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ABSTRACT This study was designed to evaluate the possible synergistic antinociceptive interactions
between diclofenac, benfotiamine, and resveratrol on acetic acid-induced nociception in mice.
Isobolographic analyses were used to define the nature of the interactions between drugs. Diclofenac,
benfotiamine, or resveratrol, as well as their combinations, produced a dose-dependent antinociceptive
effect. ED30 values were estimated for the individual drugs and isobolograms were constructed. Theoretical
ED30 values for the combinations estimated from the isobolograms were 170.9723.4, 4.971.0, and
173.3711.8 mg/kg for the diclofenac1benfotiamine, diclofenac1resveratrol, or benfotiamine1resveratrol
combination, respectively. These values were significantly higher than the actually observed ED30 values,
which were 10.271.9, 0.370.1, and 5.370.8 mg/kg, respectively, indicating a synergistic interaction in the
three combinations. Data indicate that low doses of the diclofenac1benfotiamine, diclofenac1resveratrol,
or benfotiamine1resveratrol combination can interact synergistically to reverse acetic acid-induced
nociception and they may represent a therapeutic advantage for clinical treatment of inflammatory pain.
Drug Dev Res 72:397–404, 2011. r 2011 Wiley-Liss, Inc.
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INTRODUCTION

Diclofenac is a proven and commonly prescribed
nonsteroidal anti-inflammatory drug (NSAID) with
analgesic, anti-inflammatory, and antipyretic properties
that has been shown to be effective in treating a variety
of acute and chronic pain and inflammatory conditions
[Tood and Sorkin, 1988; Gan, 2010]. Diclofenac exerts
its action via inhibition of prostaglandin synthesis by
inhibiting cyclooxygenase-1 (COX-1) and cyclooxygen-
ase-2 (COX-2) with relative equipotency. Moreover,
extensive research shows that the pharmacologic
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activity of diclofenac includes multimodal and novel
mechanisms of action [Gan et al., 2010]. However,
diclofenac use is associated with gastrointestinal
complications such as gastric ulcers and bleeding
[Hippisley-Cox et al., 2005]. Therefore, the combina-
tions of diclofenac and other analgesic drugs could have
the potential advantage, by using low doses of this drug,
to reduce the incidence of side effects [Fletcher et al.,
1997; Jiménez-Andrade et al., 2003; Picazo et al., 2006].
In addition, the multiplicity of mechanisms involved in
pain [Millan, 1999] suggests that combination therapy
could improve pain management [Raffa, 2001].

Benfotiamine is a lipid-soluble analogue of
vitamin B1 with capacity to reach several organs in
animals and humans [Loew, 1996; Woelk et al., 1998].
Previous studies have shown that benfotiamine pro-
duces antinociceptive, anti-hyperalgesic, and antiallo-
dynic effects in rats [Sánchez-Ramı́rez et al., 2006;
Mixcoatl-Zecuatl et al., 2008]. On the other hand,
resveratrol is a polyphenolic compound, found in
grapes and wine, with multiple pharmacological
actions, mainly anti-inflammatory, antioxidant, anti-
tumor, and immunomodulatory [Granados-Soto, 2003].
Because both benfotiamine and resveratrol have a low
profile of side effects [Ang et al., 2008; Cottart et al.,
2010], a combination of these drugs and diclofenac
could be an alternative in the treatment of acute pain.
Thus, based on the above considerations, the present
study investigated the antinociceptive effect of diclo-
fenac, benfotiamine, and resveratrol alone and combined
in the mice writhing test.

MATERIALS AND METHODS

Animals

Experiments were performed on female ICR
mice [body weight range, 25–30 g], from Harlam
(Mexico City, Mexico). Mice were housed in a
climate-controlled room with a 12-h light/dark cycle.
At 12 h before experiments, food was withheld, but
animals had free access to drinking water. Experiments
were performed in accordance with the Guidelines on
Ethical Standards for Investigation of Experimental

Pain in Animals [Zimmermann, 1983] and approved by
our local Ethics Committee. In addition, animal care
was conducted in conformity with the Mexican Official
Norm for Animal Care and Handling (NOM-062-ZOO-
1999). Efforts were made to minimize animal suffering
and to reduce the number of animals used. Mice were
acclimatized to the laboratory for Z3 h before testing.
They were used only once during the protocol and
were killed in a CO2 chamber immediately after the
writhing test.

