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Abstract

The effect of some B vitamins in chemical and thermal models of nociception in mice was investigated. The association
Ž . Ž .thiaminerpyridoxinercyanocobalamin TPC, 20–200 mgrkg, i.p. or per os , thiamine, pyridoxine 50–200 mgrkg, i.p. or riboflavin

Ž . Ž .3–100 mgrkg, i.p induced an antinociceptive effect, not changed by naloxone 10 mgrkg, i.p. , in the acetic acid writhing model.
Ž . Ž .Treatment for 7 days with thiaminerpyridoxinercyanocobalamin 100 or 200 mgrkg, i.p. , thiamine 50 or 100 mgrkg or pyridoxine

Ž . Ž .50 or 100 mgrkg or acute treatment with riboflavin 6 or 12 mgrkg, i.p inhibited the nociceptive response induced by formaldehyde.
ŽThe B vitamins did not inhibit the nociceptive response in the hot-plate model. Both 7-day thiaminerpyridoxinercyanocobalamin 100

. Ž .mgrkg, i.p. or acute riboflavin 25 or 50 mgrkg, i.p. treatment partially reduced formaldehyde-induced hindpaw oedema. The B
vitamins antinociceptive effect may involve inhibition of the synthesis andror action of inflammatory mediators since it was not observed
in the hot-plate model, was not reversed by naloxone, only the second phase of the formaldehyde-induced nociceptive response was
inhibited, and formaldehyde-induced hindpaw oedema was reduced.q2001 Published by Elsevier Science B.V.
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1. Introduction

B vitamin deficiency, particularly that of thiamine, pyri-
doxine, riboflavin and cyanocobalamin, may result in
pathological conditions including convulsions, carpal tun-
nel syndrome and chronic pain, indicating that these sub-
stances are essential to the normal function of the nervous

Žsystem Claus et al., 1984; Schaeffer, 1987; Marcus and
.Coulston, 1996 . Not surprisingly, B vitamins have been

used mainly in the treatment and prophylaxis of disorders
resulting from their deficiency.

However, B vitamins have been recently evaluated as
useful drugs to treat pathological conditions, particularly
painful disorders, not necessarily associated with their
deficiency. Supplying pyridoxine and thiamine can relieve
the pain associated with neuropathic disorders, carpal tun-

) Corresponding author. Tel.:q55-31-3339-7667; fax:q55-31-3339-
7666.

Ž .E-mail address: mmcoelho@farmacia.ufmg.br M.M. Coelho .

Žnel syndrome and premenstrual tension Jorg et al., 1988;
Bernstein, 1990; Bernstein and Dinesen, 1993; Wyatt et

.al., 1999 , while riboflavin may be effective in migraine
Ž .prophylaxis Schoenen et al., 1998 . It has also been

demonstrated that the analgesic effect of nonsteroidal anti-
inflammatory drugs is increased in patients simultaneously

Žtreated with B vitamins Bruggemann et al., 1990;¨
.Kuhlwein et al., 1990 .

However, there are fewer studies carried out in experi-
mental animals with the aim of characterising the antinoci-
ceptive effect induced by B vitamins and also the mecha-
nisms possible involved. It has been demonstrated that the
association thiaminerpyridoxinercyanocobalamin induces
an antinociceptive effect in the hot plate and benzo-
quinone-induced abdominal constrictions tests with mice

Žand rats Bartoszyk and Wild, 1990; Zimmermann et al.,
.1990 . The increased effect of nonsteroidal antiinflamma-

tory drugs in rats treated with pyridoxine has also been
demonstrated in the carrageenan-induced hyperalgesia

Ž .model Zimmermann et al., 1990 . Regarding riboflavin,
there is no report of the effect of this B vitamin on an
experimental nociceptive model.
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The antinociceptive effect induced by B vitamins may
be dependent on their action in the central nervous system
Ž . ŽCNS . The increased activity of dorsal horn Zimmer-

