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In this study, we aimed to evaluate the immunomodulatory effects of crude leaf extracts
from Piper gaudichaudianum Kunth, P. arboreum Aub., P. umbellata L., P. fuligineum
Kunth, and Peperomia obtusifolia A. Dietr. on an in vitro model of inflammatory response.
The crude extracts were previously obtained by maceration of the leaves. The half-maximal
inhibitory concentration was determined by the MTT assay using human peripheral blood
mononuclear cells. Human monocytes were simultaneously challenged with each crude
extract and lipopolysaccharide (LPS), the major component of the outer membrane of
Gram-negative bacteria, to induce a strong inflammatory response. After 24 h of incubation,
cell-free supernatants were used for evaluating the mediators involved in inflammation:
H2O2, TNF-α, IL-8, IL-6, IL-1β, IL-10, IL-12, FGF-b, and TGF-β1. We also compared the
results with the effects of ketoprofen, a well-known anti-inflammatory drug. The P. gaudichaudianum crude extract downmodulated the production of H2O2, IL-1β, IL-6, IL-8, and
TGF-β1 by LPS-stimulated monocytes; P. arboreum, IL-1β, IL-6, IL-8, and TNF-α; P. umbellata and P. fuligineum, H2O2, IL-1β, IL-6, IL-8, IL-10, and TNF-α; and P. obtusifolia, H2O2,
IL-6, IL-8, IL-10, and TNF-α. In general, the crude leaf extracts amplified the anti-inflammatory response when compared with ketoprofen, particularly reducing the production of IL-8,
a mediator involved in neutrophil recruitment during tissue damage. Thus, the crude leaf
extracts of P. gaudichaudianum, P. arboreum, P. umbellata, P. fuligineum, and Peperomia
obtusifolia elicited an anti-inflammatory response against LPS-challenged monocytes.
These findings show the anti-inflammatory properties of these crude leaf extracts and offer
new perspectives for their use in the treatment of inflammatory diseases.
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Introduction
The family Piperaceae comprises pantropical herbal plants, widely distributed in Latin America, particularly from Mexico to the southwest of Argentina [1–3]. The family is composed of
five genera: Piper, Peperomia, Manekia, Zippelia, and Verhuellia [4,5]. Piper and Peperomia are
the most representative genera with 2000 and 1700 species, respectively [6,7]. Besides their
economic importance, Piperaceae species have been used in traditional medicine as an antiinflammatory agent, for relief from toothache, gynecological illnesses, and intestinal disorders,
as well as psychotropic and anxiolytic agents [8]. Piper and Peperomia species possess various
classes of bioactive compounds, such as amides [9,10], lignans [11,12], secolignans [13,14],
phenylpropanoids [15], prenylated benzoic acid derivatives [16], chromenes and chromanes
[17–21], terpenes [22], alkaloids [23–25], and others [26,27].
Previous chemical and biological studies on Piperaceae have revealed them to be a rich
source of new biologically active secondary metabolites. The accumulation of a major secondary metabolite, 4-nerolidylcatechol, was observed in P. umbellata [syn. Pothomorphe umbellata
(L.) Miq., Heckeria umbellata (L.) Kunth., Piper hilarianum Stend] leaves [28]. The metabolite
exhibits potent anti-oxidant and anti-inflammatory activities [29]. The potent inhibitory effect
of kavalactones in P. fuligineum against hepatitis C virus replication was recently described
[30]. Their potential anti-inflammatory and anxiolytic properties were also described [31]. P.
arboreum possesses antifungal, trypanocidal, antimicrobial, and anti-oxidant pyrrolidine
amides as major natural compounds [9,32–34]. The accumulation of prenylated chromenes
and chromanes with potent trypanocidal activity against the Y-strain of Trypanosoma cruzi
was observed in P. gaudichaudianum and Peperomia obtusifolia [18,20,21]. Chemical studies
with P. gaudichaudianum demonstrated the presence of gaudichaudianic acid, a prenylated
chromene that is a major secondary metabolite in leaves and roots of this species [18,19]. In
terms of biological activities, this compound showed potent trypanocidal and antifungal activities against plant pathogens. Furthermore, the unusual presence of two natural isomeric forms
of gaudichaudianic acid [(+)-S and (-)-R] was observed during the isolation of such compounds, as well as their synergistic effect, with the racemic mixture being the most active in
trypanocidal assays [20].
In this study, we revealed new biological properties of the crude leaf extracts of P. gaudichaudianum Kunth, P. arboreum Aub., P. umbellata L., P. fuligineum Kunth, and Peperomia
obtusifolia A. Dietr., by characterizing their immunomodulatory effects on an in vitro model of
human inflammatory response.

