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Background. Clusiaceae family (sensu lato) is extensively used in ethnomedicine for treating a number of disease conditions which
include cancer, inflammation, and infection. The aim of this review is to report the pharmacological potential of plants of Clusiaceae
family with the anti-inflammatory activity in animal experiments. Methods. A systematic review about experiments investigating
anti-inflammatory activity of Clusiaceae family was carried out by searching bibliographic databases such as Medline, Scopus and
Embase. In this update, the search terms were “anti-inflammatory agents,” “Clusiaceae;” and “animals, laboratory” Results. A total
of 255 publications with plants this family were identified. From the initial 255 studies, a total of 21 studies were selected for the
final analysis. Studies with genera Allanblackia, Clusia, Garcinia or Rheedia, and Hypericum showed significant anti-inflammatory
activity. The findings include a decrease of total leukocytes, a number of neutrophils, total protein concentration, granuloma
formation, and paw or ear edema formation. Other interesting findings included decreased of the MPO activity, and inflammatory
mediators such as NF-«B and iNOS expression, PGE, and II-183 levels and a decrease in chronic inflammation. Conclusion. The data
reported suggests the anti-inflammatory effect potential of Clusiaceae family in animal experiments.

1. Introduction

Inflammation is a process that occurs after an infection
or tissue injury, characterized by increased postcapillary
venule permeability to fluid and plasma proteins and poly-
morphonuclear leukocyte emigration into tissues [1]. The
inflammatory response is essential in maintaining home-
ostasis; however, this event may be chronic course, leading
to tissue damage due to leukocytosis, fibroplasia, excessive

production of cytokines, and other mediators [2]. Gener-
ally, anti-inflammatory drugs, such as nonsteroidal anti-
inflammatory drugs, are effective for temporary relief of
symptoms. However, drug-induced severe side effects occur,
and most of these treatments are inadequate for chronic use
[3].

Many people turn to alternative medicine including
traditional plant based remedies for alleviating inflammatory
conditions, such as plant-derived extracts or plant derivatives
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(isolated compounds), by controlling the levels of various
inflammatory cytokines or inflammatory mediators [4-6].
The effect of medicinal plants is mediated by multiple targets
through multiple active compounds [6, 7]. Although source
around the world has made studies on the anti-inflammatory
studies from different pathways and aspects and has made
substantial progress, further studies are warranted to delin-
eate the inflammation actions in more cogency models,
assess the potentials in clinical applications, and make more
convenient preparations easy to administrate for patients [8].

In this context, several ethnobotanical studies have
reported the bioprospecting surveys on the positive use of
Clusiaceae family with pharmacological activity [9]. Conse-
quently, these plant species have received attention from the
scientific community for its potential therapeutic capacity.
Clusiaceae is a tropical family of trees, shrubs, and herbs
comprising approximately 50 genera and 1200 species [10].
Several species of this family are used for medicinal purposes
worldwide, as for the treatment of cancer, inflammation, and
infection. In Brazil, the most described genera are Kielmeyera
Mart. & Zucc., Caraipa Aubl, Platonia Mart., Clusia L.,
Rheedia L., and Calophyllum L. [3-6].

The Clusiaceae family is a rich source of secondary
metabolites, in which four major classes of compounds are
found: xanthones, coumarins, biflavonoids, and benzophe-
nones, produced by the plants mainly as a defense mechanism
[9]. Despite the importance of this family experimental
research on the anti-inflammatory effect with preparations on
plants of Clusiaceae family has never been reviewed.

Although a lot of important information or clues on
the development of inflammation can be obtained from
human studies, animal models not only enable us to have a
more comprehensive understanding of the inflammation at
a molecular level in a controlled manner, but also fulfill the
need for drug screening tools. This not only allows a faster
and more convenient screening but also serves as an alarm
before the presence of cellular or functional lesion. Based on
the mechanistic studies, drugs targeting different molecules
in the cascade are being developed. In order to evaluate the
effect of the drug properly, reliable and appropriate animal
models are required. Therefore, in this review, we focus on the
animal models of inflammation that researchers have used.
So, the aim of our review was to systematically summarize the
anti-inflammatory activity of the plants of Clusiaceae family
(sensu lato) evaluated in animal testing using predefined
criteria.

2. Materials and Methods

2.1. Search Strategy for the Identification of Studies. The
following databases were searched: PubMed, Scopus, and
Embase, for studies reported on animals testing inves-
tigating the anti-inflammatory activity of plants of the
Clusiaceae family. The electronic databases were assessed
between January/2013 and May/2013. Free text searches were
performed across each database to combine the terms or
key words: “anti-inflammatory agents;,” “Clusiaceae,” and

“animals, laboratory” The general structure of the search
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strategy was “anti-inflammatory agents” with the follow-
ing MeSH terms or synonyms: (anti inflammatory agents)
OR (agents, antiinflammatory) OR (antiinflammatories) OR
(anti-inflammatory agents) OR (agents, anti-inflammatory)
OR (agents, anti inflammatory) OR (anti-inflammatories)
OR (anti inflammatories); “Clusiaceae” MeSH terms or syn-
onyms: (Psorospermum) OR (Psorospermums) OR (Hyper-
icaceae) OR (Rheedia) OR (Rheedias) OR (Plum, Waika)
OR (Plums, Waika) OR (Waika Plum) OR (Waika Plums)
OR (Allanblackia) OR (Allanblackias) OR (Cratoxylum) OR
(Cratoxylums) (Medicinal Plant) OR (Plant, Medicinal) OR
(Medicinal Plants) OR (Medicinal Herbs); and “Animals, lab-
oratory” MeSH terms or synonyms were (laboratory animals)
OR (animal, laboratory) OR (laboratory animal).

