
Pharmacology, Biochemistry and Behavior 110 (2013) 19–26

Contents lists available at SciVerse ScienceDirect

Pharmacology, Biochemistry and Behavior

j ourna l homepage: www.e lsev ie r .com/ locate /pharmbiochembeh
Peripheral antinociceptive action of mangiferin in mouse models
of experimental pain: Role of endogenous opioids, KATP-channels
and adenosine
Synara C. Lopes a,b, Ana Virginia L. da Silva a,b, Bruno Rodrigues Arruda a,b, Talita C. Morais a,b,
Jeison Barros Rios c, Maria Teresa S. Trevisan c, Vietla S. Rao a,b, Flávia A. Santos a,b,⁎
a Department of Physiology and Pharmacology, Faculty of Medicine, Federal University of Ceará, 60430-270 Fortaleza, Ceará, Brazil
b National Institute of Science and Technology, Institute of Biomedicine of Brazilian Semi-arid, Faculty of Medicine, Federal University of Ceará, 60430-270 Fortaleza, Ceará, Brazil
c Department of Organic and Inorganic Chemistry, Federal University of Ceará, 60451-970 Fortaleza, Ceará, Brazil
⁎ Corresponding author at: Department of Physiology
Medicine, Federal University of Ceará, Rua Cel Nunes d
60430-270 Fortaleza, Ceará, Brazil. Tel.: +55 85 3366 8

E-mail address: flavia@ufc.br (F.A. Santos).

0091-3057/$ – see front matter © 2013 Elsevier Inc. All
http://dx.doi.org/10.1016/j.pbb.2013.05.016
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 19 March 2013
Received in revised form 23 May 2013
Accepted 28 May 2013
Available online 5 June 2013

Keywords:
Mangiferin
Peripheral antinociception
Neuro-inflammatory pain
Opioid mechanism
This study aimed to assess the possible systemic antinociceptive activity of mangiferin and to clarify the un-
derlying mechanism, using the acute models of chemical (acetic acid, formalin, and capsaicin) and thermal
(hot-plate and tail-flick) nociception in mice. Mangiferin at oral doses of 10 to 100 mg/kg evidenced signif-
icant antinociception against chemogenic pain in the test models of acetic acid-induced visceral pain and in
formalin- and capsaicin-induced neuro-inflammatory pain, in a naloxone-sensitive manner, suggesting the
participation of endogenous opiates in its mechanism. In capsaicin test, the antinociceptive effect of
mangiferin (30 mg/kg) was not modified by respective competitive and non-competitive transient receptor
potential vanilloid 1 (TRPV1) antagonists, capsazepine and ruthenium red, or by pretreatment with L-NAME,
a non-selective nitric oxide synthase inhibitor, or by ODQ, an inhibitor of soluble guanylyl cyclase. However,
mangiferin effect was significantly reversed by glibenclamide, a blocker of KATP channels and in animals
pretreated with 8-phenyltheophylline, an adenosine receptor antagonist. Mangiferin failed to modify the
thermal nociception in hot-plate and tail-flick test models, suggesting that its analgesic effect is only periph-
eral but not central. The orally administered mangiferin (10–100 mg/kg) was well tolerated and did not im-
pair the ambulation or the motor coordination of mice in respective open-field and rota-rod tests, indicating
that the observed antinociception was unrelated to sedation or motor abnormality. The findings of this study
suggest that mangiferin has a peripheral antinociceptive action through mechanisms that involve endoge-
nous opioids, KATP-channels and adenosine receptors.

© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Mangifera indica L. (mango, Anacardiaceae) is an important me-
dicinal and fruiting tree that grows abundantly in the tropical and
subtropical regions. The medicinal usage of its leaf and stem bark ex-
tracts have been reported in several traditional systems of medicine
(Scartezzini and Speroni, 2000; Ojewole, 2005). The main polyphenol
present in extracts is mangiferin with C-glucosyl linkage and polyhy-
droxy component that determine its strong antioxidant and anti-
inflammatory properties (Garrido et al., 2001). Mangiferin is also
present in some other medicinal herbs, influencing their therapeutic
and preventive properties. A number of biological activities of
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mangiferin have been suggested, including antioxidant, antiviral,
antitumor, anti-allergic, antidiabetic, hepato- and cardioprotective,
anti-inflammatory and immunomodulatory effects (Sato et al.,
1992; Guha et al., 1996; Garcia et al., 2003; Pardo-Andreu et al.,
2006; Das et al., 2012; Vyas et al., 2012). Furthermore, mangiferin
(10–40 mg/kg) has been shown to significantly improve the
scopolamine-associated loss of learning ability in Elevated plus
Maze, Water Maze, and Passive Shock Avoidance behavioral models
through inhibitions of whole brain acetyl cholinesterase and lipid
peroxidation, and by restoration of reduced glutathione (Jung et al.,
2009; Biradar et al., 2012). We previously showed that mangiferin
affords gastroprotection against ethanol or indomethacin-induced
gastric damage (Carvalho et al., 2007), exerts prokinetic action on
gastrointestinal transit (Cavalcante Morais et al., 2012), and
neuroprotection in ketamine-induced schizophrenia model (Rao et
al., 2012). Earlier works suggest that pain is one of the most impor-
tant symptoms of inflammatory disease (Vane and Botting, 1990;
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Weisburger, 2002), and oxidative stress modifies experimental
nociception (Viggiano et al., 2005; Hacimuftuoglu et al., 2006;
Garrido-Suárez et al., 2010; Ma et al., 2009). In this regard, a recent
study has shown that mangiferin can modulate or inhibit several
key oxidant and inflammatory pathways such as Nrf2–NFκB signaling
(Das et al., 2012), suggesting its ability to suppress pain. Acute noci-
ceptive, inflammatory, and neuropathic pain all depend to some
degree on the peripheral activation of primary sensory afferent
neurons, which express a variety of inhibitory neuroreceptors such
as opioid, alpha-adrenergic, cholinergic, adenosine and cannabinoid
receptors, and agonists for these receptors also represent viable
targets for drug development (Sawynok, 2003). Potential utility of
mangiferin for treating and preventing neuropathic pain has been
proposed based on preclinical studies that show the preventive ef-
fects of mangiferin on tumor necrosis factor α-induced IκB degrada-
tion and the binding of nuclear factor κB to DNA, which induces the
transcription of genes implicated in the expression of some mediators
and enzymes involved in inflammation, pain, oxidative stress and
synaptic plasticity (Garrido-Suárez et al., 2010).

