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Vimang is an aqueous extract ofMangifera indica used in Cuba to improve the quality of life in patients
suffering from elevated stress. To assess its possible analgesic and antiinflammatory effects, the results of
a standard extract evaluation are presented. Analgesia was determined using acetic acid-induced abdom-
inal constriction and formalin-induced licking. Antiinflammatory effects were evaluated using carra-
geenan- and formalin-induced oedema. Vimang (50–1000 mg/kg, p.o.) exhibited a potent and dose-
dependent antinociceptive effect against acetic acid test in mice. The mean potency (DE50) was
54.5 mg/kg and the maximal inhibition attained was 94.4%. Vimang (20–1000 mg/kg, p.o.) dose-depen-
dently inhibited the second phase of formalin-induced pain but not the first phase. The DE50 of the sec-
ond phase was 8.4 mg/kg and the maximal inhibition was 99.5%, being more potent than indomethacin
at doses of 20 mg/kg. Vimang (20–1000 mg/kg, p.o.) significantly inhibited oedema formation (p< 0.01 or
p< 0.05) of both carrageenan- and formalin-induced oedema in rat, guinea-pigs and mice (maximal inhi-
bitions: 39.5, 45.0 and 48.6, respectively). The inhibitions were similar to those produced by indometha-
cin and sodium naproxen, p.o. The different polyphenols found in Vimang could account for the
antinociceptive and antiinflammatory actions reported here for the first time for M. indica bark aqueous
extract. Copyright # 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

Mangifera indicaL. (Anacardiaceae) grows in tropical
and subtropical regions and its parts are commonly used
in folk medicine for a wide variety of remedies (Coe and
Anderson, 1996). The chemical composition of this plant
has been studied extensively over the past years and the
extracts yield triterpenes, flavonoids, phytosterols and
polyphenols, in general (Anjaneyuluet al., 1994; Khanet
al., 1994; Saleh and El Ansari,1975). These compounds
have been reported as having cytotoxic, antineoplastic
(Muanzaet al., 1995; Guhaet al., 1996), antioxidant
(Born et al., 1996), antiinflammatory and antibacterial
activity (Daset al.,1989; Tonaet al., 1998). In Cuba, the
aqueous extract of this species is used to improve the
quality of life in patients suffering from elevated stress
(Guevaraet al., 1998). The ethnomedical uses of this
plant and the need to establish its pharmacological effects
have promoted our present interest. The analgesic and
antiinflammatory properties of a standard extract of
Mangifera indica L. are supported from the results
presented here.

MATERIAL AND METHODS

Plant material. Mangifera indicaL. was collected from
a cultivated field located in the region of Pinar del Rio,
Cuba. Voucher specimens of the plant were deposited in
the Department of Technology, Center of Pharmaceutical
Chemistry, La Habana, Cuba.

Preparation of Vimang extract. Stem bark extract of
Mangifera indicaL. was prepared by decoction with a
polar solvent for 1 h. The extract was concentrated by
evaporation and spray dried to obtain a fine brown
powder (Vimang) which melts at 215–218°C with
decomposition. The chemical composition of this extract
has been reported elsewhere (Center of Pharmaceutical
Chemistry,1998).

Animals. Sprague Dawley rats and OF-1 mice were
obtained from Centro para la Produccio´n de Animales de
Laboratorio (CENPALAB, La Habana, Cuba). Pirbright
guinea-pigs and CF-1 mice were purchased from the
Public Health Institute, Santiago, Chile. They were kept
in a temperature controlled environment (23°C) with a
12 h light–dark cycle, relative humidity 40–70%, with
food and waterad libitum and fasted overnight (18 h)
before the day of the experiments.