Material and methods
Plant material
P. gaudichaudianum leaves were collected from the campus of the University of São Paulo,
Brazil, and identified by Dr. Inês Cordeiro (Botanic Garden curator of University of São
Paulo, Brazil). A voucher specimen (Kato-0093) has been deposited at the Herbarium of the
Botanic Institute, São Paulo, Brazil. P. arboretum, P. umbellate, and Peperomia obtusifolia
leaves were collected from the greenhouse of the Institute of Chemistry of UNESP, Araraquara,
SP, Brazil, and identified by Dr. Inês Cordeiro and Dr. G. E. D. Paredes (University of Pedro
Ruiz Gallo, Peru), respectively. Voucher specimens [(Cordeiro-1936), (Kato-671), (Kato-070),
respectively] have been deposited at the Herbarium of the Botanic Institute of University of
São Paulo, Brazil. P. fuligineum leaves were collected from the Botanic Garden, Araraquara,
São Paulo, Brazil, and identified by Dr. Inês Cordeiro. A voucher specimen (Kato-0720) has
been deposited at the Herbarium of the Botanic Garden of the University of São Paulo, Brazil.
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Preparation of crude extracts
The preparation of the ethanolic extracts and chemical characterizations of P. gaudichaudianum, P. arboreum, and P. umbellata have been previously described [29,35,36]. Briefly, leaves
of these species were milled, extracted with ethanol (EtOH), and the extract concentrated
under vacuum to yield the crude extracts.
Dried leaves of the P. fuligineum were milled and extracted with ethanol (EtOH). This ethanolic extract was concentrated under vacuum to obtain 54.4 g of the concentrate, which was
resuspended in MeOH:H2O (4:1) and partitioned with hexane, CHCl3, and EtOAc successively. The soluble CHCl3 fraction (13 g) was subjected to bioassay. Dried leaves (430 g) of Peperomia obtusifolia were milled and extracted by maceration at room temperature with EtOAc
(3 × 1000 mL) for 72 h. The resulting solution was filtered and concentrated under reduced
pressure to obtain 21 g of crude extract. The EtOAc extract was subjected to bioassay. Final
stock concentrations of extracts were 100 mg/mL.

Experimental design
The study was performed in two steps. First, we evaluated the cytotoxicity and inhibitory concentration of 50% (IC50) of each crude extract using peripheral blood mononuclear cells
(PBMCs). Then, we evaluated the immunomodulatory properties of the five Piperaceae species
using a widely known in vitro model for lipopolysaccharide (LPS)-mediated inflammatory
response. LPS is an endotoxin of Gram-negative bacteria that triggers an intense release of
pro-inflammatory cytokines by monocytes. For each assay, cells were stimulated with ketoprofen, an anti-inflammatory drug. Human monocytes were cultivated and subjected to six treatments: (1) medium (unstimulated control), (2) LPS, (3) crude extracts (P. gaudichaudianum,
P. arboreum, P. umbellata, P. fuligineum and Peperomia obtusifolia), (4) LPS + crude extracts,
(5) ketoprofen, and (6) LPS + ketoprofen. Each assay was performed in duplicate or triplicate.

