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Vitamin A active metabolite, all-trans retinoic acid,
induces spinal cord sensitization. II. Effects after
intrathecal administration

M Alique, FJ Lucio and JF Herrero

Facultad de Medicina, Departamento de Fisiologı́a, Universidad de Alcalá, Alcalá de Henares, Madrid, Spain

Background and purpose: In our previous study (see accompanying paper) we observed that all-trans retinoic acid (ATRA)
p.o. induces changes in spinal cord neuronal responses similar to those observed in inflammation-induced sensitization. In the
present study we assessed the it. effects of ATRA, and its mechanisms of action.
Experimental approach: The effects of all drugs were studied after it. administration in nociceptive withdrawal reflexes using
behavioural tests in awake male Wistar rats.
Key results: The administration of ATRA in normal rats induced a dose-dependent enhancement of nociceptive responses to
noxious mechanical and thermal stimulation, as well as responses to innocuous stimulation. The intensity of the responses was
similar to that observed in non-treated animals after carrageenan-induced inflammation. The effect induced by ATRA was fully
prevented by the previous administration of the retinoic acid receptor (RAR) pan-antagonist LE540 but not by the retinoid X
receptor (RXR) pan-antagonist HX531, suggesting a selective action on spinal cord RARs. The COX inhibitor dexketoprofen and
the interleukin-1 receptor antagonist IL-1ra inhibited ATRA effect. The results indicate that COX and interleukin-1 are involved
in the effects of ATRA in the spinal cord, similar to that seen in inflammation.
Conclusions and implications: In conclusion, ATRA induces changes in the spinal cord similar to those observed in
inflammation. The sensitization-like effect induced by ATRA was mediated by RARs and associated with a modulation of COX-2
and interleukin-1 activities. ATRA might be involved in the mechanisms underlying the initiation and/or maintenance of
sensitization in the spinal cord.
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Introduction

Spinal cord sensitization, usually as a consequence of an

inflammatory reaction, results in an altered activity of

nociceptive neurons that leads to the phenomena

of allodynia and hyperalgesia. Changes in the activity of

nociceptive neurons involve numerous mechanisms and

neuromediators whose release triggers and maintains a state

of high neuronal activity. As stated in the first part of this

study (see accompanying paper), inflammation-induced

sensitization is related with a rapid enhancement of the

expression of cyclooxygenase-2 (COX-2; Vane et al., 1998) in

the spinal cord (Samad et al., 2001), as well as an upregula-

tion of interleukin-1b (IL-1; Maier et al., 1990; Watkins et al.,

1994; Safieh-Garabedian et al., 1995; Samad et al., 2001). The

intrathecal (it.) administration of recombinant IL-1 receptor

antagonist (IL-1ra) only 30 min before the induction of

inflammation reduces drastically the level of COX-2 mRNA,

suggesting that IL-1 is responsible, at least in part, for central

transcriptional activation of COX-2 after peripheral inflam-

mation (Samad et al., 2001).

However, sensitization is a complex phenomenon far from

being fully understood. For example, the mechanisms

underlying the upregulation of IL-1 or COX-2 are not known

and it seems that some endogenous systems involved in the

initiation of sensitization are still unidentified. Retinoids

might be one of these unidentified systems.

Our previous study (part I, see accompanying paper) shows

that the oral treatment with all-trans retinoic acid (ATRA)

in rats induces a sensitization-like effect on spinal cord

neuronal responses similar to that observed in animals with

inflammation, that is, a decrease of thresholds to natural and

electrical stimulation and an enlargement of cutaneous

receptive fields (Woolf, 1983; McMahon and Wall, 1984;
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Schaible and Schmidt, 1985; Laird and Cervero, 1989; Woolf

and King, 1990; Dubner and Ruda, 1992; Treede et al., 1992).

The effects of ATRA might explain the enhancement of

allodynia and hyperalgesia observed in previously published

experiments (Romero-Sandoval et al., 2004).

