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Different mechanisms underlie the analgesic actions
of paracetamol and dipyrone in a rat model of
inflammatory pain

RM Rezende!, DS Franca', GB Menezes!, WGP dos Reis!, YS Bakhle? and JN Francischi®

Laboratory of Inflammation and Pain, Department of Pharmacology, Institute of Biological Sciences, Federal University of Minas
Gerais, Belo Horizonte, Brazil and *Leukocyte Biology, Division of Biomedical Sciences, Faculty of Medicine, Imperial College,
London, UK

Background and purpose: The analgesics, paracetamol and dipyrone are weak inhibitors of the cyclooxygenase isoforms 1 or
2 (COX-1, COX-2) but more potent on COX-3. Both are also weak anti-inflammatory agents, relative to their analgesic and
antipyretic activities. In a model of inflammatory pain mediated by prostaglandins, both compounds were analgesic. We have
analysed this shared effect further in order to elucidate the underlying mechanisms.

Experimental approach: Inflammation was induced in one hind paw of rats by intraplantar injection of 250 ug A-carrageenan
(CG) and the contralateral paw injected with saline. Nociceptive thresholds to mechanical stimulation were measured
immediately before and for 6 h after, injection of CG. The analgesics were s.c. or locally (intraplantar) injected either 30 min
before or 2 h after CG. In some groups, naltrexone was injected (s.c. or intraplantar), 1 h before CG.

Key results: Pretreatment with paracetamol or dipyrone (60-360mgkg™~ ") reversed hyperalgesia induced by CG and
increased nociceptive threshold in the inflamed paw above the basal level (hypoalgesia). Paracetamol, but not dipyrone, also
raised nociceptive thresholds in the non-inflamed paw. Subcutaneous, but not local, administration of naltrexone, a specific
opioid antagonist, reversed the hypoalgesia induced by paracetamol, but similar naltrexone treatment had no effect on
dipyrone-induced analgesia.

Conclusions and implications: Although both paracetamol and dipyrone are inhibitors of COX isoforms and thus of
prostaglandin biosynthesis and were analgesic in our model, their analgesic actions were functionally and mechanistically
different. Satisfactory mechanisms of action for these analgesics still remain to be established.
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Introduction

Paracetamol and dipyrone are among the most commonly
used analgesic and antipyretic drugs worldwide, either on
prescription or over-the-counter. They are often, but anoma-
lously, classified as non-steroidal anti-inflammatory drugs
(NSAIDs) in textbooks of pharmacology (Brunton et al.,
2005; Rang et al., 2006). Like their archetype, aspirin, most
NSAIDs exhibit a triad of therapeutic activities—anti-inflam-
matory, antipyretic and analgesic. The NSAIDs also
decrease prostaglandin (PG) biosynthesis by inhibiting the
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cyclooxygenase (COX) enzymes, either COX-1 or COX-2 or
both, and this has been accepted as their mode of action
for more than 30 years (Vane, 1971; Vane et al., 1998). The
anomaly of paracetamol and dipyrone is that both are,
relative to their antipyretic and analgesic activities, weak
anti-inflammatory agents and weak inhibitors of either
COX-1 or COX-2 (Botting, 2000). Thus, these two com-
pounds have, for many years, presented a challenge in terms
of a satisfactory explanation of their well-established actions.

Several possible mechanisms have been proposed, including
the involvement of 5-HT (Alloui et al., 2002), of endogenous
opioids (Pini ef al., 1997; Vaughan et al., 1997; Vanegas and
Tortorici, 2002) and of the arginine-nitric oxide-cGMP
pathway (Duarte et al., 1992), effective at a variety of levels
in the nociceptive pathway from the periaqueductal grey to
the periphery. There are also suggestions that COX-2 is



indeed the target (Kis et al., 2005) but through its peroxidase
function (Graham and Scott, 2005; Aronoff et al., 2006), or
that another variant of COX-1, located in the CNS, is the
crucial enzyme inhibited by paracetamol and dipyrone
(Chandrasekharan et al., 2002; Botting and Ayoub, 2005).
As these last suggestions imputed the same mechanism of
action for paracetamol and dipyrone, we compared the
analgesic effects of these two compounds in a model of
inflammatory pain, hyperalgesia, induced by carrageenan
injected into rat hind paws. This model is long-established
(Di Rosa, 1972) and is known to be mediated by PGs (Vinegar
etal., 1987), and inhibitors of COX-1 or COX-2 are known to
be analgesic in this model (Vane et al., 1998).

