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B vitamins induce an antinociceptive effect in the acetic acid and
formaldehyde models of nociception in mice
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Abstract

The effect of some B vitamins in chemical and thermal models of nociception in mice was investigated. The association
thiamine/ pyridoxine/cyanocobalamif TPC, 20—200 kg, i.p. or per o¥ , thiamine, pyridoxine 50-200 s, i.p.) or riboflavin
(3-100 mg’kg, i.p) induced an antinociceptive effect, not changed by naloXxone 10kg)d.p.), in the acetic acid writhing model.
Treatment for 7 days with thiamipg@yridoxine/cyanocobalamifi 100 or 200 ryffig, i.p.), thiamine( 50 or 100 mkg) or pyridoxine
(50 or 100 mg’kg) or acute treatment with riboflavin 6 or 12 kg, i.p) inhibited the nociceptive response induced by formaldehyde.
The B vitamins did not inhibit the nociceptive response in the hot-plate model. Both 7-day thjgwiitoxine/cyanocobalamit 100
mg/kg, i.p) or acute riboflavin( 25 or 50 m¢kg, i.p.) treatment partially reduced formaldehyde-induced hindpaw oedema. The B
vitamins antinociceptive effect may involve inhibition of the synthesis/amdction 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 wa
inhibited, and formaldehyde-induced hindpaw oedema was red@2d01 Published by Elsevier Science B.V.
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1. Introduction nel syndrome and premenstrual tensfon Jorg et al., 1988;
Bernstein, 1990; Bernstein and Dinesen, 1993; Wyatt et
B vitamin deficiency, particularly that of thiamine, pyri- al., 1999 , while riboflavin may be effective in migraine
doxine, riboflavin and cyanocobalamin, may result in prophylaxis ( Schoenen et al.,, 1998 . It has also been
pathological conditions including convulsions, carpal tun- demonstrated that the analgesic effect of nonsteroidal anti-
nel syndrome and chronic pain, indicating that these sub-inflammatory drugs is increased in patients simultaneously
stances are essential to the normal function of the nervoustreated with B vitamins( Bruggemann et al., 1990;
system( Claus et al., 1984; Schaeffer, 1987; Marcus andKuhlwein et al., 199D .
Coulston, 1995 . Not surprisingly, B vitamins have been However, there are fewer studies carried out in experi-
used mainly in the treatment and prophylaxis of disorders mental animals with the aim of characterising the antinoci-
resulting from their deficiency. ceptive effect induced by B vitamins and also the mecha-
However, B vitamins have been recently evaluated as nisms possible involved. It has been demonstrated that the
useful drugs to treat pathological conditions, particularly association thiaminépyridoxine/cyanocobalamin induces
painful disorders, not necessarily associated with their an antinociceptive effect in the hot plate and benzo-
deficiency. Supplying pyridoxine and thiamine can relieve quinone-induced abdominal constrictions tests with mice
the pain associated with neuropathic disorders, carpal tun-and 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
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7666. there is no report of the effect of this B vitamin on an
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The antinociceptive effect induced by B vitamins may by Vaz et al.( 1995 , which is a modification of the
be dependent on their action in the central nervous systemmethod originally described by Dunham and Miya 1957 .
(CN9). The increased activity of dorsal hotn Zimmer- The day before the experiment, the animals were trained
mann et al., 1990; Fu et al., 1988 and thalarius Jurna eton the apparatus. On the experiment day, the animals were
al., 1990 neurons induced by electrical stimulation of C placed on a rota-rod 14 rpm and the time they remained
fibers or noxious skin heating is reduced by pyridoxine or on the apparatus was determined. The cut-off time was set
the association thiamin@yridoxine/cyanocobalamin.  at 1 min. After determination of the baseline values, the
These effects may be related to changes in the synthesis ofnimals were treated with the B vitamins and 1 h later they
neurotransmitters that have an important role in the modu- were again tested in the apparatus.
lation of the nociceptive response in the CNS. Pyridoxine
deficiency is associated with a reduced content of 5-hy- 2.2.2. Acetic acid-induced abdominal constrictions
droxytryptamine and other neurotransmitters in the hypo-  The nociceptive response was evaluated after the intra-
thalamud Dakshinamurti et al., 1987; Paulose et al., 1988 ,peritoneal( i.p. injection of acetic acid according to the
whereas treatment with this vitamin increases 5-hydroxy- model described by Vaz et dl. 1996 , which is a modifica-
tryptamine synthesis in the brafn Hartvig et al., 1995 . tion of the model originally described by Koster et al.