The aim of the present experiments was to answer four

questions raised from the results observed in our previous

study on the sensitization-like activity of ATRA after oral

administration: (i) Is the sensitization-like effect of ATRA the

result of an action on spinal cord and/or peripheral tissues,

that is nociceptors, or is it an action mainly located in the

spinal cord? (ii) Is the pronociceptive activity of ATRA

unspecific or is it mediated by the retinoic acid receptor

(RAR) and/or retinoid X receptor (RXR)? (iii) If the prono-

ciceptive effect of ATRA increases the expression of COX

enzymes, would a COX inhibitor block this effect within the

spinal cord? (iv) Is the pronociceptive activity of ATRA only

associated with an overexpression of COX enzymes or is

there another different mechanism associated with the effect?

In order to answer these questions, we have carried out

some behavioural experiments assessing the effects of it.

ATRA, RAR and RXR antagonists, the non-selective COX

inhibitor dexketoprofen and an IL-1 receptor antagonist.

Preliminary data have been published in an abstract form

(Molina et al., 2005). We conclude that ATRA induces

changes in the spinal cord similar to those observed in

inflammation. The sensitization-like effect induced by ATRA

was mediated by RARs and was associated with a modulation

of COX-2 and IL-1 activities. ATRA might be involved in the

mechanisms underlying the initiation and/or maintenance

of sensitization in the spinal cord.

Methods

Animals

The experiments were carried out in accordance with the

European Union legislation and were approved and super-

vised by the University Animal Care facility. All efforts were

made to minimize animal suffering and to reduce the

number of animals used. The experiments were performed

in male Wistar rats weighing 215–330 g housed individually

in cages and maintained on a 12 h light–dark cycle. The

animals had free access to food and water at all times and

were allowed to habituate for 5 days to the testing

environment and for at least 15 min to the experimenter

before the test started. The animals were used for one

procedure only and were humanely killed on completion

of the experiments by an overdose of sodium pentobarbital

(Euta-Lender, Normon Lab., Madrid, Spain).

It. catheter implantation

All drugs were administered it. Chronic lumbar catheters

were implanted in rats under ketamine/xylazine anaesthesia

(2:1; i.p. 0.1 ml, 100 g�1: 0.05 ml, 100 g�1) following the

procedure described by Yaksh and Rudy (1976). A 7.6 cm

long polyethylene catheter (PE-5) was inserted through an

incision in the atlanto-occipital membrane and advanced

caudally into the it. space terminating at the L1–3 spinal

segments. The end of the catheter was tunnelled subcuta-

neously over the front dorsal skull bones and held in this

place with dental acrylic. Cefazolin (0.08 ml, 100 g�1) was

administered after surgery to prevent post-operative infec-

tion. Rats were housed individually after implantation under

the same conditions described above. It. catheters were

carried for at least 5 days after implantation. Rats showing

motor weakness or signs of paresis upon recovery from

anaesthesia were euthanized immediately. Location of

catheters was assessed on completion of experiments by

injecting 7ml of pontamine sky blue (4% in 0.5 M sodium

acetate; Sigma, St Louis, MO, USA).