We have, therefore, carried out a further analysis of the
antinociceptive effects of paracetamol and dipyrone in this
model, particularly comparing the effects of systemic and
local administration and assessing the relevance of the
endogenous opioids to the antinociceptive action with an
opioid antagonist, naltrexone, injected both systemically
and locally in the paws of the rats. Our results showed
important and unexpected differences in the functional
expression of analgesia and in response to naltrexone,
between these two analgesic drugs.

Methods

All animal procedures were adhered to the guidelines of
the committee for Research and Ethical Issues of IASP
(Zimmermann, 1983) and were approved by the local Ethics
Committee for Animal Experimentation. Male Holtzman or
Wistar rats weighing 140-170g supplied by the Bioterism
Center of UFMG were used in these experiments. Animals
were housed at a maximal number of six per cage with food
and water ad libitum, with light/dark cycles of 12/12h,
starting at 0700 hours. No animals were re-used in any
further experiment, as the experimental animals were killed
humanely at the end of the 6h observation period (see
below).

Induction of paw inflammation

Inflammation was induced in one hind paw (right) using
carrageenan A (250 ug 10ml~") in sterile physiological saline
(NaCl, 0.9%) as the proinflammatory stimulus at time zero.
The contralateral paw was injected with the same volume of
physiological saline. This dose of carrageenan is known to
induce paw hyperalgesia from previous studies (Francischi
et al., 2002; Pereira et al., 2003).

Measurement of paw hyperalgesia (nociception)

Assessment of nociception consisted of measurement of the
threshold stimulus for nociceptive reaction (paw withdrawal)
using a weight (maximum limit of 500g) applied to the
pads of hind paws by an experimenter using a Ugo Basile
apparatus; this is essentially the Randall-Selitto method
(Randall and Selitto, 1957). The threshold for eliciting a
nociceptive response was measured before (time zero) and
0.5, 1, 2, 3, 4 and 6h after the intraplantar injection of
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carrageenan. Results are presented either as the difference in
nociceptive thresholds between the inflamed paw and the
contralateral, control (saline-injected) paw at each time
(Figures la and d) or as the actual values of nociceptive
threshold in each paw obtained at the time points indicated
above (remaining figures). The term ‘hypoalgesia’ is used to
describe the condition when the nociceptive threshold was
raised above the basal level, that is, the level at time zero
before any treatment of the animal. ‘Anti-hyperalgesia’ in
pretreated animals is defined as any reversal of hyperalgesia,
up to the basal nociceptive threshold.

Drug preparation and administration
Paracetamol and dipyrone (200 and 500mgml~!, respec-
tively) were diluted with physiological saline to obtain the
doses required for s.c. injection, in a volume of 0.1 ml per
100g of animal. Local, that is, intraplantar injections of
paracetamol or dipyrone were made, with appropriate
dilutions, in a volume of 0.1 ml per paw. These drugs were
injected s.c. 30min before or 2h after the injection of
carrageenan. In addition, a group of animals were injected
into the paw with 3.6 mg per paw of either paracetamol or
dipyrone, 30min before carrageenan, and hyperalgesia
measurements were carried out as described above. This
dose for intraplantar injections was chosen from pilot
experiments to determine the minimum effective analgesic
dose of dipyrone. Control animals for these experiments
received carrageenan in the right paw and saline in the
contralateral paw, and were pretreated with vehicle s.c. at
30min before or 2 h after carrageenan or locally in the paw.
The opioid antagonist naltrexone was dissolved and
diluted further in physiological saline and injected s.c.
(3mgkg™), in a volume of 0.1ml100g !, 1h before
carrageenan. In another series of experiments, naltrexone
was injected intraplantarly (100 pg in 0.1 ml per paw), also
1 h before carrageenan. This dose of naltrexone was derived
from pilot experiments with COX-2 inhibitors and from the
work of Rodrigues and Duarte (2000). Control animals for
these experiments were injected with the same volume of
saline, at the same time. In a separate group of Wistar rats,
paracetamol was given s.c. or orally by gavage in the same
dose range and time as used for Holtzman rats, before
carrageenan.