Isolation of PBMCs
Human peripheral venous blood was obtained from six healthy donors. The blood was collected with Vacutainer1 tubes containing heparin as an anticoagulant. PBMCs were isolated
by density gradient centrifugation on Histopaque1-1077 (Sigma-Aldrich, St Louis, MO,
USA). PBMCs were centrifuged and resuspended in 1.0 mL of RPMI-1640 (Nutricell, Campinas, SP, Brazil) supplemented with 20% heat-inactivated fetal calf serum (FCS) (Gibco BRL,
Grand Island, NY, USA), penicillin (100 UI mL), and streptomycin (100 mg mL) (Gibco). Cell
viability, as determined by 0.2% trypan blue, was >95% in all experiments. Concentration was
adjusted to 1.0 × 106 cells/mL using Turk stain.

Cytotoxicity and IC50
Cytotoxic activity of the crude extracts was determined by the colorimetric microculture 3(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay [37]. PBMCs
(1.0 × 105 / well) were seeded into 96-well flat bottom plates, cultured in the presence of each
crude extract dissolved in dimethyl sulfoxide (DMSO), and serially diluted in phosphate buffered solution (PBS) (0.156, 0.313, 0.625, 1.25, 2.5, 5.0 mg/mL). The final concentration of
DMSO at each crude extract was always less than 1%. Concanavalin A (10 mg/mL), a potent
mitogen for T lymphocytes, was used as the internal control for lymphoproliferation. After
continuous incubation for 96 h at 37˚C under 5% CO2 atmosphere, the culture plate was centrifuged for 5 min at 1500 rpm and supernatants were replaced with 20.0 μL of MTT solution
(5.0 mg/mL) plus 100.0 μL of supplemented RPMI-1640 medium. After incubation for 2 h, the
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supernatant was removed, and formazan crystals that formed in viable cells were dissolved in
100.0 μL of DMSO per well. The optical densities were measured using an ELISA microreader
(EL800, BIO-TEK Instruments, INC) at a wavelength of 540 nm. The cytotoxic index was
determined by the ratio between treated cells and non-treated cells. The IC50 was determined
by linear regression analysis.

Monocyte cell culture
Mononuclear cells were obtained as previously described. To obtain human monocytes,
mononuclear cells were counted and adjusted to 1.0 × 106 of mononuclear phagocytes/mL.
The viability was higher than 90%, as judged by the uptake of 0.02% neutral red (SigmaAldrich). The cells were distributed in a volume of 100 μL per well into 96-well flat bottom
plates and incubated for 2 h at 37˚C in a humid atmosphere with 5% CO2 to allow monocytes
to adhere. Non-adherent cells were removed by washing the wells thrice with RPMI-1640 supplemented with 10% FCS, penicillin (100 UI mL) and streptomycin (100 mg mL) and the
remaining monocytes (>90% mononuclear phagocytes as assessed by morphological examination and expression of CD14, CD19 and CD3 by fluorescence-activated cell sorting) were used
for experiments. In order to evaluate the influence of compounds in an inflammatory environment, we next subjected monocytes to six treatments, as following: (1) medium (unstimulated
control), (2) LPS– 10 μg/mL, (3) each crude extracts at concentration of IC50, (4) LPS + crude
extracts, (5) ketoprofen– 5.2 mM [38], and (6) LPS + ketoprofen. All the substances and compounds were added simultaneously. Culture cells were incubated at 37˚C under 5% CO2 atmosphere for 24 h. At the end of the cell culture period, the supernatants were removed and
stored at– 80˚C for determination of cytokines and the hydrogen peroxide release assay.

Hydrogen peroxide release
At the end of the cell culture period, the monocytes were incubated with phenol red solution
[dextrose 1% (Sigma-Aldrich), phenol red 1% (Sigma-Aldrich), horseradish peroxidase type
II– 5 UI (Sigma-Aldrich)] and plated at 37˚C under 5% CO2 atmosphere for 1 h according to
the method described by Russo et al [39]. The reaction was stopped by the addition of 1.0 N
NaOH and the H2O2 concentration was determined using an ELISA microreader at 620 nm.

Cytokine analysis
The levels of interleukin (IL)-8, IL-1β, IL-6, IL-10, TNF-α, and IL-12 p70 were determined by
flow cytometry using a BD cytometric bead array (CBA) (BD Biosciences, CA, USA). The levels of transforming growth factor beta (TGF-β) and basic fibroblast growth factor (basic FGF)
were determined by ELISA using a cytokine Duo-Set Kit (R&D Systems, Minneapolis, MN,
USA), according to the manufacturer’s instructions.