. Žmann et al., 1990; Fu et al., 1988 and thalamus Jurna et
.al., 1990 neurons induced by electrical stimulation of C

fibers or noxious skin heating is reduced by pyridoxine or
the association thiaminerpyridoxinercyanocobalamin.
These effects may be related to changes in the synthesis of
neurotransmitters that have an important role in the modu-
lation of the nociceptive response in the CNS. Pyridoxine
deficiency is associated with a reduced content of 5-hy-
droxytryptamine and other neurotransmitters in the hypo-

Ž .thalamus Dakshinamurti et al., 1987; Paulose et al., 1988 ,
whereas treatment with this vitamin increases 5-hydroxy-

Ž .tryptamine synthesis in the brain Hartvig et al., 1995 .
The B vitamin antinociceptive effect may also involve

inhibition of the synthesis of inflammatory mediators that
could activate or sensitise primary afferent fibers, although
this hypothesis has not yet been investigated directly. An
effect has been observed in animal models of nociception

Žassociated with inflammation Kasdan and Janes, 1987;
.Bartoszyk and Wild, 1990; Zimmermann et al., 1990 .

Ž .Moreover, Bruggemann et al. 1990 and Kuhlwein et al.¨
Ž .1990 showed that B vitamins reduced the pain associated
with inflammatory conditions in humans.

In spite of the clinical evidence indicating the analgesic
effect of some B vitamins, there are fewer studies showing
their effect on different aspects of the inflammatory re-
sponse, including nociception and oedema. The present
study investigated the effect of some B vitamins on the
nociceptive response in various experimental models, in
order to determine if there is pharmacological support for
their clinical use as analgesics or adjuvants of antiinflam-
matory drugs.

2. Materials and methods

2.1. Experimental animals

Male Swiss mice, weighing between 25 and 35 g on the
experimental day, were used. The experiments were car-
ried out at an ambient temperature of 278C, which corre-
sponds to the thermoneutral zone for rodents. Food and
water were available ad libitum. All protocols were ap-
proved by the Ethics Committee on Animal Experimenta-

Ž .tion CETEA of the Federal University of Minas Gerais.

2.2. Procedures

2.2.1. EÕaluation of the motor actiÕity
To investigate if the treatments could influence the

motor activity of the animals and consequently impair the
assessment of the nociceptive behaviour in the experimen-
tal models, the motor activity of the animals was evaluated
in a rota-rod apparatus, according to a procedure proposed

Ž .by Vaz et al. 1996 , which is a modification of the
Ž .method originally described by Dunham and Miya 1957 .

The day before the experiment, the animals were trained
on the apparatus. On the experiment day, the animals were

Ž .placed on a rota-rod 14 rpm and the time they remained
on the apparatus was determined. The cut-off time was set
at 1 min. After determination of the baseline values, the
animals were treated with the B vitamins and 1 h later they
were again tested in the apparatus.

2.2.2. Acetic acid-induced abdominal constrictions
The nociceptive response was evaluated after the intra-

Ž .peritoneal i.p. injection of acetic acid according to the
Ž .model described by Vaz et al. 1996 , which is a modifica-

tion of the model originally described by Koster et al.
Ž . Ž .1959 . Acetic acid 0.6%, 10 mlrkg was injected intra-
peritoneally and the number of abdominal constrictions
associated with total stretching of the hind limbs was
counted over a period of 20 min.

2.2.3. Formaldehyde-induced nociceptiÕe response
The nociceptive response was evaluated after the subcu-

Ž .taneous s.c. injection of formaldehyde according to the
Ž .model described by Vaz et al. 1996 , which represents a

modification of the original model described by Hunskaar
Ž .and Hole 1987 for mice. The nociceptive stimulus con-

Žsisted of a subcutaneous injection of formaldehyde 0.92%,
.20 ml, diluted in saline into the dorsum of the right

hindpaw. The time the animals spent licking the injected
Ž .hindpaw was determined between 0 and 5 min first phase

Ž .and 15 and 30 min second phase after the injection of
formaldehyde. In some protocols, hindpaw oedema was
evaluated 4 h after injection of formaldehyde. After killing
the animals by decapitation, both hindpaws were cut at the
knee joint and weighed in an analytical balance. Oedema
was defined as the weight difference between the injected
and the contralateral non-injected hindpaw.