Statistical analysis

Results are presented as the mean values (*s.e.mean) from
groups of at least four and usually six animals for each
condition. In general, two sets of each condition were
assessed on different days, and a group of animals receiving
carrageenan only or treated with saline/vehicle were
included in each set. Differences between mean values
were considered statistically significant when comparisons
between control (carrageenan + vehicle) and treated
(carrageenan + analgesic) animals, using one-way ANOVA,
gave P-values less than 0.05.
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Figure 1 Effect of paracetamol or dipyrone on reduced nociceptive threshold induced by carrageenan in rat paws. All rats were injected with

carrageenan in the right paw and saline in the left paw. They were pretreated (s.c. injection) with saline (SAL), paracetamol (PAR) or dipyrone
(DIP; 60, 180 or 360mgkg™') 30min before carrageenan. (a) The nociceptive condition is expressed as the difference in nociceptive
thresholds between the inflamed and non-inflamed paws. Reduced nociceptive threshold appears as a negative difference and paracetamol
prevented the development of that hyperalgesia for most of the 6 h observation period. (b, ¢) The thresholds in the right (b) and left (c) paws
are shown separately. For the first 2 h after carrageenan, the highest dose of paracetamol (360 mgkg™") raised thresholds above the basal level
(hypoalgesia) in the right paw (b). Note that nociceptive thresholds were raised also in the left non-inflamed paw (c) to the same levels as in the
right paw. (d-f) Effects of dipyrone on the carrageenan-induced hyperalgesia are shown, as for paracetamol. Note in (e) that dipyrone (60, 180
or 360mgkg ") was as effective as paracetamol, with the two higher doses (180 or 360 mgkg~") inducing hypoalgesia, for the first 3 h after
carrageenan. The nociceptive thresholds in the left, non-inflamed, paw (f) were not affected by carrageenan or dipyrone treatment. Values
shown are the mean (*s.e.mean) results from 4 to 6 animals at each time point. *Significantly different from values without analgesic

treatment. *Significantly above basal threshold: ANOVA, P<0.05.

Materials

Paracetamol (Tylenol, ]J&J, Sdo Paulo, Brazil), dipyrone
(Novalgina, Aventis, Sdo Paulo, Brazil), naltrexone hydro-
chloride (Sigma, Steinheim, Germany) and A-carrageenan
(Sigma, St Louis, MO, USA) were used.

Results

Effects of systemic paracetamol on hyperalgesia induced by
carrageenan in rat paws
In Figure 1a, the effects of carrageenan alone (control: saline,
SAL) and of pretreatment with paracetamol, over a range of
doses (60-360mgkg~!), are expressed as the difference in
nociceptive thresholds between the inflamed (right) paw and
the non-inflamed (left) paw. Carrageenan alone induced a
fall in the threshold of the right paw, leading to the negative
difference shown and demonstrating the hyperalgesia
characteristic of this model. Pretreatment with increasing
doses of paracetamol prevented this fall in threshold values
to about zero, that is, at the levels observed at the start of the
experiments. However, these difference values mask changes
in the thresholds of the non-inflamed (left) paw.

We have, therefore, presented the threshold values in right
and left paws for the same set of animals as in Figure 1a,
separately in Figures 1b and c. Now it is clear that the
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hyperalgesia induced by carrageenan alone was unilateral,
whereas in animals pretreated with paracetamol, changes in
nociceptive thresholds were observed in both inflamed and
non-inflamed paws. For the highest dose of paracetamol
(360mgkg 1), the threshold was increased to values well
above that in basal condition and, thus, for up to 2h after
carrageenan, the rats were in a condition of hypoalgesia, as
defined earlier (see Methods).