Statistical analysis
All experimental protocols were performed at least three times. The results of the controls
(medium and ketoprofin, unstimulated and LPS stimulated) were used in the analyses for all
extract evaluated. Comparison of the treatments was performed by repeated measures
ANOVA with Bonferroni post-test. The analyses were conducted using GraphPad Prism 5.0
(GraphPad Software. Inc., San Diego, CA, USA) and statistical significance was set at pvalue < 0.05.
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Ethics Committee
This study was approved by the Research Ethics Committee of the Faculdade de Ciências de
Bauru—UNESP (Certificate of Presentation for Ethical Consideration–CAAE #20497414.0.
0000.5398). Written informed consent to participate and publish the data was obtained and
signed by all the participants.

Results
Table 1 presents the IC50 for each crude extract. The values ranged from 0.24 mg/mL to 2.19
mg/mL. The complete results of the cytotoxicity assay are shown in S1 Fig.
The effects of the crude leaf extracts were evaluated using an in vitro inflammatory milieu
triggered by LPS. As expected, the LPS-stimulated monocytes exhibited higher production of
hydrogen peroxide (H2O2) (p = 0.01), IL-1β (p = 0.01), TNF-α (p = 0.016), IL-10 (p = 0.04),
and TGF-β1 (p = 0.04) than non-stimulated monocytes (Figs 1–5). These findings support our
in vitro system in determining immunomodulatory properties.
To evaluate the effects of crude leaf extract on an inflammatory milieu, we first evaluated
the influence of each crude extract on human monocytes without an inflammatory stimulus,
i.e., we verified if the crude extracts triggered any alteration in monocyte activity at baseline
condition, and we also compared the effects of the crude extracts with those of ketoprofen.
Next, using the inflammatory in vitro model, we compared the effects of crude leaf extracts to
those of placebo treatment. Then, we compared them to those of ketoprofen treatment to identify the efficacy of crude extract over anti-inflammatory drugs.
Compared to that in unstimulated monocytes, the crude extracts of P. gaudichaudianum
abrogated the production of H2O2, IL-6, TNF-α, IL-8, and IL-10 (baseline) (Fig 1). Lower production of H2O2, IL-1β, IL-6, IL-8, and TGF-β1 was observed in LPS-stimulated monocyte cell
culture treated with crude extract compared to that in placebo treatment (Fig 1). The antiinflammatory action of the crude extract was higher than ketoprofen in relation to the production of H2O2, IL-6, and IL-8 by LPS-challenged monocytes (Fig 1).
Compared to that in unstimulated monocytes, the crude extract of P. arboreum abrogated
the production of IL-8 (Fig 2). Lower production of IL-1β, IL-6, IL-8, and TNF-α was observed
in LPS-stimulated monocyte cell culture treated with the extracts than that observed in the placebo treatment (Fig 2). The anti-inflammatory action of the crude extract was higher than
ketoprofen in relation to the production of H2O2, IL-6, IL-8, and TGF-β1 by LPS-challenged
monocytes (Fig 2).
Compared to that in unstimulated monocytes, the crude extract of P. umbellata abrogated
the production of H2O2, IL-1β, IL-6, TNF-α, IL-8, and IL-10 (Fig 3). Lower production of
H2O2, IL-1β, IL-6, IL-8, IL-10, and TNF-α was observed in LPS-stimulated monocytes treated
with the extracts than in the placebo treatment (Fig 3).
The anti-inflammatory action of the crude extract was higher than ketoprofen in relation to
the production of IL-6, IL-8, and TNF-α by LPS-challenged monocytes (Fig 3).
Table 1. IC50 values of the crude extracts of P. gaudichaudianum, P. arboreum, P. umbellata, P. fuligineum and
Peperomia obtusifolia.
Crude extracts

IC50 (mg/mL)

