially as described pre-
viously (Handy & Moore, 1998a). Animals were housed for
1 week prior to use and thereafter acclimatized in the
laboratory for 1 h prior to commencement of the experiment.
Hindpaw volume (ml) was determined as a measure of oedema
formation, before, and at timed intervals (30 min—6 h), after
intraplantar carrageenan injection. For this purpose, animals
were held firmly and the volume of the injected hindpaw
determined by plethysmography using a commercially avail-
able device (Ugo Basile Ltd.). Nitroaspirin (2.5-50 mg kg™'),
aspirin (2.5-100 mg kg™") or vehicle (0.5% w v~' carbox-
ymethylcellulose, CMC, 1 ml kg~!) were administered i.p. or
p.o. 15 min prior to intraplantar injection of a standard
volume (100 ul) of carrageenan (2% w v—'). At the end of the
experiment, animals were killed by a blow to the head and
exsanguination. Results are mean +s.e.mean, n=06.

Measurement of carrageenan-induced hindpaw
hyperalgesia

Rats (male, Wistar, 80—120 g) were used in this study.
Experiments were conducted essentially as described pre-
viously (Handy & Moore, 1998b). Animals were housed for
1 week prior to the experiment. Animals were weighed, marked
for identification purposes and allowed to habituate to the
thermostatically controlled test room (ambient temperature,
22°C) for at least 1 h prior to commencement of the
experiment. ‘Baseline’ measurements of hindpaw mechanical
nociceptive threshold were obtained as described below.
Thereafter, hindpaw inflammation was produced by intra-
plantar injection of carrageenan (2% w v~', 150 ul) into either
hindpaw chosen at random. Nitroaspirin or aspirin (25—
200 mg kg~!, p.o.) or an appropriate volume (5 ml kg~!, p.o.)
of vehicle (0.5% w v~—' CMC) were administered 2.5 h after
carrageenan injection and the mechanical nociceptive thresh-
old determined 30 min thereafter.

The threshold response to a noxious mechanical stimulus
was determined using an Ugo Basile algesiometer as described
previously (Laird et al., 1996; Handy & Moore, 1998b). Briefly,
each hindpaw was positioned in turn under a conical probe

surface (tip radius approx. | mm) and gradually increasing
pressure applied to the hindpaw surface until the animal
vocalized at which point the measurement was terminated.
Mechanical nociceptive threshold for both the injected and
contralateral (i.e. non-injected) hindpaw were determined.
Results (mean +s.e.mean, n=6) are shown as the difference in
nociceptive threshold (arbitrary units) before (‘pre-’) and 3 h
after (‘post-’) intraplantar injection of carrageenan. Statistical
comparisons between groups was determined as the difference
in ‘post-pre’ values.

Measurement of formalin-induced hindpaw licking
behaviour in the mouse

The formalin-induced hindpaw licking assay was performed as
described previously (Moore et al., 1991; Morgan et al., 1992).
Experiments were conducted between 12:00 and 17:00 h in a
purpose-built, thermostatically-controlled (22°C) laboratory
and in subdued lighting conditions. On the day of the
experiment, animals were weighed, marked for identification
purposes and transported to the laboratory 60 min prior to the
start of the experiment in order to habituate to the
environment. Throughout the pre-trial period, animals were
allowed food and water ad libitum.

Mice were treated orally (time, 0 min) with nitroaspirin,
aspirin (both 50—-300 mg kg~"') or vehicle (0.5% w v—' CMC;
1 ml kg=") followed 15 min thereafter by intraplantar injec-
tion of formalin (10 ul, 5% v v~ in saline) into the right
hindpaw and immediate transfer to transparent plexiglass
observation chambers (dimensions: 20x20x 12 cm). The
duration of time spent licking the injected hindpaw was
monitored and recorded over the periods, 0—5 min (‘early’
phase of licking) and 15—30 min (‘late’ phase of licking) after
formalin administration. Mirrors positioned behind the
chambers enabled observation of the right hindpaw when it
was obscured from direct view. Results are shown as time
spent licking the injected hindpaw in s and are mean +s.e.mean
(n=3-20). At the end of the experiment animals were killed by
cervical dislocation and exsanguination.