In another strain of rats, the Wistar strain, the same
protocol of carrageenan inflammation and pretreatment
with paracetamol or dipyrone at 360mgkg !, given s.c. 30 min
before carrageenan, produced anti-hyperalgesic/-hypoalgesic
effects comparable to those shown in Figure 1 for Holtzman
rats (Table 1).

Effects of systemic dipyrone on hyperalgesia induced by
carrageenan in rat paws

Dipyrone, given as a pretreatment over a similar dose range
(60-360mgkg "), also reversed carrageenan-induced hyper-
algesia, when expressed as the difference between thresholds
in the right, inflamed and the left, non-inflamed paws
(Figure 1d). In Figure 1, for the sake of clarity, only those
values for nociceptive thresholds that are significantly above
basal (time zero) levels have been marked with symbol (#) to
show the development of the hypoalgesic state. However,
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Nociceptive thresholds in carrageenan-injected rats of different strains before and after paracetamol or dipyrone treatment

Treatment (mgkg™')

Nociceptive threshold (g)

0h ih Th 2h 3h 4h 6h

C

RP H 168+5.8 142+8.0 102+6.6 74+5.1 60+8.4 60%5.5 100+6.3

LP 180+0.0 180+£10.0 175%£5.0 170+£0.0 160+0.0 165%5.0 160+0.0
PAR 360

RP H 154125 204 £ 4.0* 242+18.8* 262 £ 20.0* 150+£18.2* 128+18.8* 122+£9.7

LP 156+4.0 202 £ 8.6* 232+17.7* 256 £18.9* 172+£12.7* 172+5.8 158+3.7
DIP 360

RP H 156+2.5 214+£15.7* 234+16.3* 250+ 6.3* 202+13.6* 166 +6.0* 128 +5.8*

LP 154+4.0 160+6.3 162%7.5 156+5.1 154+4.0 150%3.2 146+2.5
C

RP W 164+11.7 142+15.9 94+8.1 58+3.7 48+3.7 56%5.1 88+10.2

LP 162+9.7 160+7.7 148+5.8 148+5.8 148 +£3.7 146+4.0 132+3.7
PAR 360

RP W 162.5+6.3 227.5+4.8* 257.5+£2.5*% 245 +22.2* 180+ 7* 117.5+35.9* 122.5+14.4*

LP 167.5+8.5 232.5+£9.5*% 260t4.1* 237.5+£18.9* 187.5+4.8* 167.5+6.3 147.5+7.5
DIP 360

RP W 158.3+4.8 211.7£11.4* 258.3£19.2* 245+30.3* 191.7 £12.2* 133.3+13.3* 131.7+£10.8*

LP 161.7+4.8 170+£8.6 178.3£10.1 173.3+10.2 163.3+5.6 153.3+5.6 155+£8.5

Abbreviations: C, control; DIP, dipyrone; H, Holtzman rats; LP, left paw; PAR, paracetamol; RP, right paw; W, Wistar rats.

Data shown are mean values + s.e.mean. *P<0.05, one-way ANOVA.

nociceptive thresholds in rats pretreated with dipyrone were
significantly greater than those in animals receiving carra-
geenan alone. These anti-hyperalgesic effects were main-
tained for 6h, longer than with paracetamol. When the
results for the right and left paws are shown separately
(Figures 1e and f), they show marked hypoalgesia for the first
3h in the right paws, but thresholds in the left paws did not
change over the entire 6 h and were not different from those
in the left paws of animals receiving carrageenan alone.

Effects of treatment with paracetamol or dipyrone after the onset
of hyperalgesia induced by carrageenan

In another group of rats, the two analgesics were given 2h
after carrageenan, when the hyperalgesia was well developed.
As illustrated in Figures 2a-d, paracetamol and dipyrone
were as effective in inducing hypoalgesia, given after the
stimulus, as they were when given as a pretreatment. Note
also that the later treatment with paracetamol still affected
both inflamed and non-inflamed paws, whereas dipyrone
still affected only the inflamed paw.