2.2.4. Hot-plate model
The nociceptive response was evaluated in the hot plate

Ž .model as described by Eddy and Leimbach 1953 , a
modification of the original method of Woolfe and Mac-

Ž .Donald 1944 . The animals were placed on a heated
Ž .568C metal plate and the latency for jumping or licking
the paws was determined.

2.3. Drugs

Ž . Ž .Thiamine hydrochloride B , riboflavin B , pyridox-1 2
Ž . Ž .ine hydrochloride B , cyanocobalamin B , morphine6 12

Ž .hydrochloride Sigma, USA , naloxone hydrochloride
Ž . Ž .RBI, USA , acetic acid and formaldehyde Merck, Brazil
were used. Thiamine, pyridoxine and cyanocobalamin were
chosen among the B vitamins because they represent the
vitamins most frequently encountered in the medications
available for clinical use. Riboflavin, although less fre-
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quently encountered in the B vitamins associations, was
used as there is one report showing that it may be useful in
migraine prophylaxis. Acetic acid solution was prepared in
distilled water. All the other solutions were prepared in
saline immediately before the experiments. Associations of
thiamine, pyridoxine and cyanocobalamin were used in a
ratio of 20:20:1. This means that a dose of 100 mgrkg of
thiaminerpyridoxinercyanocobalamin indicates 100 mgr
kg of thiamine, 100 mgrkg of pyridoxine and 5 mgrkg of
cyanocobalamin. This ratio is similar to that present in
some medications available for clinical use. The associa-
tion thiaminerpyridoxinercyanocobalamin and riboflavin
were administered intraperitoneally at doses ranging from
20 to 200 mgrkg, except in one protocol in which the
association thiaminerpyridoxinercyanocobalamin was ad-
ministered per os at doses of 500 and 1000 mgrkg. When
a 7-day treatment was used, which we defined as chro-
nic, the highest dose of the association thiaminer
pyridoxinercyanocobalamin was 100 mgrkg. Isolated vi-
tamins were always administered intraperitoneally at one

Žor more of the following doses: Thiamine 50, 100 and 200
. Ž .mgrkg , pyridoxine 50, 100 and 200 mgrkg ,

Ž . Žcyanocobalamin 2.5, 5 e 10 mgrkg and riboflavin 3, 6,
. Ž .12, 25, 50 and 100 mgrkg . An acute y1 h regimen of

administration was always used unless stated otherwise in
the figures.

2.4. Statistical analysis

The results were analysed by one-way analysis of vari-
ance. Bonferrroni’s post hoc test was used when the main
effect was significant and statistical significance was in-
ferred at P-0.05 level.

3. Results

3.1. Effect of acute and chronic B Õitamins treatment on
the motor actiÕity of the animals

Table 1 shows that the i.p. injection of the association
Ž .thiaminerpyridoxinercyanocobalamin 200 mgrkg or ri-

Ž .boflavin 12 or 25 mgrkg did not reduce the time the
animals spent on the rota-rod when this was counted 1 h
later. Similarly, the treatment with thiaminerpyridoxiner

Ž .cyanocobalamin 100 mgrkg for 7 days, the last dose
being injected 1 h before the test, did not reduce the
locomotor activity of the animals.