P. gaudichaudianum

0.55

P. arboreum

2.19

P. umbellata

1.56

P. fuligineum

0.24

Peperomia obtusifolia

2.12

https://doi.org/10.1371/journal.pone.0198682.t001
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Fig 1. Immunomodulatory effect of crude leaf extract of Piper gaudichaudianum on LPS-stimulated human
monocytes. The results of the controls (medium and ketoprofin, unstimulated and LPS stimulated) were used in the
analyses for all extract evaluated. Data are expressed as median ± SEM (pg/mL). ANOVA with Bonferroni post-test;
p < 0.05;  : significantly different from placebo treatment, #: significantly different from ketoprofen treatment.
https://doi.org/10.1371/journal.pone.0198682.g001

Compared to that in unstimulated monocytes, the crude extract of P. fuligineum abrogated
the production of H2O2, TNF-α, IL-8, and IL-10 (Fig 4). Lower production of H2O2, IL-1β, IL6, IL-8, IL-10, and TNF-α was observed in LPS-stimulated monocytes treated with the extracts
than in the placebo treatment (Fig 4). The anti-inflammatory action of the crude extract was
higher than ketoprofen in relation to the production of IL-6, IL-8, TGF-β1, and TNF-α by
LPS-challenged monocytes (Fig 4).
Compared to that in unstimulated monocytes, the crude extract of Peperomia obtusifolia
abrogated the production of H2O2, IL-6, TNF-α, IL-8, and IL-10 (Fig 5). Lower production of
H2O2, IL-6, IL-8, IL-10, TNF-α, and a tendency toward lower production of IL-1β was
observed in LPS-stimulated monocytes treated with the extracts than in the placebo treatment
(Fig 5). The anti-inflammatory action of the crude extract was higher than ketoprofen in relation to the production of IL-6, IL-8 TGF-β1, and TNF-α by LPS-challenged monocytes (Fig 5).
In all experimental protocols, the levels of IL-12p40 and FGF-b were below the detection
limit.

Discussion
To the best of our knowledge, we demonstrated for the first time, in this study, that all of the
evaluated crude leaf extracts induced anti-inflammatory activity that was more potent than
that of ketoprofen. Compared with ketoprofen, the evaluated crude extracts significantly
reduced the production of crucial pro-inflammatory markers, such as IL-6, IL-8, and TNF-α.
IL-8 or CXCL8, also known as neutrophil chemotactic factor, is a chemokine involved in neutrophil recruitment and degranulation during tissue injury response [40]. During inflammation, IL-6 induces T and B cell and macrophage differentiation, acute phase proteins synthesis,
and T cell activation [40]. TNF-α is an important pro-inflammatory cytokine that can induce
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Fig 2. Immunomodulatory effect of crude leaf extract of Piper arboreum on LPS-stimulated human monocytes.
The results of the controls (medium and ketoprofin, unstimulated and LPS stimulated) were used in the analyses for all
extract evaluated. Data are expressed as median ± SEM (pg/mL). ANOVA with Bonferroni post-test; p < 0.05;  :
significantly different from placebo treatment, #: significantly different from ketoprofen treatment.
https://doi.org/10.1371/journal.pone.0198682.g002

fever, apoptotic cell death, and cachexia [40]. In addition, this cytokine is commonly involved
in diseases with exacerbated inflammation as a hallmark, such as rheumatoid arthritis [41], idiopathic pulmonary fibrosis (IPF) [42], Crohn’s disease [43], and type 2 diabetes [44]. These
findings show that the evaluated crude extracts amplify the mechanisms underlying the antiinflammatory response, as observed with ketoprofen.
In the present study, we observed that LPS-stimulated monocytes treated with crude extracts
of P. gaudichaudianum and P. fuligineum also downregulated the production of TGF-β1 compared to LPS-stimulated untreated monocytes. TGF-β1 is a pleiotropic growth factor usually
associated with anti-inflammatory and regulatory properties; however, it presents a crucial role
in fibrotic diseases, including IPF [45], sarcoidosis [46], and hepatic fibrosis [47]. Infiltrating
monocytes act as important sources of TGF-β1 during early fibrogenesis [48]. Thus, P. gaudichaudianum and P. fuligineum seem to present an interesting antifibrotic potential.
Reduced production of IL-1β was observed in LPS-stimulated monocytes treated with each
crude extract compared to that in monocytes that were subjected to the inflammatory milieu
but did not receive any treatment. This condition reinforced the anti-inflammatory potential
of P. gaudichaudianum, P. arboreum, P. umbellata, P. fuligineum, and Peperomia obtusifolia,
since IL-1β is one of the most important pro-inflammatory cytokines involved in many
inflammatory/infection diseases [49,50].
Another important finding was the capacity of all extracts to prevent the production of IL10 by monocytes, as well as by monocytes treated with ketoprofen. Usually, the production of
IL-10 is increased by LPS-stimulated monocytes [51,52], probably due to an effort of cells to
control the inflammation. Indeed, sepsis is associated with a monocyte hyporesponsiveness to
LPS that appears to be proportional to the severity of sepsis and release of cytokines such as

