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Effects of intrathecal administration of nitric oxide synthase
inhibitors on carrageenan-induced thermal hyperalgesia
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1 We examined the effects of various nitric oxide synthase (NOS) inhibitors on carrageenan-
induced thermal hyperalgesia.

2 First, we determined the time point at which a subcutaneous plantar injection of carrageenan
into the rat hindpaw produced maximum thermal hyperalgesia. Subsequently, we demonstrated that
intrathecal administration of the non-selective NOS inhibitor L-N-nitro-arginine methyl ester (L-
NAME) produces a dose-dependent reduction of carrageenan-induced thermal hyperalgesia.

3 Four relatively selective NOS inhibitors were then tested for their efficacy at reducing
carrageenan-induced thermal hyperalgesia. Initially, the effects of prolonged treatment with
inhibitors of neuronal [7-nitroindazole (7-NI) and 3-bromo-7-nitroindazole (3-Br)] and inducible
[aminoguanidine (AG) and 2-amino-5,6-dihydro-methylthiazine (AMT)] NOS were examined. All
agents were injected three times intrathecally during the course of inflammation caused by the
plantar injection of carrageenan, and thermal hyperalgesia was measured at 6 h post-carrageenan
using a plantar apparatus.

4 All inhibitors, except for 7-NI, were effective at attenuating the carrageenan-induced thermal
hyperalgesia when compared with vehicle treatment.

5 Finally, the effects of early versus late administration of neuronal and inducible NOS inhibitors
on carrageenan-induced thermal hyperalgesia were examined. We found that neither 3-Br nor AG
significantly affected thermal hyperalgesia when administered during the early phase of carrageenan
inflammation, while only AG was able to reduce thermal hyperalgesia when administered during the
late phase of the injury.

6 Our results suggest that inducible NOS contributes to thermal hyperalgesia in only the late stages
of the carrageenan-induced inflammatory response, while neuronal NOS likely plays a role
throughout the entire time course of the injury.
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Introduction

Nitric oxide (NO) is a key mediator of nociceptive activity in
numerous animal models used to study pain. Inhibiting NO
production by administering a nitric oxide synthase (NOS)
inhibitor diminishes nociceptive behaviours in a variety of
pain models. Intrathecal (i.t.), intracerebroventricular and
oral administration of the NOS inhibitor L-N®-nitro-arginine
methyl ester (L-NAME) prior to intraplantar formalin
injection has been shown to decrease hindpaw-licking
behaviour in mice (Moore et al., 1991). L.t. administration
of L-NAME has also been shown to decrease thermal
hyperalgesia in rats with a chronic constriction injury of the
sciatic nerve (Meller et al., 1992). More relevant to the
present study, intradermal (Nakamura et al., 1996) and intra-
articular (Lawand er al., 1997) L-NAME administration has
been found to reduce both mechanical and thermal
hyperalgesia, respectively, due to hindpaw injection of
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carrageenan. Furthermore, Meller et al. (1994a) have found
that i.t. administered L-NAME significantly decreases thermal
hyperalgesia due to carrageenan injection while Semos &
Headley (1994) have found that intravenous (i.v.) adminis-
tration of L-NAME reduces carrageenan-induced mechanical
hyperalgesia. Although there is considerable evidence im-
plicating a role for NO in nociception, there is little
information about which NOS isoform is primarily respon-
sible for the alterations in nociceptive responses after a
peripheral injury.

