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As demonstrated in previous studies, both cyclooxygenases (COXs) and
nitric oxide synthases (NOS) localized peripherally and/or centrally partici-
pate in the antinociceptive action of acetaminophen (ACETA). We showed
that opioidergic system(s) was involved in the mechanism of ACETA action,
as well. In previous and recent studies, the changes in nociceptive threshold
were estimated using a mechanical and chemical stimulus.

In this study, the influence of nonspecific inhibitor of NOS [N�-nitro-L-
arginine (L-NOArg)] on antinociceptive action of ACETA administered icv
and it was studied in rats. ACETA increased threshold for electrical stimuli,
however, its analgesic activity was not dose-dependent. Independently of the
route of administration, the existence of a ceiling dose of ACETA was ob-
served above which the activity of ACETA was self-limited. Pretreatment
with L-NOArg (ip) markedly increased the action of higher doses of
ACETA. It suggests that the attenuation of analgesic action of higher doses
of ACETA may be due to increased activity of NOS.
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Abbreviations: ACETA – acetaminophen, C –
control, CNS – central nervous system, COX – cy-
clooxygenase, L-NO-Arg – N�-nitro-L-arginine,
NMDA – N-methyl-D-aspartate, NOS – nitric ox-
ide synthase, SP – substance P

INTRODUCTION

Acetaminophen (ACETA), an active metabolite
of phenacetin, is an effective mild analgesic/antipy-
retic drug. The mechanism of ACETA action was
intensively studied but it is still poorly defined [2,
6, 7, 12, 14].

Results obtained in the previous study indicated
that mechanism(s) of ACETA action was complex
and both cyclooxygenase (COX) as well as nitric
oxide synthase (NOS) systems were involved in
antinociception produced by this compound. More-
over, ACETA administered orally (po) possesses
both peripheral as well as central antinociceptive
action [4, 5]. As reported recently also endogenous
opioidergic system(s) was engaged in antinocicep-
tive activity of ACETA (cf. this issue, pp. 539–545).

Analgesic action of ACETA administered pe-
ripherally was usually investigated using the me-
chanical or thermal nociceptive stimuli. It was,
therefore, of interest to clarify the effect of ACETA
administered intrathecally (it) and intracerebroven-
tricularly (icv) as well as to investigate if N�-nitro-
-L-arginine (L-NOArg), a nonspecific inhibitor of
NOS, modifies the activity of ACETA. In this
study, the changes in nociceptive threshold were
estimated using electrical stimuli.

MATERIALS and METHODS

Animals

This study was performed according to the
guidelines and after approval of the Ethics Com-
mittee for Experiments on Small Animals, Medical
University of Warszawa.

Male Wistar rats (180–220 g) housed at the
room temperature of 20 ± 2°C, under 12 h light-
dark cycle, were used. Animals had free access to
food and water. All experimental groups consisted
of 6 rats.

Drugs

The following drugs were used in the experi-
ments: ACETA purchased from Polfa (Poland) and

L-NOArg from RBI (USA). ACETA was dissolved
in redistilled water and injected either icv or it at
the doses of 3.12, 6.25, 12.5 and 25 �g in 3 �l vol-
ume. L-NOArg was suspended in 0.1% solution of
methylcellulose and administered intraperitoneally
(ip) at the dose of 10 mg/kg. Control animals re-
ceived redistilled water or 0.1% solution of methyl-
cellulose, respectively. L-NOArg (ip) was applied
10 min before ACETA (it or icv).

Intrathecal administration

It injections of drugs were based on the method
described for mice by Hylden and Wilcox [11]
modified by Stachura and Herman [17] for rats. At
the time of injection, the animal was held firmly by
the pelvis girdle by one hand. The Hamilton sy-
ringe was held at an angle of about 20° above the
vertebral column by the other hand. Then, the tip of
the needle (No. 25) was placed onto one side of the
L�-L� intervertebral space. The syringe was tilted to
about 10°, and the needle was introduced 5 mm
deep into the vertebral column canal. Drugs were
injected in a volume of 3 � l, and the needle was ro-
tated during its withdrawal.