Acetic acid-induced abdominal constriction assay

The acetic acid-evoked abdominal constriction test was
employed as described previously (Moore et al., 1991; Morgan
et al., 1992). Mice were injected i.p. with freshly prepared
acetic acid (2% w v~' in saline; pH 2.7; 10 ml kg=') and
transferred immediately to individual observation cages. The
number of abdominal constrictions was monitored over the
following 30 min. The abdominal constrictions (‘writhes’)
elicited by mice consisted of contractions of the abdominal
muscles which progressed posteriorly and usually ended with
simultaneous flexor extension of both hind limbs with arching
of the back. Abdominal constrictions of two to three mice were
counted at the same time using hand tally counters.

In these experiments, mice were injected with nitroaspir-
in, aspirin (both 2.5-100 mg kg~', p.o.) or vehicle (0.5%
w v~ CMC; 10 ml kg™', p.o.) 15 min prior to acetic acid
administration followed 15 min thereafter by an 1i.p.
injection of acetic acid and evaluation of abdominal
constrictions as described above. In some experiments,
nitroaspirin or aspirin (50 mg kg~', p.o.) were administered
at timed intervals (15—360 min) prior to injection of acetic
acid. Results show number of abdominal constrictions per
30 min test period and are mean+s.e.mean (n=6). At the
end of the observation period animals were killed by
cervical dislocation and exsanguination.
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Tail withdrawal (‘flick’) assay

The tail withdrawal assay was performed essentially as
described originally by D’Amour and Smith (1941). For these
experiments, animals were restrained in a perspex tube and a
radiant heat source applied to the tail (lower surface). In
preliminary experiments, the radiant heat was adjusted to
attain a mean baseline tail withdrawal latency of 2.5-3.5 s in
control animals. In order to avoid tissue damage exposure to
the noxious stimulus was automatically terminated at 10 s.
Baseline latencies were measured on two consecutive occasions
before drug administration and the mean value recorded.
Thereafter, mice received nitroaspirin, aspirin (both 2.5—
100 mg kg~ ', p.o.) or vehicle (0.5% w v~! CMC; 10 ml kg™ ',
p.o.). Tail withdrawal latencies (mean of two consecutive
measurements) were monitored 15 min thereafter. Results
(in s) show mean+s.e.mean (n=10). At the end of the
experiment animals were killed by cervical dislocation and
exsanguination.

Statistics

The statistical significance of differences between groups was
determined by ANOVA followed by post hoc Dunnett’s test. A
probability (P) value of 0.05 or less was taken to indicate
statistical significance.

Materials

Nitroaspirin (NCX-4016; 2-acetoxy-benzoate 2-(2-nitroxy-
methyl) phenyl ester) was obtained from NiCOX Ltd.
(Sophia-Antipolis, France). Aspirin and carrageenan were
purchased from Sigma Ltd. Aspirin and nitroaspirin were
suspended in 0.5% w v~' carboxymethylcellulose (CMC).
Carrageenan was suspended in saline. In all cases a reasonable
suspension was achieved after warming (45°C) and with
constant sonication and agitation.