Current therapy for inflammatory pain includes the peripheral appli-
cation of opioid receptor agonists. Activation of opioid receptors modu-
lates voltage-gated ion channels, and can also influence ligand-gated ion
channels like the transient receptor potential vanilloid type 1 (TRPV1)
(Endres-Becker et al., 2007). Dar et al. (2005) reported for first time,
the antinociceptive effect of mangiferin and its derivatives in mice,
using the acetic acid-inducing writhing and hot-plate tests. Only
mangiferin but not the derivatives manifested significant naloxone-
sensitive antinociception after a subcutaneous dose of 42.2 mg/kg
mangiferin, indicating an endogenous opioid-related mechanism. How-
ever, the antinociceptive efficacy of mangiferin on formalin- and
capsaicin-induced neuropathic and inflammatory pain is unknown,
wherein primary sensory afferent neurons can be activated by a range
of inflammatory mediators such as prostanoids, bradykinin, ATP, hista-
mine, and serotonin, and inhibiting their actions represents a strategy
for the development of analgesics (Priestley and Hunter, 2006; Ortega-
Álvaro et al., 2012).

To have greater insights into the mechanism (s) and the sites of
action, this study examined the pain modulator effect of mangiferin,
using several mouse models of chemical and thermal nociception.

2. Materials and methods

2.1. Plant material and isolation of mangiferin

Mangiferin (Fig. 1) used in this study was extracted and isolated
from the bark ofM. indica L. (Anacardiaceae) as per procedures reported
earlier (Barreto et al., 2008). A voucher specimen (# 32628) of the plant
material authenticated by Dr. Francisco Edson de Paula has been depos-
ited at the Herbário Prisco Bezerra of the Federal University of Ceara.
The isolated MGF was approximately of 95% purity having the molecu-
lar weight (MW) 422.5 and melting point (m.p.) 271 °C.

2.2. Animals

Male Swiss mice (20–25 g) obtained from the Central Animal
House of Federal University of Ceará, Brazil were used. Experimental
groups consisted of 8 animals per group. They were housed in
Fig. 1. Chemical structure of mangiferin.
environmentally controlled conditions (24 ± 2 °C, 12 h light/12 h
dark cycle), with free access to standard diet (Purina Chow) and tap
water. Each animal was used only once for experimentation. Mice
were deprived of food for 15 h before the experimentation. The ex-
perimental protocols were approved by the Animal Care and Use
Committee of the Federal University of Ceará in accordance with the
ethical guidelines of the International Association for the Study of
Pain (Proc. No. 24/2012). All efforts were made to minimize animal
suffering and reduce the number of animals used.

2.3. Drugs and chemicals

Acetic acid, formaldehyde, capsaicin, capsazepine, ruthenium red,
L-arginine, NG-nitro-L-arginine methyl ester (L-NAME), 1H-[1,2,4]
oxadiazolo-[4,3-a]quinoxalin-1-one (ODQ), diazoxide, glibenclamide,
and 8-phenyltheophylline were purchased from Sigma-Aldrich Inc.
(St. Louis, MO, USA). The other drugs were from Morphine hydrochlo-
ride (Dimorf®, Cristalia, SP, Brazil), naloxone chloridrate (Narcan®,
Cristalia, SP, Brazil), diazepam (Valium®, Roche, SP, Brazil). All other
chemicals used were of analytical grade. Capsaicin was dissolved in a
vehicle comprising of ethanol, Tween 80 and normal saline (1:1:8).
Mangiferin was dissolved in 2% Tween 80 in saline. All other drugs
were dissolved in normal saline. The vehicles used alone had no effects
per se on the nociceptive responses in mice.

2.4. Nociceptive tests

The analgesic activity of mangiferin was evaluated on the chemi-
cal nociception in the animal models of acetic acid-induced writhing,
capsaicin and formalin-induced hind paw licking, and on the thermal
nociception using the tail-flick and hot-plate tests. Conscious (un-
anesthetized) mice were used in all the nocifensive tests. The doses
selection for mangiferin and positive controls were based on litera-
ture findings. Control groups were treated with a similar volume of
the vehicle that had been used to dilute this compound.

2.4.1. Acetic acid-induced writhing
The acetic acid-induced nociception was performed as described

previously by Koster et al. (1959). Groups of mice (n = 8)were treated
with vehicle (2% Tween 80, 10 mL/kg, p.o.) or mangiferin (10, 30 and
100 mg/kg, p.o.) 60 min before or morphine (5 mg/kg, s.c.) 30 min be-
fore the administration of acetic acid (0.6%, 10 mL/kg, i.p.). The number
of abdominal constrictions (writhing) was counted for each animal,
starting 10 min after acetic acid injection over a period of 20 min.
In order to evaluate the participation of the opioid system in the
antinociceptive property of mangiferin, different groups of mice were
pretreatedwith naloxone (2 mg/kg, i.p.) 15 min before the administra-
tion of mangiferin (30 mg/kg, p.o.) or morphine (5 mg/kg, s.c.).

2.4.2. Formalin-induced paw licking
The formalin-induced nociception was performed as described pre-

viously by Hunskaar and Hole (1987). Groups of mice (n = 8) were
treated with vehicle (10 mL/kg, p.o.) or mangiferin (10, 30 and
100 mg/kg, p.o.) 60 min before or morphine (5 mg/kg, s.c.) 30 min be-
fore the administration of 20 μl of 1% formalin (in 0.9% saline) into the
plantar surface of the right hind paw. The duration of paw licking (s)
as an index of painful response was determined at 0–5 min (early
phase, neurogenic) and 20–25 min (late phase, inflammatory) after for-
malin injection. In order to verify the possiblemechanismofmangiferin
antinociception (30 mg/kg) animal groupswere pretreatedwith nalox-
one (2 mg/kg, s.c.), 15 min before the mangiferin or morphine.

2.4.3. Capsaicin test
The capsaicin-induced nociceptionwas performed as described pre-

viously by Santos and Calixto (1997). Groups of mice (n = 8) were
treated with vehicle (2% Tween 80, 10 ml/kg, p.o.) or mangiferin (10,
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30 and 100 mg/kg, p.o.) 60 min before or morphine (5 mg/kg, s.c.)
30 min before the intraplantar administration of capsaicin (1.6 μg
in 20 μl). The time the animals spent licking the injected paw in
seconds (s) was registered for a period of 5 min.

To elucidate the possible mechanism in the antinociceptive effect
of mangiferin in capsaicin test, the effects of morphine (5 mg/kg,
s.c.), diazoxide (2 mg/kg, i.p.), L-arginine (600 mg/kg, i.p.), or the
appropriate antagonist, naloxone (2 mg/kg, i.p., a non-selective
μ-opioid receptor antagonist), capsazepine (5 mg/kg, i.p., a competi-
tive TRPV1 channel antagonist), ruthenium red (3 mg/kg, s.c., a
non-competitive TRPV1 antagonist), 8-phenyltheophylline (8 mg/kg,
i.p., the adenosinergic antagonist), glibenclamide (2 mg/kg, i.p., a
blocker of KATP-channels), L-NAME (20 mg/kg, i.p., a non-selective
NOS inhibitor) and ODQ (1 mg/kg, i.p., a blocker of soluble cGMP) or
their combinations were analyzed. Sixty minutes after mangiferin
(30 mg/kg) or 30 min following the agonist/antagonist drug adminis-
trations, capsaicin test was carried out as described earlier. When
drugs were combined with mangiferin, the respective agent was ad-
ministered 15 min before mangiferin. Vehicle-treated controls that
received capsaicin were also included. The dose selections for capsai-
cin (1.6 μg), the agonist and antagonist drugs were based on our
pilot experimentation and from literature citations.
2.4.4. Hot-plate and tail-flick tests
The hot-plate test (Eddy and Leimbach, 1953) and tail-flick test