Intracerebroventricular administration

Icv administration of drugs was based on the
method described by Noble and Wurtman [13]
modified by Robinson et al. [15]. The animals were
anesthetized with pentobarbital (Vetbutal, Polfa,
Poland) at a dose of 30 mg/kg. The polyethylene
cannula was permanently implanted into the right
laterally ventricle, 4 mm deep from the dura, 2 mm
lateral to the crossing of the sagital and coronal su-
tures, according to the procedure described by
Strada et al. [18]. Animals were then placed in
separate cages. The experiment began on the fifth
day after cannulation. The drugs were administered
using a Hamilton syringe.

Experimental method

The changes in nociceptive thresholds were es-
timated using a modyfied flinch-squeak-jump foot
shock test [8]. Animals were placed on electrified
floor and stimulated every 30 s with a single stimu-
lus of 1 s duration derived from electronically sta-
bilized current source. The current intensity of the
stimuli increased stepwise from 6.46 �A to 5000 �A.
The minimal current evoking the flinch, squeak and
jump reactions of an animal were recorded and
used for further analysis. The values of the thres-
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hold currents were determined in a single trial. The
animals were used only in one session. The final re-
sults (in �A) were presented as percentage of anal-
gesia according to the following formula:

% analgesia = –100.

A – the mean value of the threshold currents (in
�A) in appropriate control group at the time “0”.
B – value of the threshold currents (in �A) at 5, 15,
30, 45 and 60 min after ACETA administration. In
the study squeak and jump occurred simultane-
ously, at the same intensity of electrical stimuli.
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Table 1. Effect of acetaminophen (ACETA) administered intracerebroventricularly (icv) on the threshold to electrical stimuli. Values
are means ± SEM. ACETA vs. C; * p � 0.05, ** p � 0.01

Drug treatment Dose � g Time [min]

5 15 30 45 60

Flinch

C – 3.3 ± 11.3 –2.2 ± 7.8 –2.2 ± 7.8 –5.5 ± 9.2 –2.2 ± 7.8

ACETA 3.12 -3.2 ± 5.4 1.1 ± 5.8 16.4 ± 10.8 15.2 ± 7.7 9.3 ± 12.5

ACETA 6.25 78.0 ± 16.1** 72.4 ± 18.9** 24.6 ± 16.6 19.5 ± 5.5 * 2.3 ± 9.9

ACETA 12.5 55.9 ± 12.0** 36.1 ± 7.0** 27.9 ± 14.6 5.4 ± 5.4 2.3 ± 9.9

ACETA 25 –7.5 ± 4.3 1.1 ± 5.7 –3.6 ± 12.9 –9.5 ± 14.8 –5.0 ± 9.9

Squeak

C – –2.5 ± 7.8 0.8 ± 5.7 –3.5 ± 5.4 –7.7 ± 4.3 0.8 ± 5.7

ACETA 3.12 18.5 ± 14.1 12.9 ± 12.9 9.6 ± 14.5 6.8 ± 18.5 2.8 ± 16.3

ACETA 6.25 75.3 ± 8.9** 79.0 ± 18.2** 48.6 ± 9.8** 21.7 ± 18.5 0.4 ± 13.1

ACETA 12.5 64.4 ± 9.2** 61.2 ± 8.9** 35.9 ± 7.1** 17.4 ± 19.3 19.0 ± 17.0

ACETA 25 9.8 ± 20.9 6.8 ± 8.5 –2.8 ± 14.1 –2.8 ± 14.1 –7.2 ± 13.7

C – control (redistilled water)

Table 2. Effect of acetaminophen (ACETA) administered intrathecally (it) on the threshold to electrical stimuli. Values are means ±
SEM. ACETA vs. C; * p � 0.05, ** p � 0.01

Drug treatment Dose � g Time [min]