Abdominal constriction response caused by acetic
acid. Male CF-1 mice (20–25 g) received Vimang
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(50–1000mg/kg), water as a vehicle or naproxen
(12.5mg/kg)asa positivecontrol1 h prior to aceticacid
injection. They were treatedp.o. at a dosevolume of
10mL/kg. The abdominal constriction resulting from
intraperitonealinjectionof aceticacid(0.6%),consisting
of a contractionof theabdominalmuscletogetherwith a
stretchingof hind limbs, was carried out accordingto
proceduresdescribedpreviously (Davies et al., 1997).
After challenge,eachanimalwasplacedin separateglass
cylindersandthenumberof abdominalconstrictionswas
cumulatively countedover period of 30min. Antinoci-
ceptive activity was expressedas the reductionof the
number of abdominal constrictions between control
animalsandmice pre-treatedwith Vimang.

Formalin- inducedlicking and paw oedema.MaleOF1
mice (25–30g) were treated (dose volume 10mL/kg,
p.o.) with water, indomethacin(50mg/kg) or Vimang
(20–1000mg/kg) 1 h before formalin injection. The
procedure was similar to that described previously
(Santos et al., 1994). Briefly, 20mL 2.5% formalin
(0.92% formaldehyde)madeup in saline solution was
injected under the surfaceof the right hind paw. Two
mice(controlandtreated)wereobservedsimultaneously
from 0 to 30min after formalin injection. The initial
nociceptivescoresnormally peaked5 min (first phase)
and 15–30min after formalin injection (secondphase),
representingthe tonic andinflammatorypain responses,
respectively(HunskaarandHole,1987).After intraplan-
tar injection of formalin, the animalswere immediately
placedinto a glasscylinder 20cm in diameter,and the
amountof time spentlicking theinjectedpawwastimed
with a chronometerandwasconsideredasindicativeof
nociception.At the end of all experimentsthe animals
werekilled by cervicaldislocationandthepawswerecut
at the kneeandweighed(mg) on an analyticalbalance.
Oedemawasdeterminedby theincreaseof weightof the
right hind pawversusthe left hind paw.

Carrageenan-induced paw oedema. This test was
carried out as described by Boughton-Smith et al.
(1993). Male and female SpragueDawley rats (250–
300g) received water, Vimang (20–1000mg/kg) or
indomethacin(10mg/kg) as a positive control. They
weretreatedp.o.atadosevolumeof 5 mL/kg, 1 h before
subplantarinjection in theright hind pawof carrageenan
(0.1mL of 1% suspensionin 0.9% saline).Five hours

after injection the animalswere killed by ether anaes-
thesia,the pawswererapidly amputatedat the kneeand
weighed (mg) on an analytical balance.Oedemawas
determinedby the increaseof weight of the right hind
pawversusthe left hind paw.

Pirbright guinea-pigs(200–300g) received Vimang
(1000mg/kg) or naproxen (4 mg/kg) as a positive
control. They were treatedp.o. at a dose volume of
4 mL/kg, 1 h beforesubplantarinjection in theright hind
paw of carrageenan(0.1mL of 1% suspensionin 0.9%
saline).Pawthicknesswasmeasuredwith anUgo Basile
plethysmometer(model7150)immediatelyand3 h after
injection of carrageenan,according to the method of
Delporte et al. (1998). Oedemawas expressedas the
increase in paw thickness (in vol.) measuredafter
carrageenaninjection and compared with the pre-
injection valuefor individual animals.

Statistical analysis. The resultsare presentedas mean-
� SEM andthe statistical significance between the groups
wasdetermined by meansof analysisof variance(ANOVA)
followedby Dunnett’s multiple comparisontest,except for
carrageenan-inducedpaw oedemain the guinea-pig data,
which werecomparedusingtheWilcoxon testfor unpaired
data. p valueslessthan 0.05(p< 0.05) wereconsideredas
indicativeof significance.Whenappropriate, theDE50 was
calculated using GraphPad InPlot software (GraphPad
SofwareInc., version4.03,1992).

RESULTS

Abdominal constriction responsecausedby acetic acid

To investigatethe analgesicactivity of M. indica, a
standardaqueousextract (Vimang) preparedfrom the
barkof thisplantwasinvestigatedfor inhibitory effecton
acetic acid-inducedabdominalconstriction.As can be
seenin Table1, this extractexhibiteda potentanddose-
dependentantinociceptive effect against acetic acid-
inducedwrithing responsein mice.ThecalculatedDE50
value was 54.5mg/kg. At 1000mg/kg, Vimang almost
completelyabolishedthe irritant pain of the test(94.4%
of inhibition). Sodium naproxen (12.5mg/kg) also
exhibiteda potentantinociceptiveeffect.

