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The influence of cyclooxygenase (COX) and NO synthase inhibitors on
antinociceptive action of acetaminophen (ACETA) was studied in rats.
ACETA increased the nociceptive threshold for both mechanical (Randall-
-Selitto test) and chemical stimuli (writhing test). In both models the exis-
tence of ceiling dose of ACETA was observed. Indomethacin (IND), an in-
hibitor preferentially acting on COX-1, as well as nimesulide (NIM) and ce-
lecoxib (CECOX), i.e. respectively preferential and selective inhibitors of
COX-2, markedly decreased the antinociceptive activity of ACETA in Ran-
dall-Selitto test. In contrast, IND increased, whereas both NIM and CECOX
did not have any effect on ACETA action in writhing test. Pretreatment with
L�-nitro-L-arginine (L-NO-ARG), an unspecific inhibitor of NO synthase,
7-nitroindazole (7-NI), relatively specific inhibitor of neuronal NO synthase,
and L-N6(1-iminoethyl)lysine (L-NIL), relatively selective inhibitor of in-
ducible NO synthase, significantly increased the action of the lower doses of
ACETA (50 and 100 mg/kg) in writhing test, whereas it did not modify the
effects of the higher doses. Similar effect of L-NO-ARG and 7-NI was ob-
served in Randall-Selitto test, whereas L-NIL did not influence the action of
ACETA. The possible involvement of COX and NO synthase systems in
antinociceptive activity of ACETA is discussed.
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Abbreviations: ACETA – acetaminophen,
L-ARG – L-arginine, ASA – aspirin, C – control,
CECOX – celecoxib, CNS – central nervous sys-
tem, COX – cyclooxygenase, IND – indomethacin,
7-NI – 7-nitroindazole, L-NIL – L-N6(iminoethyl)-
lysine, NIM – nimesulide, L-NO-ARG – L�-nitro-
-L-arginine, NSAIDs – nonsteroidal anti-inflam-
matory drugs, PGs – prostaglandins

INTRODUCTION

Acetaminophen (ACETA) is a commonly used
antinociceptive/antipyretic drug. Although its anti-
nociceptive and antipyretic activities do not differ
markedly from those of aspirin (ASA), this drug
has widely replaced ASA and other salicylates in
the treatment of mild to moderate pain in condi-
tions not associated with inflammatory processes
such as headache, toothache and dysmenorrhoea.
A lack of antiinflammatory activity can be attribu-
ted to the fact that ACETA does not influence or
does not substantially inhibit the activity of cyclo-
oxygenases (COXs) in peripheral tissues. There-
fore, ACETA has only a weak antiinflammatory
and antiplatelet activity, and it does not share the
typical side effects profile with other nonsteroidal
anti-inflammatory drugs (NSAIDs). The drug does
not produce the gastrointestinal damage, it has no
effect on bleeding time and it does not essentially
induce “aspirin asthma” [5, 7, 14, 17]. Therefore,
ACETA would seem to be a suitable alternative in
patients for whom ASA and other NSAIDs are con-
traindicated.

In spite of the numerous investigations, the
mechanism of ACETA action is still poorly defined
and has been not satisfactorily explained. Since in-
hibition of COX activity by NSAIDs is commonly
believed to play a crucial role in pharmacodynamic
properties of these drugs, it was initially suggested
that ACETA may selectively inhibit the activity of
COX within central nervous system (CNS), with-
out influencing the activity of isoenzymes in pe-
riphery [11]. However, the results of other studies
concerning the effect of ACETA on COX activity,
both in the brain and in peripheral tissues are con-
troversial and contradictory [1, 8–10, 19]. More re-
cent observation seemed also to indicate that inhi-
bition of NO synthase activity may be involved in
antinociceptive effect of ACETA [4].

Indomethacin (IND) is a relatively selective in-
hibitor of COX-1, nimesulide (NIM) preferentially

blocks the activity of COX-2, celecoxib (CECOX)
is relatively selective inhibitor of this isoenzyme. It
was therefore of interest to compare the effects of
the three abovementioned drugs on antinociceptive
activity of ACETA. The influence of L&-nitro-L-
-arginine (L-NO-ARG), an unspecific inhibitor of
NO synthase, 7-nitroindazole (7-NI), a relatively
specific inhibitor of neuronal NO synthase, and
L-N6(1-iminoethyl)lysine (L-NIL), relatively se-
lective inhibitor of inducible NO synthase, on the
ACETA-produced antinociception was also investi-
gated.