The reference list from each potentially eligible study
and relevant review article was checked. The animal experi-
ments were individually checked for inclusion criteria. Two
independent researchers screened studies identified using
the search strategy for inclusion; first on the basis of title
and abstract and of those that were relevant, the full texts
were screened for eligibility. Any disagreement was resolved
through a third reviewer.

2.2. Inclusion and Exclusion Criteria. Preparations of Clusi-
aceae family administered in the animals for the treatment of
inflammation were included. The following selection criteria
were used for inclusion of studies in the analysis: animal
studies and outcome measure. Only papers in English were
included. Papers were excluded if they fulfilled one of the
following criteria: (1) being not an original paper (e.g., review
or letter, etc.); (2) having isolated compounds combined
with plants; (3) double publication; in case a paper occurred
more than one time in one of the databases, only the orig-
inal manuscript was included. Purely toxicologic, analgesic,
antioxidant, or other associated terms tests were not included.

2.3. Data Extraction Items. Items for which data were
extracted include publication year, country of publication,
study design, phlogistic agent, animal species, age, control
groups, dose, duration, number of animal evaluated in
each group, anti-inflammatory effect, outcome measurement
tools, and author’s conclusions.

3. Results and Discussion

As illustrated in the flow diagram, of the all unique records
identified, only 23 publications met criteria for full-text
review. We screened 255 relevant articles, and 233 were
excluded, leaving us with 23 full-text eligible articles. Of these,
2 more were excluded (Figure 1). Characteristics of included
articles are summarized in Table 1.

From the search, 29 hits were found with different
Clusiaceae species reporting one or more of these activities:
antinociceptive, anti-inflammatory, and antipyretic activity
and gastric and toxicology effects. Some of the reports
coincide for a given species, and, therefore, a total of 19
plants were reported to have such activity. However, 11
plants were studied for such activity. In eleven cases, further
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FIGURE 1: Flow diagram of the literature search.

phytochemical studies were carried out to find out the active
constituent(s). The Clusiaceae plant names mentioned in
this review were taken textually from the original sources,
whenever they were reported.

The species were able to significantly reduce the inflam-
matory response in several models with possible involvement
of isolated compounds: genus Allanblackia: A. gabonensis
Sosef & Dauby and A. monticola Staner L. C.; genus Clusia:
C. nemorosa G. Mey.; genus Garcinia or Rheedia: G. brasilien-
sis Mart., G. cambogia Desr., G. gardneriana (Planchon &
Triana) Zappi., G. hanburyi Hook E, and Rheedia longifolia
Planch & Triana; genus Hypericum: H. androsaemum L., H.
barbatum Jacq., H. canariense L., H. empetrifolium Willd.,
H. glandulosum Dryand. Ait, H. hirsutum L., H. perforatum
L., H. reflexum L. f., H. richeri Vill., H. rumeliacum Boiss.
subsp. apollinis (Boiss. & Heldr.) Robson & Strid, and H.
triquetrifolium Turra.

In all studies the minimum information reporting
research using animals was included, such as the number and
specific characteristics of animals used (including species,
strain, sex, and genetic background); details of housing and
husbandry; and the experimental and statistical methods.

Since animal models are fundamental tools in biomedical
study, as the ones of sharing a high degree homology with
humans, mice and rats are commonly used in laboratory tests
for better understanding human disorders. As mammals,
murine models with drug-induced diseases have been well-
established, either for investigating disease pathogenesis and
probable mechanisms, or for assessing the effectiveness of
diverse candidate instruments and drugs, physically and
chemically, which facilitated human health researches [30,
31].

The animals most used were Swiss mice, Wistar, and
Sprague-Dawley rats of both genders. Animals studied were
approximately 3 to 6 weeks of age. Altogether, 12 animal
experiments or experimental settings matched inclusion cri-
teria. Often, experiments consisted of several subexperiments
with safety results usually reported globally; accordingly,

these subexperiments are summarized in this review as
well. The inflammation tests differed, but in general the
tests were based on sensitization with doses of injections
of inflammatory agents at different frequencies and for an
average duration of hours or days.

3.1 Plants of Genus Allanblackia. Anti-inflammatory effects
of A. gabonensis stem bark aqueous extract on carrageenan,
histamine, and serotonin-induced paw edema were assessed.
The aqueous extract on serotonin, histamine, or carrageenan-
induced edema showed a significant inhibition starting from
the first hour up to the sixth hour. On paw edema induced
by histamine and serotonin, the significant reduction with
a maximal inhibition of 56.94% and 40.83% was observed,
respectively [19].

Other species evaluated were A. monticola on carrageen-
an-induced edema and demonstrated that the methylene
chloride extract and methylene chloride/methanol extract
and its methanol fraction showed maximum reductions and a
maximum inhibition of paw edema. The methylene chloride
fraction of A. monticola on rat paw edema induced by
histamine exhibited a significant reduction of inflammation.
The fraction did not reveal an anti-inflammatory activity
even at the highest concentration in serotonin test. This
same fraction on paw edema induced by arachidonic acid
inhibited the paw edema. Though being on dextran-induced
paw edema the fraction decreased the volume an hour later
compared with control groups [16].

Allanblackia gabonensis and Allanblackia monticola
exhibited significant activity against edematous effect in
all the three phases [16, 19], involved in the release of
serotonin and histamine and mediated by prostaglandins,
cyclooxygenase products, and the phase provided by kinins.
Moreover, there is evidence of a possible interaction of
A. gabonensis extract with the liberation and/or action of
endogenous histamine and serotonin, probably mediated by
alkaloids, phytosterols, triterpenes, and phenols compounds
isolated, such as xanthones and triterpenes on the genus
Allanblackia [32, 33].