NO is not normally present in its free radical form in the
mammalian body and must be synthesized in a process
involving NOS (see Moore & Handy, 1997 for a review of
NO metabolism). NOS exists in one of three isoforms, two
constitutive isoforms that are always present within the body
(neuronal and endothelial NOS) and a third isoform that is
not normally present and must be synthesized de novo
(inducible NOS). Neuronal NOS (nNOS) and endothelial
NOS (eNOS) are primarily, but not exclusively, found
within the nervous system and endothelial tissue respectively,
while inducible NOS (iNOS) is commonly found in a variety
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of cell types including macrophages, chondrocytes and Methods
neutrophils.
Recently, investigators have begun to study the effects of Animals

selective inhibitors of the different NOS isoforms on
nociceptive processing. One group (Moore et al., 1993a, b)
found that intraperitoneal (i.p.) injections of the nNOS
inhibitor, 7-nitroindazole (7-NI), significantly reduced hind-
paw-licking behaviours due to formalin. Meller ez al. (1994b)
demonstrated that i.t. administration of the iNOS-selective
inhibitor, aminoguanidine (AG), was able to inhibit thermal,
but not mechanical, hyperalgesia in the zymosan inflamma-
tory model. Relatively few studies have looked at NOS-
selective inhibitors specifically in the carrageenan inflamma-
tion model. Lawand et al. (1997) found that intra-articular
administration of 7-NI, 4.5 h after carrageenan-induced joint
inflammation, attenuated thermal hyperalgesia for approxi-
mately 1 h. A second study by Handy & Moore (1998b) also
found that 7-NI, when administered intraperitoneally (i.p.),
inhibited thermal hyperalgesia due to carrageenan-induced
hindpaw inflammation. This preliminary evidence suggests
that NO contributes to nociception after peripheral injury;
however, since these studies have used different nociceptive
models and different routes of administration for the NOS
inhibitors, it is difficult to establish the relative role of the
different NOS isoforms in either peripheral or spinal
nociceptive mechanisms.

Recent evidence also suggests that different NOS isoforms
may play a role at varying points during the time course of an
injury. In models of ischaemic brain injury, different isoforms
of NOS have been shown to be beneficial or detrimental to an
injured brain depending on the time of the NOS expression.
Tadecola (1997) found that in the early stages of ischaemia,
endothelial NOS is beneficial because its vasodilator effects
outweigh the neurotoxic effects of neuronal NOS. However, in
a later stage following ischaemia (>6 h post-injury) large
amounts of iNOS are expressed and this contributes to the
delayed progression of the injury. Further evidence that NO
plays a time-dependent role during an injury is the finding that
the iNOS inhibitor AG produces a significant reduction of
hindpaw inflammation due to carrageenan when administered
in the late phase (5—10 h) of the response, but not the early
phase (0—4 h) (Salvemini er al., 1996). Handy & Moore
(1998a) found similar results when they pretreated rats with an
i.p. injection of the selective iNOS inhibitor, L-N°®-iminoethyl-
lysine (L-NIL). They demonstrated a significant reduction of
inflammation when L-NIL was given in the late phase (2—6 h
post-carrageenan) of the inflammatory response, but not the
early phase (1-2 h post-carrageenan). Although Salvemini et
al. (1996) and Handy & Moore (1998a) have demonstrated the
ability of late administration of AG and L-NIL to reduce the
carrageenan inflammatory response, there is little information
about the temporal effects of different NOS isoforms in
nociception.

The purpose of the present study was initially to first
determine the effect of i.t. administration of nNOS and iNOS
inhibitors (two relatively selective drugs for each of the two
isoforms) on carrageenan-induced thermal hyperalgesia. Once
it was determined that the nNOS and iNOS inhibitors were
capable of reducing carrageenan-induced thermal hyperalge-
sia, one inhibitor for each NOS isoform was used to determine
if the time of drug administration played a significant role in
the antihyperalgesic effects of the selective NOS inhibitors. In
this way we were able to determine the critical time points at
which two different NOS isoforms in the spinal cord
contributed to the development of the carrageenan-induced
thermal hyperalgesia.

Adult male Long Evans rats (Charles River) weighing
approximately 250—275 g were used for all experiments.
Animals were housed three per cage in a room with a 12 h
light/dark cycle (lights on at 08.00 and lights off at 20.00) and
had free access to food and water. Ethical approval for all
experiments was obtained from the animal care committee of
the Clinical Research Institute of Montreal, and followed the
guidelines of the Canadian Council of Animal Care.