PLOS ONE | https://doi.org/10.1371/journal.pone.0198682 June 20, 2018

7 / 14

Piperaceae species downmodulate in vitro inflammation

Fig 3. Immunomodulatory effect of crude leaf extract of Piper umbellata on LPS-stimulated human monocytes.
The results of the controls (medium and ketoprofin, unstimulated and LPS stimulated) were used in the analyses for all
extract evaluated. Data are expressed as median ± SEM (pg/mL). ANOVA with Bonferroni post-test; p < 0.05;  :
significantly different from placebo treatment, #: significantly different from ketoprofen treatment.
https://doi.org/10.1371/journal.pone.0198682.g003

PGE2, TGF-β, and IL-10 [53]. Therefore, the decreased levels of IL-10 induced by the crude
extracts in comparison to non-treated LPS-stimulated monocytes reinforce the idea that the
compounds could better control the inflammation in our in vitro system.
Few studies have addressed the immune-related effects of the Piperaceae species. The
ethanolic extract of the leaves of Piper betle Linn, which showed the accumulation of allylpyrocatechol glycosides, chavibetol glycosides, allylpyrocatechol, and chavibetol as the major chemical constituents, triggers in vitro downregulation of transcription of inducible nitric oxide
synthase and low production of IL-12 by rat peritoneal phagocytes [48]. These studies also
confirmed the immunomodulatory effect of the extract in the complete Freund’s adjuvantinduced model of arthritis in rats [54]. The aqueous extract of the aerial portion of Peperomia
pellucida (L.) HBK had an anti-inflammatory effect in the in vivo model of paw edema, induced by carrageenan, thereby interfering with prostaglandin synthesis [55]. Although the
studies did not characterize the extract chemically, this species is known to inhibit an important diterpene, phytol [56], which has been associated with cytotoxicity [57] and anti-histamine activity [58]. Thus, it is possible that biologically active compounds found in such
extracts can trigger anti-inflammatory activity.
Monocytes are immune cells that act in numerous immunological mechanisms, such as
replenishment of resident macrophages, production of dendritic cell subsets, and acute and
chronic inflammatory responses [59,60]. The cellular activity of these cells involves the production of several molecules responsible for killing of pathogens (H2O2, NO), cellular recruitment (IL-8, CCL2, and CCL3), pro-inflammatory activation (TNF-α, IL-1β, and IL-6),
polarization of adaptive immune response (IL-12), regulation of inflammation (IL-10 and
TGF-β1), and tissue repair (TGF-β1 and bFGF) [40]. This functional plasticity is crucial for
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Fig 4. Immunomodulatory effect of crude leaf extract of Piper fuligineum on LPS-stimulated human monocytes.
The results of the controls (medium and ketoprofin, unstimulated and LPS stimulated) were used in the analyses for all
extract evaluated. Data are expressed as median ± SEM (pg/mL). ANOVA with Bonferroni post-test; p < 0.05;  :
significantly different from placebo treatment, #: significantly different from ketoprofen treatment.
https://doi.org/10.1371/journal.pone.0198682.g004