Formalin-induced licking

Vimangdose-dependently inhibitedthesecondphasebut
not the first phaseof formalin-inducedpain (Table 2).
Themaximalinhibition for thesecondphasewas99.5%
andthe DE50 was8.4mg/kg. In this case,indomethacin
(50mg/kg) also inhibited the secondphaseof formalin-
inducedpain (p< 0.01).

Carrageenan-and formalin-induced paw oedema

Vimang significantly inhibited oedema formation
(p< 0.01 or p< 0.05) of both carrageenan-and for-
malin-inducedoedema(Table3). Theseinhibitionswere
similar to that producedby the non-steroidalantiin-
flammatorydrugsusedasa positivecontrol (indometha-
cin andsodiumnaproxen,p.o.).Themaximalinhibitions

Table 1. Effect of Vimang on acetic acid-induced abdom-
inal constrictions in mice

Treatment
Dose

(mg/kg)
Number of

constrictions
Inhibition

(%)

Vimang 0 42.5� 1.2 0
50 20.9� 3.7a 50.8

100 17.9� 3.3a 57.9
200 8.5� 1.8a 80.0

1000 2.4� 0.5a 94.4
ED50 (mg/kg) 54.5 Ð
(95% con®dence limits) (35.7ÿ 83.0)
Sodium naproxen 12.5 12.8� 1.5a 70.0

Each group represents the mean� SEM of 7±10 animals.
a p< 0.05 compared with control value. Values are ex-
pressed as percent inhibition of constriction index of trea-
ted animals with respect to control group.
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were39.5%,45.0%(ratsandguinea-pigs,respectivelyin
carrageenan-inducedoedema) and 48.6% (mice in
formalin-inducedoedema).

DISCUSSION

The associationof antioxidantsand inflammationstems
from the recognition that free radicals are produced
during the inflammatoryprocessby macrophages,it is
reportedthatoxygenreactivespeciesareinvolved in the
cyclooxygenase-and lipooxygenase-mediated conver-
sionof arachidonicacidinto proinflammatoryintermedi-
ates (Backhouseet al., 1994). On this basis, several
naturalandsyntheticantioxidants(Swingleet al., 1985;
Calixto et al., 1998) have been testedand shown to
possessanalgesicandantiinflammatoryproperties.

Chemical studies performed with Vimang have
enabledthe isolation and identification of phytosterols
andpolyphenoliccompounds(Centerof Pharmaceutical
Chemistry,1998).The antiinflammatoryand analgesic
activity of thesecompoundsareof commonoccurrence
in manyplants(Delporteetal., 1998;Calixtoetal., 1998;
Cechinel-Filhoet al., 1996).An activeantiinflammatory
effectof M. indica seedkernelin acute,proliferativeand

immunological inflammation has been elsewherere-
ported(Daset al.,1989).

It has also been reported that the active meta-
bolite (norathyriol) of the major phenolic component
of Vimang (mangiferin) inhibited concentration-
dependentlythe formylmethionyl-leucyl-phenylalanine
(fMLP)-inducedsuperoxideaniongenerationandoxygen
consumptionin rat neutrophils(Hsuet al., 1997).

On the other hand, recent studieshave shown that
formalin releasesseveral mediators of inflammation
(Hunskaaret al., 1986;HunskaarandHole, 1987).