Drugs

Drugs used in the following experiments were: carrageenan
lambda, L-N®-nitro-arginine methyl ester (L-NAME), D-N°-
nitro-arginine methyl ester (D-NAME), 7-nitroindazole (7-NI),
aminoguanidine (AG), 2-amino-5,6-dihydro-methylthiazine
(AMT), [Sigma]; and 3-bromo-7-nitroindazole (3-Br) [Tocris
Cookson]. All drugs were dissolved in 0.9% physiological
saline except 3-Br and 7-NI which were mixed in a 30% v v~!
cremophor [Sigma] solution in saline to form a suspension.

Behavioural testing

The plantar test (Hargreaves ef al., 1988) was used to measure
the sensitivity to a noxious heat stimulus for the purpose of
assessing thermal hyperalgesia after carrageenan inflammation
of the rat hindpaw. This apparatus holds up to six rats at a
time in individual, clear, Plexiglas® chambers measuring
approximately 11 x 17 x 14 cm high. A radiant heat source
(2.2 cm? in diameter) is directed through the floor of the
chamber onto the plantar surface of the hindpaw of each
animal. A timer starts automatically when the heat source is
activated and a photocell stops the timer when the rat
withdraws its hindpaw. The latency is recorded (in s) when
the rat has responded to the stimulus. The heat source on the
plantar apparatus was set to an intensity of 30, which
produced baseline latencies of approximately 15s, and a
cutoff latency of 20 s was used. For all animals, both the
ipsilateral (injected) and contralateral (non-injected) hindpaws
were tested twice to obtain an average response latency for
each hindpaw.

Carrageenan time course

To determine the time of maximum hyperalgesia produced by
carrageenan, all animals (n=6) were first tested to determine
their baseline latencies to respond to the plantar test. Next,
each animal received a subcutaneous (s.c.) injection of 50 ul of
carrageenan (20 mg ml~") into the plantar surface of the right
hindpaw. The latency of each animal to respond to the plantar
test was determined again at 2, 4, 6, 8, 24 and 48 h after the
carrageenan injection.

L-NAME dose response

To determine the involvement of NO in our model of
carrageenan-induced thermal hyperalgesia, we examined the
dose-dependent effects of the non-selective NOS inhibitor, L-
NAME. L-NAME was administered intrathecally by acute
lumbar puncture between the L5 and L6 vertebrae following
the procedure of Hylden & Wilcox (1980) in doses of 30, 100,
300 and 1000 ug injection™' in a volume of 20 ul, while the
animals (7= 6 per dose of L-NAME) were lightly anaesthetized
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for 2—3 min with 3% halothane. D-NAME (1000 ug injec-
tion™"'), the inactive isomer of L-NAME, was used as a drug
control treatment (n=6). To ensure that the drugs were active
throughout the entire time course of the carrageenan
inflammation, L-NAME and D-NAME, were administered
30 min prior to the carrageenan injection, as well as 90 and
210 min post-carrageenan. Thermal hyperalgesia testing was
performed 360 min post-carrageenan at the point of maximum
hyperalgesia as seen in the carrageenan time course experi-
ment.

Effects of NOS inhibitors on carrageenan inflammation

To determine the role of nNOS and iNOS on thermal
hyperalgesia produced by carrageenan injection, additional
groups of rats (n=6 per drug condition including vehicle
control groups) were treated with the following relatively
selective inhibitors of nNOS (7-NI and 3-Br) and iNOS (AG
and AMT). The doses for all NOS inhibitors were the molar
equivalent to the 300 ug dose of L-NAME (i.e., 1.11 umol),
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Figure 1  Effect of 50 ul of carrageenan (20 mg ml~ ", s.c.) on PWLs
in the plantar test at 2, 4, 6, 8, 24 and 48 h post-injection. (a) A one-
way ANOVA revealed a significant effect of time (F35=6.109,
P<0.001) in the ipsilateral hindpaw, and a Dunnett test revealed a
significant decrease from baseline latencies at 4 and 8 h (*P<0.05)
and 6 h (¥**P<0.01) post-carrageenan injection. (b) A one-way
ANOVA (F(635=2.099, P>0.05) revealed no significant effects in
the contralateral hindpaw. All values are the mean latency to
respond +standard error of the mean (s.e.mean) (n=06).