the efficiency of immune systems. On the contrary, the dysregulation of these cells is observed
in several inflammatory diseases, including sepsis [61], atherosclerosis [62], rheumatoid arthritis (RA) [63], and hepatic fibrosis [47]. In general, high counts of monocytes and/or intense
production of inflammatory mediators by these cells are hallmarks of these diseases [64]. High
levels of TNF-α and IL-6 are associated with worse prognoses in septicemia [65] and progression and worsening of RA [66]. Furthermore, long-term use of steroid and non-steroid antiinflammatory drugs makes treatment difficult. Therefore, in this study, we evaluated the
immunotherapeutic effect of the crude extracts using the in vitro model of LPS-stimulated
monocyte cell culture that mimics an inflammatory milieu. The principle of the assay is based
on monocyte activation by LPS, the major component of the outer membrane of Gram-negative bacteria. Upon binding of LPS to the CD14 receptor and toll-like receptor 4 (TLR-4) of
phagocytes [67], several transmembrane and diverse signal transduction cascades are induced
to activate transcription factors of the NF-κB family [68,69]. NF-κB translocates from the cytoplasm to the nucleus where it activates target genes responsible for encoding pro-inflammatory
cytokines, adhesion molecules, chemokines, growth factors, and inducible enzymes [55–57].
Although the intracellular pathways were not addressed in this study, it is possible that molecules present in the crude extract interfere with the NF-κB signaling pathway. Some antiinflammatory agents, such as dexamethasone, prednisone, aspirin, sodium salicylate, sulindac,
and sulfasalazine have been associated with the repression, or at least in part, of the NF-κB
pathway [70, 71]. Thus, the in vitro model used in this study would be helpful in analyzing new
anti-inflammatory targets, as well as the underlying mechanisms.
In conclusion, our results showed promising anti-inflammatory and antifibrotic immunomodulatory properties of crude leaf extracts of P. gaudichaudianum, P. arboreum, P. umbellata,
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Fig 5. Immunomodulatory effect of crude leaf extract of Peperomia obtusifolia on LPS-stimulated human
monocytes. The results of the controls (medium and ketoprofin, unstimulated and LPS stimulated) were used in the
analyses for all extract evaluated. Data are expressed as median ± SEM (pg/mL). ANOVA with Bonferroni post-test;
p < 0.05;  : significantly different from placebo treatment, #: significantly different from ketoprofen treatment.
https://doi.org/10.1371/journal.pone.0198682.g005

P. fuligineum, and Peperomia obtusifolia, and provided insights for identification of new target
drugs to enhance and/or modulate their effects and/or reduce the side-effects.

Supporting information
S1 Fig. Cytotoxic activity of crude extracts from Piper gaudichaudianum, Piper umbellata,
Piper fuligineum, Piper fuligineum, and Peperomia obtusifolia. Peripheral blood mononuclear cells were cultured in the presence of different concentrations of the crude extracts (0.156
to 5.0 mg/mL). Concanavalin A (ConA) was used as positive control (lymphoproliferative
response). Medium as added in untreated cells for control culture (CC). Data are expressed as
median ± SEM (pg/mL). Repeated measures ANOVA with a Dunnett post hoc test; p < 0.05; 
p < 0.05;  p< 0.01; p < 0.001.
(TIF)
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is a segregate lineage in Piperaceae: more evidence from flower, fruit and pollen morphology,
anatomy and development. Ann Bot. 2010; 105: 677–688. https://doi.org/10.1093/aob/mcq031 PMID:
20237114

6.

Wanke S, Samain M-S, Vanderschaeve L, Mathieu G, Goetghebeur P, Neinhuis C. Phylogeny of the
genus Peperomia (Piperaceae) inferred from the trnK/matK region (cpDNA). Plant Biol Stuttg Ger.
2006; 8: 93–102. https://doi.org/10.1055/s-2005-873060 PMID: 16435273

7.

Quijano-Abril MA, Callejas-Posada R, Miranda-Esquivel DR. Areas of endemism and distribution patterns for Neotropical Piper species (Piperaceae). J Biogeogr. 2006; 33: 1266–1278. https://doi.org/10.
1111/j.1365-2699.2006.01501.x

8.