3.2. Effect of acute B Õitamin treatment on the nociceptiÕe
response induced by i.p. injection of acetic acid

Ž .Fig. 1A shows that the i.p. injectiony1 h of thi-
aminerpyridoxinercyanocobalamin dose-dependently re-
duced the number of abdominal constrictions induced by

Ž .acetic acid. The highest dose 200 mgrkg inhibited the

Table 1
Effect of B vitamins on the performance of mice in the rota-rod test
The time the animals spent on the apparatus was measured before any
treatment. Animals were treated with thiaminerpyridoxinercyanoco-

Ž . Žbalamin TPC 200 mgrkg thiamine 200 mgrkg, pyridoxine 200 mgrkg
. Ž .and cyanocobalamin 5 mgrkg, i.p. or riboflavin 12 mgrkg, i.p. and

tested on the apparatus 1 h later. Another group was treated with
Žthiaminerpyridoxinercyanocobalamin 100 mgrkg thiamine 100 mgrkg,

.pyridoxine 100 mgrkg, cyanocobalamin 2.5 mgrkg, i.p. for 7 days and
was tested on the apparatus 1 h after the last injection. Cut-off time was
defined as 1 min. Data are presented as means"S.E.M.

Experimental group Time spent on the apparatus

Ž .Before 1 h after last
treatment treatment

Acute treatment
Ž .Saline 4 mlrkg, i.p. ns5 53"3 60"0
Ž .TPC 200 mgrkg, i.p. ns5 57"7 60"0

Ž .Riboflavin 12 mgrkg, i.p. ns6 58"2 60"0

7-Day treatment
Ž .Saline 4 mlrkg, i.p. ns5 60"0 60"0
Ž .TPC 100 mgrkg, i.p. ns5 59"1 60"0

Žnociceptive response by 78%. Per os administrationy1
.h of thiaminerpyridoxinercyanocobalamin also induced

a significant reduction of the number of acetic acid-in-
Ž .duced abdominal constrictions Fig. 1B . In the next set of

experiments, the effect of the isolated vitamins was inves-
Ž . Ž .tigated. I.p. injection y1 h of thiamine Fig. 2A or

Ž .pyridoxine Fig. 2B significantly reduced the nociceptive
response induced by acetic acid, although a dose–response
relationship was not observed. The nociceptive response
induced by acetic acid was dose-dependently inhibited by

Ž . Ž .previous y1 h treatment with riboflavin Fig. 2D , even
with doses as low as 3 mgrkg. However, the nociceptive
response induced by acetic acid was not inhibited by

Ž .previous treatment with cyanocobalamin Fig. 2C , at doses
that ranged between 2.5 and 10 mgrkg, the same doses of
this vitamin present in the association thiaminerpyrido-
xinercyanocobalamin.

3.3. Effect of acute and chronic B Õitamin treatment on the
nociceptiÕe response induced by subcutaneous injection of
formaldehyde into the hindpaw

Ž .Fig. 3A shows that the acute i.p. injectiony1 h of
thiaminerpyridoxinercyanocobalamin did not change the
first phase of the formaldehyde-induced nociceptive re-
sponse, but partially reduced the second phase. The reduc-

Ž .tion induced by the highest dose 200 mgrkg was 35%,
which did not reach statistical significance. However, when
the animals were treated with thiaminerpyridoxiner

Ž .cyanocobalamin 50 or 100 mgrkg for 7 days, the last
dose being injected 1 h before the test, significant inhibi-

Ž .tion 55% and 52%, respectively of the nociceptive re-
Ž .sponse was observed Fig. 3B . Next, the effect of isolated

thiamine, pyridoxine or riboflavin on formaldehyde-
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Fig. 1. Effect of B vitamins on the nociceptive response in the acetic
Ž . Ž .acid-induced constriction model. Intraperitoneal A or per os B admin-

Ž .istration of thiaminerpyridoxinercyanocobalamin TPC was carried out
Ž .1 h before the injection of acetic acid 0.6%, 10 mlrkg, i.p. .