For the same animal protocol utilizing histamine and
serotonin, A. monticola was able to inhibit edema induced by
dextran and histamine but not that provoked by serotonin.
Probably the result on edema provoked by arachidonic
acid indicated that this occurs preferentially by inhibi-
tion of lipoxygenase pathway of arachidonate metabolism
[16]. Previous studies demonstrated that cytotoxic, anti-
inflammatory, antimicrobial, antifungal, and HIV inhibitory
activities of species of this genus are due to many of the
secondary metabolites, xanthone derivatives (allanxanthone
B, allanxanthone C, rubraxanthone, tovophyllin A, garcini-
afuran, norcowanin, and mangostin), pentacyclic triterpene
(lupeol), saponin (a 3-O-f-D-glucopyranoside of stigmas-
terol), and phytosterol (stigmasterol) [34, 35].

3.2. Plants of Genus Clusia. Hexane extract of leaves from
C. nemorosa was evaluated on carrageenan-induced pleurisy.
The extract caused a significant decrease in total protein
extravasations, decreased the volume of the exudates and



inhibited leukocyte migration. A significant reduction in
TNF-a concentration was verified in the treated group with
hexane extract. The granuloma formation response elicited by
subcutaneously implanted cotton pellet was inhibited [36].

Farias et al. (2011) report these actions to carry out
experimental protocols on animals such as the carrageenan-
induced pleurisy, a model widely used to investigate the
pathophysiology of acute inflammation and also for evaluat-
ing the efficacy of drugs in inflammation [36]. The presence
of carrageenan in the pleural cavity attenuates the plasma
extravasation by increasing also the amount of total leuko-
cytes especially neutrophils and mononuclear cells. After the
fourth time, there is also a significant increase in the levels
of TNF-« on the site that received the injury with a marked
release of histamine and serotonin [37-39]. In the param-
eters involved in the pathological process, the C. nemorosa
Both acted in significant reduction of leukocyte migration,
with emphasis on the reducing levels of neutrophils, with
proven results in vitro protocols using as the initiator CXCLI
[36].

These results are in agreement with the findings of Ferro
et al. (2013), suggesting that the mechanism of C. nemorosa
may be linked, in part, to the inhibition of cyclooxyge-
nase and/or lipoxygenase products in inflammatory diseases
mediated by peripheral mechanisms [40]. The ratification
of the anti-inflammatory effects of this plant occurred with
the results obtained in the formalin test, a model of inflam-
matory pain that has two distinctive phases. The first phase
corresponding to neurogenic pain is caused by activation
of sensory C-fibers, followed by a second stage which is
associated with the development of an inflammatory medi-
ator release [41]. It is established that histamine, serotonin,
prostaglandins, and bradykinin are involved in the second
phase responses [42]. With the findings of this experiment,
pelleted better anti-inflammatory properties of C. nemorosa,
therefore only in the inflammatory phase species under study
showed significant results.

Chemical studies carried out with some species belonging
to the genus Clusia have demonstrated the presence of many
constituents, including polyisoprenylated benzophenones,
terpenes, benzoquinone, flavonoids, dihydrophenanthrene
derivative, tocotrienolic acids, betulinic acid, kaempferol,
and sitosterol glucoside [43]. The anti-inflammatory activity
of this genus can be attributed to these compounds. For
betulinic acid, an approach of the action mechanism is
attributed to its effect on NF-xB through inhibition of IxB
kinase and p65 phosphorylation [44].

3.3. Plants of Genus Garcinia. The anti-inflammatory effect
of the leaves extract from G. brasiliensis on carrageenan-
induced rat paw edema or peritonitis induced by lipopolysac-
charide or granulomatous tissue growth induced cotton pellet
implantation was tested. The leukocyte recruitment at 4h
after LPS was 27.9%, 51.5%, and 55.8% for 30, 100, and
300 mg/kg of the extract, respectively. In the model of chronic
inflammation using cotton pellet-induced fibrovascular tis-
sue growth in rats, the extract significantly inhibited the
formation of granulation tissues [23, 45].
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One study reported that the hydroalcoholic extract
of G. gardneriana was evaluated on carrageenan, 12-O-
tetradecanoylphorbol-acetate (TPA), or different inflamma-
tory mediators, including bradykinin, substance P, histamine,
prostaglandin E,, or arachidonic acid measurement of paw
edema. The activity of tissue myeloperoxidase (MPO) was
assessed after injection of carrageenan into the mouse right
hindpaw. All of the tested extracts from leaves, bark, and
seeds presented an inhibitory effect on the edema induced by
carrageenan. The extract from leaves produced a significant
reduction in the mouse paw edema induced by most tested
mediators, except for the AA-induced edema. On MPO
activity, treatment with extracts from leaves, bark, and seeds
of G. gardneriana significantly prevented the increase in MPO
activity induced by carrageenan [21, 28].

Ethyl phenylpropiolate- (EPP-) induced ear edema was
utilized for testing inflammatory activity topical of the ethyl
acetate extract from G. hanburyi, which at the dose of 1 mg
per ear significantly inhibited the edema formation. The
paw edema was produced in rats by either carrageenan or
arachidonic acid (AA). The extract markedly reduced the
edema formation of the paw induced by carrageenan at
all assessment times; however, it is not elicited inhibitory
effect on the edema formation of the rat paw induced by
AA. For test cotton pellet-induced granuloma formation the
ethyl acetate extract from G. hanburyi significantly reduced
transudative weight and granuloma formation [20].

The administration of G. cambogia extract reduced
the length of macroscopically observed lesions at a 1g/kg
dosage in colitis, although the MPO activity was significantly
reduced by Garcinia treatment. The G. cambogia extract effec-
tively reduced colonic IL-1/3 expression and was also effective
in inhibiting the iNOS colonic expression induced by 2,4,6-
trinitrobenzene sulfonic acid (TNBS). It was found that the
administration of the extract caused a substantial reduction
in the COX-2 expression, as well as in the upregulation of
PGE, caused by TNBS in the colon [24].