Effects of paracetamol or dipyrone given locally on hyperalgesia
induced by carrageenan

In these experiments, the analgesics were injected into the
footpad of the right hind paw, 30 min before carrageenan
was injected into the same paw. Given locally at a dose of
3.6mg per paw, paracetamol showed no anti-hyperalgesic
effects in the right paw (Figure 3a) and did not affect
nociceptive thresholds in the left paw (Figure 3b). However,
dipyrone at the same dose (3.6 mg per paw) did show anti-

hyperalgesia for at least 3h after carrageenan injection
(Figure 3c), also without affecting the left paw (Figure 3d).

Effects of naltrexone, an opioid antagonist, on the actions of

paracetamol or dipyrone in hyperalgesia induced by carrageenan
To assess the possible contribution of endogenous opioids to
the hypoalgesic effects shown by paracetamol and dipyrone,
naltrexone was injected s.c. 30 min before these analgesics.
As shown in Figure 4a, for the right, inflamed paw,
hypoalgesia induced by paracetamol, over the first 2h, was
abolished by pretreatment with naltrexone. In the left paw
(Figure 4b), similar results were observed—loss of hypoalgesia
in the first 2 h, with no change at the remaining time points.

Dipyrone induced hypoalgesia over the first 3 h, and these
effects were largely unchanged by treatment with naltrexone
(Figure 4c¢). After 3 h, naltrexone induced a minor reversal of
the analgesic effects of dipyrone. Note that in the left paw,
where no analgesic effects were seen (Figure 4d), naltrexone
pretreatment did not induce any change in the nociceptive
thresholds.

We then measured the effect of naltrexone, given locally
into the footpad, on the analgesic actions of systemic
paracetamol or dipyrone. Naltrexone was given only into
the right paw, 1h before the carrageenan and 30 min before
the analgesics were given systemically. We administered
100 pg naltrexone per paw, which would be equivalent to a
systemic dose of 0.67 mgkg ' in our animals. Given locally,
naltrexone did not affect either the hypoalgesia induced by
paracetamol in the inflamed paw (Figure 5a) or the responses
to systemic paracetamol in the left, non-inflamed paws of
these animals (Figure 5b). There were late but minor reversals
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Figure 2 Effects of paracetamol or dipyrone administered 2 h following induction of inflammation on nociceptive thresholds of rat paws. All
rats were injected with carrageenan in the right paw and saline in the left paw at time zero. They were then treated (s.c. injection) with saline
(SAL), paracetamol (PAR, 360 mgkg ~") or dipyrone (DIP, 360 mgkg™") 2 h after carrageenan. The thresholds of the right (a, c) and left (b, d)
paws are shown separately. Treatment with paracetamol when hyperalgesia was well developed still raised the thresholds of both paws, the
inflamed and non-inflamed paws. The late treatment with dipyrone raised the thresholds of only the inflamed paws. Values shown are the
mean (*s.e.mean) results from 4 to 6 animals at each time point. *Significantly different from values without analgesic treatment.
#Significantly above basal threshold: ANOVA, P<0.05.
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Figure 3 Effects of local (intraplantar) injection of paracetamol or dipyrone on reduced nociceptive threshold induced by carrageenan in rat
paws. Paracetamol (PAR; ,;; 3.6 mg per paw), dipyrone (DIP; ,;; 3.6 mg per paw) or 0.1 ml saline (control paws: saline, SAL) was administered
30min before carrageenan. Nociceptive thresholds are shown for right (inflamed; a, ¢) and left (non-inflamed; b, d) paws. For local
paracetamol, no significant differences between groups were observed (a, b). For dipyrone (c, d), local injection significantly raised reduced
nociceptive thresholds only in the inflamed paws. Values shown are the mean (*s.e.mean) results from 4 to 6 animals at each time point.