It. drugs and experimental groups

The drugs studied were prepared fresh everyday, immediately

before administration, and were diluted in 0.9% saline and

injected it. in a total volume of 7 ml followed by another 5ml

of saline to flush the catheter. A summary of experimental

protocols and groups of animals is shown in Table 1. ATRA

(Tretinoin, Sigma) was dissolved in 100% ethanol and its

effect studied at doses of 2.5, 5 and 10 ng, at 0, 15, 30, 60 and

90 min after administration. The possible effect of the

solvent was studied in an independent group of experiments

(see Table 1 and below). In order to compare the level of the

sensitization-like effect observed after the administration

of ATRA with the sensitization observed using a standard

inflammatory condition, we carried out some experiments

studying the increment of responses in animals with

carrageenan-induced soft-tissue inflammation without any

treatment, following the standard technique used previously

in our laboratory (Ramos-Zepeda et al., 2004; Romero-

Sandoval et al., 2004). Soft-tissue inflammation was induced

under brief halothane anaesthesia (5% in oxygen for

induction, 2% for maintenance) by the intraplantar admin-

istration of 100 ml of carrageenan l (10 mg ml�1 in distilled

water; Sigma) in the right hind paw (Table 1), 15 h before the

experiment. Another 100 ml of saline was injected in the left

hind paw as a control for inflammation. The effectiveness of

carrageenan in the induction of inflammation was assessed

by measuring the volume of the paw by plethysmometry

(Letica plethysmometer) before the administration of carra-

geenan or saline, and after each of the tests performed.

The effect of ATRA on retinoic acid and retinoids receptors

was studied by challenging its activity with the RAR pan-

antagonist LE540 (2 ng dissolved in DMSO, Kagechika,

2002), and the RXR pan-antagonist, HX531 (2 and 4 ng

dissolved in DMSO, Ebisawa et al., 1999). Both antagonists

were kindly donated by H Kagechika (University of Tokyo).

As in the previous group, the effect of the solvent was also

studied in a different group of animals (Table 1). The

antagonists and vehicle were administered 10 min before

administration of 10 ng of ATRA.

The possible activity of ATRA on COX enzymes was

evaluated with the non-selective COX inhibitor dexketopro-

fen (DKT; NicOx S.A.), at doses of 4, 6 and 8 mg (dissolved

in DMSO). As in previous experiments, DKT was injected

10 min before the administration of 10 ng of ATRA. In

addition, separate experiments were conducted to test the

possible effect of 6 and 8mg of DKT in the absence of any

other drug, as well as the possible effect of the solvent
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(Table 1). Finally, the possible modulation of ATRA on IL-1

activity was studied by challenging the effect of 10 ng

of ATRA with the human recombinant IL-1ra (Amgen,

Thousand Oaks, CA, USA). IL-1ra, at doses of 10 and 20 mg,

was dissolved in SCE buffer (10 mM citrate, 140 nM NaCl,

0.5 mM EDTA, pH 7.0) and was studied alone or when

administered 15 min after 10 ng of ATRA (Table 1). Control

experiments were made with the solvent in an independent

experimental group.

Analysis of nociception

Thermal hyperalgesia was assessed by measuring paw

withdrawal latencies to 551C radiant heat generated by

an algesimeter (Ugo Basile plantar test; Hargreaves et al.,

1988). Animals were placed in a clear plastic chamber and

allowed to accommodate to the testing apparatus for 5 min.

Two consecutive thermal stimuli were applied to each of the

paws with an interval of 2–3 min between tests. The

maximum cutoff time was set to 15 s to avoid tissue damage.

Frequency of withdrawal reflex responses to mechanical

stimulation was studied by applying Von Frey filaments. A

response was considered as positive when a withdrawal of

the paw due to the application of the stimulus was observed.

The methods were adapted from those reported by Gilchrist

et al. (1996), and have been described in detail elsewhere

(Mazario et al., 2001; Lahdesmaki et al., 2003). The rats were

placed on a raised wire mesh grid under plastic chambers.

Low-intensity mechanical stimulation, which hardly evokes

a withdraw in a normal animal (Romero-Sandoval et al.,

2004), was applied with 60 and 80 mN hairs. High-intensity

stimulation was carried out by means of 100, 200 and 300

filaments. Each filament was applied 10 times for approxi-

mately 2 s to the plantar surface of each hind paw and the

number of positive responses counted. The experimenter was

always blind to the treatment of animals.