MATERIALS and METHODS

Animals

This study was performed according to the gui-
delines and after approval of the Ethical Committee
for Experiments on Small Animals, Medical Uni-
versity of Warsaw.

Male Wistar rats, weighing 180–220 g, housed
at the room temperature of 20 ± 2°C, under 12 h
light-dark cycle, were used. Animals had free ac-
cess to food and water. Food was removed 12 h be-
fore the experimental session.

Drugs

The following drugs were used in the experi-
ments: acetaminophen (ACETA), purchased from
Polfa, Poland; L&-nitro-L-arginine (L-NO-ARG)
and 7-nitroindazole (7-NI) purchased from Re-
search Biochemicals Incorporated (RBI), USA;
L-N6(1-iminoethyl)lysine (L-NIL) from Bachem,
Switzerland; indomethacin (IND) from Polfa, Po-
land; nimesulide (NIM) from Sigma, USA, and ce-
lecoxib (CECOX) from Searle, UK.

ACETA, L-NO-ARG, 7-NI, IND, NIM and CE-
COX were suspended in 0.1% solution of methyl-
cellulose. L-NIL was dissolved in 0.9% saline.

ACETA was applied per os (po) via gastric tube
at the doses of 50, 100, 200, 300, 400, 600 and 800
mg/kg, L-NO-ARG and 7-NI were administered
intraperitoneally (ip), L-NIL subcutaneously (sc)
and ip, whereas IND, NIM and CECOX sc.

Control animals received 0.1% solution of
methylcellulose or 0.9% saline, respectively.

Experimental methods

The changes in nociceptive thresholds were es-
timated using mechanical (the modified Randall-
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-Selitto paw withdrawal test) [18] or chemical no-
ciceptive stimuli (the writhing test) [13]. For mecha-
nical stimulation, a progressively increased pres-
sure force was applied on the dorsal surface of the
rat’s paw (expressed in g) using an analgesymeter
(Ugo-Basile). The percent of analgesia was calcu-
lated according to the following formula:

% analgesia =
100

– 100
� B

A

A – pressure (in g) at the time “0”, B – pressure
(in g) 15, 30, 60, 75, 90, 120, 150 and 180 min after
ACETA administration.

L-NO-ARG (ip), 7-NI and L-NIL (ip) at the
doses of 10 mg/kg were applied 10 min before
ACETA (po), IND (sc) at the dose of 10 mg/kg
45 min before ACETA (po), and NIM or CECOX
(sc) at the doses of 10 mg/kg 30 min before
ACETA (po).

The writhing test was based on an induction of
characteristic writhing movements by ip admini-
stration of 0.9% acetic acid (5 ml/kg). Writhing
movements were characterized by specific abdomi-
nal contractions and were accompanied by: elonga-
tion of the body with concave arching of the back
and/or twisting or turning of the hip together with
the hind paw and/or side rolling of the body and
circling around the cage. Most of the episodes oc-
curred within 30 min after application of the irri-
tant. Under continuous visual observation the total
number of episodes was counted during 60 min.
This period was further divided into two time inter-
vals: 10–35 min and 35–60 min, however, in sepa-
rate series of observations the total number of
writhing episodes 10–20, 20–30, 30–40, 40–50,
50–60 min after irritant application was also evalu-
ated. The final results were presented as percentage
of the inhibition of writhing movements according
to the following formula:

% inhibition =100 –
100 � B

A

A – the mean number of episodes in an appropriate
control group, B – the number of contractions after
the administration of the drug.

ACETA (po) was applied 30 min before the irri-
tant. L-NO-ARG (ip) at the dose of 5 mg/kg and
CECOX (sc) at the dose of 10 mg/kg were adminis-
tered 10 min, 7-NI (ip) and L-NIL (sc) at the doses
of 2.5 mg/kg 5 min, NIM (sc) at the dose 10 mg/kg

10 min, while IND (sc) at the dose 1 mg/kg 15 min
before the application of ACETA (po).

In the used tests, the applied doses of L-NO-
-ARG, 7-NI, L-NIL, IND, NIM, and CECOX as
well as the period between the application of the
same substances and ACETA were either chosen
experimentally or on the ground of references. In
this way, for each of the models, respectively, we
minimalized the antinociceptive effect of the sub-
stances which modify the action of ACETA, and
we perfectly adapted the time of their impact on the
ACETA antinociception.