with the exception of AMT, which produced spontaneous
nociceptive behaviours (e.g. caudally directed biting and
scratching, occasional vocalizations) at this dose level. The
dose of AMT was decreased by a factor of 10—0.11 pumol and
administered to another group of rats (n=6). No spontaneous
pain behaviours were observed with this dose. The baseline
paw-withdrawal latencies (PWLs) of all rats were measured
before administering the appropriate inhibitor; since all
baselines were equivalent, comparisons between groups were
based on the measurement of per cent decrease from baseline.
All agents, including vehicle solutions (saline and 30% v v™!
cremophor), were administered according to the same injection
schedule as L-NAME in the previous experiment and were
given in a volume of 20 ul.

One relatively selective inhibitor of each isoform was again
used to determine the critical time period (early versus late
administration) at which it produced its antihyperalgesic
effects. The effects of early and late administration of 3-Br
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Figure 2 Effect of increasing doses of L-NAME (30, 100, 300 and
1000 pug injection ' x 3, i.t.) on carrageenan-induced thermal hyper-
algesia measured with the plantar test at 6 h post-carrageenan
injection. (a) A one-way ANOVA revealed a significant effect of dose
(Fs30)=2.762, P<0.05) in the ipsilateral hindpaw. A Fisher’s LSD
post hoc multiple group comparison revealed significant increases in
withdrawal latencies for the groups receiving three i.t. injections of
300 pug and 1000 pg of L-NAME (*P <0.05) compared to latencies in
the vehicle control group, and a significant difference between the D-
NAME (1000 pugx3) drug control group and the L-NAME
(1000 ugx3) group (fP<0.05. (b) A one-way ANOVA
(Fs30)=2.238, P>0.05) revealed no significant effects at any dose
in the contralateral hindpaw. All values are the mean latency to
respond +s.e.mean (n=6 per drug condition).
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and AG were examined in rats with carrageenan-induced
thermal hyperalgesia. For the early time period, the drugs were
administered 30 min prior to and 60 min after the carrageenan
injection. For the late time period, the drugs were administered
at 240 min and 330 min post-carrageenan. For both time
periods, animals (n=6 group ' including vehicle control
groups) were tested on the plantar apparatus at 360 min
post-carrageenan.

Statistical analysis

PWLs from the noxious heat stimulus for the carrageenan time
course and L-NAME dose response experiments, and per cent
decrease from baseline latencies in the remaining two
experiments were all analysed using ANOVA. A Dunnett test
(Dunnett, 1955) was used to test for significant differences
between baseline and post-carrageenan PWLs (carrageenan
time course experiment) and to test for significant differences
between per cent decrease from baseline latencies of vehicle
and drug-treated rats (NOS inhibitor experiment). A Fisher’s
least significant difference (LSD) post hoc test was used for
multiple group comparisons between all groups in the L-
NAME dose response experiment and all groups receiving
nNOS and iNOS inhibitors at various time points.
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Figure 3 Effect of NOS inhibitors 7-NI, 3-Br, AG, (1.1l umol
injectiorf1 % 3, 1.t.) and AMT (0.11 pmol injection’1 x 3, 1.t.) on per
cent decreases from baseline latencies in the plantar test at 6 h post-
carrageenan. (a) A one-way ANOVA revealed a significant drug
effect (Fs29)=4.129, P<0.01) in the ipsilateral hindpaw and a
Fisher’s LSD post hoc multiple group comparison revealed that the
per cent decrease from baseline latencies for the 3-Br (¥**P<0.01) was
significantly less than the creamophor vehicle control group, and AG
and AMT (*P<0.05) were significantly less than the saline vehicle
control group. (b) A one-way ANOVA revealed a non-significant
drug effect (Fs29)=1.622, P>0.05) in the contralateral hindpaw. All
values are the mean per cent decrease from baseline latencies+s.e.-
mean (n=6 per drug condition).