Data analysis and statistics

Withdrawal responses were converted, for comparison

between groups, to percentage of maximum possible effect

(%MPE; Harris and Pierson, 1964; Romero-Sandoval et al.,

2005) according to the following formula: %MPE¼100�
((post-drug value�pre-drug value)/(Max. effect�pre-drug

value)), where the post-drug value represents the latency

(in the case of thermal stimulation) or the number of

positive responses (in the case of von Frey filaments stimuli)

for a specific dose at a specific time after drug administration;

pre-drug value is the latency or number of positive responses

before drug was given. In the present experiments, maximal

effect was 0 s, as the minimum latency that can possibly

be observed with thermal stimulation if the drug induces a

pronociceptive effect, whereas 20 and 30 are the maximum

number of positive responses that can possibly be observed

with low-intensity mechanical stimulation (10 times for

each filament of 60 and 80 mN) and high-intensity mechan-

ical stimulation (10 times for each filament of 100, 200 and

300 mN). The increase in the number of responses observed

Table 1 Groups of animals and experimental protocols

Group Drug 1 Dose Time gap Drug 2 Dose N

ATRA ATRA 2.5 ng — — — 12
ATRA 5 ng — — — 12
ATRA 10 ng — — — 14

Solvent 7 ml — — — 10

Inflammation — — — — — 12

RAR LE540 2 ng — — — 6
LE540 2 ng 10 ATRA 10 ng 12
Solvent 7 ml 10 ATRA 10 ng 6

RXR HX531 2 ng 10 ATRA 10 ng 6
HX531 4 ng 10 ATRA 10 ng 6

DKT DKT 4mg 10 ATRA 10 ng 4
DKT 6mg 10 ATRA 10 ng 12
DKT 8mg 10 ATRA 10 ng 6
DKT 6mg — — — 6
DKT 8mg — — — 6

Solvent 7 ml 10 ATRA 10 ng 6

IL-1 IL-1ra 20 mg — — — 4
IL-1ra 10 mg — — — 8
ATRA 10 ng 15 IL-1ra 10 mg 12
ATRA 10 ng 15 Solvent 7 ml 12

The effect of it. administered drugs was studied on withdrawal reflexes evoked by low- and high-intensity mechanical stimulation and by high-intensity thermal

stimulation in male Wistar rats. ATRA was studied at doses of 2.5, 5 and 10 ng and its effect was compared to that induced by carrageenan-induced soft-tissue

inflammation (inflammation). The effect of ATRA was challenged by the RAR pan-antagonist LE540, the RXR pan-antagonist HX531, the COX inhibitor DKT and

the IL-1ra. Control experiments were made with the solvents used and by the administration of the antagonists in the absence of ATRA.

Abbreviations: ATRA, all-trans retinoic acid; COX, cyclooxygenase; DKT, dexketoprofen; IL-1ra, interleukin-1 receptor antagonist; it., intrathecal; RAR, retinoic acid

receptor; RXR, retinoid X receptor.
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with mechanical stimulation, and the reduction of latency

to thermal stimulation were considered as a pronociceptive

effect. All the data are presented as mean7s.e.m. Statistical

significance was calculated using the one-way analysis of

variance (ANOVA) with post hoc Dunnett’s test (GraphPad

Prism and GraphPad Instat for Windows). Differences were

considered to be significant when the critical value reached

a level of Po0.05.

Results

Effect of ATRA

It. injections of ATRA (2.5 ng, n¼12; 5 ng, n¼12; and 10 ng,

n¼14) increased the number of responses to both low-

and high-intensity mechanical stimulation, and reduced

the latency to noxious thermal stimulation significantly

(Figure 1). The effect peaked 30 min after administration,

although it was significant at 15 min after injection in some

tests (Figure 1), and recovered at 60 min post-injection.

Maximal changes of responses observed were 3173%

(Po0.01) for low-intensity mechanical stimulation, 6072%

(Po0.001) for high-intensity mechanical stimulation and

4172% (Po0.001) for noxious thermal stimulation. The

effect was dose-dependent, although a plateau was observed

with 5 ng of ATRA in response to mechanical stimulation.