*Significantly different from values without dipyrone treatment: ANOVA, P<0.05.
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Figure 4 Responses to naltrexone (NAL), given s.c., in rat paws inflamed by carrageenan and treated with paracetamol or dipyrone.
Nociceptive thresholds for right, inflamed and left, non-inflamed paws are shown separately in (a), (c) and (b), (d), respectively. Note
naltrexone alone (NAL + SAL; NAL, 3mgkg™") did not modify the hyperalgesia induced by carrageenan in the right paw but the hypoalgesia
induced by paracetamol (360 mgkg~"; SAL 4+ PAR) was markedly inhibited by naltrexone (NAL + PAR). A similar loss of hypoalgesia was also
recorded for the left, non-inflamed paw (b). For dipyrone (c, d), hypoalgesia was largely unaffected by naltrexone. From 3 to 6 h, minor
reversals of dipyrone-induced effects were observed. Values shown are the mean (*s.e.mean) results from 4 to 6 animals at each time point.
*Significantly different from NAL 4 SAL. **Significantly different from SAL-+PAR or SAL+ DIP values. *Significantly above basal threshold:

ANOVA, P<0.05.

of paracetamol-induced analgesia, with intraplantar naltrexone.
For dipyrone, local naltrexone did not affect any of its
analgesic actions in the inflamed paw or the thresholds in
the left paw (Figures 5c and d).

Discussion

Our experiments were designed to find out, for the two
analgesic compounds studied, paracetamol and dipyrone,
whether their analgesic effects are derived from a common
causal mechanism, as implied by their shared profile of
pharmacological activity and their shared inhibition of
COX-3 (Chandrasekharan et al., 2002; Ayoub et al., 2006).
In our model, at a similar range of doses, both compounds
induced anti-hyperalgesia and hypoalgesia to a similar
extent. The term hypoalgesia, as used here, describes a
nociceptive state in which the threshold was raised above
the normal, non-inflamed level (Francischi et al., 2002). In
this model of inflammatory pain, where PGs are known to
mediate the hyperalgesia, ‘classical’ NSAIDs, such as indo-
methacin and piroxicam, induce anti-hyperalgesia but not
hypoalgesia, implying a non-PG mediation of the hypoalgesic
state. As paracetamol or dipyrone is not ‘classical’ but, as
previously mentioned, anomalous NSAIDs, non-classical
effects were not unexpected. However, we did assume, given
that these two compounds are inhibitors of COX-3

(Chandrasekharan et al., 2002), that their analgesic effects
would be similarly shared. In the event, although they both
induced hypoalgesia, in most of our other assessments, the
two compounds exhibited important differences.

The most striking feature of the action of paracetamol was
that it affected the nociceptive thresholds in both inflamed
and non-inflamed paws equally. This bilateral analgesic
effect was also observed in the same experimental model of
carrageenan-induced hyperalgesia in a different strain of rats
(Wistar), demonstrating that our observations were not
strain-specific. Although bilateral hypoalgesia after parace-
tamol had been noted earlier (Alloui et al.,, 2002), it
contrasted sharply with the unilateral (only in the inflamed
paw) analgesia induced by systemically administered
inhibitors of PG biosynthesis (catalysed by both COX-1 or
COX-2) in our model (Francischi et al., 2002; Franca et al.,
2006). The bilateral effect of paracetamol was expressed not
only in its intensity but also in its time course, hypoalgesia—
threshold above normal—in the early hours after carragee-
nan injection, fading to anti-hyperalgesia—threshold
about normal—by 4-6h, when administered either before
or after the development of inflammation. However, there
was no analgesic effect following local intraplantar injection
of a dose of paracetamol (3.6 mg per paw equivalent to a
systemic dose of 20mgkg~!). Moreover, the actions of
paracetamol in both paws were equally affected by pretreat-
ment with naltrexone when given systemically and both
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Figure 5 Responses to local (intraplantar) naltrexone administration before systemic treatment with paracetamol or dipyrone. Naltrexone
(NAL; 100 pug per paw) diluted in 0.1 ml physiological saline was given locally to right paws (ipsi), 30 min before carrageenan (ipsi).
Paracetamol (SAL + PAR; 360 mgkg™"), dipyrone (SAL+ DIP; 360mgkg™") or physiological saline (NALipsi+ SAL) was injected s.c., 30 min
before intraplantar carrageenan administration (time zero). Values for the inflamed (a, c¢) and non-inflamed (b, d) paws are shown. Minor
reversal of paracetamol-induced analgesia by local naltrexone was seen only from 3 to 6 h with no effects in the left paw. However, for
dipyrone, no reversal of analgesia was observed in naltrexone (NALipsi + DIP)-treated animals. Data are the mean (£ s.e.mean) results from 4
to 6 animals at each time point. *Significantly different from NALipsi+ SAL. **Significantly different from SAL+ PAR or SAL+DIP values.