The formalin-inducedpain test definestwo distinct
periodsof response,i.e. ‘early response’or first phaseand
‘late response’or secondphase(Hunskaaret al., 1986a).
Detaileddiscussionof the‘late phase’hasbeenlimited to
the mechanismof action,which appearsattributableto
inhibition of prostaglandinsynthesisonpainmodulation.
However, the second phase (inflammatory pain re-
sponse),but not the first phase(tonic pain response)of
the formalin test canbe attenuatedin a dose-dependent
fashion by drugs, such as aspirin, paracetamolor
indomethacin,known to inhibit cyclooxygenaseactivity
(HunskaarandHole,1987;Calixtoetal., 1998).Vimang,
an aqueousextractof M. indica bark, exhibits a potent
actionin thesecondphaseof this test,beingmorepotent
than indomethacinfrom dosesgreater than 20mg/kg
(Table2).Theseresultsstronglysupporttheview thatthe

Table 2. Effect of Vimang against the first phase(0–5min) and the secondphase(15–30min) in the formalin test of mice

Licking (s)

Treatment Dose (mg/kg) 0±5 min 15±30 min

Vimang 0 154.3� 9.5 144.7� 8.2
20 139.7� 7.7 58.7� 9.9*
50 133.2� 8.7 10.2� 3.5*,a,b

100 130.8� 5.0 8.5� 4.6*,a,b

200 128.9� 8.6 7.9� 2.8*,a,b

1000 131.0� 8.2 0.7� 0.5*,a,b

ED50 (mg/kg) Ð 8.4
(95% con®dence limits) (1.3±55.0)
Maximal inhibition (%) 16.5 99.5
Indomethacin 50 176.3� 9.0 52.5� 6.9*

Each group represents the mean� SEM of 6±8 animals.
*,a,b p< 0.01 compared with control, indomethacin and Vimang (20 mg/kg) values, respectively.

Table 3. Effect of Vimang on oedemapaw in the formalin and carrageenantests

Oedema inhibition (%)

Carrageenan

Treatment Dose (mg/kg) Formalin (Mice) (Rats) (Guinea-pigs)

Vimang 20 27.3b 23.7b na
50 35.3a 24.5b na

100 36.6a 27.8a na
200 48.4a 33.5a na

1000 48.6a 39.5a 45.0b

Indomethacin 10 na 61.1a na
50 43.9a na na

Sodium naproxen 4 na na 54.6a

Values are expressed as percent inhibition of oedema index of treated animals with respect to control groups. Each group
represents the mean� SEM of 6±11 animals.
a p< 0.01;
b p< 0.05 compared with respective control values. na, not assayed.
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active principles present in Vimang are much more
effective in attenuatinghyperalgesicor persistentpain,
thantheneurogenicpaincausedby formalin.

Moreover,we haveusedthe carrageenan-induced paw
oedemaasan in vivo modelof inflammation (Winter et al.,
1963) becauseit is a screening procedure in which the
involvement of thecyclooxygenaseproductsof arachidonic
acid metabolism and the production of reactive oxygen
species are well established (Smith et al., 1974). It is
reportedthat the carrageenanoedemashows threedistinct
phases, namely an initial release of histamine and 5-
hydroxytryptamine,asecondphasemediatedby kininsand
athird phase(about5 h of oedema)in whichthemediator is
suspectedto beprostaglandin (WangandMineshita,1996).
Vimang, dependently of dose, inhibited the carrageenan
pawoedemain a similar mannerto indomethacin in ratsat
5 h. Meanwhile, at 3 h the effect of Vimang on hind paw
oedema in the guinea-pigs was comparableto naproxen.
Vimang alsoinhibited formalin-inducedhind pawoedema
comparedwith indomethacinin mice. Thus, the fact that
Vimang inhibited the inflammatory oedemainduced by
irritant agentsmaybeinterpreted by theextractmodulating

theB2 receptorsagainst bradykinin,prostaglandinreceptors
or the liberation of these substances (Corrêa and Calixto,
1993; Décarieet al.,1996).

Takentogether,our currentfindingssupportthe view
thatdifferentclassesof constituentsreportedfor Vimang,
suchassteroids,flavonoidsandtanninscouldaccountfor
the antinociceptive and antiinflammatory actions by
meansof inhibiting the synthesisof prostaglandinor
products of arachidonic acid metabolism and the
productionof reactiveoxygenspecies.

Further research is being accomplished in our
laboratoriesto elucidatetheir mechanismsof actionand
to characterizetheactiveprinciplescontainedin Vimang.
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