(Janssen et al., 1963) were used with slight modifications to evaluated
de antinociceptive effect of mangiferin. The time taken to lick either
hind paw or to jump up (reaction time) when placed on a hot-plate
(Ugo Basile, model-DS 37, Italy) maintained at 51 ± 0.5 °C was
recorded. In the tailflick test, the time taken toflick the tail (the reaction
time)when the tail was immersed (3–4 cm from its tip) in awater bath
at 55 °C was noted. Mice showing a pretreatment reaction time greater
than 15 s in the hot plate test and 5 s in the tail flick test were not used
in the experiment. A cut off time of 45 s and 10 swere used to avoid tis-
sue damage in the hot plate test and tail flick tests, respectively. Animal
groups (n = 8) were treated with the vehicle (10 ml/kg, p.o.),
mangiferin (10, 30 and 100 mg/kg, p.o.) or morphine (5 mg/kg, s.c.)
and the reaction time was measured before and after 30, 60, 90, and
120 min of drug administrations.
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2.5. Open-field test

The open-field test (Capaz et al., 1981) was used to evaluate the
effect of mangiferin on locomotor activity of mice. The apparatus
consisted of an acrylic box (transparent walls and black floor) mea-
suring 30 × 30 × 15 cm2 and divided in nine squares of equal area.
The number of squares crossed with all paws was counted in a
4 min session. Animal groups (n = 8) were treated with the vehicle
(10 ml/kg, p.o.) or mangiferin (10, 30 and 100 mg/kg, p.o.) 60 min
before or diazepam (1 mg/kg, i.p.) 30 min before the test.
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Fig. 2. Effects of mangiferin and morphine on acetic acid-induced writhing test in mice.
The animals were pretreated with mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) or ve-
hicle 60 min or with morphine (Morph, 5 mg/kg, s.c.) 30 min before the acetic acid
(0.6%, 10 ml/kg, i.p.). Naloxone (Nalox, 2 mg/kg, i.p.) was administered 15 min before
morphine or mangiferin (30 mg/kg). The number of abdominal constrictions (writh-
ings) was counted over a period of 20 min. All data are mean ± S.E.M. (n = 8).
*p b 0.05 compared with vehicle group. #p b 0.05 compared with morphine or
mangiferin at dose of 30 mg/kg. ANOVA followed by Newman Keul's test.
2.6. Rota-rod test

The rota-rod test was carried out according to the method
described earlier (Rosland et al., 1990). The apparatus consisted of a
horizontal bar with a diameter of 5 cm, subdivided into four compart-
ments (Ugo Basile, model 7650, Italy). The mice were placed on the
bar rotating at a speed of 4 rpm and mice that were able to remain
on the rod longer than 120 s were selected 24 h before the test. Ani-
mal groups (n = 8) were treated with the vehicle (10 ml/kg, p.o.) or
mangiferin (10, 30 and 100 mg/kg, p.o.) 60 min before or diazepam
(1 mg/kg, i.p.) 30 min before the test. Each animal was tested on
the rota-rod for the number of falls, during a 2 min period.
2.7. Statistical analysis

The results are presented as the mean ± S.E.M. for 8 animals per
group. Statistical comparisons of the data were performed by one-way
analysis of variance (ANOVA), followed by Newman Keul's test for mul-
tiple comparisons. Differences were considered statistically significant
at p b 0.05.

3. Results

3.1. Writhing test

In acetic acid-induced writhing test, mangiferin suppressed the
mean number of writhes, when compared to vehicle-treated control
group (Fig. 2). These were in the order of 49.13 ± 6.99, 32.13 ± 7.46,
16.78 ± 6.36, and 7.87 ± 3.63, respectively, for the controls and
mangiferin at the tested doses of 10, 30 and 100 mg/kg. The positive
control group treated with morphine (5 mg/kg, s.c.) also manifested
significantly diminished number of writhes (1.12 ± 0.44). Naloxone
(2 mg/kg, i.p.) significantly inhibited the antinociceptive effect of mor-
phine and mangiferin (30 mg/kg).

3.2. Formalin test

In formalin test, vehicle treated animals showed the mean licking
times (s) of 80.14 ± 9.19 in the first phase and 44.00 ± 8.31 in the sec-
ond phase (Fig. 3). Pretreatment with mangiferin 30 and 100 mg/kg
caused significant diminutions of both first phase (neurogenic)
(31.50 ± 6.16 s and 53.40 ± 5.49 s, respectively) and second phase
(inflammatory) (2.83 ± 1.76 s and 7.17 ± 3.86 s, respectively) pain
responses (Fig. 3).Morphine (5 mg/kg), the reference standard also sig-
nificantly suppressed the formalin-response at both phases (first phase,
12.67 ± 2.11 s and second phase, 5.86 ± 2.73 s). Naloxone (2 mg/kg,
i.p.) significantly blocked the antinociceptive effect of morphine and
mangiferin (30 mg/kg) at both phases of the formalin test (Fig. 3).