#Significantly above basal threshold: ANOVA, P<0.05.

paws were equally resistant to local naltrexone. The simplest
explanation of these results is to postulate a ‘systemic’
mechanism of analgesia, unrelated to the presence of
inflammation and consequently unrelated to a direct effect
on PG biosynthesis. In view of the sensitivity of paracetamol
to naltrexone, this systemic mechanism should involve the
release of endogenous opioids by paracetamol, but this
release would neither be a local, peripheral release nor
would the actions of the opioids be dependent on the
presence of inflammation (Zollner et al., 2003). Such a
release could be in the brain or in the spinal cord where
inputs from, or outputs to, both hind paws would need to be
equally modified.

There are already reports of the central actions of
paracetamol in a variety of pain models (Pini et al., 1997;
Bonnefont et al., 2003; Graham and Scott, 2005) or of its
actions at a spinal level (Alloui et al., 2002; Raffa et al., 2004;
Bonnefont et al., 2005). These reports have also linked the
actions of paracetamol to a descending 5-HT pathway (Alloui
et al.,, 2002; Bonnefont et al., 2003, 2005; Sandrini et al.,
2003) and/or to an endogenous opioid pathway (Pini et al.,
1997; Raffa et al., 2004). Our results, thus, would be
compatible with a mechanistic scheme, which involved a
central site of action of paracetamol, with analgesia being
mediated by endogenous opioids. If inhibition of PG
biosynthesis is involved, either by a centrally located COX-3
(Ayoub et al., 2006) or COX-2 (Graham and Scott, 2005),
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in the analgesic effects of paracetamol, then the lack of
PGs must stimulate, directly or indirectly, the release of
endogenous opioids within the CNS.

The most important aspect of our comparison of para-
cetamol and dipyrone was that the similar analgesic effects
were very differently expressed. These differences were
unexpected, as dipyrone often shares, with paracetamol,
the classification as an anomalous NSAID. Also, they were
both shown to be reasonably potent inhibitors of COX-3 in
the CNS (Chandrasekharan et al., 2002; Botting and Ayoub,
2005). Another common feature is an antioxidant, rather
than antisubstrate, effect on COX (Aronoff et al., 2006; Pierre
et al., 2007). Moreover, in our present work, paracetamol and
dipyrone shared the ability to induce hypoalgesia. It was,
therefore, surprising that dipyrone also was not bilateral
in its analgesic effects, was not affected by naltrexone,
systemically or locally administered, and was still effective
when given locally. These findings characterized dipyrone as
peripherally, not centrally, acting and with a mode of action
independent of the endogenous opioid system.

One local mechanism proposed for analgesic effects of
dipyrone is activation of ATP-gated K" channels (Alves and
Duarte, 2002; Sachs et al., 2004). However, activation of
these channels also involves opioids, in that morphine is
another activator (Rodrigues and Duarte, 2000) and the
effects of other K* channel openers are antagonized by
opioid antagonists (Campbell and Welch, 2001).



There are other results showing endogenous opioid
mediation of the antinociceptive effects of dipyrone in other
pain models and using injections into the CNS (see Vasquez
et al., 2005). However, our experiments showed the analgesic
effects of dipyrone to be mostly unaffected by naltrexone
given systemically or locally, suggesting strongly that
endogenous opioids were not involved in our model. The
late reversal (3-6 h; Figure 4c) by naltrexone is an intriguing
finding and might reflect a correspondingly late involve-
ment of opioids. One speculative explanation would be to
postulate two separate mechanisms for hypoalgesia and for
anti-hyperalgesia, with only the latter effect being opioid-
mediated for dipyrone.