Measurement of Antinociceptive Activity

The acetic acid-induced abdominal constriction
test (writhing test) was performed as previously
described [Koster et al., 1959]. Mice were injected
i.p. with 0.6% acetic acid solution (10 ml/kg), and
nociceptive behavior was characterized by a wave of
contraction of the abdominal musculature followed by
the extension of the hind limbs (writhe). The number
of writhes in 5-min periods was counted up to 30 min
after the algesic injection. Antinociception was
expressed as percentage of maximum possible effect
of the inhibition of the usual number of writhes
observed in control animals (administered with 1%
carboxymethylcellulose).

Drugs

Diclofenac sodium and benfotiamine were kindly
provided by Merck S.A. de C.V. (Mexico City).
Resveratrol was purchased from Sigma (St. Louis,
MO). Benfotiamine and resveratrol were suspended in
1% carboxymethylcellulose, whereas that diclofenac
was dissolved in saline (0.9%). All drugs and vehicle
(1% carboxymethylcellulose or saline) were freshly
prepared each time and administered (p.o. or i.p.) in a
volume of 10 ml/kg body weight.

Study Design

Mice received increasing doses of either
diclofenac (1.2–56.2 mg/kg, p.o.), benfotiamine (100–
707.9 mg/kg, p.o.) or resveratrol (10–316.2 mg/kg, i.p.),
as well as the diclofenac/benfotiamine (p.o./p.o.),
diclofenac/resveratrol (p.o./i.p.), and benfotiamine/
resveratrol (p.o./i.p.) combinations (Table 1). Drugs

TABLE 1. Doses Used in the Study of the Interaction Between Diclofenac, Benfotiamine, and Resveratrol in the Writhing Test in Mice

Diclofenac/Benfotiamine combination, mg/kg Diclofenac/Resveratrol combination, mg/kg Benfotiamine/Resveratrol combination, mg/kg

Dic Ben Total dose Dic Res Total dose Ben Res Total dose

0.04 4.98 5.02 0.04 0.15 0.19 4.98 0.15 5.13
0.08 9.96 10.04 0.08 0.31 0.39 9.96 0.31 10.27
0.16 19.92 20.08 0.16 0.63 0.79 19.92 0.63 20.55
0.32 39.84 40.16 0.32 1.26 1.58 39.84 1.26 41.10

Dic, Diclofenac (p.o.); Ben, benfotiamine (p.o.); Res, resveratrol (i.p.).
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were administered 90 min (benfotiamine or vehicle)
and 15 min (diclofenac, resveratrol, or vehicle) before
acetic acid injection. The time schedule for drugs
administration was determined in pilot experiments in
our laboratory. Moreover, the observer was unaware of
the treatment in each animal. Mice in all groups were
observed regarding behavioral or motor function
changes induced by the treatments. This was assessed,
but not quantified, by testing the animals’ ability to
stand and walk in a normal posture.

Data Analysis

All results are presented as mean7SEM of six
animals per group. Curves were constructed plotting
the number of writhes as a function of time. The area
under the number of writhes against time curve (AUC)
was calculated by the trapezoidal rule. Dose-response
curves for each compound tested were established on
the percentage of maximum possible effect (%MPE)
calculated from AUC of writhing inhibition.

An isobolographic analysis was performed to
characterize the interaction between tested drugs.
Isobolograms were constructed using ED30 values
(doses producing 30% of the maximum possible effect)
obtained when the drugs were administered alone or
combined. The theoretical additive doses (Zadd) with
their SEM for each combination were computed from
the equieffective doses (ED30 values) of the single
drugs, according to the method described by Tallarida
[1992] to satisfy the following equation:

Zadd ¼ fA1ð1� f ÞB; ð1Þ

where A and B are the ED30 values of drugs in
combination. For a 1:1 fixed-ratio, in this case f was 0.5
and (1–f) was 0.5 too. Zadd represents a total additive
dose of the drugs theoretically providing a 30%
reduction in the number of writhings displayed by
the mice with respect to the vehicle group. Zexp is an
experimentally determined total dose of a mixture of
two component drugs, which was administered at a 1:1
fixed-ratio combination (Table 1) sufficient to reduce
the number of writhings by 30% with respect to the
vehicle group. The Zexp values (with their 95%
confidence limits) were determined from the respec-
tive dose-response curves of combined drugs, accord-
ing to standard lineal regression analysis of the log
dose-response curve, and subsequently, the 95%
confidence limits were transformed into SEM. Statis-
tical comparison was made of the experimentally
determined (Zexp) with the theoretically calculated
(Zadd) with the use of the Student’s t-test [Tallarida
et al., 1989]. The isobologram was constructed by
connecting the ED30 value of drug 1 on the abscissa
with the ED30 value of the drug 2 on the ordinate to

obtain the additivity line. The amounts of each
component in combination (experimental [Zexp] and
theoretical additive [Zadd] doses) were also plotted on
the same graph. The theoretical additive point lies on
a line connecting the ED30 values of the individual
drugs.

