TION
@m O,

%,
doi: 10.1093/femspd/ftw081

m Advance Access Publication Date: 26 August 2016

9, S :
X305 1>® Research Article

Pathogens and Disease, 74, 2016, ftw081

O

0
B0y W3

JOURNALS

investing in science

OXFORD

RESEARCH ARTICLE
Immunomodulatory/anti-inflammatory effects
of a propolis-containing mouthwash on human
monocytes

Karina Basso Santiago?!, Bruno José Conti?, Eliza de Oliveira Cardoso?,
Marjorie de Assis Golim? and José Mauricio Sforcin®*

1Department of Microbiology and Immunology, Biosciences Institute, UNESP, Botucatu, SP, Brazil and
2Laboratory of Flow Cytometry, Blood Center, School of Medicine, UNESP, Botucatu, SP, Brazil

*Corresponding author: Department of Microbiology and Immunology, Biosciences Institute, UNESP, Plinio Pinto e Silva St., Botucatu, SP, 18618-691,
Brazil. Tel: +55 14 38800445; Fax: +55 14 38153744; E-mail: sforcin@ibb.unesp.br

One sentence summary: The combination propolis/chlorhexidine increased the bactericidal activity of human monocytes against Streptococcus mutans
and stimulated anti-inflammatory cytokine production, which could be beneficial in the treatment of periodontal diseases.
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ABSTRACT

Propolis is a bee product used in folk medicine to improve health and prevent inflammatory diseases. It has attracted the
attention of researchers from the odontological field lately, reducing inflammation resulting from surgical procedures and
as an antimicrobial agent in the control of bacterial plaque. Thus far, no side-effects that might compromise oral health
have been observed. Chlorhexidine is an antimicrobial agent widely used as an antiseptic, but side-effects restrict its use.
This work investigated the effects of an odontological product containing propolis in combination with chlorhexidine in
lower concentrations on human monocytes. Cell marker expression, the nuclear factor kappa B (NF-«B) signaling pathway,
the production of pro- and anti-inflammatory cytokines, and the bactericidal activity of these cells against Streptococcus
mutans were evaluated. Data showed that the combination of propolis and chlorhexidine may favor the recognition of
antigens by monocytes, slightly activates the NF-«B signaling pathway, and increases the bactericidal activity of human
monocytes against S. mutans. Also, the combination played a role in anti-inflammatory cytokine production, which can be
beneficial in the treatment of periodontal diseases. These results may have implications for the development of
odontological products with immunomodulatory/anti-inflammatory action, and may have further-reaching implications for
the pharmaceutical industry.
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INTRODUCTION depending on its botanical origin (Salatino et al. 2005). Its chemi-
cal composition is extremely complex, varying according to geo-
graphical location and the local flora. The main sources of propo-
lis in the apiary of the University (UNESP, Campus of Botucatu)
are Baccharis dracunculifolia DC, Araucaria angustifolia (Bert.) O.
Kuntze and Eucalyptus citriodora Hook (Bankova et al. 1999). The

Propolis is a resinous and balsamic product, collected and pre-
pared by bees from some parts of plants, i.e. leaves, branches,
bark, resinous exudates and flower buds, to which the bees add
salivary secretions, wax and pollen (Bankova 2005). The color
of propolis may vary between yellow, red, brown and green,
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composition of our propolis sample was analyzed, revealing that
its main groups are: phenolics (flavonoids, aromatic acids, ben-
zopyranes), di- and triterpenes, and essential oils (Sforcin 2007).

Propolis has been used since ancient times in folk medicine,
due to its numerous biological properties, such as antimicrobial,
anti-inflammatory, immunomodulatory and anti-tumor (Sforcin
2007; Bufalo et al. 2009). Moreover, the absence of side-effects af-
ter short or long-term propolis administration to rats has been
reported (Sforcin, Funari and Novelli 1995; Mani et al. 2006).
Propolis has attracted the attention of researchers from the
odontological area, in order to reduce inflammation resulting
from surgical procedures, and as an antimicrobial agent in the
control of bacterial plaque, showing no side-effects that could
compromise the oral health.