Statistics

All results were expressed as means ± SEM.
Statistical significance was determined by means
of Student’s t-test. A value of p � 0.05 was consid-
ered as significant. All statistical calculations were
performed with the use of computer programs de-
scribed by Tallarida and Murray [22]

RESULTS

Effect of ACETA on the nociceptive

threshold to mechanical stimuli

ACETA administered at doses of 100–800 mg/kg
increased the threshold for mechanical nociceptive
stimuli (Fig. 1). However, this effect was not dose-
dependent. The maximal effect was observed after
a dose of 400 mg/kg and no further increase in
antinociception was observed after higher (600 or
800 mg/kg) doses. Thus, a clear ceiling effect of
ACETA was observed in elevation of the threshold
to mechanical stimuli. Doses of 100 and 200 mg/kg
produced only a weak and transient increase in the
nociceptive threshold. After higher doses (300–800
mg/kg) the antinociception reached its maximum
75–90 min after drug administration and then
slowly disappeared. To make the presentation more
transparent the results obtained with the doses of
200 and 600 mg/kg are not shown. However, the
results with the dose of 200 mg/kg were similar to
those after 100 mg/kg and results after 600 mg/kg
did not differ from those of 400 mg/kg.

Effect of ACETA on the nociceptive

threshold to chemical stimuli

Except for the dose of 50 mg/kg, after all ap-
plied doses of ACETA, the statistically significant

'(() *�+"#�""� 343

,-,!../-&0)1(0 1)� ). (-)231(0 (-(20�4(5 1)� 1)2').,',0�2'.)



decrease in the number of writhing episodes was
observed during the first interval (10–35 min)
(Fig. 2). However, antinociception produced by the
dose of 800 mg/kg was slightly weaker than the

one observed after 600 mg/kg. Thus, it seemed that
ACETA possessed a ceiling effect also in suppres-
sion of nociception produced by chemical stimuli.
During the second interval, a significant increase in
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Fig. 2. Effect of acetaminophen administered po at doses of 50 mg/kg (ACETA50), 100 mg/kg (ACETA100), 200 mg/kg (ACETA200),
300 mg/kg (ACETA300), 400 mg/kg (ACETA400), 600 mg/kg (ACETA600) and 800 mg/kg (ACETA800) on the threshold to
chemical stimuli (writhing test). Values are means ± SEM. Control (C) vs ACETA ** p � 0.01
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Fig. 1. Effect of acetaminophen administered po at doses of 100 mg/kg (ACETA100), 300 mg/kg (ACETA300), 400 mg/kg
(ACETA400), and 800 mg/kg (ACETA800) on the threshold to mechanical stimuli (Randall-Selitto test). Values are means ± SEM.
Control (C) vs ACETA100 ## p � 0.01 # p � 0.05, C vs ACETA300 — p � 0.01 – p � 0.05, C vs ACETA400 ×× p � 0.01 × p � 0.05,
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the nociceptive threshold was observed, but only
after doses of 300–800 mg/kg.

Effect of L-NO-ARG on antinociceptive

action of ACETA

A. Randall-Selitto test

When administered alone (10 mg/kg) L-NO-ARG
only slightly increased the nociceptive threshold. In

animals pretreated with this dose of L-NO-ARG,
antinociceptive action of ACETA, administered at
the dose of 100 mg/kg, was significantly increased
and prolonged (Fig. 3A). Pretreatment with L-NO-
-ARG resulted also in an increase in antinociception
produced by 300 mg/kg of ACETA when measured
15 and 30 min after drug administration, however,
the antinociceptive action of this dose was not pro-
longed (Fig. 3B). In contrast, pretreatment with
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Fig. 3. Influence of L�-nitro-L-arginine (L-NO-ARG) and 7-nitroindazole (7-NI) at doses of 10 mg/kg ip on antinociceptive activity
of acetaminophen po at doses of 100 mg/kg (ACETA100) – Fig. A and D, 300 mg/kg (ACETA300) – Fig. B and E and 600 mg/kg
(ACETA600) – Fig. C and F in Randall-Selitto test. Values are means ± SEM. ACETA vs L-NO-ARG + ACETA, ACETA vs 7-NI +
ACETA ** p � 0.01 * p � 0.05



L-NO-ARG did not increase the antinociceptive
activity of 600 mg/kg of ACETA (Fig. 3C).