The B vitamin antinociceptive effect may also involve (1959 . Acetic acid| 0.6%, 10 rikg) was injected intra-
inhibition of the synthesis of inflammatory mediators that peritoneally and the number of abdominal constrictions
could activate or sensitise primary afferent fibers, although associated with total stretching of the hind limbs was
this hypothesis has not yet been investigated directly. An counted over a period of 20 min.
effect has been observed in animal models of nociception
associated with inflammatiof Kasdan and Janes, 1987;2.2.3. Formaldehyde-induced nociceptive response
Bartoszyk and Wild, 1990; Zimmermann et al., 1990 . The nociceptive response was evaluated after the subcu-
Moreover, Bfuggemann et al. 1990 and Kuhlwein et al. taneous( s.¢. injection of formaldehyde according to the
(1990 showed that B vitamins reduced the pain associatedmodel described by Vaz et al. 1996 , which represents a
with inflammatory conditions in humans. modification of the original model described by Hunskaar

In spite of the clinical evidence indicating the analgesic and Hole( 198Y for mice. The nociceptive stimulus con-
effect of some B vitamins, there are fewer studies showing sisted of a subcutaneous injection of formaldehyyde 0.92%,
their effect on different aspects of the inflammatory re- 20 pl, diluted in saling into the dorsum of the right
sponse, including nociception and oedema. The presenthindpaw. The time the animals spent licking the injected
study investigated the effect of some B vitamins on the hindpaw was determined between 0 and 5 fin first phase
nociceptive response in various experimental models, inand 15 and 30 mir{ second phase after the injection of
order to determine if there is pharmacological support for formaldehyde. In some protocols, hindpaw oedema was
their clinical use as analgesics or adjuvants of antiinflam- evaluated 4 h after injection of formaldehyde. After killing
matory drugs. 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
2. Materials and methods and the contralateral non-injected hindpaw.

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

Male Swiss mice, weighing between 25 and 35 g on the model as described by Eddy and Leimbach 2953, a
experimental day, were used. The experiments were car-modification of the original method of Woolfe and Mac-
ried out at an ambient temperature of’@7 which corre- Donald (1944 . The animals were placed on a heated
sponds to the thermoneutral zone for rodents. Food and(56°C) metal plate and the latency for jumping or licking
water were available ad libitum. All protocols were ap- the paws was determined.
proved by the Ethics Committee on Animal Experimenta-
tion (CETEA) of the Federal University of Minas Gerais. 2.3. Drugs

2.2. Procedures Thiamine hydrochloridé B , riboflavié B , pyridox-
ine hydrochloride( B) , cyanocobalamin ;B , morphine
2.2.1. Evaluation of the motor activity hydrochloride ( Sigma, USA, naloxone hydrochloride

To investigate if the treatments could influence the (RBI, USA), acetic acid and formaldehyde Merck, Brazil
motor activity of the animals and consequently impair the were used. Thiamine, pyridoxine and cyanocobalamin were
assessment of the nociceptive behaviour in the experimen-chosen among the B vitamins because they represent the
tal models, the motor activity of the animals was evaluated vitamins most frequently encountered in the medications
in a rota-rod apparatus, according to a procedure proposecdhvailable for clinical use. Riboflavin, although less fre-
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quently encountered in the B vitamins associations, was Table 1
used as there is one report showing that it may be useful inﬁ]fect? of BthVitam_i”S o the ?erfozhmance of ’t“ice in the '°ta'f°: tt;e?t

H H . . . . . e ume the animals spent on € apparatus was measure erore an
mlg'ralne prophylaxis. Acetic acid S,OIUI'O” was prepared'ln treatment. Animals Wel?e treated Witrr):[J thiamjitpyridoxine/cyanoco- g
distilled water. All the other solutions were prepared in pajamin( TPG 200 mgkg (thiamine 200 mgkg, pyridoxine 200 mgkg
saline immediately before the experiments. Associations of and cyanocobalamin 5 mg, i.p) or riboflavin( 12 mgkg, i.p) and
thiamine, pyridoxine and cyanocobalamin were used in atested on the apparatus 1 h later. Another group was treated with
ratio of 20:20:1. This means that a dose of 100,fkg of thié‘_;”iWPS’lrci)%OXi”el{ CVa”OCObak')arlni”_log ?ﬁmg((‘h?a”)"?e 1702 mgkg'd