Results
Anti-inflammatory activity of nitroaspirin

Intraplantar injection of carrageenan evoked a time-dependent
increase in hindpaw volume (indicative of oedema formation)
comprising of a relatively rapid ‘early’ phase (up to 180 min)
followed by a more sustained plateau or ‘late’ phase (180—
360 min) (Figures 1 and 2). Pre-treatment of animals with
nitroaspirin or aspirin administered either i.p. (Figure 1a) or
p.o. (Figure 2a) resulted in a dose-related inhibition of
carrageenan-evoked hindpaw oedema. The relative potency of
nitroaspirin and aspirin varied depending upon the route of
administration and the ‘phase’ of the oedema response. When
administered i.p the anti-inflammatory effect of nitroaspirin
was considerably greater than that of aspirin in the ‘late’ phase
of the oedema response (measured at 180 min) with calculated
EDs, values of 21.3 mg kg=' and >100 mg kg~' (equivalent
to 64.3 umol kg—' and > 555 umol kg™'), respectively (Figure
1). In contrast, nitroaspirin and aspirin exhibited broadly
similar anti-inflammatory activity in the ‘late’ phase when
administered p.o. (see Figure 2). Thus, at the highest dose used
(100 mg kg~', 360 min), orally administered nitroaspirin
(aspirin in parenthesis) inhibited oedema formation by
46.9+1.6% (47.2+3.8%, both n=6, P<0.05). Interestingly,
both nitroaspirin and aspirin administered i.p. (but not p.o.)
also reduced the ‘early’ phase of carrageenan-evoked hindpaw

oedema. Once again nitroaspirin (EDsy: 33.3 mg kg™' equiva-
lent to 99 umol kg~!) was considerably more potent than
aspirin (only 39% inhibition at 100 mg/kg~') when measured
120 min after carrageenan injection.

Anti-nociceptive activity of nitroaspirin

Carrageenan-induced hindpaw hyperalgesia (mechanical stimu-
lation) Intraplantar administration of carrageenan (2% w
v~!, 150 ul) caused significant hindpaw hyperalgesia as
evidenced by a reduction in the threshold for noxious
mechanical stimulation from 9.92+1.0 to 3.38+0.37 units,
n=6, P<0.05. In control experiments, intraplantar injection
of saline (150 ul) did not alter the noxious mechanical
stimulation threshold (data not shown).

Pre-treatment of animals (150 min after intraplantar
carrageenan injection; i.e. 30 min before test) with nitroaspirin
(25-200 mg kg~=', p.o.) or aspirin (25-200 mg kg~', p.o.)
inhibited carrageenan-induced hyperalgesia in the injected
hindpaw without affecting the nociceptive mechanical thresh-
old in the contralateral (i.e. non-injected) hindpaw (Figure 3).
The calculated EDs, values for nitroaspirin and aspirin as
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Figure 1 Effect of nitroaspirin (A) and aspirin (B) administered i.p.

on carrageenan-induced hindpaw oedema formation in the rat.
Results show increase in hindpaw volume (ml) and are mean+
s.e.mean, n=6, *P<0.05 (ANOVA plus post-hoc Dunnett’s test).
Where no error bars are shown error lies within the dimensions of
the symbol.
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Figure 2 Effect of nitroaspirin (A) and aspirin (B) administered p.o.
on carrageenan-induced hindpaw oedema formation in the rat.
Results show increase in hindpaw volume (ml) and are mean+
s.e.mean, n=06, *P<0.05 (ANOVA plus post-hoc Dunnett’s test).

inhibitors of mechanical hyperalgesia were 121.6 and
141.2 mg kg™ (equivalent to 365 and 784 umol kg™'),
respectively.

Formalin induced hindpaw licking behaviour

In control, (vehicle-injected) animals, intraplantar injection of
formalin evoked a hindpaw licking response of 75.7+6.5s
(n=20) in the ‘early’ phase (0—5 min) and 139.9+15.6s
(n=20) in the ‘late’ (15—30 min) phase.

In contrast to the dose-related ability of both nitroaspirin
and aspirin to reduce carrageenan-evoked hindpaw mechanical
hyperalgesia in the rat, pretreatment of mice with nitroaspirin
or aspirin (50 or 100 mg kg™', p.o.) failed to affect either phase
of the formalin-induced nociceptive licking behaviour (Figure
4). Higher doses of each drug produced more variable results
with significant inhibition of ‘late’ phase licking behaviour
apparent at both 200 and 300 mg kg~! of nitroaspirin. Aspirin
(200 mg kg~' but not 300 mg kg~', p.o.) was also anti-
nociceptive in the ‘late’ phase.