B. Writhing test

When administered alone L-NO-ARG at 5 mg/kg
only slightly increased the nociceptive threshold
to chemical stimuli. However, pretreatment with
L-NO-ARG increased the antinociceptive action
of doses of 50 and 100 mg/kg of ACETA, whereas
it did not influence the effect of the drug dose of
600 mg/kg (Fig. 4A).

Effect of 7-NI and L-NIL on antinocicep-

tive action of ACETA

A. Randall-Selitto test

7-NI and L-NIL administered alone at 10 mg/kg
did not increase the nociceptive threshold. Pretreat-
ment with 7-NI markedly increased and prolonged
the antinociceptive action of 100 mg/kg but not the
action of higher (300–600 mg/kg) doses of ACETA
(Fig. 3D, E, F). In fact, as shown in Figure 3F, after
pretreatment with 7-NI, antinociception produced
by the drug dose of 600 mg/kg was even slightly
decreased when measured 60–90 min post-drug. In

contrast to L-NO-Arg and 7-NI, pretreatment with
L-NIL was without effect on the action of ACETA
administered at 100 mg/kg (Fig. 7).

B. Writhing test

7-NI and L-NIL administered alone at 2.5 mg/kg
increased the nociceptive threshold to chemical sti-
muli. This effect was especially pronounced when
measured 30–60 min after irritant administration.
Therefore, the influence of both NO synthase in-
hibitors on ACETA antinociception was evaluated
during the interval 10–20 min after irritant. The
pretreatment with 7-NI or L-NIL increased the
antinociceptive action of 50 and 100 mg/kg but
7-NI slightly decreased and L-NIL did not change
the action of a dose of 600 mg/kg of ACETA (Fig.
4B, C).

Influence of IND, NIM and CECOX

on antinociceptive activity of ACETA

A. Randall-Selitto test

At the used doses, none of the three investi-
gated NSAIDs (IND 10 mg/kg, NIM 10 mg/kg and
CECOX 10 mg/kg) produced significant changes
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in the nociceptive threshold in Randall-Selitto test.
The pretreatment with IND 45 min before ACETA
administration almost completely abolished the
antinociceptive activity of the drug. As can be seen
in Figure 5A and 5D, after pretreatment with IND,

the antinociceptive effects of 300 mg/kg and 800
mg/kg of ACETA were almost completely blocked.
Similar effects were obtained after pretreatment with
both NIM (30 min before) and CECOX (30 min
before ACETA administration). As demonstrated in
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Fig. 5. Influence of indomethacin (IND), nimesulide (NIM) and celecoxib (CECOX) at a dose of 10 mg/kg sc on antinociceptive ac-
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Figure 5, pretreatment with either NIM or CECOX
almost completely blocked the action of 300 mg/kg
(Fig. 5B, C) and 800 mg/kg (Fig. 5E, F) of ACETA.

B. Writhing test

In contrast to the previous test, all three investi-
gated NSAIDs increased the nociceptive threshold
to the chemical stimuli. In writhing test, the in-
crease in the threshold was observed after the dose
of IND as low as 1 mg/kg. The increase in the no-
ciceptive threshold was more pronounced after the
application of IND and NIM than after CECOX
(Fig. 9). Because of the antinociceptive activity of
NSAIDs it was difficult to evaluate their effects on
the action of ACETA. It seemed, however, that IND

increased the antinociceptive action of 50 mg/kg,
100 mg/kg and 200 mg/kg of ACETA (Fig. 6),
whereas NIM and CECOX rather did not change
the ACETA-produced analgesia (Fig. 8).

DISCUSSION

The results of this study confirmed the limited
antinociceptive activity of ACETA. When adminis-
tered po ACETA increased the nociceptive thres-
holds for both mechanical (modified Randall-Selitto
test) as well as chemical (writhing test) stimuli. In
spite of that, ceiling effect was observed and doses
of ACETA higher than 400 mg/kg did not produce
further increase in nociceptive thresholds. These
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observations are in agreement with results obtained
by Pelissier et al. [16], who, using the Randall-Se-
litto method also noted, that 400 mg/kg dose of
ACETA produced the antinociceptive effect com-
parable to that of 800 mg/kg.