Results

Figure 1 illustrates the time course of PWLs for the ipsilateral
and contralateral hindpaws of the rats injected with
carrageenan. Figure la demonstrates a U-shaped curve for
PWLs in the ipsilateral hindpaw over the time course of
carrageenan inflammation. The shortest latency to respond for
the ipsilateral hindpaw occurred at 6 h post-carrageenan
injection, and this was significantly lower than the baseline
scores. PWLs at 4 and 8 h post-injection also showed
significant decreases from baseline latencies in the ipsilateral
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Figure 4 Effect of early and late administration of the NOS
inhibitors 3-Br and AG (1.11 umol injection~'x 2, i.t.) on per cent
decreases from baseline latencies in the plantar test at 6 h post-
carrageenan. The drug-treatment groups were compared to a vehicle
control group consisting of rats treated with cremophor and saline
which were not statistically different from one another (see Figure 3).
(a) A one-way ANOVA of per cent decreases from baseline latencies
in the ipsilateral hindpaw of rats treated in the early period revealed
no significant effect of drug (F,;5=1.911, P>0.05) after early
treatment. A one-way ANOVA of per cent decreases from baseline
latencies in the ipsilateral hindpaw of rats treated in the late period
revealed a significant effect of drug (F,;5,=11.787, P<0.001), and a
Dunnett test revealed that the AG (**P<0.01) group had a
significantly lower per cent decrease from baseline latencies compared
to the vehicle group. (b) Two, one-way ANOVAs revealed no
significant effects of drug in the early (F,,5=0.017, P>0.05) or late
(F2,15=0.336, P>0.05) treatments as measured in the contralateral
hindpaw. All values are the mean per cent decrease from baseline
latencies +s.e.mean (n=6 per drug condition).
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hindpaw, while at 2, 24 and 48 h post-injection, latencies were
not significantly different from baseline scores. Figure 1b
shows the effect of carrageenan on PWLs in the contralateral
hindpaw. No significant differences in PWLs were found
between measurements and at any time post-carrageenan
injection.

Figure 2 illustrates the dose-response for the effect of L-
NAME on PWLs in the ipsilateral and contralateral hindpaws
of carrageenan-treated rats. L-NAME produced a dose-
dependent increase in PWLs for the ipsilateral hindpaw
(Figure 2a). Significant increases in PWLs were observed for
rats given L-NAME doses of 300 ug or higher compared to
rats administered only the vehicle control. The highest dose of
L-NAME (1000 ug injection™') also produced PWLs sig-
nificantly greater than rats receiving 1000 ug injection™' of D-
NAME. Figure 2b shows the dose-dependent effects of L-
NAME on carrageenan-induced thermal hyperalgesia in the
contralateral hindpaw of the rat. No significant differences in
PWLs were found between any drug condition or dose of L-
NAME.

Figure 3 illustrates the effectiveness of intrathecally
administered, selective NOS inhibitors on carrageenan-
induced thermal hyperalgesia. Ipsilateral per cent decreases
from baseline PWLs for rats receiving 7-NI, 3-Br, AG and
AMT are displayed in Figure 3a. 3-Br, AG and AMT
produced significantly smaller per cent decreases in baseline
PWLs compared to their respective vehicle control scores.
However, 7-NI produced per cent decreases from baseline
PWLs that were not significantly different from its vehicle
control scores. Figure 3b shows the per cent decreases from
baseline PWLs in contralateral hindpaw from rats receiving 7-
NI, 3-Br, AG and AMT. No significant differences between
any of the groups were found.