Chlorhexidine (CHX) is a cationic antimicrobial agent and
has been widely used as an antiseptic, being active against
Gram-positive and Gram-negative bacteria, aerobic and facul-
tative anaerobic, and molds, yeasts and viruses. Its action oc-
curs by adsorption to the cell wall of microorganisms, caus-
ing leakage of intracellular components, leading to cell death
(Hernandez et al. 2005). However, its use as an antimicrobial
agent for oral use is still controversial due to the occurrence of
side-effects, such as pigmentation of teeth, tongue, restorations
and prostheses, desquamation and injury to the oral mucosa,
and taste disorders. These side-effects restrict its prolonged use.
Thus, the search for new products with significant antimicrobial
activity and fewer side-effects has increased, aiming for the pre-
ventive or therapeutic control of bacteria that cause periodontal
diseases (Libério et al. 2009).

Periodontal diseases are characterized by chronic inflamma-
tion associated with the presence of specific bacteria in the pe-
riodontal pocket, which results in the destruction of soft tis-
sue and the resorption of alveolar bone. The local inflammatory
immune response is crucial for protecting periodontal tissues
from various pathogens. Gingival epithelial cells play an impor-
tant role in the innate immune response by producing antimi-
crobial peptides and chemokines that recruit neutrophils (Mat-
suyama et al. 2005). Monocytes from the gum bleeding come to
the inflammatory site as well. Antigen-presenting cells (APCs)
remove invading microorganisms such as Streptococcus mutans
that cause caries by engulfing, processing and presenting them
to T cells. Antigen-specific T-cell activation by T-cell recep-
tor/MHC class II engagement requires a co-stimulatory signal
which is induced by the binding between cluster of differen-
tiation (CD)28 on T cells and B7-1 (CD80) and B7-2 (CD86) co-
stimulatory molecules expressed by APCs, which produce in-
flammatory mediators that regulate the adaptive immune re-
sponse (Konermann et al. 2012).

Toll-like receptors (TLRs) may bind to products or conserved
microbial structures, called pathogen-associated molecular pat-
terns (PAMPs), which are absent in eukaryotic cells but may
be present in both pathogenic and non-pathogenic microor-
ganisms (Medzhitov 2001). After recognition of microorganisms,
several transcription factors are activated, such as nuclear factor
kappa B (NF-«B), leading to the gene expression of tumor necro-
sis factor alpha (TNF-«), interleukin (IL)-6 and IL-10. Individually
or in combination, cytokines interact with their specific recep-
tors, modulating cellular function. Cytokines such as TNF-« are
important in the activation of the monocyte and macrophage
process, whereas other cytokines, such as IL-10, are consid-
ered inactivating cell factors. IL-6 exerts both pro- and anti-
inflammatory effects, and acts in regenerative processes, in reg-
ulating metabolism, and in maintaining bone and neural func-
tion (Scheller et al. 2011).

Recently, our group produced a propolis-based odontologi-
cal product whose patent was deposited in February 2015 (BR10
2015 003982-4). This product was tested in vivo and beneficial ef-
fects were seen in the control of dental plaque in humans. Here
we wish to present its immunomodulatory effects in vitro on
human monocytes. The effects of propolis in combination with
lower concentrations of chlorhexidine were assessed regarding
the expression of cell markers (TLR-4, human leukocyte antigen
(HLA)-DR, CD80, CD86), NF-«B signaling pathway, pro- and anti-
inflammatory cytokine (TNF-«, IL-10, IL-6) production by human
monocytes and its bactericidal activity against Streptococcus mu-
tans — one of the causative agents of dental caries.