It. injection of ATRA vehicle (n¼10) did not modify any

of the responses studied. These results indicate that the it.

administration of ATRA induces a significant increment of

nociceptive responses to noxious mechanical and thermal

stimulation, and evokes nociceptive responses with low-

intensity mechanical stimulation. The results were compa-

tible with the phenomena of allodynia and hyperalgesia

observed in inflammation-induced sensitization. In order

to compare if the magnitude of the responses were similar

to that seen during inflammation, we carried out similar

experiments in animals with carrageenan-induced soft-tissue

inflammation (Figure 1). The volume of the paw before the

induction of inflammation was 1.670.1 ml. The injection of

carrageenan induced a significant increment of the volume

of the paw, when measured after the tests: 2.670.1 ml

(Po0.01). In these experiments, the maximal increment of

responses was of 2774% (vs 3173% in ATRA treatment) for

low-intensity mechanical stimulation, 6677% (vs 6072% in

ATRA treatment) for high-intensity mechanical stimulation

and 4475% (vs 4172% in ATRA treatment) for noxious

thermal stimulation (Figure 1). As indicated, the increment

of nociceptive responses observed in inflammation was very

similar to that seen after the it. administration of ATRA in

normal animals. A visual inspection of all animals was made

throughout the tests, in order to check for any possible signs

of toxicity or pain behaviour. An increase in aggressiveness

or irritability, hair loss, hyperactivity, lethargy or signs of

fatigue or hyperactivity or any other behaviour compatible

with pain or discomfort was never observed, indicating that

ATRA is devoid of a proalgesic action on its own when

injected in the cord, and the effect observed is more

compatible with sensitization, which is evoked by mechan-

ical, thermal or electrical stimulation, but not as sponta-

neous pain.

Interaction with retinoic acid and retinoid X receptors

It is possible, however, that the effects observed after the

administration of ATRA were not specific, that is, due to

a simple chemical interference with cell membranes or

neurotransmitters. In order to reject this possibility, we

studied the effect of selective antagonists for RAR and RXR

Figure 1 Effect of it. administration of ATRA or equivalent amounts
of vehicle in responses to low-intensity (innocuous) and high-
intensity (noxious) mechanical and noxious thermal stimulation. An
increase in percentage of maximal possible effect (MPE; positive
values) indicates an enhancement of nociceptive responses. Direct
spinal cord administration of ATRA induced a significant enhance-
ment of withdrawal responses to innocuous (allodynia) and noxious
(hyperalgesia) stimulation. The effect peaked 30 min after adminis-
tration and recovered 60 min post-administration. The results
indicate an effect of ATRA in the spinal cord of normal rats similar
to that observed in rats with carrageenan-induced inflammation
(inflammation). Po0.05 (*), Po0.01 (**), Po0.001 (***), one-way
analysis of variance (ANOVA) with post hoc Dunnett’s test.
Comparison of each drug time point vs that of vehicle.
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on ATRA effect. In these experiments, the it. injection of the

RAR pan-antagonist LE540 (2 ng; n¼6) did not modify any

of the responses studied when injected alone (Figure 2).

However, the same dose of LE540 injected it. 10 min before

administration of ATRA (n¼12) resulted in a complete

inhibition of ATRA-induced sensitization effect in all tests

(Figure 2). The effect of ATRA on RAR seems to be selective as

the it. injection of 2 ng (n¼6) or 4 ng (n¼6) of the RXR pan-

antagonist HX531 did not modify ATRA activity (Figure 2).

Likewise, the effect of ATRA was not modified by the

previous injection of the antagonists solvent (DMSO, n¼ 6;

Figure 2).

Inhibition of COX enzyme activity

As the results seem to indicate that the sensitization-like

effect induced by ATRA takes place within the spinal cord

through an action on RARs, and is associated with an

upregulation of COX enzymes (see part I of this study in the

accompanying paper), we wondered if a commonly used

COX inhibitor like dexketoprofen would inhibit its effect

within the spinal cord. This would also demonstrate that

upregulated COX-2 was functionally active.