5 15 30 45 60

Flinch

C 10.9 ± 8.9 –2.2 ± 7.8 –2.2 ± 7.8 –6.5 ± 7.2 –2.2 ± 7.8

ACETA 3.12 10.53 ± 14.8 6.1 ± 15.2 14.0 ± 17.7 12.2 ± 18.4 6.0 ± 15.2

ACETA 6.25 75.8 ± 9.0 ** 70.2 ± 13.3** 38.5 ± 20.7 15.2 ± 7.7 6.6 ± 9.6

ACETA 12.5 84.6 ± 24.7* 55.9 ± 12.0** 40.6 ± 17.4* 1.1 ± 5.7 12.2 ± 11.8

ACETA 25 –3.2 ± 5.4 6.6 ± 9.6 6.3 ± 15.2 -4.8 ± 9.9 –3.9 ± 12.9

Squeak

C 0.8 ± 5.7 5.1 ± 5.4 0.8 ± 5.7 –3.5 ± 5.4 –3.5 ± 5.4

ACETA 3.12 2.9 ± 16.3 6.1 ± 15.2 15.2 ± 15.8 7.6 ± 18.8 2.7 ± 16.3

ACETA 6.25 68.2 ± 9.4** 75.3 ± 8.9** 48.6 ± 9.8** 11.9 ± 18.4 3.2 ± 11.3

ACETA 12.5 71.3 ± 8.7** 82.3 ± 7.0** 55.6 ± 11.9** 17.4 ± 19.3 7.4 ± 11.0

ACETA 25 –0.3 ± 12.6 3.1 ± 14.1 1.5 ± 14.2 0.5 ± 13.2 –7.2 ± 13.8

C – control (redistilled water)

100 x B
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Statistics

All results were expressed as the mean ± SEM.
Statistical significance was determined by means
of ANOVA test. A value of p � 0.05 was considered
to be significant. All statistical calculations were
performed with the use of computer programs de-
scribed by Tallarida and Murray [19].

RESULTS

Effect of ACETA on the nociceptive threshold to

electrical stimuli

Independently of the route of administration,
ACETA can modify the threshold for both nociep-
tive stimuli leading to spinal reflex (flinch) as well
as those integrated in higher brain centers (respon-
sible for squeak and jump.). However, antinocicep-
tive activity was not dose-dependent. When applied

icv and it, ACETA significantly increased the
thresholds for all three responses only at 6.25 and
12.5 �g doses (Tab. 1, 2) with the maximum of ac-
tion observed 5 and 15 min after drug administra-
tion. This action was more prolonged for squeak
and jump than for flinch. Interestingly, the lowest
(3.12 �g) and the highest (25.0 �g) doses were prac-
tically without any effects on all three responses.

It seems that ACETA administered by this route
possesses a very narrow “therapeutic window” and
the optimal dose amount exactly to 6.25 and 12.5 �g.

Effect of L-NOarg on nociception and the action

of ACETA

When administered alone at 10 mg/kg (ip),
L-NOArg increased the nociceptive threshold. For
all three responses this effect occured after some
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Fig. 1. Influence of N�-nitro-L-arginine (L-NOArg) at a dose of
10 mg/kg ip on antinociceptive activity of acetaminophen at
a dose of 6.25 �g administered icv (ACETA icv) – A or it
(ACETA it) – B. Values are means ± SEM
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Fig. 2. Influence of N�-nitro-L-arginine (L-NOArg) at a dose of
10 mg/kg ip on antinociceptive activity of acetaminophen at
a dose of 25 �g administered icv (ACETA icv) – A or it (ACETA
it) – B. Values are means ± SEM. L-NOArg + ACETA vs.
ACETA; * p � 0.05, ** p � 0.01



delay (45 min after drug administration), however, for

squick-jump reaction, this action persisted longer.
Effect of L-NOArg pretreatment on the action

of ACETA was measured up till 30th min after the

later drug application. L-NOArg (applied ip) did

not significantly changed the action of ACETA ad-

ministered at the doses producing antinociception.

At Figure 1A and 1B, a lack of the effect of

L-NOArg on the antinociception observed after icv

or it administration of 6.25 �g dose of ACETA is

shown. In contrast, in animals after the injection of

L-NOArg before ACETA, the highest doses of

ACETA (25 �g icv or it) which were without effect

when administered alone, produced marked in-

crease in all three nociceptive thresholds (Fig. 2A,

2B). Similar phenomenon was observed when

L-NOArg-pretreated animals received ACETA at

the lowest doses (3.12 �g) either icv or it (Fig. 3A,

3B).