Tail withdrawal assay

In these experiments, tail withdrawal latency following
application of a topical heat source in control (vehicle-injected)
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Figure 3 Effect of nitroaspirin (A) and aspirin (B) administered p.o.
on carrageenan-induced mechanical hyperalgesia in the rat. Results
show change (i.e. ‘post—pre’) in nociceptive threshold (arbitrary
units) to a noxious mechanical stimulus before and at 180 min after
intraplantar injection of carrageenan. Drugs (mg kg~ ') were
administered 150 min after carrageenan injection. Results show
mean +s.e.mean, n=06, *P<0.05 (ANOVA plus post-hoc Dunnett’s
test).

animals was 2.4 +0.15 s (n=20). Both nitroaspirin and aspirin
(50 and 100 mg kg~ ") exhibited anti-nociceptive activity as
evidenced by a graded increase in withdrawal latency (Figure
5). Lower doses were without effect.

Acetic acid induced abdominal constrictions

Intraperitoneal injection of acetic acid 2% w v~', 0.1 ml
10 g ") resulted in 49.64 1.9 abdominal constrictions (n=10)
in the 30 min period thereafter. In the present experiments,
oral administration of nitroaspirin or aspirin produced a dose-
related inhibition of acetic acid induced abdominal constric-
tions (Figure 6). The calculated EDs, values for nitroaspirin
and aspirin were 51.2 and 43.7 mg kg~' (equivalent to 154.7
and 242.8 ymol kg="). The time course of anti-nociceptive
activity of nitroaspirin and aspirin was also investigated in this
model. Pretreatment of animals with an approximate EDs (i.e.
50 mg kg~!, p.o.) of nitroaspirin or aspirin either 15 min or
180 min prior to acetic acid injection revealed no difference in
the resulting anti-nociceptive effect. In contrast, reduced anti-
nociceptive activity was apparent in animals pretreated with
either compound 360 min prior to acetic acid injection (Figure
7). Thus, these experiments suggest that the time course of
anti-nociceptive activity of nitroaspirin and aspirin is similar in
this model.

Discussion
Anti-oedema effect of nitroaspirin

The hindpaw oedema which follows intraplantar carrageenan
injection involves a complex and time-dependent synthesis/

British Journal of Pharmacology, vol 129 (2)
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Figure 4 Effect of nitroaspirin (A) and aspirin (B) on mouse
formalin-induced hindpaw licking behaviour in the ‘early’ (0—5 min
after intraplantar formalin injection) and ‘late’ phases (15—30 min).
Figures at the foot of each pair of columns indicate dose of drug
administered p.o. (mg kg~ "). Results shown mean +s.e.mean, n=3—
20, ¥*P<0.05 by ANOVA and post-hoc Dunnett’s test.

release of a plethora of different inflammatory mediators.
Previous research from this and other laboratories has
suggested that the ‘early’ phase response is triggered mainly
by histamine, bradykinin, 5-hydroxytryptamine and nitric
oxide (synthesized by the neuronal nitric oxide synthase
isoform), whilst the ‘late’ phase results primarily from the
formation of pro-inflammatory prostanoids and nitric oxide
(synthesized by the inducible nitric oxide synthase isoform)
(DiRosa et al., 1971; Garcia Leme et al., 1973; Handy &
Moore, 1998; Holsapple er al., 1980; Salvemini et al., 1996;
Vinegar et al. (1969).

It has been known for many years that aspirin, and
similar NSAID, reduce carrageenan-induced hindpaw oede-
ma in the rat (Flower et al., 1972). Most reports suggest
that NSAID preferentially inhibit the ‘late’ phase response
presumably by inhibiting the inducible COX-2 isoform
which is believed to be responsible for the generation of
pro-inflammatory prostanoids in the later stages of this and
other inflammatory models (Vane & Botting, 1998). In the
present experiments, both aspirin and nitroaspirin caused
dose related inhibition of the °‘late’ phase of oedema
regardless of the route of administration (i.e., i.p. or p.o.)
employed. These results, therefore, confirm a preliminary
report in which single, equimolar doses of nitroaspirin and
aspirin reduced carrageenan-induced hindpaw oedema in the
rat (Takeuchi et al., 1998).
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Figure 5 Effect of nitroaspirin (A) and aspirin (B) on tail
withdrawal latency to a noxious thermal stimulus in the mouse.
Results show tail withdrawal latency (s) 30 min after p.o.
administration of drug. Figures at the base of each column indicate
dose administered (mg kg~', p.o.). Results show mean-s.e.mean,
n=10, *P<0.05 (ANOVA plus post-hoc Dunnett’s test).