The fruit-peel volatile oil of G. brasiliensis was evaluated
on the induced gradual edema of rat paw upon application
of the inflammatory agent carrageenan. The inflammatory
process was inhibited after administration of carrageenan
[23].

The leaves aqueous extract of Rheedia longifolia inhibited
inflammation six hours after the intrathoracic administration
of LPS in the pleural wash recovered from LPS-injected mice
[29].

These studies for Garcinia (Rheedia) species revealed the
G. gardneriana like being effective in reducing the edemato-
genic response. This effect is maybe related to a reduction
in the liberation of histamine, serotonin, or bradykinin in
local tissue or due to the blockage of receptors to these dif-
ferent mediators. This species significantly reduced leukocyte
migration and decreased the dry weights of implanted cotton
pellets, suggesting the potential to reduce the number of
fibroblasts and the synthesis of collagen and mucopolysac-
charides, probably by action of the active anti-inflammatory
agents [45]. It is suggested that many species of this genus
possess anti-inflammatory and analgesic activity in many
animal models [20].
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Recently, it was showed that 7-epiclusianone, a poly-
isoprenylated benzophenone naturally found in the fruit
of G. brasiliensis or isolated from G. gardneriana [46],
presents several biological effects, such as antibacterial in
vivo [47-49]. Volatile oils exhibit of G. brasiliensis pre-
sented biological activities such as antiviral, antibacterial,
and anti-inflammatory properties [23]. The pharmacological
study of polyisoprenylated benzophenones has been shown
to be of interest due to the wide spectra of activities
attributed to its derivatives [9, 50]. Considering the studies
already described and the polyisoprenylated benzophenones
in Garcinia species, studies confirmed the probable anti-
inflammatory activity of 7-epiclusianone [51].

The species Rheedia longifolia inhibits neutrophil accu-
mulation in the pleural cavity of mice, which is indicative of
its anti-inflammatory activity. In addition, the aqueous crude
extractalso shows antinociceptive activity similar to that of an
opioid agonist [29]. The Rheedia genus is characterized by the
presence of triterpenes, steroids, coumaric acid, xanthones,
and benzophenones and it is interesting that only the butanol
and aqueous fractions inhibited inflammatory nociception,
a characteristic of Arylpropanoids that is not observed in
the dichloromethane and ethyl acetate fractions. The Aryl-
propanoids group may be responsible for the inhibition of
neurogenic nociception [52].

3.4. Plants of Genus Hypericum. Topical anti-inflammatory
activity of the infusion, methanol extract, and fractions of the
aerial part in blossom of H. canariense L. and H. glandulosum
Ait. in mice were verified in one study. It was observed that
all extracts assayed, with the exception of the infusions of
both species and the H. canariense aqueous fraction, showed a
significant inhibition of the TPA-induced ear edema in a dose
dependent manner as compared to control. The H. canariense
methanol extract and H. glandulosum butanol fraction at
1 mg/ear were the most effective [13].

The anti-inflammatory activity of the total ethanol
extracts of H. perforatum and some other Hypericum species
was by using the carrageenan-induced rat paw edema test.
The results indicated that all examined extracts (H. androsae-
mum, H. hirsutum, H. richeri, H. perforatum, and H. bar-
batum) possessed anti-inflammatory activity, especially the
dry extracts of H. hirsutum and H. perforatum [17]. For the
species H. empetrifolium, the methanolic extract adminis-
tered showed a significant antiedemic effect on carrageenan-
induced paw edema in rats from the first hour until the third
hour, when the inhibitory effect was greatest [11].

Other member of this genus, H. rumeliacum Boiss.
subsp. apollinis (Boiss. & Heldr.) Robson & Strid, presented
anti-inflammatory activity of the methanol extract in the
experimental model of only at a dose of 70 mg/kg. The effect
was significant from the first to the third hour [22].

The effect of an acute administration of H. perforatum
was verified on carrageenan-induced paw edema. As a result,
H. perforatum dose dependently inhibited the carrageenan-
induced inflammatory edema with maximal effect 1 h after
carrageenan injection [14]. Another study for the same
species demonstrated effect for the treatment of active

inflammatory periodontal disease, also it was demonstrated
that Hypericum exerts a significant inhibitory effect on
plasma extravasation and reduced the degree of bone resorp-
tion during periodontitis [26]. Zduni¢ et al. (2009) investi-
gated the anti-inflammatory activity in rats by administration
of H. perforatum oil extracts on carrageenan-induced rat paw
edema with significantly inhibition by all three tested oil
extracts [25]. More recently, Siintar et al. (2010) evaluated
acetic acid-induced increase in capillary permeability of
the samples of H. perforatum in mice. A dose-dependent
inhibitory activity was observed for ethanolic extract up
to the dose of 200 mg/kg with the highest inhibitory value
of 40.9% and also was exerted by extract and its fractions
significant and dose-dependent anti-inflammatory activity
[27].

A single study showed the anti-inflammatory activity
of the total extract of H. triquetrifolium, evaluated by the
carrageenan-induced paw edema test in the rat and was able
to inhibit paw swelling dose-dependently after carrageenan
injection [12].

Topical anti-inflammatory activity obtained from TPA-
induced mice ear edema test was demonstrated for the
infusion, methanol extract, and different fractions from H.
reflexum. It was observed that all extracts assayed, with the
exception of the infusion and the aqueous fraction, showed
a significant inhibition of ear edema in a dose-dependent
manner [15].