The interaction index indicates what portion of
the ED30 value of the individual drugs accounts for the
corresponding ED30 values in the combination, i.e.,
values close to 1 correspond to an additive interaction,
values higher than 1 imply and antagonistic interaction,
and values of o1 indicate a synergistic interaction. The
interaction index, denoted by g, was calculated as
follows:

g ¼ a=A1b=B; ð2Þ

where A and B are the ED30 values when each drug
acts alone, and a and b are the amounts when each
drug acts in combination [Tallarida, 2002].

RESULTS

Antinociception Induced by Diclofenac,
Benfotiamine, and Resveratrol

The i.p. administration of 0.6% acetic acid signi-
ficantly increased the number of abdominal constric-
tions in mice. Diclofenac, benfotiamine, or resveratrol
significantly reduced acetic acid-induced writhing
(Fig. 1). Maximal antinociceptive effects produced by
the drugs were about 69, 49, and 71 of the maximum
possible effect, respectively. Since the maximal antinoci-
ceptive effect generated by benfotiamine was 49%, the
ED30 value, instead of ED50 value, was used in this study.
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Fig. 1. Time course of the antinociceptive effect induced by
diclofenac (56.2 mg/kg, p.o.), benfotiamine (707.9 mg/kg, p.o.) or
resveratrol (316.2 mg/kg, i.p.) in mice injected with acetic acid. Data
are means7SEM of six animals per group. �Significantly different from
the respective vehicle by two-way analysis of variance (ANOVA)
followed by the Dennett’s test.
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Accordingly, diclofenac (ED30 value 5 2.570.3 mg/kg,
p.o.), benfotiamine (ED30 value 5 339.476.8 mg/kg,
p.o.), or resveratrol (ED30 value 5 7.270.9 mg/kg, i.p.),
but not vehicle, dose-dependently reduced writhing in
mice (Fig. 2).

Diclofenac/Benfotiamine, Diclofenac/Resveratrol,
and Benfotiamine/Resveratrol Combinations

Dose-response curves for the diclofenac/benfotia-
mine, diclofenac/resveratrol, and benfotiamine/resveratrol
combinations were constructed and the dose producing
30% of the maximal antinociceptive effect (ED30 value)
was estimated. The doses of all combinations were
prepared as fixed-dose ratio dilutions (Table 1) and were
used to construct dose-response curves for all the studied
combinations (Fig. 2). This strategy allowed estimation
of the experimental ED30 values for the combinations
(Table 2).

In the isobolographic analysis, the theoretically
additive dose line depicts all points of dose combina-
tions yielding an effect of 30% according to an additive
interaction. For the three combinations, the experi-
mental ED30 values were situated below theoretically
additive dose lines, indicating a synergistic interaction
in all combinations (Fig. 3). Comparison of experi-
mental and theoretical ED30 values by Student’s t-test
yielded statistically significant differences (Po0.05) for
all combinations (Table 2).

DISCUSSION

Antinociceptive Effect of Diclofenac

Diclofenac is known to cause antinociception
after systemic administration in several models of pain
in animals [Menassé et al., 1978; Scholer et al., 1986;
Tonussi and Ferreira, 1994; Torres-López et al., 1997;
Reyes-Garcı́a et al., 1999], as well as in clinical pain in
humans [Stacher et al., 1986; for review, see Tood and
Sorkin, 1988]. In our study, oral administration of
diclofenac significantly reduced the number of writhes
in mice. The data agree with previous reports that
found an antinociceptive effect of diclofenac in the
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Fig. 2. Antinociceptive effect of diclofenac (A), benfotiamine (B), and
resveratrol (C) in mice submitted to the writhing test. Diclofenac and
resveratrol were administered 15 min before, whereas that benfotia-
mine was administered 90 min before acetic acid injection. Number of
writhes was counted over a 30-min period following the injection of
acetic acid. % MPE is the percentage of maximum possible effect
calculated from AUC of writhing inhibition. Bars represent means of
six mice7SEM.