3.3. Capsaicin test

Fig. 4 shows the suppressive effect of mangiferin on paw-licking
response to subplantar injection of capsaicin (1.6 μg). The vehicle
treated mice showed the paw-licking response of 96.00 ± 11.06 s.
Mangiferin significantly reduced the paw-licking response at doses
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Fig. 3. Effects of mangiferin and morphine on formalin test in mice. The animals were
pretreated with mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) or vehicle 60 min or with
morphine (Morph, 5 mg/kg, s.c.) 30 min before the administration of 1% formalin (20 μl
in 0.9% saline) into the plantar surface of the right hind paw. Naloxone (Nalox, 2 mg/kg,
i.p.) was administered 15 min before morphine or mangiferin (30 mg/kg). The duration
of paw licking (s) was determined at 0–5 min (first phase) and 20–25 min (second
phase) after formalin injection. All data are mean ± S.E.M. (n = 8). *p b 0.05 compared
with vehicle group. #p b 0.05 compared with morphine or mangiferin at dose of
30 mg/kg. ANOVA followed by Newman Keul's test.
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10 mg/kg (27.29 ± 7.00 s), 30 mg/kg (32.60 ± 3.69 s) and 100 mg/kg
(28.40 ± 7.78 s) when compared to vehicle-treated control. Morphine
(5 mg/kg) greatly reduced the paw-licking response (3.25 ± 2.41 s)
and appeared much more potent than to mangiferin. Naloxone
(2 mg/kg, i.p.) significantly inhibited the antinociceptive effects of both
morphine and mangiferin (30 mg/kg) (Fig. 4) The capsaicin-induced
nociception was also significantly blocked by capsazepine and rutheni-
um red, the respective competitive and non-competitive TRPV1 antago-
nists (Fig. 5A). However, their combinations with mangiferin failed to
modify mangiferin antinociception. Similar to mangiferin (30 mg/kg),
L-arginine (600 mg/kg) alone caused significant inhibition of capsaicin-
induced nociception (Fig. 5B). However, in mice pretreated with
L-NAME, a non-selective NOS inhibitor, the antinociceptive effect of
L-arginine but not ofmangiferinwas significantly reversed. Further, a sol-
uble cGMP inhibitor ODQ (1 mg/kg) failed to block the antinociceptive
effect of mangiferin. Like mangiferin, diazoxide (2 mg/kg), an opener
of KATP-channels significantly inhibited the nociception induced by
capsaicin, which was however, reversed in animals pretreated with
glibenclamide (2 mg/kg), a blocker of KATP channels (Fig. 5C).Mangiferin
antinociception was significantly blocked by glibenclamide as well as by
8-phenyltheophylline (8 mg/kg), an adenosine receptor antagonist.
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Fig. 4. Effects of mangiferin and morphine on capsaicin test in mice. The animals were
pretreated with mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) or vehicle 60 min or with
morphine (Morph, 5 mg/kg, s.c.) 30 min before the administration of capsaicin (1.6 μg,
20 μl) into the right hind paw. Naloxone (Nalox, 2 mg/kg, i.p.) was administered
15 min before morphine or mangiferin (30 mg/kg). The time the animals spent licking
the injected paw was registered for a period of 5 min. All data are mean ± S.E.M.
(n = 8). *p b 0.05 compared with vehicle group. #p b 0.05 compared with morphine
or mangiferin at dose of 30 mg/kg (ANOVA and Newman Keul's test).

0

Fig. 5.Mechanistic studies on mangiferin antinociception in capsaicin test with mice:
A. Effects of pretreatment with TRPV1 selective antagonist capsazepine or non-
selective antagonist ruthenium red (RR) and their combinations with mangiferin;
B. Pretreatment effects of NOS inhibitor L-NAME or soluble cGMP inhibitor ODQ and
their combinations with mangiferin; C. Pretreatment effects of KATP channel blocker
glibenclamide or adenosinergic antagonist 8-Phenyltheophylline (8-PH) and their
combinations with mangiferin. The animals were pretreated with vehicle or
mangiferin (MGF 30 mg/kg, p.o.) 60 min before or with glibenclamide (GLB, 5 mg/kg, i.p.),
capsazepine (CPZ, 5 mg/kg, i.p.), ruthenium red (RR, 3 mg/kg, s.c.), L-arginine (L-ARG,
600 mg/kg, i.p.), L-NAME (20 mg/kg, i.p.), ODQ (1 mg/kg, i.p.), diazoxide (2 mg/kg, i.p.),
and 8-phenyltheophylline (8-PH, 8 mg/kg, i.p.), 30 min before the administration of capsai-
cin (1.6 μg, 20 μl) into the right hindpaw.When drugs were combined, the respective agent
was administered 15 min before mangiferin. The time in seconds (s) the animals spent lick-
ing the injectedpawwas registered for a periodof 5 min. All data aremean ±S.E.M. (n = 8).
*p b 0.05 compared with vehicle group. #p b 0.05 compared with morphine or mangiferin
at the dose of 30 mg/kg (ANOVA and Newman Keul's test).
3.4. Hot-plate and tail-flick tests

In the hot-plate and tail-flick test models of thermal nociception,
whilemangiferin (10, 30 and 100 mg/kg, p.o.) pretreatmentmanifested



Table 1
Effects of mangiferin and morphine on hot-plate test in mice.

Groups Reaction time (s) after the drug administration

0 min 30 min 60 min 90 min 120 min

Vehicle 17.31 ± 1.53 18.61 ± 2.88 18.60 ± 1.85 18.15 ± 1.20 20.63 ± 1.98
MGF 10 mg/kg 17.29 ± 1.66 18.01 ± 1.98 23.35 ± 2.45 23.84 ± 2.71 25.21 ± 2.44
MGF 30 mg/kg 16.05 ± 1.59 20.34 ± 2.44 21.75 ± 1.53 23.51 ± 2.96 27.48 ± 4.06
MGF 100 mg/kg 15.59 ± 1.48 22.89 ± 2.45 23.43 ± 2.37 25.26 ± 1.31 18.43 ± 1.67
Morphine 5 mg/kg 17.41 ± 6.35 44.99 ± 0.01⁎ 38.76 ± 2.76⁎ 35.08 ± 3.83⁎ 26.14 ± 3.23

Mice were pretreated with vehicle, mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) 60 min or morphine (5 mg/kg, s.c.) 30 min before the test. Data are expressed as mean ± S.E.M. of
reaction time in seconds (s) of 8 animals.
⁎ p b 0.05 different from vehicle group (ANOVA followed by Newman Keul's test).

Table 2
Effects of mangiferin and morphine on tail-flick test in mice.

Groups Reaction time (s) after the drug administration

0 min 30 min 60 min 90 min 120 min

Vehicle 2.76 ± 0.32 2.79 ± 0.38 2.56 ± 0.49 2.34 ± 0.21 2.36 ± 0.33
MGF 10 mg/kg 2.97 ± 0.30 2.90 ± 0.13 2.89 ± 0.27 3.22 ± 0.30 2.75 ± 0.11
MGF 30 mg/kg 2.77 ± 0.36 2.20 ± 0.14 2.92 ± 0.27 3.24 ± 0.18 3.59 ± 0.27
MGF 100 mg/kg 2.50 ± 0.33 3.27 ± 0.50 3.47 ± 0.09 3.70 ± 0.10 3.58 ± 0.08
Morphine 5 mg/kg 3.15 ± 0.47 5.23 ± 0.49⁎ 6.49 ± 0.94⁎ 7.13 ± 0.74⁎ 5.63 ± 0.75⁎

Mice were pretreated with vehicle, mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) 60 min or morphine (5 mg/kg, s.c.) 30 min before the test. Data are expressed as mean ± S.E.M. of
reaction time in seconds (s) of 8 animals.
⁎ p b 0.05 different from vehicle group (one way ANOVA followed by Newman Keul's test).
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no significant analgesia when compared with control group, the
opioid agonist, morphine (5 mg/kg, s.c.) demonstrated significant
antinociception at the time points of 30, 60, 90 and 120 min (Tables 1
and 2).

3.5. Open-field and rota-rod tests

Mangiferin administered at the oral dose of 10, 30 and 100 mg/kg
failed to produce any significant effect on locomotion frequency or on
motor coordination on rota-rod in mice, indicating that the observed
antinociception was unrelated to sedation or motor abnormality
(Table 3). In contrast, diazepam (1 mg/kg, i.p.) significantly lowered
the locomotion frequency (evidenced by reduced number of crossings)
and motor coordination (evidenced by increased number of falls).