MATERIALS AND METHODS

Propolis, chlorhexidine and the combination
propolis/chlorhexidine

Propolis was collected in the Beekeeping Section, UNESP, Cam-
pus of Botucatu. Propolis was ground and 30% ethanolic extracts
of propolis were prepared (30 g of propolis, completing the vol-
ume to 100 mL with 70% ethanol), in the absence of bright light,
at room temperature and with moderate shaking. After a week,
extracts were filtered and the dry weight of the extracts was cal-
culated (130 mg mL~?) (Sforcin, Orsi and Bankova 2005). Propolis
was diluted in RPMI 1640 culture medium (Cultilab, Campinas,
SP, Brazil) containing L-glutamine (0.1 g L), sodium bicarbon-
ate (2.2 gL71), non-essential amino acids (10 mL L~!) and supple-
mented with 10% fetal calf serum (complete medium). Specific
dilutions were prepared for each assay in order to achieve dif-
ferent propolis (P) concentrations (P1: 0.2, P2: 1.0, P3: 2.0, P4: 5.0,
P5: 10.0 and P6: 20.0 ng mL~1). The same procedure was carried
out with 70% ethanol (propolis solvent).

Chlorhexidine (CHX), 0.12% (Swerts, Costa and Fiorini 2005),
was purchased from a local pharmacy, and was diluted in RPMI
1640 culture medium to obtain CHX1: 1.2, CHX2: 6.0, CHX3: 12.0,
CHX4: 30.0, CHX5: 60.0 and CHX6: 120.0 ug mL~2.

For the combination propolis/chlorhexidine (P/CHX), the
concentrations were P/CHX1: 0.2/1.2, P/CHX2: 1.0/6.0, P/CHX3:
2.0/12.0, P/CHX4: 5.0/30.0, P/CHXS: 10.0/60.0 and P/CHXe6:
20.0/120.0 g mL~1.

Healthy blood donors and isolation
of human monocytes

Ten healthy blood donors (aged 20-40 years) from the Univer-
sity Hospital, School of Medicine, UNESP, were included in the
present work, which was approved by the Ethics Committee
of the School of Medicine (CEP 4077-2011). An informed con-
sent was signed by all blood donors. Peripheral blood mononu-
clear cells (PBMCs) were isolated from heparinized (50 U mL~?
heparin) venous blood using Ficoll-Paque (density = 1.077) (GE
Healthcare Bio-Sciences, Uppsala, Sweden). Briefly, 20 mL of
heparinized blood was added to an equal volume of complete
medium. Samples were added to 4 mL of Ficoll-Paque and cen-
trifuged at 400 g for 30 min at room temperature. The inter-
face layer of the PBMCs was taken and washed three times with
RPMI medium at 300 g for 10 min. Cell viability, as determined
by neutral red (0.02%) staining, was >95% in all experiments.
Cells were resuspended at a final concentration of 1 x 10° mono-
cytes mL~! in complete medium. After 2 h, non-adherent cells
were discarded, and monocytes were incubated with the stimuli
for 18 h.
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Cell viability by MTT assay

Cell viability was performed using 3-(4,5-dimethyl-thiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich, St Louis,
MO, USA) colorimetric assay. Monocytes (1 x 10° cells mL~1) were
incubated with different concentrations of propolis, chlorhexi-
dine and the combination P/CHX at 37°C and 5% CO,, in a final
volume of 500 uL. Control cells were incubated only with cul-
ture medium. After 18 h, the culture medium was removed and
300 pL of MTT (1 mg mL~') in complete RPMI was added to the
culture cells for 3 h. Afterwards, MTT was taken and 200 uL of
dimethylsulfoxide (DMSO) was added to dissolve the formazan
salt. Optical densities (OD) were read at 540 nm in an enzyme-
linked immunosorbent assay (ELISA) reader and the percentage
of cell viability was calculated using the formula: [OD test/OD
control] x 100. Assays were carried out in duplicate.