These results show that ten studies revealed a decrease in
inflammation of species of genus Hypericum. Oil extract of
H. perforatum showed the highest activity probably due to
the greatest amount of quercetin and I3,I18-biapigenin, and
both compounds administered showed anti-inflammatory
activity [25]. Moreover, studies demonstrated that quercetin
produced an anti-inflammatory effect on the acute inflam-
mation [53, 54]. More recently, it was suggested the anti-
inflammatory effect of H. perforatum could interfere with the
actions of histamine, serotonin, or kinins and to reduce cells
infiltration, mediated by downregulating adhesion molecules
ICAM-1 and P-selectin [55]. Menegazzi et al. (2006) showed
that the anti-inflammatory activity of H. perforatum might be
due to the inhibition of nuclear factor-kappa B and STAT-3
activation [56]. Study in vitro evidenced that the flavonoids,
such as quercetin, along with pseudohypericin and hyper-
forin might be the major anti-inflammatory components
of this species [57] and able to inhibit the production of
proinflammatory mediators such as prostaglandin E, (PGE,),
tumor necrosis factor-a (TNF-«), and interleukin-10 (IL-10).

These researches are according to an investigation of
the effect of H. perforatum on the NF-xB inflammation
factor, conducted by Bork et al. (1999), in which hyperforin
provided a potent inhibition of TNFa-induced activation of
NF-«B [58]. Another important activity for hyperforin is a
dual inhibitor of cyclooxygenase-1 and 5-lipoxygenase [59].
Moreover, this species attenuated the expression of iNOS in
periodontal tissue, which may contribute to the attenuation
of the formation of nitrotyrosine, an indication of nitrosative
stress [26]. In this context, a combination of several active
constituents of Hypericum species is the carrier of their anti-
inflammatory activity.



The topical treatmentof H. canariense and H. glandu-
losum inhibited TPA-induced ear edema in mice, indicat-
ing the presence of active substances endowed with anti-
inflammatory activity. The active principle responsible for the
anti-inflammatory-like effects of these species is/are, so far,
not known, but preliminary phytochemical analysis carried
out with the methanol extract of both species revealed the
presence of flavonoids, tannins, and anthraquinones [60].
In the same topical model of inflammation, H. reflexum
inhibited the edema probably by the presence of tannins,
flavonoids, saponins, and anthraquinones in this species, as
reported in previous studies [15, 53, 61, 62].

A single study showed the anti-inflammatory effects of
H. barbatum, H. androsaemum, H. richerii, H. hirsutum, and
H. perforatum produced significant dose-dependent anti-
inflammatory effect which was not correlated with the hyper-
icin content in these extracts. It suggests the involvement
of other active substances, besides hypericin, in the anti-
inflammatory effect of Hypericum species tested [17]. H.
rumeliacum subsp. apollinis methanol extract administration
inhibited the paw edema and reduced the infiltrates, both
between connective fibres and into intercellular spaces [22].

The H. empetrifolium was also reviewed in this study due
to significant results in experimental model of inflammation.
It has been mentioned above that acute inflammation caused
by carrageenan is characterized by a biphasic event and
various mediators such as histamine, serotonin, bradykinin,
and substance P release, and later by infiltration of PMN
cells at the site of inflammation which induces secretion of
various pro-inflammatory mediators such as nitric oxide,
prostaglandins, and cytokines [38, 63]. Within this context,
the anti-inflammatory action of H. empetrifolium may be
related to the inhibition of prostaglandin synthesis.

Some of the studies had insufficiently described methods
for detecting this effect or scantily reported the results. The
findings include a decrease of total leukocytes, a number
of neutrophils, total protein concentration, granuloma for-
mation, and paw or ear edema formation. Other interesting
findings included the decrease of the MPO activity, inflam-
matory mediators such as NF-«B and iNOS expression and
PGE, and Il-13levels and a decrease in chronic inflammation.
This variability can result in significant differences in anti-
inflammatory activity, making it difficult to the limitations in
your study. Due to the limited number of animal experiments
included in some studies, we cannot draw definitive conclu-
sions; however, the results allow us to believe in the potential
of these plants as anti-inflammatory agents.

4. Conclusion

Taking all results collectively, plants of Clusiaceae family
were found to have acceptable anti-inflammatory profiles.
The isolation and purification of the chemical constituents
from these plants and subsequent evaluation of their phar-
macologic effects contribute to its anti-inflammatory effect
understanding. Therefore, this family should attract the
interest of researchers for clinical and toxicological studies, as
well as for the herbal pharmaceutical industry. More studies
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with other methodological in order to investigate the quality
of these plants are needed.

Conflict of Interests

The authors declare that they have no competing interests.

Acknowledgments

The authors thank M. T. Santana and M. G. B. Oliveira for
technical support.

References

[1] R.Medzhitov, “Origin and physiological roles of inflammation,”
Nature, vol. 454, no. 7203, pp. 428-435, 2008.

[2] C. D. Buckley, D. Pilling, J. M. Lord, A. N. Akbar, D. Scheel-
Toellner, and M. Salmon, “Fibroblasts regulate the switch from
acute resolving to chronic persistent inflammation,” Trends in
Immunology, vol. 22, no. 4, pp. 199-204, 2001.

[3] C.Scarpignatoand R. H. Hunt, “Nonsteroidal antiinflammatory
drug-related injury to the gastrointestinal tract: clinical picture,
pathogenesis, and prevention,” Gastroenterology Clinics of North
America, vol. 39, no. 3, pp. 433-464, 2010.

[4] K. Srinivasan, S. Muruganandan, J. Lal, S. Chandra, S. K.
Tandan, and V. Ravi Prakash, “Evaluation of anti-inflammatory
activity of Pongamia pinnata leaves in rats,” Journal of Ethno-
pharmacology, vol. 78, no. 2-3, pp. 151-157, 2001.