H H . : P . ridoxine m , Cyanocobalamin Z. , L.p.) 10r ays an
thlammg/pyndOXIne/cyanOCObal,amln indicates 100 mg \%13 tested on thgagpa)r/atus 1 h after the last ignjef:)tion. Cut—o¥f time was
kg of thiamine, 100 mgkg of pyridoxine and 5 mgkg of defined as 1 min. Data are presented as mg&h&.M.
cyanocobalamin. This ratio is similar to that present in
some medications available for clinical use. The associa-
tion thiamine/pyridoxine/cyanocobalamin and riboflavin
were administered intraperitoneally at doses ranging from

Experimental group Time spent on the apparatus

Before 1 h aftef last
treatment treatment

20 to 200 mgkg, except in one protocol in which the Saline 4 my'kg, i.p.(n=5) ngi"eatméow
association thiamingpyridoxine/cyanocobalamin was ad-  1pc 200 mgkb, i.p.(n=5) 5747 60+0
ministered per os at doses of 500 and 1000/kwy When Riboflavin 12 mg/kg, i.p.(n=6)  58+2 60+0

a 7-day treatment was used, which we defined as chro- -+ Day treatment
nic, the highest dose of the association thiarjine Saline 4 mykg, i.p.(n=5) 60+g 6040
pyridoxine/cyanocobalamin was 100 rj§g. Isolated vi- TPC 100 mgkg, i.p.(n=5) 59+ 1 60+0
tamins were always administered intraperitoneally at one
or more of the following doses: Thiamirte 50, 100 and 200
mg/kg), pyridoxine (50, 100 and 200 mQ),
cyanocobalamirf 2.5, 5 e 10 rigg) and riboflavin( 3, 6, nociceptive response by 78%. Per os administratierl
12, 25, 50 and 100 nmykg). An acute(—1 h) regimen of  h) of thiamine/pyridoxine/cyanocobalamin also induced
administration was always used unless stated otherwise ina significant reduction of the number of acetic acid-in-

the figures. duced abdominal constrictiofis Fig. 1B . In the next set of
experiments, the effect of the isolated vitamins was inves-
2.4. Satigtical analysis tigated. I.p. injection(—1 h) of thiamine( Fig. 2A or

pyridoxine ( Fig. 2B significantly reduced the nociceptive
The results were analysed by one-way analysis of vari- response induced by acetic acid, although a dose—response
ance. Bonferrroni’'s post hoc test was used when the mainrelationship was not observed. The nociceptive response
effect was significant and statistical significance was in- induced by acetic acid was dose-dependently inhibited by
ferred atP < 0.05 level. previous(—1 h) treatment with riboflavif Fig. 2D , even
with doses as low as 3 mdkg. However, the nociceptive
response induced by acetic acid was not inhibited by

3. Results previous treatment with cyanocobalanfin Fig.)2C , at doses
that ranged between 2.5 and 10 sk, the same doses of

3.1. Effect of acute and chronic B vitamins treatment on this vitamin present in the association thiamyiipgrido-

the motor activity of the animals xine/cyanocobalamin.

Table 1 shows that the i.p. injection of the association 3.3. Effect of acute and chronic B vitamin treatment on the
thiamine/ pyridoxine/cyanocobalamifi 200 nykg) or ri- nociceptive response induced by subcutaneous injection of
boflavin (12 or 25 mgkg) did not reduce the time the formaldehyde into the hindpaw
animals spent on the rota-rod when this was counted 1 h
later. Similarly, the treatment with thiamipieyridoxine/ Fig. 3A shows that the acute i.p. injectidn-1 h) of
cyanocobalamin( 100 mtkg) for 7 days, the last dose thiamine/pyridoxine/cyanocobalamin did not change the
being injected 1 h before the test, did not reduce the first phase of the formaldehyde-induced nociceptive re-
locomotor activity of the animals. sponse, but partially reduced the second phase. The reduc-