4. Discussion

Mangiferin was evaluated for analgesic activity in mice using
experimental models of chemogenic and thermal nociception. The
data from this investigation confirmed the antinociceptive effect of
mangiferin against chemically induced nociception but not the ther-
mal pain, in a naloxone reversible manner suggesting a peripheral
opioid mechanism. Tail flick-induced thermal nociception has been
Table 3
Effects of mangiferin and diazepam on open-field test and rota-rod test in mice.

Groups Open-field test Rota-rod test

Number of crossing Number of falls

Vehicle 45.25 ± 5.40 0.37 ± 0.26
MGF 10 mg/kg 44.25 ± 4.81 0.50 ± 0.27
MGF 30 mg/kg 38.38 ± 3.62 0.50 ± 0.27
MGF 100 mg/kg 43.25 ± 4.57 0.37 ± 0.26
Diazepam 1 mg/kg 23.17 ± 5.36⁎ 2.67 ± 0.33⁎

Micewere pretreatedwith vehicle,mangiferin (MGF, 10, 30 or 100 mg/kg, p.o.) 60 min or
diazepam (1 mg/kg, i.p.) 30 min before the test. Data are expressed as mean ± S.E.M. of
number of crossing (open-field test) or number of falls (rota-rod test) of 8 animals.
⁎ p b 0.05 different from vehicle group (one way ANOVA followed by Newman

Keul's test).
considered to involve spinal mechanisms while Eddy's hot-plate-
induced thermal nociception involves the supraspinal mechanisms
(Yaksh and Rudy, 1976). In both these experimental models,
mangiferin failed to demonstrate antinociceptive activity at any one
of the test doses, indicating that it had no spinal or supraspinal level
of action. However, this observation differs from the studies of Dar et
al. (2005) that reported a naloxone reversible antinociception against
thermal pain in hot-plate test, following a single dose (42.2 mg/kg)
subcutaneous/intraperitoneal injection. This discrepancy may be due
to differences in experimental conditions and the route of mangiferin
delivery. It is likely that enteral or parenteral administration may in-
fluence the plasma concentration kinetics differently and thus the
test drug bioactivity. However, there is no available literature data
on the absorption kinetics of mangiferin. Since the antinociceptive ac-
tivity of mangiferin occurs without activation of opioid receptors in
the central nervous system (CNS), centrally mediated side effects
may be absent with peripheral opioid activity. Acting as a peripheral
opioid agonist, mangiferin may possibly activate peripheral opioid re-
ceptors on sensory nerve fibers and suppress capsaicin algesia by de-
creasing the excitability of sensory nerves and/or inhibiting release
of pro-inflammatory neuropeptides. Thus an important finding from
our study is the demonstration of peripheral opioidergic system in-
volvement in the antinociceptive effect of mangiferin, which is possi-
bly manifested through its anti-inflammatory and antioxidant effects
in experimental models of chemogenic pain.

From this study, it could be assumed that the antinociceptive action
of mangiferinwas purelymediated through blockade of peripheral pain
pathways without the any involvement of central action. In this regard,
a recent pharmacokinetic study (Zajac et al., 2013) using the qualitative
methods of thin-layered-chromatography and UV/VIS spectrophotom-
etry failed to tracemangiferin in the brain fractions, whichmakes it un-
likely that the compound traverse the blood–brain barrier after being
systemically administered (300 mg/kg, i.p.) and concluded that it is im-
probable that mangiferin could act via direct interaction with central
neural components, but rather has peripheral, target specific functions
which could be secondarily reflected in brain metabolism. Because of
this, the reported neuropharmacological effects ofmangiferin following
systemic administration and the claims or suggestions made on its
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usefulness against Alzheimer, Parkinson, and Schizophrenia diseases,
and for the improvement of cognitive function (Biradar et al., 2012;
Rao et al., 2012; Jung et al., 2009) need further analysis and explanation.

Pain is one of the most important symptoms of inflammatory dis-
ease because it directly affects people's daily lives and is the primary
reason why patients seek medical expertise (Vane and Botting, 1990;
Weisburger, 2002). Studies also suggest that oxidative stress modifies
experimental nociception (Viggiano et al., 2005; Garrido-Suárez et al.,
2010; Ma et al., 2009) and antioxidants ameliorate nociception
(Rokyta et al., 2003; Hacimuftuoglu et al., 2006). Known antioxidants
like PBN (phenyl-N-tert-butylnitrone), TEMPOL (4-hydroxy-2,2,6,6-
tetramethylpiperidine-1-oxy) and NAC (N-acetyl-L-cysteine) not only
are effective in suppressing neuropathic and inflammatory pain
(Viggiano et al., 2005; Hacimuftuoglu et al., 2006) but may even permit
a decrease in the doses of analgesics and prevent the negative impact
of reactive oxygen species on nociception (Rokyta et al., 2003).
Mangiferin's xanthonoid structure with C-glucosyl linkage and polyhy-
droxy component is believed to be crucial for its free radical-scavenging
ability leading to a potent antioxidant effect. The antinociceptive poten-
tial of mangiferin observed in present investigation is consistent with
earlier reports on plant-derived substances like citronellal, a monoter-
pene (Brito et al., 2012), quercetin, a bioflavonoid (Valério et al.,
2009), and the polyphenolic resveratrol (Granados-Soto et al., 2002)
that largely possess the antioxidant property. Therefore, studying the
pain modulation effects of antioxidants is considered an emerging
area of interest.

In the present experiments, nociceptive responding, indicated by
licking the affected hindlimb, was quantified for 30 min after forma-
lin injection or for 5 min following intraplantar capsaicin or the num-
ber of abdominal constrictions (writhes) for 20 min, following
intraperitoneal acetic acid. Mangiferin was effective in attenuating
acute neurogenic phase, and tonic inflammatory phase of the forma-
lin response and similarly the neuropathic and inflammatory pain in-
duced by capsaicin as well the writhing response induced by acetic
acid. The capsaicin test is a particularly relevant model since it is a se-
lective TRPV1 agonist capable of inducing an acute nociception and
neurogenic inflammation in experimental animals and pain in
humans through activation of capsaicin-sensitive peripheral afferent
fibers or sensory neurons (Saadé et al., 2002) that play an important
role in nociceptive pain processing, thus involving the peripheral ner-
vous system (Gold and Gebhart, 2010). Mangiferin, given orally, elic-
ited a dose-unrelated antinociceptive effect on the capsaicin-induced
neurogenic paw-licking response, just as observed in the second
phase (inflammatory) of formalin test. Mangiferin was also effective
in inhibiting the nociception induced by intraperitoneal acetic acid,
confirming previously reported results (Dar et al., 2005). The writh-
ing test is frequently used to evaluate visceral pain because acetic
acid directly activates visceral and somatic nociceptors innervating
the peritoneum and induces the inflammation in visceral organs,
which is mediated by inflammatory mediators such as prostaglan-
dins, bradykinin, substance P and cytokines (Le Bars et al., 2001).
Reports suggest that pro-oxidant species may be important mediators
of tissue injury-induced algesia in rodents, and antioxidants are
effective analgesics in neuropathic and inflammatory pain models
(Hacimuftuoglu et al., 2006). Besides acting as an antioxidant,
mangiferin is known to inhibit several key inflammatory pathways
such as Nrf2–NFκB signaling (Das et al., 2012). Thus the antioxidant
and anti-inflammatory properties also may, in part, account for the
antinociceptive activity of mangiferin.