DISCUSSION

Results of these experiments cofirmed the

antinociceptive properties of ACETA. Regardless

of the route of administration, always an optimal

dose of the drug existed which significantly in-

creased the thresholds for all three nocicecptive re-

actions: flinch, squeak and jump. Whereas flinch

represents a spinal reflex to noxious stimulus and

can be also influenced by some drug without anal-

gesic properties, two other reaction, squeak which

is considered as an emotional, autonomic response

to the true painfull stimuli, and jump as an escape

response to intolerable stimuli, are attenuated only

by analgesic drugs. However the antinociceptive

potency of the investigated drug was relatively

weak and self-limited since during the maximal ef-

fect usually only a twofold increase in nociceptive

thresholds was observed whereas potent analgesics

for instance opioids produced several – fold in-

crease. The action of ACETA persisted also for

relatively short period of time. On the other hand,

the “therapeutic window” for the antinocieptive ac-

tion of the drug is very narrow and when the opti-

mal dose is exceded, the antinociceptive activity

decreased as the dose increased. This suggests that

higher doses of ACETA can activate an additional

mechanism which not only counteracts but may

even overcome the analgesic properties of the drug.

It is rather unlikely that it is an rebound phenome-

non since such phenomena were not described even

after very potent analgesics.
These observations are in agreement with Ab-

bott and Hellemans. [1], who showed that, inde-

pendently of the route of administration ( icv or ip),

ACETA applied at the low doses possesses some

ceiling effect, above which the action of the drug

was decreased. We established also the magnitude

of the ceiling dose which was 10 �g for ip and

25 �g for icv administrations.
Among various mechanisms which were postu-

lated to be responsible for analgesic properties of

ACETA, inhibition of NO-generation was also

mentioned [3]. L-Arginine-NO pathway is acti-

vated by both substance P (SP) and N-methyl-D-

aspartate (NMDA) and its activation resulted in fa-

cilitation of nociception transmission [9]. ACETA

inhibited SP-mediated hyperalgesia [10] as well as

prevented the specific behavior elicited by spinal

administration of NMDA [3].
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Fig. 3. Influence of N�-nitro-L-arginine (L-NOArg) at a dose of
10 mg/kg ip on antinociceptive activity of acetaminophen at
a dose of 3.12 �g administered icv (ACETA icv) – A or it
(ACETA it) – B. Values are means ± SEM. L-NOArg + ACETA
vs. ACETA; * p � 0.05, ** p � 0.01



In this study, antinociception produced by L-
NOArg, a nonselective inhibitor of NOS activity,
seemed to confirme the involvement on NO patway
in facilitation of nociceptive transmission. On the
other hand, it must be taken into consideration that
within central nervous system (CNS) at least two
form of NOS exist, one of them that does not require
L-arginine as a substrate and is not Ca��/calmodulin-
dependent [16]. It cannot be, therefore, excluded
that while lower doses of ACETA attenuating
L-arginin-No pathway led to antinociception,
higher doses activated either directly or indirectly
the second, for example Ca��/calmodulin – inde-
pendent synthase which generated the amounts of
NO large enough to overcome the antinociceptive
activity of ACETA. In fact, during the early phase
of L-NOArg pretreatment when no significant
changes in the basal thresholds were noted, the an-
algesic activity of high doses of ACETA was com-
pletely unmasked.

At present, it is difficult to answer the question
if the activaton of the second NOS pathway is pro-
duced by ACETA itself or is due to involvement of
another neurotransmitter system. However, the an-
tinociceptive action of ACETA was relatively weak
and possessed a very narrow therapeutic window.
Independently of the route of administration, when
the optimal dose was exceeded, the decrease in an-
algesic activity occured. Since pretreament with
L-NOArg, a nonspecific inhibitor of NOS, unmasks
the analgesic properties of high doses of ACETA, it
is suggested that high doses of ACETA either di-
rectly or indirectly activated the second patway of
NO-generation, different from L-arginine-NO-patway.
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