Flow-cytometry analysis of TLR-4, HLA-DR,
CD86 and CD80 expression by monocytes

The expression of TLR-4, HLA-DR, CD86 and CD80 by human
monocytes was assessed using a FACSCalibur flow cytometer
and Cell Quest software (Becton Dickinson, San Jose, CA, USA).
PBMCs containing 1 x 10° cells mL~! were incubated for 18 h
at 37°C and 5% CO, with complete medium in the presence or
absence of different concentrations of propolis, chlorhexidine
and the combination P/CHX in polystyrene tubes for cytometric
analysis (BD Labware, San Jose, CA, USA). Cells were washed and
incubated with monoclonal antibodies (MAbs), according to the
manufacturer’s instructions: 0.5 pg mL~? of phycoerythrin-CY7
(PE/Cy7)-labeled anti-CD14 (clone M5E2), 1 ug mL~? of phycoery-
thrin (PE)-labeled anti-TLR-4 (clone HTA125) and 2 ug mL™! of
ALEXA Fluor 488-labeled anti-CD86 (clone IT2.2). In other tubes,
PBMCs were incubated with 0.5 ug mL~? of PE/Cy7-labeled anti-
CD14, 0.5 ug mL~! of FITC-labeled anti-HLA-DR (clone L243) and
1 ngmL~?! of PE-labeled anti-CD80 (clone 2D10). Antibodies were
purchased from Biolegend (San Diego, CA, USA).

Stained cells were incubated for 30 min in the dark at
4°C, then washed and fixed with 5% paraformaldehyde in PBS.
Background staining was determined from cells incubated with
2 ng mL~! of PE/Cy7, FITC and PE-labeled control isotype anti-
bodies. Cell samples were washed with complete medium and
analyzed by flow cytometry. Thirty thousand monocyte events,
defined as cells with respective side scatter (SSCs) and CD14
staining characteristics, and corresponding levels of fluores-
cence for TLR-4, HLA-DR, CD86 and CD80, were obtained for the
gated CD14" cells. Results were expressed as percentage of pos-
itive CD14 cells of gated events.

NF-«B signaling pathway

Monocytes (1 x 10° cells mL~1) were distributed into 24-well flat-
bottomed plates and incubated with different concentrations of
propolis, chlorhexidine, combination P/CHX, lipopolysaccharide
(10 ng mL~') and medium alone as control for 45 min at 37°C
and 5% CO,. Then the cells were washed with PBS containing
10% endotoxin-free fetal bovine serum (FBS) on ice. Washed cells
were then lysed using a nuclear extract kit (Cayman Chemical
Company, Ann Arbor, MI, USA). A nuclear extract for each cul-
ture condition was obtained and stored at —80°C until further
analysis. Afterwards, the nuclear portion of p65NF-«<B was de-
tected by ELISA using a transcription factor ELISA kit (Cayman
Chemical Company), according to the manufacturer’s instruc-
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tions, and quantified at 450 nm with a reference wavelength of
655 nm.

Bactericidal activity of human monocytes

Monocytes (2 x 10° cells mL-?) were treated with different con-
centrations of propolis, chlorhexidine and combination P/CHX
for 18 h at 37°C and 5% CO,. After incubation, stimuli were re-
moved and cells were challenged with 500 uL of a Streptococ-
cus mutans suspension (ATCC 25175) in complete medium con-
taining 1 x 10° bacteria mL~! (monocytes/bacteria ratio = 1:5)
at 37°C in 5% CO,. After 2 h, supernatants were collected and
Triton X-100 (1%) was used to lyse monocytes, resulting in a fi-
nal volume of 10 mL. Then, 10 xL was plated on brain-heart in-
fusion (BHI) agar medium (Difco Laboratories, Detroit, MI, USA)
in triplicate, and plates were incubated at 37°C. The number of
colony-forming units (CFUs) per plate was counted after 48 h.
Plates containing monocyte-bacteria cocultures were consid-
ered as experimental plates, and plates containing only bacteria
were used as control plates. Bactericidal activity percentage (%)
was determined by the following formula:

% bactericidal activity
= [1 — (mean CFU of experimental cultures/

mean CFU of control plates)] x 100

Cytokine determination by enzyme-linked
immunosorbent assay (ELISA)

To evaluate cytokine production, monocytes (1 x 106 cells mL™?)
were distributed into 24-well flat-bottomed plates (TPP Techno
Plastic Products AG, Trasadingen, Switzerland) and incubated
with different concentrations of propolis (0.2, 1.0 and 2.0
ug mL~?1), chlorhexidine (1.2, 6.0 and 12.0 g mL~?!), combina-
tion P/CHX (0.2/1.2, 1.0/6.0, 2.0/12.0 ug mL~1), lipopolysaccharide
(LPS, 10 ng mL~?) and only culture medium as control at 37°C and
5% CO,. Afterwards, the supernatants were harvested for TNF-
«, IL-6 and IL-10 measurement by ELISA, according to the man-
ufacturer’s instructions (R&D Systems, Minneapolis, MN, USA).
Briefly, a 96-well flat bottom Maxisorp (Thermo Fisher Scientific,
Waltham, MA, USA) was coated with capture antibody specific to
each cytokine. The plate was washed and blocked before 100 pL
of the supernatants and serially diluted specific standards were
added to the respective wells. Following a series of washing, the
cytokine was detected using the specific conjugated detection
antibody. The substrate reagent was added into each well and,
after color development, the plate was read at 450 nm, using an
ELISA plate reader.

Statistical analysis

Data were analyzed with Graph Pad statistical software (Graph
Pad Software, Inc., San Diego, CA, USA). Analysis of variance
(ANOVA) and Dunnett method were employed. Data were ex-
pressed as mean + standard deviation of 10 individuals. A P
value of less than 0.05 was considered significant.

RESULTS
Monocyte viability

The effect of propolis, CHX and P/CHX on human monocyte
viability was expressed in comparison to control (non-treated
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cells). Propolis in all concentrations (0.2, 1.0, 2.0, 5.0, 10.0 and
20.0 pg mL~1) did not affect cell viability (>98%) (Fig. 1A). Ethanol
at 70% (in the same concentrations found in propolis) had no cy-
totoxic effects on monocytes (data not shown).

After incubation with the highest concentrations of
chlorhexidine alone (30.0, 60.0 and 120.0 ug mL-?) (Fig. 1B)
and combined with propolis P/CHX (5.0/30.0, 10.0/60.0 and
20.0/120.0 g mL~1) (Fig. 1C), a significant decrease in monocyte
viability was observed (P < 0.0001). Thus, the assays were
carried out using only non-cytotoxic concentrations.

Effect of propolis, chlorhexidine and P/CHX on TLR-4,
HLA-DR, CD86 and CD80 expression by monocytes

Propolis, CHX and P/CHX upregulated TLR-4 expression by hu-
man monocytes at all concentrations compared to control, al-
though no difference was seen between them (Fig. 2A). The
treatments had no effect on HLA-DR expression, since it was ex-
pressed in high percentage even in control (87.5%) (Fig. 2B).

With regard to the co-stimulatory molecules, propolis (at
all concentrations) upregulated CD86 expression, whereas
chlorhexidine and P/CHX had no effect on CD86 level. Also,
propolis (0.2 and 2.0 ug mL™?) induced a higher expression of
CD86 compared to the combinations containing the respective
concentrations of propolis (P < 0.01 and P < 0.001, respectively)
(Fig. 2C). Unexpectedly, chlorhexidine with or without propolis
downregulated CD80 expression by human monocytes, whereas
propolis alone had no effects on its expression. Comparing the
combinations with its components alone, only the 2.0 ug mL™?
concentration of propolis increased CD80 expression (P < 0.001)
(Fig. 2D).