It is currently accepted that an endogenous opioid analgesic system
is present at peripheral level (Smith, 2008; Alves et al., 2012), andmost
of opioid antinociceptive effects are mediated via activation of opioid
receptors (Stein and Lang, 2009) and opioid receptors have been iden-
tified on peripheral terminals of afferent nerves, which can be the sites
of the intrinsic modulation of nociception (Vadivelu et al., 2011). At-
tempts to mimic or augment such peripheral analgesia may potentially
lead to analgesic effects in the absence of the central adverse effects
caused by opioids. In capsaicin test, the antinociceptive effect of
mangiferin was not modified by respective selective and non-selective
TRPV1 antagonists capsazepine or ruthenium red, but was reversed by
naloxone, a non-selective μ-opioid receptor antagonist, suggesting an
opioid mechanism. Mangiferin may indirectly inhibit/attenuate the
TRPV1 receptor in the skin sensory afferents to induce antinociception
through stimulation of endogenous peripheral opioid system and in-
volving the pathways that include adenosinergic, nitric oxide, and the
opening of ATP-sensitive potassium channels. Therefore, so as to have
greater insights into the molecular mechanism by which mangiferin
promotes peripheral antinociception, the present study examined first
the possible participation of NO/cGMP/K + ATP pathway that appears
to involve the peripheral antinociception produced by opioids
(Ferreira et al., 2005; Rodrigues and Duarte, 2000). In capsaicin test,
our results show that pretreatments with a KATP blocker, glibenclamide
but not the nonspecific NOS inhibitor, L-NAME, or the soluble guanylyl
cyclase inhibitor, ODQ could effectively reverse the antinociceptive ef-
fect of mangiferin, suggesting that mangiferin's antinociception results
from the modulation of KATP currents.

The activation of adenosine receptors in peripheral afferents is also
important in modulating pain and studies report on the release of en-
dogenous adenosine in the presence of morphine (Sawynok, 1998;
Peart and Gross, 2005). Adenosine has recently been proposed to be a
significant anti-inflammatory autacoids released peripherally under
conditions of inflammation (Cronstein, 1994). The antinociceptive ac-
tions of adenosine and adenosine analogs in animal models have been
reported that could be reversed by caffeine or 8-phenyltheophylline
(Homayounfar et al., 2005). This mechanism also seems to participate
inmangiferin's antinociception, because pre-treatmentwith the adeno-
sine antagonist, 8-phenyltheophylline effectively reversed its effect.

Postoperative pain management is an essential part of surgical
management because inadequate treatment of pain is associated
with postoperative complications and poor outcomes. Paracetamol,
nonsteroidal anti-inflammatory drugs (NSAIDs) like celecoxib and, if
necessary, opioids are the most commonly used drugs for periopera-
tive analgesia. Opioid use is avoided mainly because of the fear of side
effects such as respiratory depression, nausea, vomiting, urinary re-
tention, and pruritis (Scott and Perry, 2000). It was observed that an-
algesia induced by celecoxib in a model of inflammatory pain was, in
contrast with that induced by paracetamol could be reversed by opi-
oid receptor antagonist naloxone (França et al., 2006; Pickering et al.,
2011), suggesting that its antinociceptive effect is mediated by en-
dogenous opioids, presumably indirectly, involving release from
opioidergic nerves. Based on the present findings, mangiferin de-
serves a role in the management of post-operative pain.

Motor deficits may create confounds in studies in which
antinociception is measured. To clarify if the analgesic effect is not a
result of motor deficits, we assessed the effects of mangiferin on
open-field and rota-rod tests that are classical models for screening
central nervous system actions providing information on motor coor-
dination and myorelaxant activity. Mangiferin (10–100 mg/kg, p.o.),
neither impaired locomotor activity in open-field test nor presented
myorelaxant activity as demonstrated in the rota-rod test that mea-
sures grip strength, suggesting that the mangiferin antinociception
observed in this investigation is not exerted through peripheral neu-
romuscular blockade or induction of sedation.

Studies also have shown that mangiferin is free from cytotoxic
or genotoxic effects (Rodeiro et al., 2012). Acute toxicity in mice
showed that mangiferin was safe at an oral dose up to 25 g/kg (Niu
et al., 2012). These findings demonstrate that mangiferin has the
antinociceptive potential to be developed as a therapeutic agent.
Based on our results obtained in capsaicin model of nociception, it
was suggested that mangiferin's antinociception possibly involves
the participation of endogenous opioids, KATP-channels, and adeno-
sine receptors. Nevertheless, studies are warranted, using nociceptive
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models other than capsaicin so as to better understand its
antinociceptive mechanism and exploit the antinociceptive property
of this compound for clinical situations.
5. Conclusions

This study demonstrated the antinociceptive activity of a
glucosylxanthone, mangiferin in experimental models of visceral pain
induced by intraperitoneal acetic acid, and in the inflammatory and
neurogenic pain evoked by subplantar formalin or intraplantar capsai-
cin inmice. In tests of thermal pain (hot-plate and tail-flick),mangiferin
failed to manifest significant antinociception, indicating that its action
is only peripheral and not central. The results also indicated that
mangiferin's antinociception possibly involves the participation of
endogenous opioids, KATP-channels, and adenosine receptors.
Acknowledgments

Thisworkwas supported by ConselhoNacional deDesenvolvimento
Científico e Tecnológico (CNPq), Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior (CAPES) and Fundação Cearense de Apoio
ao Desenvolvimento Científico e Tecnológico (FUNCAP). We thank
Aguinea Rocha de Morais and Felipe Rodrigues Arruda for technical
assistance.

Conflict of interest statement

The authors declare that they have no conflicts of interest.
References

Alves DP, da Motta PG, Lima PP, Queiroz-Junior CM, Caliari MV, Pacheco DF, et al.
Inflammation mobilizes local resources to control hyperalgesia: the role of endog-
enous opioid peptides. Pharmacology 2012;89:22–8.

Barreto JC, Trevisan MT, Hull WE, Erben G, de Brito ES, Pfundstein B, et al. Characteri-
zation and quantitation of polyphenolic compounds in bark, kernel, leaves, and
peel of mango (Mangifera indica L.). J. Agric. Food Chem. 2008;56:5599–610.

Biradar SM, Joshi H, Chheda TK. Neuropharmacological effect of mangiferin on brain
cholinesterase and brain biogenic amines in the management of Alzheimer's
disease. Eur. J. Pharmacol. 2012;683:140–7.