Thiaminerpyridoxinercyanocobalamin doses were given as indicated.
The number of writhes was determined for a period of 20 min after the
injection of acetic acid. Means"S.E.M. for groups of 5–6 mice are
shown.)P-0.05.

induced nociception was investigated. I.p. injection of
Ž . Ž .thiamine Fig. 4A , pyridoxine Fig. 4B , at the doses of

50 or 100 mgrkg, for 7 days, the last dose being injected 1
h before the test, also significantly reduced the nociceptive
response induced by formaldehyde. Reduction of the sec-
ond phase of the formaldehyde-induced nociceptive re-
sponse was also observed after acute treatment with ri-

Ž .boflavin 6 or 12 mgrkg, i.p.; Fig. 4C . An important
aspect related to riboflavin is that its antinociceptive effect
was observed after a single injection and also with smaller
doses than those used for thiamine and pyridoxine.

Fig. 2. Effect of B vitamins on the nociceptive response in the acetic
Ž .acid-induced constriction model. Intraperitoneal injection of thiamine A ,

Ž . Ž . Ž .pyridoxine B , cyanocobalamin C or riboflavin D was carried out 1 h
Ž .before the injection of acetic acid 0.6%, 10 mlrkg, i.p. . Doses were

given as indicated. The number of writhes was determined for a period of
20 min after the injection of acetic acid. Means"S.E.M. for groups of
5–9 mice are shown.)P-0.05.

Fig. 3. Effect of B vitamins on the nociceptive response induced by
Ž .subcutaneous injection of formaldehyde into the hindpaw. In panel A ,

mice were treated with the association thiaminerpyridoxinercyanoco-
Ž .balamin TPC, i.p., doses indicated 1 h before the subcutaneous injection

Ž . Ž .of formaldehyde 0.92%, 20ml . In panel B , the animals were treated
Žwith the association thiaminerpyridoxinercyanocobalamin i.p., doses

.indicated for 7 days and formaldehyde was injected 1 h after the last
thiaminerpyridoxinercyanocobalamin dose. Licking time was deter-

Ž . Ž .mined 0–5 min phase 1 and 15–30 min phase 2 after formaldehyde
injection. Means"S.E.M. for groups of eight mice are shown.)P-0.05.

3.4. Effect of acute and chronic B Õitamin treatment on the
nociceptiÕe response in the hot-plate model

One hour after treatment of the mice with the associa-
Žtion thiaminerpyridoxinercyanocobalamin 100 or 200

.mgrkg, i.p. , the latency to jumping or licking the hind-
paws on a hot plate was determined. Fig. 5A shows that
the latency was not altered by treatment with thiaminer
pyridoxinercyanocobalamin. Similarly, treatment with thi-

Žaminerpyridoxinercyanocobalamin 50 or 100 mgrkg,
.i.p. for 7 days, the last dose being injected 1 h before the

test, did not change the latency to the nociceptive response
Ž .in the hot plate model Fig. 5B . Similarly, no antinocicep-

tive effect was observed in this model after acute ri-
Ž .boflavin treatment 12 or 25 mgrkg, i.p.,y1 h .

Fig. 4. Effect of thiamine, pyridoxine or riboflavin on the nociceptive
response induced by subcutaneous injection of formaldehyde into the

Ž . Ž .hindpaw. Mice were treated with thiamine A or pyridoxine B for 7
Ž .days and formaldehyde 0.92%, 20ml was injected 1 h after the last B
Ž .vitamin dose. Riboflavin C , on the other hand, was injected as a single

dose, 1 h before the injection of formaldehyde. Licking time was deter-
Ž . Ž .mined 0–5 min phase 1 and 15–30 min phase 2 after formaldehyde

injection. Means"S.E.M. for groups of 5–6 mice are shown.)P-0.05.
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Fig. 5. Effect of B vitamins on the nociceptive response in the hot-plate
Ž .model. In panel A , mice were treated with the association thiaminer

Ž .pyridoxinercyanocobalamin TPC, i.p., doses indicated 1 h before being
Ž . Ž .placed on the hot plate 568C . In panel B , the animals were treated with

Žthe association thiaminerpyridoxinercyanocobalamin i.p., doses indi-
.cated for 7 days and placed on the hot plate 1 h after the last

Ž .thiaminerpyridoxinercyanocobalamin dose. In panel C , mice were
Ž .treated with riboflavin i.p., doses indicated 1 h before being placed on

the hot plate. Latency to jumping or licking the paws was determined.
Means"S.E.M. for groups of 6–7 mice are shown.)P-0.05.