Interestingly enough, the pretreatment with
L-NO-ARG, non-selective inhibitor of NO syn-
thase activity, potentiated the antinociceptive acti-
vity of the lower subceiling doses of ACETA (in
the area of the increasing curve), but it was with-
out effect on the action of the supramaximal doses.
Thus, the inhibitors of NO synthase do not change
the maximum antinociceptive effect of ACETA.
This observation may support the hypothesis of
Björkman et al. [4], suggesting the involvement of
NO-system(s) in the ACETA-produced analgesia.
These authors observed that ACETA antinocicep-
tion in hyperalgesia induced by intrathecal admini-
stration of N-methyl-D-aspartate or substance P,
was reversed by L-arginine (L-ARG), a natural do-
nor of nitric oxide. However, taking into account
the existence of at least two isoformes of NO syn-
thase, one may speculate that, depending on the
dose, ACETA can separately affect the activity of
both isoenzymes. This can explain the self-limited
antinociceptive activity of the drug.

Several observations indicated that the interac-
tion between NO synthase and COX system(s)
might exist. NO can stimulate the synthesis of pros-
taglandins (PGs), whereas PGs can increase the ac-
tivity of NO synthase [2, 3, 6, 12, 20, 24]. The abil-
ity of ACETA to influence the activity of COX and
PGs synthesis is still controversial. Tolman et al.
[23] , in ex vivo studies demonstrated that ACETA
exerted a diverse effect on PGs synthesis in various
tissues of rats and of guinea-pigs. In rats, ACETA
administered orally at the doses of 25–300 mg/kg
stimulated the PGs synthesis in stomach, but it in-
hibited PGs synthesis in the cerebral cortex. Simi-
larly, in guinea-pigs, stimulation of PGs synthesis
in stomach was observed after the drug doses of
100–300 mg/kg but the activity of COX in lungs
and kidney medulla remained unchanged.

There are some difficulties in the interpretation
of the data resulting from the experiments inves-
tigating antinociceptive activity of ACETA after
pretreatment with three different NSAIDs. Three
NSAIDs used in this study differ markedly in their
affinity and ability to block the activity of two
COX-isoenzymes. Whereas IND almost selectively
blocks the activity of COX-1, NIM is relatively

weak PGs inhibitor, preferably acting on COX-2
and also endowed with other mechanism(s) of ac-
tion, CECOX is commonly believed to be a potent
and selective inhibitor of COX-2 activity. Interest-
ingly, none of these drugs significantly increases
the nociceptive threshold in Randall-Selitto me-
thod, in spite of the fact that relatively high doses
of 10 mg/kg were used. In contrast to that, antinoci-
ceptive effects of all three drugs can be observed in
the writhing test. In this test the most potent antino-
ciceptive compound was IND: a marked increase
in nociceptive threshold was observed after a dose
as low as 1 mg/kg. Only a weak antinociceptive
effect was observed after CECOX (10 mg/kg)
whereas the effect of 10 mg/kg of NIM was compa-
rable with that of ACETA administered at 400
mg/kg po.

All three NSAIDs almost completely blocked
the antinociceptive effect of ACETA in Randall-
-Selitto method, but were either without (NIM,
CECOX) or possessed only slight effect (IND) on
the action of this drug in the writhing test. This ap-
parent contradiction is difficult to explain. It must
be, however, taken into consideration, that Sim-
mons et al. [21] in the experiments in vitro, demon-
strated the existence of previously unknown COX-2
conformation which was induced by diclofenac.
This COX type was more sensitive to the inhibition
by ACETA than COX-2 induced by bacterial lipo-
polysaccharide but showed lower sensitivity to
NSAIDs as compared with the COX induced by in-
flammatory factors. Mitchell et al. [15] proved that
COX-2 activated by endotoxin was inhibited only
by the high concentration of ACETA (IC+" 20 ±
12.0 �g/ml). In the same experimental conditions
the enzyme exhibited a considerably higher sensi-
tivity to NSAIDs (IND IC6" 0.6 ± 0.08 �g/ml). Ac-
cording to Simmons et al. [21], several evidences
indicate that COX-2 can exist in two catalytically
active states, which exhibit different affinity and
sensitivity to NSAIDs as well as to ACETA. One
may, therefore, speculate that not only these two
but also other COX isoforms, to different extent,
participate in the transmission of various nocicep-
tive stimuli. Thus, the antinociceptive activity of
a non-opioid drug can depend on the kind of no-
ciceptive stimulus and furthermore the effect of
modification of its action by other non-opioid
agent(s) may be unpredictable due to the multi-
formity of COX isoenzymes participating in such
interaction.
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Nevertheless, the results of this study indicate
that both COX and NOS systems are involved in
the antinociceptive activity of ACETA.
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