tion induced by the highest doge 200 fkg) was 35%,
3.2. Effect of acute B vitamin treatment on the nociceptive which did not reach statistical significance. However, when

response induced by i.p. injection of acetic acid the animals were treated with thiamjhgyridoxine/
cyanocobalamir{ 50 or 100 m¢g) for 7 days, the last
Fig. 1A shows that the i.p. injectiohi—1 h) of thi- dose being injected 1 h before the test, significant inhibi-

amine/pyridoxine/cyanocobalamin dose-dependently re- tion (55% and 52%, respectively of the nociceptive re-
duced the number of abdominal constrictions induced by sponse was observéd Fig. BB . Next, the effect of isolated
acetic acid. The highest doge 200 pkg) inhibited the thiamine, pyridoxine or riboflavin on formaldehyde-
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Fig. 1. Effect of B vitamins on the nociceptive response in the acetic
acid-induced constriction model. Intraperitonéa) A or pefos B admin-
istration of thiaming’pyridoxine/cyanocobalamit TPC was carried out
1 h before the injection of acetic aci 0.6%, 10 sk, i.p).
Thiamine/pyridoxine/cyanocobalamin doses were given as indicated.
The number of writhes was determined for a period of 20 min after the
injection of acetic acid. MeansS.E.M. for groups of 5-6 mice are
shown.” P < 0.05.

Fig. 3. Effect of B vitamins on the nociceptive response induced by
subcutaneous injection of formaldehyde into the hindpaw. In pangel A,
mice were treated with the association thiamipgridoxine/cyanoco-
balamin( TPC, i.p., doses indicaded 1 h before the subcutaneous injection
of formaldehyde( 0.92%, 2Q.1). In panel( B, the animals were treated
with the association thiamingyridoxine/cyanocobalamin( i.p., doses
indicated for 7 days and formaldehyde was injected 1 h after the last
thiamine/pyridoxine/cyanocobalamin dose. Licking time was deter-
mined 0-5 min( phase)1 and 15-30 nfin phake 2 after formaldehyde
injection. Means- S.E.M. for groups of eight mice are showr < 0.05.
induced nociception was investigated. l|.p. injection of

thiamine ( Fig. 4A , pyridoxind Fig. 4B, at the doses of

50 or 100 mg’kg, for 7 days, the last dose being injected 1 3.4. Effect of acute and chronic B vitamin treatment on the

h before the test, also significantly reduced the nociceptive Nociceptive response in the hot-plate model

response induced by formaldehyde. Reduction of the sec-

ond phase of the formaldehyde-induced nociceptive re- One hour after treatment of the mice with the associa-
sponse was also observed after acute treatment with ri-tion thiamine/pyridoxine/cyanocobalamin( 100 or 200
boflavin (6 or 12 mgkg, i.p.; Fig. 40 . An important ~ mg/kg, i.p), the latency to jumping or licking the hind-
aspect related to riboflavin is that its antinociceptive effect paws on a hot plate was determined. Fig. 5A shows that
was observed after a single injection and also with smaller the latency was not altered by treatment with thiaryine

doses than those used for thiamine and pyridoxine. pyridoxine/cyanocobalamin. Similarly, treatment with thi-
amine/pyridoxine/cyanocobalamin( 50 or 100 mig,

i.p.) for 7 days, the last dose being injected 1 h before the

test, did not change the latency to the nociceptive response

50 . . .. . .
A B in the hot plate model Fig. 5B . Similarly, no antinocicep-
g 40 - tive effect was observed in this model after acute ri-
S . .
3 30 + * . * O boflavin treatment 12 or 25 m¢kg, i.p., —1 h).
[s}
3 20
£
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Fig. 2. Effect of B vitamins on the nociceptive response in the acetic
acid-induced constriction model. Intraperitoneal injection of thiantine A ,
pyridoxine( B, cyanocobalamif )C or riboflavin )D was carried out 1 h  days and formaldehyde 0.92%, 20) was injected 1 h after the last B
before the injection of acetic acid 0.6%, 10 fkb, i.p.). Doses were vitamin dose. Riboflavir{ € , on the other hand, was injected as a single
given as indicated. The number of writhes was determined for a period of dose, 1 h before the injection of formaldehyde. Licking time was deter-
20 min after the injection of acetic acid. Mean$.E.M. for groups of mined 0-5 min( phase)1 and 15-30 nfin phake 2 after formaldehyde
5-9 mice are shown.P < 0.05. injection. Meang- S.E.M. for groups of 5—6 mice are showiP < 0.05.