The data in Figure 4 show the effect of early and late i.t.
administration of 3-Br and AG on per cent decreases from
baseline PWLs in rats with carrageenan-induced thermal
hyperalgesia. Ipsilateral per cent decreases from baseline
PWLs for rats receiving early and late treatments of 3-Br and
AG are shown in Figure 4a. Early and late treatment with 3-Br
and early treatment with AG produced per cent decreases from
baseline PWLs that were not significantly different from
vehicle control scores. However, late treatment with AG did
produce per cent decreases from baseline PWLs that were
significantly smaller than vehicle control scores. Figure 4b
shows the contralateral per cent decreases from baseline PWLs
for rats receiving early and late treatments of 3-Br and AG. No
significant differences between any of the groups were found.

Discussion

In the present study, we have confirmed the findings of
previous studies which have shown that thermal hyperalgesia
develops in the ipsilateral hindpaw of rats injected with
carrageenan (Garry et al., 1994; Handy & Moore, 1998b;
Hargreaves et al., 1988; Meller et al., 1994a; Semos & Headley,
1994). Similar to some of these previous findings, peak thermal
hyperalgesia occurred at 6 h post-carrageenan administration,
with scores returning to baseline levels by 24 h. We were also
able to support the findings of Handy & Moore (1998b),
Hargreaves et al. (1988) and Meller et al. (1994a) illustrating
that carrageenan failed to produce thermal hyperalgesia in the
contralateral hindpaw.

We also found that three i.t. injections of the non-selective
NOS inhibitor, L-NAME, administered at various times
during the carrageenan inflammatory response dose-depen-

dently reduced thermal hyperalgesia in the ipsilateral hindpaw
of the rat. These results add support to previous work that has
found that i.t. administration of L-NAME reduces thermal and
mechanical hyperalgesia in rats with two forms of peripheral
neuropathies. Thus, L-NAME reduced hyperalgesia due to the
ligation of the caudal sural cutaneous nerve (Salter ez al., 1996)
and chronic constriction of the sciatic nerve (Mao et al., 1997).
More specifically, i.p. administration (Handy & Moore,
1998b), intra-articular administration (Lawand et al., 1997)
as well as i.v. (Semos & Headley, 1994) and i.t. (Meller et al.,
1994a) administration of L-NAME has been shown to reduce,
or in some cases, completely reverse carrageenan-induced
thermal hyperalgesia. L-NAME is a non-selective inhibitor of
NOS (Moore et al., 1993a,b; Salvemini et al., 1996) and
therefore acts on all three isoforms of NOS. L-NAME’s
effectiveness in these various injuries may therefore be due to
its actions on all three isoforms. Different kinds of injuries may
involve different NOS isoforms, therefore the effects of
isoform-selective inhibitors on each model of hyperalgesia
should be further investigated.

We found that by inhibiting the neuronal and inducible
NOS isoforms throughout the course of the inflammatory
response, we were able to significantly reduce the thermal
hyperalgesia due to carrageenan inflammation. All the
inhibitors we tested, except for 7-NI, were able to significantly
reduce carrageenan-induced thermal hyperalgesia compared to
that of the vehicle control group. The lack of effect of 7-NI in
this study is inconsistent with the evidence provided by Stanfa
et al. (1996) who found that i.t. administered 7-NI inhibited
carrageenan-induced changes in C-fibre evoked responses in
the dorsal horn neurons of rats. Our single dose of 7-NI
(180 pg injection™') was considerably greater than the dose
used by Stanfa et al., 1996 (100 ug injection—!), and our total
dose (540 ug) was approximately five times that of their group,
so we are unable to discern the reason for our contradictory
results. On the other hand, we found that the other nNOS
inhibitor, 3-Br, effectively reduced carrageenan-induced
thermal hyperalgesia. 3-Br has been found to be up to four
times more potent than 7-NI as an inhibitor (Bland-Ward &
Moore, 1995). Thus, the present results demonstrating that 3-
Br was approximately three times more effective than 7-NI in
this model was not unexpected.