TABLE 2. Theoretical (Zadd) and Experimental (Zexp) ED30 Values7SEM for the Diclofenac With Benfotiamine or Resveratrol and
Benfotiamine/Resveratrol Combinations in the Writhing Test in Mice�

Diclofenac1Benfotiamine
ED30 values, mg/kg

Diclofenac1Resveratrol
ED30 values, mg/kg

Benfotiamine1Resveratrol
ED30 values, mg/kg

Zadd (mg/kg) 170.9723.4 4.971.0 173.3711.8
Zexp (mg/kg) 10.271.9a 0.370.1a 5.370.8a

Interaction index 0.06 0.06 0.03

�ED30 value: Effective dose resulting in a 30% reduction of writhes. Data are mean7SEM of the estimate.
aSignificantly different from the Zadd data (Po0.05), by Student’s t-test.
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writhing test [Björkman, 1995; Miranda et al., 2001a,b].
Thus, our study confirms previous observations about
the efficacy of diclofenac in the writhing and other tests
of nociception.

The antinociceptive effect of diclofenac could be
attributable to the different mechanisms of actions
reported for this drug. There is evidence that
diclofenac can directly block inflammatory sensitization
by inhibiting cyclooxygenase enzyme as well as by
activating the nitric oxide-cyclic GMP-K1 channel

pathway in the periphery [Tonussi and Ferreira,
1994; Ortiz et al., 2002]. In addition, part of the
antinociceptive effect seems to be mediated by the
descending inhibitory opioid, serotonin, and/or other
neurotransmitter system, as well as the noradrenergic
modulation interfering with pain impulse traffic [Björkman
et al., 1990].

Antinociceptive Effect of Benfotiamine

The results of the present work demonstrate that
benfotiamine produces antinociception in the writhing
test model in mice. To our knowledge, this is the first
report about the antinociceptive effect of benfotiamine
in this test. However, there is evidence that benfotia-
mine reduces formalin-induced inflammatory nocicep-
tion in nondiabetic and diabetic rats, as well as tactile
allodynia in spinal nerve-ligated rats [Sánchez-Ramı́rez
et al., 2006]. Moreover, there is evidence that thiamine,
an analogue of benfotiamine, significantly reduces
nociception in the p-benzoquinone- or acetic acid-
induced writing test and formalin test in mice
[Abacioglu et al., 2000; Franc-a et al., 2001]. Thus,
our data confirm previous observations showing that
benfotiamine and its analogue have antinociceptive
effects in inflammatory pain models. In support of this
finding, it has been demonstrated that benfotiamine is
able to reduce pain in patients with diabetes [Winkler
et al., 1999; Haupt et al., 2005].

The mechanism of antinociceptive action of
benfotiamine in the writhing test is currently unknown.
It has been reported that benfotiamine increases the
expression and activity of transketolase [Schmid et al.,
2008], an enzyme that activates the pentose phosphate
pathway [Hammes et al., 2003; Cameron et al., 2005].
In addition, there is evidence that benfotiamine has
antioxidant effects [Schmid et al., 2008]. These
mechanisms have been related to the antiallodynic
efficacy of this drug in diabetic rats and human beings.
However, its role in the antinociceptive effect of
benfotiamine in the writhing test warrants further
studies.

Antinociceptive Effect of Resveratrol

Systemic treatment with resveratrol significantly
reduced acetic acid-induced nociceptive behavior in
mice. Previous studies have demonstrated that resver-
atrol is effective in models of acute (hotplate) [Gupta
et al., 2004], inflammatory (formalin) [Torres-López
et al., 2002], carrageenan [Gentilli et al., 2001; Pham-
Marcou et al., 2008], neuropathic (spinal nerve
ligation) [Bermúdez-Ocaña et al., 2006; Pérez-Sever-
iano et al., 2008] and diabetic [Ates et al., 2007; Sharma
et al., 2007] pain. Thus, our study confirms previous
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Fig. 3. Isobolograms showing synergic interaction for the diclofenac/
benfotimine (A), diclofenac/resveratrol (B), and benfotiamine/resvera-
trol (C) combination in the writhing test in mice. Horizontal and
vertical bars indicate7SEM. The oblique line between the x- and
y-axes is the theoretical additive line. The point in this line is the
theoretical additive point calculated from the individual drug ED30

values. In all cases, the experimental ED30 value points (Zexp) lie far
below the additive lines (Zadd) indicating a significant synergism.
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observations and extends these by showing an effect in
the writhing test in mice.

The molecular mechanism of resveratrol has been
associated with the inhibition of Na1 currents in dorsal
root ganglion [Kim et al., 2005], as well as activation of
K1 channels [Granados-Soto et al., 2002]. Moreover,
the antinociceptive effect has been related to the
inhibition of activity or expression of COX-2 [Pham-
Marcou et al., 2008], reduction of oxidative stress
[Kumar et al., 2007], and down-regulation of pro-
inflammatory cytokines [Rotondo et al., 1998].