Riboflavin (mg/kg) Fig. 4. Effect of thiamine, pyridoxine or riboflavin on the nociceptive
response induced by subcutaneous injection of formaldehyde into the

hindpaw. Mice were treated with thiamine ) A or pyridoxifie) B for 7
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Fig. 5. Effect of B vitamins on the nociceptive response in the hot-plate
model. In panel A, mice were treated with the association thiaphine
pyridoxine/cyanocobalamifi TPC, i.p., doses indicated 1 h before being
placed on the hot plate 56). In panek B , the animals were treated with
the association thiamingyridoxine/cyanocobalamir( i.p., doses indi-
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Fig. 7. Effect of B vitamins on formaldehyde-induced paw oedema. In
panel (A, mice were treated with the association thiarfine
pyridoxine/cyanocobalamin( TPC, 200 mgg, i.p) 1 h before the
subcutaneous injection of formaldehyfle 0.92%, 20. In panel (B,
the animals were treated with the association thiappyeido-
xine/cyanocobalamir( 100 nykg, i.p) for 7 days and formaldehyde

cated for 7 days and placed on the hot plate 1 h after the last Was injected 1 h after the last thiamjfeyridoxine/cyanocobalamin

thiamine/ pyridoxine/cyanocobalamin dose. In panél) C, mice were

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.
Meanst S.E.M. for groups of 6—7 mice are shownP < 0.05.

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

Fig. 6 shows the effect of i.p. injection of naloxofe 10
mg/kg) on the antinociceptive effect induced by thi-
amine/pyridoxine/cyanocobalamifi 100 nykg, i.p.; (A)
or riboflavin (25 mg/kg, i.p.; (B) in the acetic acid-in-
duced constriction model. The antinociceptive -effect
induced by thiamingpyridoxine/cyanocobalamin or ri-

dose. In panel T, mice were treated with ribofla¢in 25,kg, 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. Meang S.E.M. for groups of 5—6 mice are showiP < 0.05.

antinociceptive effect induced by morphife 2 yikg,
i.p.) in the same moddl Fig. 6C .

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

Fig. 7A shows that the i.p. injectiof—1 h) of thi-
amine/pyridoxine/cyanocobalamif 100 nyxkg) induced

boflavin was not Changed when naloxone was admi- & partial, but not Statistica“y Significant, redUCtiOn 25%

nistered 30 min before the injection of the B vitamin.

of the hindpaw oedema evaluated 4 h after the subcuta-

However, the dose of naloxone used abolished the nNeous injection of formaldehyde 0.92%, g0). A greater,

40 c
i
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*
*
10 E * x ﬁ
Sal Nal,, Sal Nal,, Sal Nal,,Sal Nal,, Sal NalNal,, Sal Nal;Nal,,
Sal TPC Sal Riboflavin Sal Morphine

Number of writhes

Fig. 6. Effect of naloxone on the antinociception induced by B vitamins
or morphine in the acetic acid-induced constrictions model. Naloxone
(Nal, 5 or 10 mgkg) was injected intraperitoneally 30 min before
treatment with the association thiamjfigyridoxine/cyanocobalamin
(TPC, 200 mgkg, i.p.; (A), riboflavin (25 mgkg, i.p.; (B) or mor-
phine (2 mgkg, i.p.; (O). One hour after treatment with
thiamine/pyridoxine/cyanocobalamin, riboflavin or morphine, acetic
acid (0.6%, 10 mykg) was injected intraperitoneally and writhes were
counted for a period of 20 min. MeaasS.E.M. for groups of 6—11 mice
are shown.” P < 0.05.