[5] M. da Silva Lima, L. J. Quintans-Junior, W. A. de Santana, C. M.
Kaneto, M. B. P. Soares, and C. E. Villarreal, “Anti-inflammatory
effects of carvacrol: evidence for a key role of interleukin-10,”
European Journal of Pharmacology, vol. 699, no. 1-3, pp. 112-117.

[6] A.G.Guimaraes, M. A. Xavier, M. T. de Santana, E. A. Camargo,
and C. A. Santos, “Carvacrol attenuates mechanical hypernoci-
ception and inflammatory response,” Naunyn-Schmiedeberg’s
Archives of Pharmacology, vol. 385, no. 3, pp. 253-263.

[7] M. S. Paixao, M. S. Melo, M. G. Oliveira, M. T. Santana, A. C.
Lima et al., “Hyptis pectinata: redox protection and orofacial
antinociception,” Phytotherapy Research, vol. 27, no. 9, pp. 1328-
1333.

[8] Y. Wang, J. Cheng, S. Tandan, M. Jiang, D. T. McCloskey, and
J. A. Hill, “Transient-outward K* channel inhibition facilitates
L-type Ca®" current in heart,” Journal of Cardiovascular Electro-
physiology, vol. 17, no. 3, pp. 298-304, 2006.

[9] U. M. Acuia, N. Jancovski, and E. J. Kennelly, “Polyisopreny-
lated benzophenones from clusiaceae: potential drugs and lead
compounds,” Current Topics in Medicinal Chemistry, vol. 9, no.
16, pp. 1560-1580, 2009.

[10] L. C. di Stasi and C. A. Hiruma-Lima, Plantas Medicinais na
Amazénia e na Mata Atlantica, Editora UNESP, Sao Paulo,
Brazil, 2002.

A. Trovato, E. Raneri, M. Kouladis, O. Tzakou, M. E. Taviano,
and E. M. Galati, “Anti-inflammatory and analgesic activity of

Hypericum empetrifolium Willd. (Guttiferae),” Il Farmaco, vol.
56, no. 5-7, pp. 455-457, 2001.

[12] B. Ozturk, S. Apaydin, E. Goldeli, I. Ince, and U. Zeybek,
“Hypericum triquetrifolium Turra. extract exhibits antiinflam-

matory activity in the rat)” Journal of Ethnopharmacology, vol.
80, no. 2-3, pp. 207-209, 2002.

(11



Evidence-Based Complementary and Alternative Medicine

[13] R. M. Rabanal, C. X. Bonkanka, M. Herndndez-Pérez, and C.
C. Sanchez-Mateo, “Analgesic and topical anti-inflammatory
activity of Hypericum canariense L. and Hypericum glandulosum
Ait) Journal of Ethnopharmacology, vol. 96, no. 3, pp. 591-596,
2005.

[14] O. M. E. Abdel-Salam, “Anti-inflammatory, antinociceptive,
and gastric effects of Hypericum perforatum in rats,” The
Scientific World Journal, vol. 5, pp. 586-595, 2005.

[15] C. C. Sdnchez-Mateo, C. X. Bonkanka, M. Herndndez-Pérez,
and R. M. Rabanal, “Evaluation of the analgesic and topical anti-
inflammatory effects of Hypericum reflexum L. fil;” Journal of
Ethnopharmacology, vol. 107, no. 1, pp. 1-6, 2006.

[16] E. L. Nguemfo, T. Dimo, A. G. B. Azebaze et al, “Anti-
inflammatory and anti-nociceptive activities of the stem bark
extracts from Allanblackia monticola STANER L.C. (Gut-
tiferae),” Journal of Ethnopharmacology, vol. 114, no. 3, pp. 417-
424, 2007.

[17] K. Savikin, S. Dobri¢, V. Tadi¢, and G. Zdunié, “Antiinflam-
matory activity of ethanol extracts of Hypericum perforatum
L., H. barbatum Jacq., H. hirsutum L., H. richeri Vill. and H.
androsaemum L. in rats,” Phytotherapy Research, vol. 21, no. 2,
pp. 176-180, 2007.

[18] V.S. Frutuoso, M. M. Monteiro, F. C. Amendoeira et al., “Anal-
gesic and anti-inflammatory activity of the aqueous extract
of Rheedia longifolia Planch & Triana,” Memérias do Instituto
Oswaldo Cruz, vol. 102, no. 1, pp. 91-96, 2007.

[19] E. V. Ymele, A. B. Dongmo, and T. Dimo, “Analgesic and anti-
inflammatory effect of aqueous extract of the stem bark of
Allanblackia gabonensis (Guttiferae),” Inflammopharmacology,
vol. 21, no. 1, pp. 21-30, 2013.

[20] A. Panthong, P. Norkaew, D. Kanjanapothi, T. Taesotikul, N.
Anantachoke, and V. Reutrakul, “Anti-inflammatory, analgesic
and antipyretic activities of the extract of gamboge from
Garcinia hanburyi Hook £ Journal of Ethnopharmacology, vol.
111, no. 2, pp. 335-340, 2007.

[21] J. C. Castardo, A. S. Prudente, J. Ferreira et al., “Anti-
inflammatory effects of hydroalcoholic extract and two
biflavonoids from Garcinia gardneriana leaves in mouse paw
oedema,” Journal of Ethnopharmacology, vol. 118, no. 3, pp.
405-411, 2008.

[22] E. M. Galati, G. Contartese, N. Miceli et al., “Antiinflammatory
and antioxidant activity of Hypericum rumeliacum Boiss. subsp.
apollinis (Boiss. & Heldr.) Robson & Strid methanol extract;’
Phytotherapy Research, vol. 22, no. 6, pp. 766-771, 2008.