A number of studies have already shown that i.t.
administration of N-methyl-D-aspartate (NMDA) receptor
antagonists [e.g. dextrorphan, dizocilpine maleate (MK-801),
ketamine] reduce pain responses or hyperalgesia induced by
peripheral injuries (e.g., formalin, chronic constriction injury
of the sciatic nerve) (Chaplan et al., 1997; Sluka & Westlund,
1993). In particular, the NMDA receptor has been implicated
in the development of hyperalgesia produced by peripheral
inflammation (Laird et al., 1996; Ren et al., 1996). With respect
to the present results, it should be noted that antagonists of the
NMDA receptor would reduce calcium influx and this, in turn,
would be expected to attenuate NO production in neurons
with NMDA receptors. Thus, a role for nNOS in the
development of thermal hyperalgesia would not be unex-
pected. Stopping the synthesis of NO by inhibiting nNOS has
therefore produced a similar effect to that of NMDA
antagonism, but at a point which is downstream in the process.

Our results also suggest that spinal iNOS plays a role in the
development of thermal hyperalgesia associated with carra-
geenan inflammation. The two iNOS inhibitors that we tested
reduced carrageenan-induced thermal hyperalgesia. It has been
well established that iNOS is involved in inflammation and
oedema (Salvemini ez al., 1996; Handy & Moore, 1998a). For
example, both Salvemini’s group and Handy & Moore found
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that inhibiting iNOS activity reduced the inflammatory
response produced by hindpaw injection of carrageenan.
However, only one study, to our knowledge, has examined
the role of iNOS in thermal hyperalgesia associated with
peripheral inflammation (Meller ef al., 1994b). Our results
parallel those of Meller et al. (1994b) who found that the i.t.
administration of AG reduced the thermal hyperalgesia
produced by intraplantar injection of zymosan.

Although it is not difficult to understand how the peripheral
administration of an iNOS inhibitor would reduce peripheral
inflammation (Salvemini et al., 1996), it is perhaps more
difficult to explain how the i.t. administration of an iNOS
inhibitor reduces thermal hyperalgesia after a peripheral
injury. It is possible that a peripheral injury leads to an
infiltration of macrophages in the spinal cord which, in turn,
results in the release of cytokines and the production of iNOS.
Such a mechanism has previously been proposed to explain the
development of ‘secondary’ hyperalgesia measured in the
tailflick test following hindpaw injections of formalin (Watkins
et al., 1997; Wiertelak et al., 1994). Watkins et al. (1997)
demonstrated that CNI-1493, which disrupts the synthesis of
cytokines, can inhibit hyperalgesia in the tail flick test due to
formalin injection in the rat hindpaw. Furthermore, Wiertelak
et al. (1994) determined that the non-selective NOS inhibitor,
L-NAME, was able to inhibit the secondary hyperalgesia
resulting from hindpaw formalin injection. This suggests that
the secondary hyperalgesia due to the formalin injury may
depend on cytokine-stimulated production of iNOS in the
spinal cord. Our study targeted the inhibition of iNOS directly
and we found a decrease in thermal hyperalgesia associated
with carrageenan inflammation. This would imply that thermal
hyperalgesia produced by peripheral inflammation with
carrageenan may also depend on spinal iNOS induction.

It is also possible that cytokines directly released from glia
may play a role in the thermal hyperalgesia associated with
peripheral injury. It has been demonstrated that glia are able to
release the excitatory transmitters glutamate and aspartate
(Dutton, 1993) and, more importantly, it has been shown that
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