Brito RG, Guimarães AG, Quintans JS, Santos MR, De Sousa DP, Badaue-Passos Jr D, et al.
Citronellol, a monoterpene alcohol, reduces nociceptive and inflammatory activi-
ties in rodents. J. Nat. Med. 2012;66:637–44.

Capaz FR, Vanconcellos LE, DeMoraes S, Neto JP. The open field: a simplemethod to show
ethanol withdrawal symptoms. Arch. Int. Pharmacodyn. Ther. 1981;251:228–36.

Carvalho AC, Guedes MM, de Souza AL, Trevisan MT, Lima AF, Santos FA, et al.
Gastroprotective effect of mangiferin, a xanthonoid from Mangifera indica, against
gastric injury induced by ethanol and indomethacin in rodents. Planta Med.
2007;73:1372–6.

Cavalcante Morais T, Lopes SC, Carvalho KMB, Arruda BR, de Souza FTC, Trevisan MTS,
et al. Mangiferin, a natural xanthone, accelerates gastrointestinal transit in mice in-
volving cholinergic mechanism. World J. Gastroenterol. 2012;18:3207–14.

Cronstein BN. Adenosine, an endogenous anti-inflammatory agent. J. Appl. Physiol.
1994;76:5–13.

Dar A, Faizi S, Naqvi S, Roome T, Zikr-ur-Rehman S, Ali M, et al. Analgesic and antioxi-
dant activity of mangiferin and its derivatives: the structure activity relationship.
Biol. Pharm. Bull. 2005;28:596–600.

Das J, Ghosh J, Roy A, Sil PC. Mangiferin exerts hepatoprotective activity against D-galac-
tosamine induced acute toxicity and oxidative/nitrosative stress via Nrf2–NFκB path-
ways. Toxicol. Appl. Pharmacol. 2012;260:35–47.

Eddy NB, Leimbach D. Synthetic analgesics: II. Dithienylbutenyl and dithienylbutylamines.
J. Pharmacol. Exp. Ther. 1953;107:385–93.

Endres-Becker J, Heppenstall PA, Mousa SA, Labuz D, Oksche A, Schäfer M, et al.
Mu-opioid receptor activation modulates transient receptor potential vanilloid 1
(TRPV1) currents in sensory neurons in a model of inflammatory pain. Mol.
Pharmacol. 2007;71:12–8.

Ferreira J, Triches KM, Medeiros R, Calixto JB. Mechanisms involved in the nociception
produced by peripheral protein kinase c activation in mice. Pain 2005;117:171–81.

França DS, Ferreira-Alves DL, Duarte ID, et al. Endogenous opioids mediate the
hypoalgesia induced by inhibitors of cyclooxygenase-2 in rat paws treated with
carrageenan. Neuropharmacology 2006;51:37–43.

Garcia D, Escalante M, Delgado R, Ubeira FM, Leiro J. Anthelminthic and antiallergic
activities of Mangifera indica L. stem bark components Vimang and mangiferin.
Phytother. Res. 2003;17:1203–8.
Garrido G, González D, Delporte C, Backhouse N, Quintero G, Núñez AJ, Morales MA.
Analgesic and anti-inflammatory effects of Mangifera indica L. extract (Vimang).
Phytother. Res. 2001;15:18–21.

Garrido-Suárez BB, Garrido G, Delgado R, Bosch F, del C Rabí M. A Mangifera indica L.
extract could be used to treat neuropathic pain and implication of mangiferin.
Molecules 2010;15:9035–45.

Gold MS, Gebhart GF. Nociceptor sensitization in pain pathogenesis. Nat. Med.
2010;16:1248–57.

Granados-Soto V, Argüelles CF, Ortiz MI. The peripheral antinociceptive effect of res-
veratrol is associated with activation of potassium channels. Neuropharmacology
2002;43:917–23.

Guha S, Ghosal S, Chattopadhyay U. Antitumor, immunomodulatory and anti-HIV effect
of mangiferin, a naturally occurring glucosylxanthone. Chemotherapy 1996;42:
443–51.

Hacimuftuoglu A, Handy CR, Goettl VM, Lin CG, Dane S, Stephens Jr RL. Antioxidants
attenuate multiple phases of formalin-induced nociceptive response in mice.
Behav. Brain Res. 2006;173:211–6.

Homayounfar H, Jamali-Raeufy N, Sahebgharani M, Zarrindast M-R. Adenosine recep-
tor mediates nicotine-induced antinociception in formalin test. Pharmacol. Res.
2005;51:197–203.

Hunskaar S, Hole K. The formalin test in mice: dissociation between inflammatory and
non-inflammatory pain. Pain 1987;30:103–4.

Janssen PA, Niemegeers CJ, Dony JG. The inhibitory effect of fentanyl and other
morphine-like analgesics on the warm water induced tail withdrawal reflex in
rats. Arzneimittelforschung 1963;13:502–7.

Jung K, Lee B, Han SJ, Ryu JH, Kim DH. Mangiferin ameliorates scopolamine-induced
learning deficits in mice. Biol. Pharm. Bull. 2009;32:242–6.

Koster R, Anderson M, de Beer EJ. Acetic acid for analgesic screening. Fed. Proc.
1959;18:412–4.

Le Bars D, Gozariu M, Cadden SW. Animal models of nociception. Pharmacol. Rev.
2001;53:597–652.

Ma F, Zhang L, Westlund KN. Reactive oxygen species mediate TNFR1 increase after
TRPV1 activation in mouse DRG neurons. Mol. Pain 2009;5:31.

Niu Y, Lu W, Gao L, Lin H, Liu X, Li L. Reducing effect of mangiferin on serum uric acid
levels in mice. Pharm. Biol. 2012;50:1177–82.

Ojewole JA. Antiinflammatory, analgesic and hypoglycemic effects ofMangifera indica Linn.
(Anacardiaceae) stem–bark aqueous extract. Methods Find. Exp. Clin. Pharmacol.
2005;27:547–54.

Ortega-Álvaro A, Berrocoso E, Rey-Brea R, Leza JC, Mico JA. Comparison of the
antinociceptive effects of ibuprofen arginate and ibuprofen in rat models of inflam-
matory and neuropathic pain. Life Sci. 2012;90:13–20.

Pardo-Andreu GL, Sánchez-Baldoquín C, Avila-González R, Yamamoto ET, Revilla A,
Uyemura SA, et al. Interaction of Vimang (Mangifera indica L. extract) with Fe(III) im-
proves its antioxidant and cytoprotecting activity. Pharmacol. Res. 2006;54:389–95.

Peart JN, Gross GJ. Cross-talk between adenosine and opioid receptors (Review). Drug
News Perspect. 2005;18:237–42.

Pickering G, Moustafa F, Desbrandes S, Michel Cardot J, Roux D, Dubray C. Paracetamol
and opioid pathways: a pilot randomized clinical trial. Fundam. Clin. Pharmacol.
2011. http://dx.doi.org/10.1111/j.1472-8206.2011.01010.x.