3.5. Effect of naloxone on the antinociceptiÕe effect in-
duced by acute B Õitamins treatment in the acetic acid-in-
duced constriction model

ŽFig. 6 shows the effect of i.p. injection of naloxone 10
.mgrkg on the antinociceptive effect induced by thi-

Ž Ž ..aminerpyridoxinercyanocobalamin 100 mgrkg, i.p.; A
Ž Ž ..or riboflavin 25 mgrkg, i.p.; B in the acetic acid-in-

duced constriction model. The antinociceptive effect
induced by thiaminerpyridoxinercyanocobalamin or ri-
boflavin was not changed when naloxone was admi-
nistered 30 min before the injection of the B vitamin.
However, the dose of naloxone used abolished the

Fig. 6. Effect of naloxone on the antinociception induced by B vitamins
or morphine in the acetic acid-induced constrictions model. Naloxone
Ž .Nal, 5 or 10 mgrkg was injected intraperitoneally 30 min before
treatment with the association thiaminerpyridoxinercyanocobalamin
Ž Ž .. Ž Ž ..TPC, 200 mgrkg, i.p.; A , riboflavin 25 mgrkg, i.p.; B or mor-

Ž Ž ..phine 2 mgrkg, i.p.; C . One hour after treatment with
thiaminerpyridoxinercyanocobalamin, riboflavin or morphine, acetic

Ž .acid 0.6%, 10 mlrkg was injected intraperitoneally and writhes were
counted for a period of 20 min. Means"S.E.M. for groups of 6–11 mice
are shown.)P-0.05.

Fig. 7. Effect of B vitamins on formaldehyde-induced paw oedema. In
Ž .panel A , mice were treated with the association thiaminer

Ž .pyridoxinercyanocobalamin TPC, 200 mgrkg, i.p. 1 h before the
Ž . Ž .subcutaneous injection of formaldehyde 0.92%, 20ml . In panel B ,

the animals were treated with the association thiaminerpyrido-
Ž .xinercyanocobalamin 100 mgrkg, i.p. for 7 days and formaldehyde

was injected 1 h after the last thiaminerpyridoxinercyanocobalamin
Ž . Ž .dose. In panel C , mice were treated with riboflavin 25 mgrkg, i.p. 1 h

before the subcutaneous injection of formaldehyde. Four hours after
formaldehyde injection, the mice were killed and both hindpaws were cut
at the knee joint and weighed. Oedema was defined as the weight
difference between the injected and the non-injected contralateral hind-
paw. Means"S.E.M. for groups of 5–6 mice are shown.)P-0.05.

Žantinociceptive effect induced by morphine 2 mgrkg,
. Ž .i.p. in the same model Fig. 6C .

3.6. Effect of acute and chronic B Õitamin treatment on the
hindpaw oedema induced by subcutaneous injection of
formaldehyde

Ž .Fig. 7A shows that the i.p. injectiony1 h of thi-
Ž .aminerpyridoxinercyanocobalamin 100 mgrkg induced

Ž .a partial, but not statistically significant, reduction 25%
of the hindpaw oedema evaluated 4 h after the subcuta-

Ž .neous injection of formaldehyde 0.92%, 20ml . A greater,
Ž .and significant, inhibition 45% of formaldehyde-induced

hindpaw oedema was observed when the animals were
Žtreated with thiaminerpyridoxinercyanocobalamin 100

.mgrkg, i.p. for 7 days, the last dose being injected 1 h
Ž .before the injection of formaldehyde Fig. 7B . I.p. injec-

Ž .tion y1 h of riboflavin at the dose of 50 mgrkg also
Ž .partially 22% inhibited the formaldehyde-induced hind-

Ž .paw oedema Fig. 7C .