and significant, inhibitior( 45% of formaldehyde-induced
hindpaw oedema was observed when the animals were
treated with thiamingpyridoxine/cyanocobalamin( 100
mg/kg, i.p.) for 7 days, the last dose being injected 1 h
before the injection of formaldehyde Fig. ¥B . I.p. injec-
tion (—1 h) of riboflavin at the dose of 50 mtkg also
partially (2299 inhibited the formaldehyde-induced hind-
paw oedemd 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 theserved in the acetic acid model. However, the antinocicep-
association thiamingpyridoxine/cyanocobalamin or ri-  tive effect in the formaldehyde model which was observed
boflavin. Although small changes in muscle tone or a only after prolonged treatment, may be related to some
minor central nervous system depressor effect may not beclinical findings indicating that the relief of pain associated
reliably detectable in the rota-rod test, observation of the with premenstrual tension, carpal tunnel syndrome and
animals did not indicate that a general behavioural inhibi- migraine is reached only after weeks of treatment with
tion occurs after treatment with B vitamins. In addition, it thiamine/pyridoxine/cyanocobalamin( Bernstein, 1990;
must be emphasised that a reduced number of advers&Kasdan and Janes, 1987; Wyatt et al., 1999 . However,
reactions has been reported after treatment of patients withonce again showing a different characteristic, riboflavin
B vitamins and central nervous system depressor effectsinduced an antinociceptive effect after a single dose, much
and motor incoordination are not included among the lower than those of thiamingyridoxine/cyanocobala-
reactiond Bernstein, 1990; Schoenen et al., 1998; Wyatt etmin, thiamine or pyridoxine that induced a similar effect.
al., 1999 . These results suggest that the effect of B vitamins may
Initially, the number of acetic acid-induced constric- resemble that of antiinflammatory drugs, more than that of
tions was reduced by i.p. or per os administration of drugs that act predominantly in the CNS. The nociceptive
thiamine/pyridoxine/cyanocobalamin. Bartoszyk and response induced by formaldehyde has two phases that
Wild (1990 described similar results in the benzo- may involve different mechanisnfs Dubuisson and Dennis,
quinone-induced constriction model in rats, but the doses 1977; Hunskaar and Hole, 1987; Tjglsen et al., 1992; Vaz
of the B vitamins that inhibited the nociceptive response et al., 1996 . The first phase results from direct chemical
by 50% were 6.5-fold higher than those used in the presentstimulation of the nociceptive afferent fibers, mainly C
study to reduce the nociceptive response to acetic acid tofibers (Heapy et al., 1987 , while the second phase results
the same level. This difference may be related to the from the action of inflammatory mediators released locally
different animal and nociceptive stimuli used in our study. and also from the facilitation of synaptic transmission in
Isolated administration of thiamine or pyridoxine, but the spinal cord Tjglsen et al., 1992 .
not of cyanocobalamin, also inhibited the nociceptive re-  In support of a mechanism of action that resembles
sponse induced by acetic acid. This indicates that thiaminemore that of antiinflammatory drugs, the B vitamins did
and pyridoxine most likely account for the analgesic effect not increase the latency to nociceptive behaviour in the hot
of the B vitamin associations. The effect induced by plate model. Bartoszyk and Wild 1990 have found oppos-
thiamine or pyridoxine was not as marked as that observeding results, but the vitamin doses used were three times
when the B vitamins were administered in association, higher than the highest dose used in the present study.
indicating that the antinociception induced by the associa- Recent studies have shown that the antinociceptive
tion results from a sum of individual effects. Interestingly, effect of some nonsteroidal antiinflammatory driigs Pini et
riboflavin per se induced an antinociceptive effect even al., 1997; Tortorici et al., 1996; Bjorkman et al., 1990;
when administered at doses much lower than those of theHerrero and Max Headley, 1996 may be inhibited by
other B vitamins. To the best of our knowledge, this is the naloxone, indicating the involvement of endogenous opioid
first demonstration of the antinociceptive effect induced by mechanisms. We observed that the antinociceptive effect
riboflavin in experimental animals. of the B vitamins in the acetic acid model was not changed
These results, when analysed together, do not allow thewhen the animals were previously treated with naloxone,
proposal of a mechanism for the antinociceptive effect indicating that opioid mechanisms may not be involved.
induced by the B vitamins. The acetic acid-induced noci- A mechanism that may involve predominantly inhibi-
ceptive response may involve both direct stimulation of the tion of the synthesis or action of inflammatory mediators is
nociceptive afferent fibers due to the pH reduction and the also supported by the results obtained with formaldehyde-
synthesis of inflammatory mediatofs Ribeiro et al., 2000 . induced hindpaw oedema. The treatment with B vitamins
It has been shown that nonsteroidal antiinflammatory drugs partially, but significantly, reduced the increase in hindpaw
(Vaz et al., 1995 , opioid analgesits Vaz et al.,, 1996 and volume induced by formaldehyde. The hindpaw oedema
even tricyclic antidepressants Gray et al., 1998 may induced by the local injection of carrageenan and endo-
inhibit the nociceptive response in the acetic acid model. toxin is associated with the production of different inflam-
The B vitamins also inhibited the second phase of the matory mediators, including cytokines, eicosanoids,
nociceptive response induced by formaldehyde. Although bradykinin and nitric oxidel Damas and Remacle-Volon,
acute treatment with thiamipg@yridoxine/cyanocobala- 1992; Medeiros et al.,, 1995; Vaz et al., 1996 . It is
min partially inhibited the nociceptive response, a statisti- possible that the hindpaw oedema induced by formal-
cally significant reduction was observed only after 7 days dehyde involves the production of similar inflammatory
of treatment with thiamingpyridoxine/cyanocobalamin,  mediators. In support of this hypothesis, Saareks et al.
thiamine or pyridoxine. It is not clear why the B vitamins (1998 have shown that pyridoxine inhibits the synthesis of
induced an antinociceptive effect only after prolonged prostaglandin E , thromboxane,B and leucotrieng E in
treatment in this model, in opposition to the results ob- 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 thiamirpyridoxine/cyanoco-