Priestley T, Hunter JC. Voltage-gated sodium channels as molecular targets for neuro-
pathic pain. Drug Dev. Res. 2006;67:360–75.

Rao VS, Carvalho AC, Trevisan MT, Andrade GM, Nobre-Júnior HV, Moraes MO, et al.
Mangiferin ameliorates 6-hydroxydopamine-induced cytotoxicity and oxidative
stress in ketamine model of schizophrenia. Pharmacol. Rep. 2012;64:848–56.

Rodeiro I, Hernandez S, Morffi J, Herrera JA, Gómez-Lechón MJ, Delgado R, et al. Evalu-
ation of genotoxicity and DNA protective effects of mangiferin, a glucosylxanthone
isolated from Mangifera indica L. stem bark extract. Food Chem. Toxicol. 2012;50:
3360–6.

Rodrigues AR, Duarte ID. The peripheral antinociceptive effect induced by morphine is
associated with ATP-sensitive K+ channels. Br. J. Pharmacol. 2000;129:110–4.

Rokyta R, Holecek V, Pekárkova I, Krejcová J, Racek J, Trefil L, et al. Free radicals after pain-
ful stimulation are influenced by antioxidants and analgesics. Neuro Endocrinol. Lett.
2003;24:304–9.

Rosland JH, Hunskaar S, Hole K. Diazepam attenuates morphine antinociception
test-dependently in mice. Pharmacol. Toxicol. 1990;66:382–6.

Saadé NE, Ochoa-Chaar CI, Jabbur SJ, Safieh-Garabedian B, Atweh SF. Upregulation of
proinflammatory cytokines and nerve growth factor by intraplantar injection of
capsaicin in rats. J. Physiol. 2002;545:241–53.

Santos ARS, Calixto JB. Further evidence for the involvement of tachykinin receptor sub-
types in formalin and capsaicin models of pain in mice. Neuropeptides 1997;37:
381–9.

Sato T, Kawamoto A, Tamura A, Tatsumi Y, Fujii T. Mechanism of antioxidant action of
pueraria glycoside (PG)-1 (an isoflavonoid) and mangiferin (a xanthonoid). Chem.
Pharm. Bull. (Tokyo) 1992;40:721–4.

Sawynok J. Adenosine receptor activation and nociception. Eur. J. Pharmacol. 1998;347:
1–11.

Sawynok J. Topical and peripherally acting analgesics. Pharmacol. Rev. 2003;55:1–20.
Scartezzini P, Speroni E. Review on some plants of Indian traditional medicine with

antioxidant activity. J. Ethnopharmacol. 2000;71:23–43.
Scott LJ, Perry CM. Tramadol: a review of its use in perioperative pain. Drugs 2000;60:

139–76.
Smith HS. Peripherally-acting opioids. Pain Physician 2008;2:S121–32.
Stein C, Lang LJ. Peripheral mechanisms of opioid analgesia. Curr. Opin. Pharmacol.

2009;9:3–8.
Vadivelu N, Mitra S, Hines RL. Peripheral opioid receptor agonists for analgesia: a com-

prehensive review. J. Opioid Manag. 2011;7:556–8.

http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0005
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0005
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0010
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0010
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0010
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0015
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0015
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0015
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0020
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0020
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0025
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0025
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0030
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0030
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0030
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0035
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0035
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0040
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0040
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0045
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0045
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0045
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0050
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0050
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0050
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0050
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0050
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0055
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0055
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0060
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0060
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0060
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0065
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0065
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0070
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0070
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0070
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0075
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0075
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0075
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0295
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0295
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0285
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0285
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0285
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0090
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0090
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0095
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0095
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0095
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0100
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0100
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0100
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0105
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0105
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0105
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0110
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0110
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0110
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0115
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0115
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0120
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0120
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0120
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0125
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0125
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0130
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0130
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0135
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0135
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0140
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0140
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0145
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0145
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0150
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0150
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0150
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0155
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0155
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0155
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0160
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0160
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0165
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0165
http://dx.doi.org/10.1111/j.1472-8206.2011.01010.x
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0170
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0170
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0175
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0175
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0180
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0180
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0180
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0180
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0185
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0185
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0185
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0190
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0190
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0190
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0195
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0195
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0200
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0200
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0200
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0205
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0205
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0205
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0210
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0210
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0210
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0215
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0215
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0220
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0225
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0225
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0230
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0230
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0235
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0240
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0240
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0245
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0245


26 S.C. Lopes et al. / Pharmacology, Biochemistry and Behavior 110 (2013) 19–26
Valério DA, Georgetti SR, Magro DA, Casagrande R, Cunha TM, Vicentini FT, et al. Querce-
tin reduces inflammatory pain: inhibition of oxidative stress and cytokine produc-
tion. J. Nat. Prod. 2009;72:1975–9.

Vane JR, Botting RM. The mode of action of anti-inflammatory drugs. J. Postgrad. Med.
1990;66:S2–S17.

Viggiano A, Monda M, Viggiano A, Viggiano D, Viggiano E, Chiefari M, et al. Trigeminal
pain transmission requires reactive oxygen species production. Brain Res. 2005;1050:
72–8.
Vyas A, Syeda K, Ahmad A, Padhye S, Sarkar FH. Perspectives on medicinal properties of
mangiferin. Mini Rev. Med. Chem. 2012;12:412–25.

Weisburger JH. Lifestyle, health and disease prevention: the underlying mechanisms.
Eur. J. Cancer Prev. 2002;11:S1–7.

Yaksh TL, Rudy TA. Analgesia mediated by a direct spinal action of narcotics. Science
1976;192:1357–8.

Zajac D, Stasinska A, Delgado R, Pokorski M. Mangiferin and its traversal into the brain.
Adv. Exp. Med. Biol. 2013;756:105–11.

http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0250
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0250
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0250
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0255
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0255
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0260
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0260
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0260
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0265
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0265
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0270
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0270
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0275
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0275
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0280
http://refhub.elsevier.com/S0091-3057(13)00146-9/rf0280

	Peripheral antinociceptive action of mangiferin in mouse models of experimental pain: Role of endogenous opioids, KATP-chan...
	1. Introduction
	2. Materials and methods
	2.1. Plant material and isolation of mangiferin
	2.2. Animals
	2.3. Drugs and chemicals
	2.4. Nociceptive tests
	2.4.1. Acetic acid-induced writhing
	2.4.2. Formalin-induced paw licking
	2.4.3. Capsaicin test
	2.4.4. Hot-plate and tail-flick tests

	2.5. Open-field test
	2.6. Rota-rod test
	2.7. Statistical analysis

	3. Results
	3.1. Writhing test
	3.2. Formalin test
	3.3. Capsaicin test
	3.4. Hot-plate and tail-flick tests
	3.5. Open-field and rota-rod tests

	4. Discussion
	5. Conclusions
	Acknowledgments
	References