Although our present results do not lead to clear proposals
for a mechanism of action for dipyrone, this profile of
analgesic activity of dipyrone was closer to that of a
‘classical’ NSAID, such as indomethacin, than to the profile
of paracetamol. More significantly, these differences between
paracetamol and dipyrone are difficult to reconcile on the
basis of a common mechanism of action. Our results should
not be taken as evidence refuting the ability of these
compounds to inhibit COX-3 or any other COX isoform by
any mechanism, but as a property common to both. Our
experiments were not designed to test that proposition.
However, inhibition of PG biosynthesis alone did not appear
to be the direct cause of the analgesic actions observed in vivo
with either compound. Nevertheless, what is clear is that, in
our model, at least three mechanistically significant features
of antinociception exhibited by dipyrone and paracetamol
were different, the bilateral vs unilateral effects, the response
to naltrexone pretreatment and the local anti-hyperalgesic
effect.

Limitations of the study

The results with local injections (into the paws), although
clear, are limited by the technical problems of intraplantar
injection. Such injections are restricted in volume, which is
critical for relatively insoluble agents such as paracetamol.
Another inherent difficulty is the possibility of locally
injected materials ‘leaking’ into the systemic circulation
and inducing systemic, rather than local, effects. Because of
these limitations, we sought in pilot experiments to find the
minimum effective dose of dipyrone given locally and then
used the same dose of paracetamol, as these two agents were
equiactive on s.c. administration. Higher doses of paraceta-
mol required higher volumes, which induced noticeable
oedema by themselves. As the doses used of paracetamol and
dipyrone were well below the lowest dose given s.c., we
assumed that the effects of possible leakages into the
systemic circulation would be negligible. For naltrexone,
we used a single, fixed dose, which was derived from pilot
experiments with COX-2 inhibitors (Francischi et al., 2002;
Franca et al., 2006) and from the work of Rodrigues and
Duarte (2000) to provide a minimum effective dose. Again
the systemic dose derived from the local administration of
naltrexone was well below that resulting from s.c. injection,
minimizing the contribution of ‘non-local’ sites of action.
However, such leakage of local naltrexone into the systemic
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circulation might explain the late reversal (3-6h) of
analgesic effects of paracetamol, illustrated in Figure Sa.

There are two other potential confounding factors, both
related to the transformation of paracetamol or dipyrone to
other active compounds. Paracetamol, after deacetylation, is
converted to an amide of arachidonic acid, AM404, via the
fatty acid hydrolase pathway, in brain and spinal cord
(Hogestatt et al., 2005). AM404 has many actions but,
particularly in this context, it prevented pain behaviour in
rats after thermal or mechanical stimuli in a rat model of
neuropathic pain (Costa et al., 2006). Further, cannabinoid
type 1 receptor antagonists prevented the analgesic action of
paracetamol in the formalin model in rats (Ottani et al.,
2006). How far such conversion of paracetamol to AM404 is
crucial to its activity in our model is unclear, but this
possibility does provide a non-COX-mediated path to pain
relief for paracetamol. For dipyrone, this compound is
rapidly hydrolysed to the pharmacologically active 4-methyl
amino antipyrine, which is an ‘anti-peroxide’ inhibitor of
COX (Pierre et al., 2007), as mentioned above. However,
4-methyl amino antipyrine is a tertiary amine and as such is
unlikely to form an amide with arachidonic acid, corre-
sponding to AM404. This may contribute to the difference
between paracetamol and dipyrone that we have observed,
but direct evidence for this point has yet to be provided.

In summary, our results show that, although both
paracetamol and dipyrone exhibited very similar hypoalgesia
in our model, in terms of intensity and duration, the
underlying mechanisms were very different. We had
expected to find a common functional analgesic effect based
on a common mechanism of action. In the event, we have
clearly demonstrated the important differences between
these analgesics. Whereas hypoalgesic actions of paracetamol
could represent a centrally located, opioid-dependent me-
chanism, for dipyrone, the mechanistic scheme would need
to be peripheral and independent of opioids. None of the
presently proposed mechanisms of action for these com-
pounds provide satisfactory explanations of our observations
in vivo and we still need an adequate explanation of the
effects of these extensively used and effective analgesics.
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