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 ghat 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-

163

B6 deficiency on somatosensory stimulus conduction in the rat. Eur.
Arch. Psychiatry Neurol. Sci. 234, 102-105.

Dakshinamurti, K., Singer, W., Paterson, J.A., 1987. Effect of pyridoxine
deficiency in the neuronally mature rat. Int. J. Vitam. Nutr. Res. 57,
161-167.

Damas, J., Remacle-Volon, G., 1992. Influence of a long-acting
bradykinin antagonist, Hoe 140, on some acute inflammatory reac-
tions in the rat. Eur. J. Pharmacol. 211, 81-86.

Dubuisson, D., Dennis, S.G., 1977. The formalin test: a quantitative study

of the analgesic effects of morphine, meperidine, and brain stem

stimulation in rats and cats. Pain 4, 161-174.

Dunham, N.W., Miya, T.S., 1957. A note on a simple apparatus for
detecting neurological deficit in rats and mice. J. Am. Pharm. Assoc.
46, 208—209.

Eddy, N.B., Leimbach, D., 1953. Synthetic analgesics: Il. Dithienyl-
butenyl- and dithienylbutylamines. J. Pharmacol. Exp. Ther. 107,
385-393.

ceptive response was inhibited, the antinociceptive effect Fu, Q.G., Carstens, E., Stelzer, B., Zimmermann, M., 1988. B vitamins

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 thiamippyridoxine/cyan-

suppress spinal dorsal horn nociceptive neurons in the cat. Neurosci.
Lett. 95, 192—-197.

Gray, M., Spencer, P.S., Sewell, R.D., 1998. The involvement of the
opioidergic system in the antinociceptive mechanism of action of
antidepressant compounds. Br. J. Pharmacol. 124, 669-674.

ocobalamin, induced a marked antinociceptive effect in Hartvig, P., Lindner, K.J., Bjurling, P., Langstrom, B., Tedroff, J., 1995.

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

Pyridoxine effect on synthesis rate of serotonin in the monkey brain
measured with positron emission tomography. J. Neural Transm. 102,
91-97.
Heapy, C.G., Jamieson, A., Russel, N.J.W., 1987. Afferent C-fibre and
A-3 activity in models of inflammation. Br. J. Pharmacol. 90, 164 pp.

acute treatment in a model in which the other B vitamins Herrero, J.F., Max Headley, P., 1996. Reversal by naloxone of the spinal

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-

antinociceptive actions of a systemically-administered NSAID. Br. J.
Pharmacol. 118, 968-972.

Hunskaar, S., Hole, K., 1987. The formalin test in mice: dissociation
between inflammatory and non-inflammatory pain. Pain 30, 103—114.

haps also clinical studies, as there is only one report jorg 3. Metz, F., Scharafinski, H., 1988. Drug treatment of diabetic

showing that riboflavin may be useful in migraine prophy-
laxis.
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