As nitroaspirin and aspirin exhibit similar COX
inhibitory activity in vivo (Cuzzolin et al., 1996; Wallace
et al, 1999a), it seems likely that the ‘late’ phase
inhibitory effect of both drugs depends upon inhibition
of hindpaw prostanoid formation presumably by an effect
on COX-2 activity, which is likely to be the predominant
isoform at this stage in the response (Seibert et al., 1994;
Vane et al., 1998). Interestingly, nitroaspirin or aspirin
administered i.p. (but not p.o.) also reduced the ‘early’
phase response. Although some reports suggest that COX-
2 may be present as early as 60—90 min after induction of
an inflammatory response (Seibert et al., 1994) the
possibility that nitroaspirin (and aspirin) may, additionally,
reduce hindpaw constitutive COX-1 activity to bring about
an anti-oedema effect in the ‘early’ phase should be
considered. Certainly, aspirin reduces inflammation in a
carrageenan-induced pleurisy model in the rat over a
considerably longer time period than either NS-398 or
nimesulide (relatively selective COX-2 inhibitors) (Gilroy et
al., 1998), which suggests a pro-inflammatory role for
prostanoids generated by both COX-1 and COX-2 at least
in this model (Gilroy et al., 1998).
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induced abdominal constrictions in the mouse. Results show number
of abdominal constrictions over a 30 min period following i.p. acetic
acid injection. Drugs were administered p.o. 15 min prior to acetic
acid injection. Figures at the base of each column indicate dose
administered (mg kg™ ', p.o.). Results show mean+s.e. mean, n= 10,
*P<0.05 (ANOVA plus post-hoc Dunnett’s test).

The relative potency of nitroaspirin vis-a-vis aspirin is
clearly dependent both upon the time course of the
carrageenan response (i.e. ‘early’ c.f. ‘late’ phase) and upon
the route of drug administration. Thus, nitroaspirin
(administered i.p.) is more potent than aspirin (by
comparison of EDs, values; 8.6 xon a mol for mol basis)
than aspirin in the ‘late’ phase. Similarly, nitroaspirin
(administered i.p.) also exhibits greater anti-inflammatory
activity than does aspirin in the ‘early’ (time, 60 min) phase
(e.g. nitroaspirin; 46% inhibition at 50 mg kg~' equivalent
to 151 umol kg=' c.f. aspirin; 40% inhibition at
100 mg kg~' equivalent to 555 umol kg='). However, it
should be noted that the improved anti-oedema potency of
nitroaspirin (c.f. aspirin) is no longer apparent when drugs
are administered orally. In this context, a NO-releasing
derivative of mesalamine (5-aminosalicylic acid) has recently
been reported to exhibit greater anti-inflammatory activity
than the parent compound as an inhibitor of colitis in the
rat (Wallace et al., 1999b).

Assuming that nitroaspirin acts simply as a ‘pro-drug’ for
anti-inflammatory aspirin it might be expected that the two
compounds would exhibit similar potency in these experi-
ments. This is not the case. The reason(s) underlying this
discrepancy in potency are not clear and have not been
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Figure 7 Effect of nitroaspirin and aspirin (both 50 mg kg™, p.o.)
on acetic acid induced abdominal constrictions in the mouse. Results
show number of abdominal constrictions over a 30 min period
following i.p. acetic acid injection. Drugs were administered p.o.
either 15, 180 or 360 min prior to acetic acid injection. Results show
mean +s.e.mean, n=6, *P<0.05 (ANOVA plus post-hoc Dunnett’s
test).