4. Discussion

B vitamins, in particular thiamine, pyridoxine and ri-
boflavin, induced a marked antinociceptive effect in the
acetic acid- and formaldehyde-induced nociception mod-
els, and also partially reduced formaldehyde-induced
oedema. The antinociceptive effect was observed after
acute or chronic treatment, depending on the B vitamin or
the nociceptive model used.

It is unlikely that the antinociceptive effect induced by
the B vitamins results from a non-specific muscle-relaxant
or sedative effect, since the performance of the animals in
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the rota-rod test was not reduced by the treatment with the
association thiaminerpyridoxinercyanocobalamin or ri-
boflavin. Although small changes in muscle tone or a
minor central nervous system depressor effect may not be
reliably detectable in the rota-rod test, observation of the
animals did not indicate that a general behavioural inhibi-
tion occurs after treatment with B vitamins. In addition, it
must be emphasised that a reduced number of adverse
reactions has been reported after treatment of patients with
B vitamins and central nervous system depressor effects
and motor incoordination are not included among the

Žreactions Bernstein, 1990; Schoenen et al., 1998; Wyatt et
.al., 1999 .

Initially, the number of acetic acid-induced constric-
tions was reduced by i.p. or per os administration of
thiaminerpyridoxinercyanocobalamin. Bartoszyk and

Ž .Wild 1990 described similar results in the benzo-
quinone-induced constriction model in rats, but the doses
of the B vitamins that inhibited the nociceptive response
by 50% were 6.5-fold higher than those used in the present
study to reduce the nociceptive response to acetic acid to
the same level. This difference may be related to the
different animal and nociceptive stimuli used in our study.

Isolated administration of thiamine or pyridoxine, but
not of cyanocobalamin, also inhibited the nociceptive re-
sponse induced by acetic acid. This indicates that thiamine
and pyridoxine most likely account for the analgesic effect
of the B vitamin associations. The effect induced by
thiamine or pyridoxine was not as marked as that observed
when the B vitamins were administered in association,
indicating that the antinociception induced by the associa-
tion results from a sum of individual effects. Interestingly,
riboflavin per se induced an antinociceptive effect even
when administered at doses much lower than those of the
other B vitamins. To the best of our knowledge, this is the
first demonstration of the antinociceptive effect induced by
riboflavin in experimental animals.

These results, when analysed together, do not allow the
proposal of a mechanism for the antinociceptive effect
induced by the B vitamins. The acetic acid-induced noci-
ceptive response may involve both direct stimulation of the
nociceptive afferent fibers due to the pH reduction and the

Ž .synthesis of inflammatory mediators Ribeiro et al., 2000 .
It has been shown that nonsteroidal antiinflammatory drugs
Ž . Ž .Vaz et al., 1996 , opioid analgesics Vaz et al., 1996 and

Ž .even tricyclic antidepressants Gray et al., 1998 may
inhibit the nociceptive response in the acetic acid model.

The B vitamins also inhibited the second phase of the
nociceptive response induced by formaldehyde. Although
acute treatment with thiaminerpyridoxinercyanocobala-
min partially inhibited the nociceptive response, a statisti-
cally significant reduction was observed only after 7 days
of treatment with thiaminerpyridoxinercyanocobalamin,
thiamine or pyridoxine. It is not clear why the B vitamins
induced an antinociceptive effect only after prolonged
treatment in this model, in opposition to the results ob-

served in the acetic acid model. However, the antinocicep-
tive effect in the formaldehyde model which was observed
only after prolonged treatment, may be related to some
clinical findings indicating that the relief of pain associated
with premenstrual tension, carpal tunnel syndrome and
migraine is reached only after weeks of treatment with

Žthiaminerpyridoxinercyanocobalamin Bernstein, 1990;
.Kasdan and Janes, 1987; Wyatt et al., 1999 . However,

once again showing a different characteristic, riboflavin
induced an antinociceptive effect after a single dose, much
lower than those of thiaminerpyridoxinercyanocobala-
min, thiamine or pyridoxine that induced a similar effect.