Preliminary studies with it. injection of the non-selective

COX inhibitor DKT showed that a dose of 4 mg (n¼4) did not

modify the activity evoked by it. ATRA. A dose of 8mg of DKT

(n¼6) fully blocked the activity of ATRA, although it also

induced (n¼6) a reduction in responses that might mis-

interpret a possible inhibition on ATRA-induced effect.

However, the it. administration of 6mg (n¼6) of DKT did

not show any significant activity on behavioural tests when

injected alone (Table 1; Figure 3). The same dose injected

10 min before administration of ATRA (n¼ 12) fully inhib-

ited ATRA-induced sensitization effect (Figure 3), supporting

an interaction of ATRA with the activity of COX enzymes.

The effect of ATRA was not modified by equivalent amounts

of the solvent used (DMSO, n¼6).

Inhibition of IL-1 receptor

Finally, as the upregulation of COX enzymes, mainly COX-2,

during central sensitization is followed by an upregulation

of IL-1 expression in the spinal cord, as quoted in the

introduction (Samad et al., 2001), we studied the effect of the

it. IL-1 receptor antagonist IL-1ra (Amgen) on the ATRA-

induced sensitization-like effect. IL-1ra was injected it.

15 min after the administration of ATRA. Preliminary

experiments showed that a dose of 20 mg of IL-1ra (n¼4)

depressed the responses to both mechanical and thermal

stimulation. However, a dose of it. 10 mg of IL-1ra (n¼8) did

not change the baseline data when injected alone (Figure 4).

We therefore chose the dose of 10 mg of IL-1ra to challenge

the effect of 10 ng of ATRA. This dose (n¼12), when injected

it. 15 min after ATRA, fully and quickly reversed ATRA-

induced sensitization effect (Figure 4), indicating that the

effect induced by ATRA is associated not only with the

expression of COX enzymes but also with a modulation of

the IL-1 receptor. Equivalent amounts of the IL-1ra solvent

did not modify the activity of ATRA (n¼12).

Figure 2 Effect of it. RAR and RXR pan-antagonists on ATRA-
mediated sensitization. The administration of it. 2 ng of the RAR pan-
antagonist LE540 (RAR), 10 min before the administration of 10 ng of
ATRA, fully blocked the effect of ATRA. The administration of 2 ng of
LE540 alone did not modify the nociceptive responses. However, the
it. administration of 2 or 4 ng of the RXR pan-antagonist HX531
(RXR) did not modify the effect of ATRA. The results indicate that the
sensitization-like effect induced by ATRA was mediated by the
interaction with spinal cord RA receptors. Statistical comparison and
layout as for Figure 1.
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Figure 3 Effect of the COX inhibitor dexketoprofen (DKT) on ATRA-
mediated sensitization. The it. administration of 6mg of DKT 10 min
before administration of 10 ng of ATRA fully blocked the effect
induced by ATRA. The same dose of DKT did not modify the
nociceptive responses when injected alone. The results confirm that
the effect of ATRA is mediated by a modulation of the COX activity
within the spinal cord. The administration of DKT vehicle did not
modify ATRA activity. Statistical comparison and layout as for Figure 1.

Figure 4 Effect of IL-1ra on ATRA-mediated sensitization. The it.
administration of 10mg of the IL-1b antagonist (IL-1ra) 15min after
the administration of ATRA fully reversed the effect of ATRA, indicating
that the sensitization induced by ATRA was not only mediated by
COX activity but also by the IL-1 system. The same amount of the
antagonist did not cause any effect on the withdrawal responses when
injected alone. In addition, the administration of IL-1ra vehicle did not
modify ATRA activity. Statistical comparison and layout as for Figure 1.
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Discussion