directly addressed in the present study. However, we believe
that some comment is appropriate. Perhaps the simplest
explanation is that 1i.p. administered nitroaspirin is
accumulated more readily or over a longer period in the
carrageenan-inflamed hindpaw than is aspirin. Unfortu-
nately, to the best of our knowledge, there have been no
published reports which compare the accumulation and
dispersal of nitroaspirin/aspirin (and their metabolites such
as salicylate) at the site of inflammation. However, the
observation that i.p. injected nitroaspirin in the rat results in
a delay in the time required to achieve peak plasma
salicylate concentration (6 h) when compared with aspirin
(3 h; Tagliaro et al., 1996) suggests that differences in
pharmacokinetic profile may be important in determining
the relative anti-inflammatory potency of nitroaspirin vis-a-
vis aspirin. Alternatively, nitroaspirin may exhibit additional
pharmacological activity (c.f. aspirin) by virtue of what is
presumed to be a slow release of nitric oxide (see del
Soldato et al., 1999). In this context, nitroaspirin (but not
aspirin) has recently been shown to inhibit caspase 1 activity
and, thus, interleukin-1f formation (Fiorucci et al., 1999)
and also reduces nuclear factor kB (NF-kB) activation
(Minto et al., 1997) although it should be noted that an
inhibitory effect of aspirin on NF-xB activation has also
been reported (Yin et al., 1998). The NO-releasing derivative
of mesalamine has also been demonstrated to reduce
leucocyte adherence to the vascular endothelium (Wallace
et al., 1999b). In each case, nitric oxide has been shown to
be the active moiety within the nitroaspirin molecule.
Whether nitroaspirin affects leucocyte function at the site
of inflammation in vivo or whether other, as yet unidentified,
COX-independent mechanisms contribute to the anti-oedema
effect of this compound would appear to warrant further
study.

Anti-nociceptive effect of nitroaspirin

Nitroaspirin and aspirin exhibited anti-nociceptive activity in
all four animal models studied. However, both the absolute

British Journal of Pharmacology, vol 129 (2)



0.A. al-Swayeh et al

Nitroaspirin and inflammation 349

and the relative potency of the two compounds varies
depending upon the experimental model used. Thus, both
nitroaspirin and aspirin exhibited greater anti-nociceptive
activity in animal models of ‘inflammatory’ pain (e.g.
carrageenan-induced hindpaw hyperalgesia; acetic acid in-
duced abdominal constrictions) and were less effective in
models of ‘acute’ pain (e.g. tail flick test; responsiveness to
mechanical noxious stimulation in the non-injected hindpaw)
and in hyperalgesia states dependent more on ‘central’ as
opposed to ‘peripheral’ sensitisation (e.g. late phase formalin-
induced hindpaw licking) (see reviews by Willis, 1992; Woolf,
1993). Interestingly, the time course of the anti-nociceptive
effect of nitroaspirin and aspirin (assessed as inhibition of
acetic acid induced abdominal constrictions in the mouse) was
very similar with no difference in activity detected when drugs
were administered either 15 min or 180 min prior to acetic acid
injection.

The profile of anti-nociceptive activity of aspirin
identified in these experiments is in broad agreement with
previous reports in the literature. Thus, published EDs,
values (43.7 mg kg~' in this study) for aspirin in the mouse
abdominal constriction test have ranged from 24 mg kg™!
(Santos et al., 1995) through 31.6 mg kg=' (Inoue et al.,
1994) to 81.4mgkg™' (Satyanarana et al., 1995). In
addition, similar doses of aspirin to those used in this
study reduce the hyperalgesia associated with hindpaw
injection in the rat of carrageenan (Calhoun etz al., 1992)
or other algogens such as yeast (Seegers et al., 1981) but
have only marginal effect on the tail flick response to
noxious thermal stimulus (Millan ez al., 1995) and no effect
on either the ‘early’ or ‘late’ phase hindpaw licking
response to intraplantar formalin injection even at doses
as high as 400 mg kg=' (Rahman et al., 1994; Wheeler-
Aceto & Cowan, 1991).

Since this is the first study to examine the anti-
nociceptive effect of nitroaspirin in a range of behavioural
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