These results suggest that the effect of B vitamins may
resemble that of antiinflammatory drugs, more than that of
drugs that act predominantly in the CNS. The nociceptive
response induced by formaldehyde has two phases that

Žmay involve different mechanisms Dubuisson and Dennis,
1977; Hunskaar and Hole, 1987; Tjølsen et al., 1992; Vaz

.et al., 1996 . The first phase results from direct chemical
stimulation of the nociceptive afferent fibers, mainly C

Ž .fibers Heapy et al., 1987 , while the second phase results
from the action of inflammatory mediators released locally
and also from the facilitation of synaptic transmission in

Ž .the spinal cord Tjølsen et al., 1992 .
In support of a mechanism of action that resembles

more that of antiinflammatory drugs, the B vitamins did
not increase the latency to nociceptive behaviour in the hot

Ž .plate model. Bartoszyk and Wild 1990 have found oppos-
ing results, but the vitamin doses used were three times
higher than the highest dose used in the present study.

Recent studies have shown that the antinociceptive
Žeffect of some nonsteroidal antiinflammatory drugs Pini et

al., 1997; Tortorici et al., 1996; Bjorkman et al., 1990;¨
.Herrero and Max Headley, 1996 may be inhibited by

naloxone, indicating the involvement of endogenous opioid
mechanisms. We observed that the antinociceptive effect
of the B vitamins in the acetic acid model was not changed
when the animals were previously treated with naloxone,
indicating that opioid mechanisms may not be involved.

A mechanism that may involve predominantly inhibi-
tion of the synthesis or action of inflammatory mediators is
also supported by the results obtained with formaldehyde-
induced hindpaw oedema. The treatment with B vitamins
partially, but significantly, reduced the increase in hindpaw
volume induced by formaldehyde. The hindpaw oedema
induced by the local injection of carrageenan and endo-
toxin is associated with the production of different inflam-
matory mediators, including cytokines, eicosanoids,

Žbradykinin and nitric oxide Damas and Remacle-Volon,
.1992; Medeiros et al., 1995; Vaz et al., 1996 . It is

possible that the hindpaw oedema induced by formal-
dehyde involves the production of similar inflammatory
mediators. In support of this hypothesis, Saareks et al.
Ž .1998 have shown that pyridoxine inhibits the synthesis of
prostaglandin E , thromboxane B and leucotriene E in2 2 4

humans.
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It is likely that the mechanisms involved in the antinoci-
ceptive effect of B vitamins can vary among different
members of the group. In support of this hypothesis,
riboflavin induced an antinociceptive effect after acute
treatment in the formaldehyde model, while thiamine, pyri-
doxine or the association thiaminerpyridoxinercyanoco-
balamin only inhibited the second phase of the nociceptive
response after treatment for 7 days. However, analysis of
all the results together suggests that the mechanisms in-
volved in the antinociceptive effect induced by B vitamins
result from an inhibition of the synthesis andror action of
inflammatory mediators, since an antinociceptive effect
was not observed in the hot-plate model. In this model,
only the second phase of the formaldehyde-induced noci-
ceptive response was inhibited, the antinociceptive effect
was not reversed by naloxone, and there was a partial
reduction of formaldehyde-induced hindpaw oedema.

In summary and conclusion, thiamine, pyridoxine, ri-
boflavin or the association thiaminerpyridoxinercyan-
ocobalamin, induced a marked antinociceptive effect in
two chemical models of nociception. The antinociceptive
effect induced by riboflavin was reported for the first time.
The antinociceptive effect induced by riboflavin was ob-
served after treatment with reduced doses and even after
acute treatment in a model in which the other B vitamins
only induced an effect after treatment for 7 days. These
results may prompt not only further research on the
antinociceptive effect induced by this B vitamin, but per-
haps also clinical studies, as there is only one report
showing that riboflavin may be useful in migraine prophy-
laxis.
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