Di Stasi LC, Hiruma-Lima CA. Plantas medicinais na Amazônia e na Mata Atlântica. 2nd ed. São
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Lozo Vukovac E, Lozo M, Mise K, Gudelj I, Puljiz Ž, Jurcev-Savicevic A, et al. Bronchoalveolar pH and
inflammatory biomarkers in newly diagnosed IPF and GERD patients: a case-control study. Med Sci
Monit Int Med J Exp Clin Res. 2014; 20: 255–261. https://doi.org/10.12659/MSM.889800 PMID:
24535066

43.

Stidham RW, Lee TCH, Higgins PDR, Deshpande AR, Sussman DA, Singal AG, et al. Systematic
review with network meta-analysis: the efficacy of anti-TNF agents for the treatment of Crohn&apos;s
disease. Aliment Pharmacol Amp Ther. 2014; 39: 1349–1362. https://doi.org/10.1111/apt.12749 PMID:
24749763

44.

Chen Y, Qiao Y, Xu Y, Ling W, Pan Y, Huang Y, et al. Serum TNF-α concentrations in type 2 diabetes
mellitus patients and diabetic nephropathy patients: A systematic review and meta-analysis. Immunol
Lett. 2017; 186: 52–58. https://doi.org/10.1016/j.imlet.2017.04.003 PMID: 28414180

45.

Ley B, Brown KK, Collard HR. Molecular biomarkers in idiopathic pulmonary fibrosis. Am J Physiol Lung
Cell Mol Physiol. 2014; 307: L681–691. https://doi.org/10.1152/ajplung.00014.2014 PMID: 25260757

46.

Carleo A, Bennett D, Rottoli P. Biomarkers in sarcoidosis: the contribution of system biology. Curr Opin
Pulm Med. 2016; 22: 509–514. https://doi.org/10.1097/MCP.0000000000000306 PMID: 27428796

47.

Hemmann S, Graf J, Roderfeld M, Roeb E. Expression of MMPs and TIMPs in liver fibrosis–a systematic review with special emphasis on anti-fibrotic strategies. J Hepatol. 2007; 46: 955–975. https://doi.
org/10.1016/j.jhep.2007.02.003 PMID: 17383048

48.

Meng X-M, Tang PM-K, Li J, Lan HY. TGF-β/Smad signaling in renal fibrosis. Front Physiol. 2015; 6.
https://doi.org/10.3389/fphys.2015.00082 PMID: 25852569

49.

Lopera D, Naranjo TW, Cruz OG, Restrepo A, Cano LE, Lenzi HL. Structural and topographic dynamics
of pulmonary histopathology and local cytokine profiles in Paracoccidioides brasiliensis conidia-infected
mice. PLoS Negl Trop Dis. 2011; 5: e1232. https://doi.org/10.1371/journal.pntd.0001232 PMID:
21765962

50.

Aganna E, Martinon F, Hawkins PN, Ross JB, Swan DC, Booth DR, et al. Association of mutations in
the NALP3/CIAS1/PYPAF1 gene with a broad phenotype including recurrent fever, cold sensitivity, sensorineural deafness, and AA amyloidosis. Arthritis Rheum. 2002; 46: 2445–2452. https://doi.org/10.
1002/art.10509 PMID: 12355493

51.

Schildberger A, Rossmanith E, Eichhorn T, Strassl K, Weber V. Monocytes, Peripheral Blood Mononuclear Cells, and THP-1 Cells Exhibit Different Cytokine Expression Patterns following Stimulation with
Lipopolysaccharide. In: Mediators of Inflammation [Internet]. 2013 [cited 18 Mar 2018]. https://doi.org/
10.1155/2013/697972 PMID: 23818743

PLOS ONE | https://doi.org/10.1371/journal.pone.0198682 June 20, 2018

13 / 14

Piperaceae species downmodulate in vitro inflammation

52.

Holanda BBC, Guerra RB, Legendre AO, Almeida DF, Fraga-Silva TFC, Finato ÂC, et al. Thermal,
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