The results from part I of the present study (see accompany-

ing paper) showed that the administration of oral ATRA

induces in the spinal cord neuronal activity changes

identical to those seen in inflammation-induced sensitiza-

tion. The effect of sensitization induced by ATRA in these

experiments might be the explanation for the enhancement

of allodynia and hyperalgesia observed in behavioural

experiments performed in our lab (Romero-Sandoval et al.,

2004). In addition, the experiments showed that the

sensitization induced by ATRA was associated with a clear

enhancement of the expression of COX-2, but not COX-1,

in the spinal cord. Therefore, an enhancement of COX-2

expression in the spinal cord might explain the sensitization

observed after the administration of ATRA in electrophysio-

logical experiments, both in normal and inflamed animals.

The observations made in the present behavioural experi-

ments support the findings described in part I of this study

(see accompanying paper). In this case, the administration

of it. ATRA induced nociceptive withdrawal responses to

low-intensity (innocuous) mechanical stimulation, an effect

similar to that observed during inflammation-induced

sensitization and which is termed allodynia, defined in

humans as pain due to a stimulus that does not normally

provoke pain (IASP, 1994). Furthermore, withdrawal

responses to noxious mechanical and thermal stimulation

were significantly and greatly enhanced, in a similar way to

that seen under inflammation-induced sensitization. The

increment of responses to noxious stimulation, usually

under an inflammation process, is termed hyperalgesia

(IASP, 1994). These experiments correlate behaviourally the

reduction of threshold intensity and the enlargement of

receptive fields in spinal cord neurons observed in the

electrophysiological experiments as does inflammation-

induced sensitization in similar experiments (Woolf, 1983;

McMahon and Wall, 1984; Schaible and Schmidt, 1985;

Treede et al., 1992). In addition, our results demonstrate that

the effect of ATRA was mainly located in the spinal cord and,

therefore, the central actions of ATRA could substantially

account for the sensitization effect. As this effect in the

spinal cord was inhibited by blocking RARs but not RXRs, we

may conclude that ATRA effect was selectively mediated by

RA receptors located in the spinal cord.

It is important to note that the it. administration of ATRA

was not followed by abnormal behaviour. The animals did

not show any behaviour compatible with pain or discomfort,

suggesting that ATRA on its own does not induce any

proalgesic action or pain in the present experimental

conditions. However, the fact that responses to either low-

or high-intensity stimulation were enhanced, in a similar

way to the increment observed in situations of central

sensitization, indicates that ATRA might be related to some

of the mechanisms involved in the initiation and/or

maintenance of the process of central sensitization. Among

these mechanisms are the positive modulation of the activity

of COX enzymes and interleukins as mentioned in the

introduction (Samad et al., 2001). The mechanisms of action

involved in the effect of sensitization produced by ATRA

seem to be similar to some of the mechanisms underlying

inflammation-induced sensitization: an upregulation of the

expression of COX-2 enzyme, which was functionally active

as DKT, a well-known non-selective COX inhibitor, inhibited

the effect, and an activation of IL-1b, as IL-1ra clearly

inhibited the sensitization produced by ATRA. Retinoids

enhance the expression of COX-2 and interleukin-1b gene in

peripheral tissues (Nusing et al., 1995; Kanekura et al., 2000;

Li et al., 2002; Liu and Gudas, 2002) but, to our knowledge,

this is the first time that the two mechanisms of action of

ATRA are described in the rat spinal cord.

In conclusion, the present findings support the assertion

that the vitamin A metabolite ATRA induces changes in the

spinal cord neurons and in behavioural experiments similar

to and compatible with those observed in inflammation-

induced sensitization. The effect of sensitization induced by

ATRA is mediated by an interaction with RARs and associated

with a modulation of COX-2 and IL-1 activities. ATRA might

be involved in the mechanisms underlying the initiation

and/or maintenance of sensitization in the spinal cord,

responsible for the allodynia and hyperalgesia phenomena

associated with inflammatory and neuropathic pains in

humans.
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