Antinociceptive Effect of Combinations

The present study found that administration of
the diclofenac/benfotiamine diclofenac/resveratrol, and
benfotiamine/resveratrol combination produced a
dose-dependent antinociceptive effect in the chemical
viscerosomatic assay of the acetic acid abdominal
constriction test. Isobolographic analysis demonstrated
a significant synergistic interaction in these combina-
tions. Therefore, our study is the first report concerning
the antinociceptive effect of these drugs in acute
inflammatory pain. However, previous studies have
reported that diclofenac has demonstrated synergistic
interaction with morphine [Fletcher et al., 1997;
Miranda et al., 2004, 2005], codeine [Jiménez-Andrade
et al., 2003], acetaminophen [Miranda et al., 2004,
2006], gabapentin [Picazo et al., 2006], and sildenafil
[Asomoza-Espinoza et al., 2001] in inflammatory pain
in rats. In addition, a B-vitamin mixture significantly
increased the antinociceptive effect of ketorolac or
diclofenac [Medina-Santillán et al., 2004; Rocha-González
et al., 2004] in formalin-induced inflammatory pain,
whereas that benfotiamine has shown synergism with
gabapentin or carbamazepine in a model of neuropathic
pain [Mixcoatl-Zecuatl et al., 2008]. Lastly, resveratrol
increased the antinociceptive effect of morphine in the
carrageenan-induced hyperalgesia [Gupta et al., 2004].
Because benfotiamine and resveratrol have a low profile
of side effects [Ang et al., 2008; Cottart et al., 2010],
combinations of diclofenac with these drugs are desirable
to be tested in clinical trials.

The mechanism of these antinociceptive inter-
actions remains to be elucidated. However, observed
synergy could be the result of different actions and sites
of action of all drugs. There is evidence that diclofenac
and resveratrol inhibit sodium currents [Lee et al., 2003;
Kim et al., 2005] and activate K1 channels producing
hyperpolarization [Granados-Soto et al., 2002; Ortiz
et al., 2002, 2003; Alves et al., 2004; Peretz et al.,
2005] of sensory neurons. Moreover, diclofenac and
resveratrol could interact by inhibiting activity or
expression of cyclooxygenase 1 and 2 [Euchenhofer
et al., 1998; Subbaramaiah et al., 1998; Pham-Marcou

et al., 2008], reduce oxidative stress [Kumar et al., 2007;
Curcelli et al., 2008] or down-regulate pro-inflammatory
cytokines [Tsuboi et al., 1995; Rotondo et al., 1998].
Diclofenac could also inhibit inflammation-induced
expression and activity of acid-sensing ion channels
(ASICs) [Voilley et al., 2001] and proton-evoked currents
[Dorofeeva et al., 2008]. In addition, there are reports
that systemic administration of diclofenac leads to
autosynergism at peripheral and spinal levels [Ortiz
et al., 2008]. These mechanisms may also explain the
observed synergy of either diclofenac or resveratrol with
benfotiamine. Taken together, these observations suggest
that several mechanisms are probably implicated in the
antinociceptive activities of diclofenac, benfotiamine, and
resveratrol, many of them at central levels, all of which
contribute to the synergy of the combinations, and justify
the differences in the interaction index of diclofenac/
benfotiamine, diclofenac/resveratrol, or benfotiamine/
resveratrol mixtures observed in the present work. The
mechanisms responsible for the synergism in the
analgesic activity of these combinations are not clear;
however, according to the information in the literature,
different systems are partially involved. Further experi-
ments are required for complete characterization of the
pharmacological basis of the synergic effect.

In summary, diclofenac, benfotiamine, and
resveratrol produced antinociception in the writhing
test by themselves and in combination. In addition,
a synergistic interaction was observed between these
three drugs, suggesting that these combinations could
be useful in the treatment of inflammatory pain.
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Picazo A, Castañeda-Hernández G, Ortiz MI. 2006. Examination of
the interaction between peripheral diclofenac and gabapentin on
the 5% formalin test in rats. Life Sci 79:2283–2287.

Raffa RB. 2001. Pharmacology of oral combination analgesics:
rational therapy for pain. J Clin Pharm Ther 26:257–264.

Reyes-Garcı́a G, Medina-Santillan R, Terán-Rosales F, Mateos-
Garcı́a E, Castillo-Henkel C. 1999. Characterization of the
potentiation of the antinociceptive effect of diclofenac by vitamin
B complex in the rat. J Pharmacol Toxicol Methods 42:73–77.
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