[23] E T. Martins, A. C. Doriguetto, T. C. de Souza et al., “Com-
position, and anti-inflammatory and antioxidant activities of
the volatile oil from the fruit peel of Garcinia brasiliensis,”
Chemistry and Biodiversity, vol. 5, no. 2, pp. 251-258, 2008.

[24] S. B. dos Reis, C. C. de Oliveira, S. C. Acedo et al., “Attenuation
of colitis injury in rats using Garcinia cambogia extract,
Phytotherapy Research, vol. 23, no. 3, pp. 324-329, 2009.

[25] G. Zduni¢, D. Godevac, M. Milenkovi¢ et al., “Evaluation of
Hypericum perforatum oil extracts for an antiinflammatory and
gastroprotective activity in rats,” Phytotherapy Research, vol. 23,
no. 11, pp. 1559-1564, 2009.

[26] I. Paterniti, E. Briguglio, E. Mazzon et al., “Effects of Hypericum
perforatum, in a rodent model of periodontitis,” BMC Comple-
mentary & Alternative Medicine, vol. 10, article 73, 2010.

[27] 1. P. Stntar, E. K. Akkol, D. Yilmazer et al., “Investigations on
the in vivo wound healing potential of Hypericum perforatum
L, Journal of Ethnopharmacology, vol. 127, no. 2, pp. 468-477,
2010.

(28]

(31]

(32]

(33]

(34]

(35]

[37]

(38]

(40]

(41]

(42]

(43]

[44]

M. E Otuki, C. A. Bernardi, A. S. Prudente et al., “Garcinia
gardneriana (Planchon & Triana) Zappi. (Clusiaceae) as a topi-
cal anti-inflammatory alternative for cutaneous inflammation,”
Basic and Clinical Pharmacology and Toxicology, vol. 109, no. 1,
pp. 56-62, 2011.

J. A. A. Santos, A. A. Fidalgo-Neto, R. X. Faria et al., “Effect
of Rheedia longifolia leaf extract and fractions on the P2X,
receptor in vitro: novel antagonists?” Journal of Medicinal Food,
vol. 14, no. 9, pp. 920-929, 2011.

D. G. Baker, “Natural pathogens of laboratory mice, rats, and
rabbits and their effects on research,” Clinical Microbiology
Reviews, vol. 11, no. 2, pp. 231-266, 1998.

J. M. Barnothy, “Growth-rate of mice in static magnetic fields,”
Nature, vol. 200, no. 4901, pp. 86-87, 1963.

A. G. B. Azebaze, B. M. W. Ouahouo, J. C. Vardamides et al.,
“Antimicrobial and antileishmanial xanthones from the stem
bark of Allanblackia gabonensis (Guttiferae),” Natural Product
Research, vol. 22, no. 4, pp. 333-341, 2008.

T. Geetha and P. Varalakshmi, “Anti-inflammatory activity of
lupeol and lupeol linoleate in rats,” Journal of Ethnopharmacol-
ogy, vol. 76, no. 1, pp. 77-80, 2001.

A. G. B. Azebaze, M. Meyer, A. Valentin, E. L. Nguemfo, Z. T.
Fomum, and A. E. Nkengfack, “Prenylated xanthone derivatives
with antiplasmodial activity from Allanblackia monticola Staner
L.C Chemical and Pharmaceutical Bulletin, vol. 54, no. 1, pp.
111-113, 2006.

A. G. B. Azebaze, M. Meyer, B. Bodo, and A. E. Nkengfack,
“Allanxanthone B, a polyisoprenylated xanthone from the stem
bark of Allanblackia monticola Staner L.C,” Phytochemistry, vol.
65, no. 18, pp. 2561-2564, 2004.

J. A. Farias, J. N. Ferro, J. P. Silva et al., “Modulation of
inflammatory processes by leaves extract from Clusia nemorosa
both in vitro and in vivo animal models,” Inflammation, vol. 35,
no. 2, pp. 764-771, 2011.

R. Vinegar, J. E Truax, J. L. Selph, and E A. Voelker, “Pathway
of onset, development, and decay of carrageenan pleurisy in the
rat,” Federation Proceedings, vol. 41, no. 9, pp. 2588-2595, 1982.
M. di Rosa and D. A. Willoughby, “Screens for anti-
inflammatory drugs,” Journal of Pharmacy and Pharmacology,
vol. 23, no. 4, pp. 297-298, 1971.

M. C. R. Lima, M. A. Martins, S. A. C. Perez, P. M. R. Silva,
R. S. B. Cordeiro, and R. B. Vargaftig, “Effect of azelastine on
platelet-activating factor and antigen-induced pleurisy in rats,”
European Journal of Pharmacology, vol. 197, no. 2-3, pp. 201-207,
1991.

J.N. de Souza Ferro, J. P. da Silva, L. M. Conserva, and E. Barreto,
“Leaf extract from Clusia nemorosa induces an antinociceptive
effect in mice via a mechanism that is adrenergic systems
dependent,” Chinese Journal of Natural Medicines, vol. 11, no. 4,
pp- 385-390.

A. Tjolsen, O.-G. Berge, S. Hunskaar, J. H. Rosland, and K. Hole,
“The formalin test: an evaluation of the method,” Pain, vol. 51,
no. 1, pp. 5-17,1992.

D. le Bars, M. Gozariu, and S. W. Cadden, “Animal models of
nociception,” Pharmacological Reviews, vol. 53, no. 4, pp. 597-
652, 2001.

M. R. de Andrade, E. X. Almeida, and L. M. Conserva,
“Alkyl chromone and other compounds from Clusia nemorosa;’
Phytochemistry, vol. 47, no. 7, pp. 1431-1433, 1998.

Y. Takada and B. B. Aggarwal, “Betulinic acid suppresses
carcinogen-induced NF-xB activation through inhibition of



10

[45

(48]

(50]

(52]

(54]

(55]

[56]

(58]

(59]

IxBa kinase and p65 phosphorylation: abrogation of cy-
clooxygenase-2 and matrix metalloprotease-9,” The Journal of
Immunology, vol. 171, no. 6, pp. 3278-3286, 2003.

F. V. Santa-Cecilia, F. C. Vilela, C. Q. da Rocha et al., “Anti-
inflammatory and antinociceptive effects of Garcinia brasilien-
sisy” Journal of Ethnopharmacology, vol. 133, no. 2, pp. 467-473,
2011.

T. M. de Almeida Alves, R. de Oliveira Alves, A. J. Romanha, M.
H. dos Santos, T. J. Nagem, and C. L. Zani, “Biological activities
of 7-epiclusianone,” Journal of Natural Products, vol. 62, no. 2,
Pp. 369-371,1999.

L.S. B. Almeida, R. M. Murata, R. Yatsuda et al., “Antimicrobial
activity of Rheedia brasiliensis and 7-epiclusianone against
Streptococcus mutans,” Phytomedicine, vol. 15, no. 10, pp. 886-
891, 2008.

R. M. Murata, L. S. Branco de Almeida, R. Yatsuda et al.,
“Inhibitory effects of 7-epiclusianone on glucan synthesis,
acidogenicity and biofilm formation by Streptococcus mutans;
FEMS Microbiology Letters, vol. 282, no. 2, pp. 174-181, 2008.

L. S. Branco-de-Almeida, R. M. Murata, E. M. Franco et al.,
“Effects of 7-epiclusianone on Streptococcus mutans and caries
development in rats,” Planta Medica, vol. 77, no. 1, pp. 40-45,
2011.

L.P. Coelho, M. E Serra, A. L. D. A. Pires et al., “7-epiclusianone,
a tetraprenylated benzophenone, relaxes airway smooth muscle
through activation of the nitric oxide-cGMP pathway,” Journal
of Pharmacology and Experimental Therapeutics, vol. 327, no. 1,
pp. 206-214, 2008.

E V. Santa-Cecilia, L. A. S. Freitas, E C. Vilela et al., “Antinoci-
ceptive and anti-inflammatory properties of 7-epiclusianone, a
prenylated benzophenone from Garcinia brasiliensis,” European
Journal of Pharmacology, vol. 670, no. 1, pp. 280-285, 2011.

J. A. A. Santos, A. Calheiros, D. D. Nascimento et al., “Chemical
profile and antinociceptive efficacy of Rheedia longifolia leaf
extract,” Journal of Medicinal Food, vol. 14, no. 9, pp. 1039-1045,
2011.

K. Morikawa, M. Nonaka, M. Narahara et al., “Inhibitory effect
of quercetin on carrageenan-induced inflammation in rats,” Life
Sciences, vol. 74, no. 6, pp. 709-721, 2003.

L. E. Pelzer, T. Guardia, A. O. Juarez, and E. Guerreiro, “Acute
and chronic antiinflammatory effects of plant flavonoids,” I
Farmaco, vol. 53, no. 6, pp. 421-424, 1998.

S. Cuzzocrea, P. K. Chatterjee, E. Mazzon et al., “Pyrroli-
dine dithiocarbamate attenuates the development of acute and
chronic inflammation,” British Journal of Pharmacology, vol.
135, no. 2, pp. 496-510, 2002.

M. Menegazzi, R. di Paola, E. Mazzon et al., “Hypericum perfo-
ratum attenuates the development of carrageenan-induced lung
injury in mice;” Free Radical Biology and Medicine, vol. 40, no.
5, pp. 740-753, 2006.

K. D. P. Hammer, M. L. Hillwig, A. K. S. Solco et al., “Inhibition
of prostaglandin E, production by anti-inflammatory Hyper-
icum perforatum extracts and constituents in RAW264.7 mouse
macrophage cells,” Journal of Agricultural and Food Chemistry,
vol. 55, no. 18, pp. 7323-7331, 2007.

P. M. Bork, S. Bacher, M. L. Schmitz, U. Kaspers, and M.
Heinrich, “Hypericin as a non-antioxidant inhibitor of NF-«xB,”
Planta Medica, vol. 65, no. 4, pp. 297-300, 1999.

D. Albert, I. Ziundorf, T. Dingermann, W. E. Miiller, D.
Steinhilber, and O. Werz, “Hyperforin is a dual inhibitor of
cyclooxygenase-1 and 5-lipoxygenase,” Biochemical Pharmacol-
0gy, vol. 64, no. 12, pp. 1767-1775, 2002.

Evidence-Based Complementary and Alternative Medicine

(60]

[61]

(63]

R. M. Rabanal, A. Arias, B. Prado, M. Herndndez-Pérez, and
C. C. Sanchez-Mateo, “Antimicrobial studies on three species of
Hypericum from the Canary Islands,” Journal of Ethnopharma-
cology, vol. 81, no. 2, pp. 287-292, 2002.

A. E. Rotelli, T. Guardia, A. O. Juarez, N. E. de la Rocha, and
L. E. Pelzer, “Comparative study of flavonoids in experimental
models of inflammation,” Pharmacological Research, vol. 48, no.
6, pp. 601-606, 2003.

T. Guardia, A. E. Rotelli, A. O. Juarez, and L. E. Pelzer,
“Anti-inflammatory properties of plant flavonoids. Effects of
rutin, quercetin and hesperidin on adjuvant arthritis in rat,” Il
Farmaco, vol. 56, no. 9, pp. 683-687, 2001.

J. P. Gilligan, S. J. Lovato, M. D. Erion, and A. Y. Jeng, “Modula-
tion of carrageenan-induced hind paw edema by substance P
Inflammation, vol. 18, no. 3, pp. 285-292, 1994.