NF-«B signaling pathway

LPS upregulated the NF-«B activation, as expected. Compared
to the control (medium alone), the incubation of human mono-
cytes with propolis (0.2 and 2.0 ug mL~?), chlorhexidine (6.0 and
12.0 pg mL~') and P/CHX (0.2/1.2 ug mL~?) slightly increased the
activation of this transcription factor (P < 0.01) (Fig. 3).

Bactericidal activity

Non-stimulated monocytes exhibited a bactericidal activity
(24%) against S. mutans. This activity was increased after incu-
bation with propolis, CHX and the combination P/CHX, although
the highest bactericidal activity was seen after incubation with
the combination at all concentrations (Fig. 4). P/CHX3 was sig-
nificantly different from P3 but not from CHX3.

Cytokine production

Chlorhexidine (at all concentrations) increased TNF-« produc-
tion compared to control. Propolis had no effect on TNF-« pro-
duction; however, its combination with CHX prevented the in-
crease induced by chlorhexidine (P < 0.001 and P < 0.0001)
(Fig. 5A).

Regarding IL-10 production, although propolis did not affect
the release of this cytokine, an increased IL-10 production was
seen after incubation with the combination (at all concentra-
tions) compared to its separate components (P < 0.0001) (Fig. 5B).

IL-6 levels were not altered after incubation with propolis
(Fig. 5C), and its production was similar to control. On the other
hand, CHX in combination with propolis (1.0/6.0 xg mL™?) sig-
nificantly inhibited the production of IL-6 compared to the same
propolis concentration (1.0 ug mL™1).
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Figure 1. Viability (%) of human monocytes incubated with medium alone (con-
trol), (A) propolis P1 (0.2), P2 (1.0), P3 (2.0), P4 (5.0), P5 (10.0) and P6 (20.0 g mL™),
(B) chlorhexidine CHX1 (1.2), CHX2 (6.0), CHX3 (12.0), CHX4 (30.0), CHX5 (60.0) and
CHX6 (120.0 ug mL~?), (C) combination P/CHX1 (0.5/1.2), P/CHX2 (1.0/6.0), P/CHX3
(2.0/12.0), P/CHX4 (5.0/30.0), P/CHX5 (10.0/60.0) and P/CHX6 (20.0/120.0 g mL-?)
and lipopolysaccharide (LPS, 10 pg mL~?) for 18 h. ***P < 0.0001 vus. control (mean
+ SD; n = 10 subjects).
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Figure 2. Percentage (%) of (A) TLR4, (B) HLA-DR, (C) CD86 and (D) CD80 expression of human monocytes incubated with medium alone (control), propolis P1 (0.2), P2
(1.0) and P3 (2.0 g mL~?), chlorhexidine CHX1 (1.2), CHX2 (6.0) and CHX3 (12.0 g mL~?), combination P/CHX1 (0.2/1.2), P/CHX2 (1.0/6.0) and P/CHX3 (2.0/12.0 ng mL~?%)
and lipopolysaccharide (LPS, 10 xg/ml) for 18 h. The effects of P/CHX were compared to P and CHX alone, in the respective concentration. *P < 0.01 vs. P/CHX1; **P <
0.001, **+P < 0.0001 vs. P/CHX3; ##P < 0.0001 vs. P/CHX2 (mean + SD; n = 10 subjects).

LPS (positive control) stimulated all cytokine production by
human monocytes.

DISCUSSION

A propolis-containing mouthwash was investigated concerning
its immunomodulatory action. First, propolis alone did not af-
fect cell viability. These findings are in agreement with other
works from our group evaluating the effects of propolis and its
constituents on the viability of human monocytes (Conti et al.
2013; Bufalo et al. 2014; Bufalo and Sforcin 2015). Likewise, no cy-
totoxic effect was seen on peritoneal macrophages from BALB/c
and C57BL/6 mice (Missima et al. 2009; Pagliarone et al. 2009;
Orsatti et al. 2010). Regarding chlorhexidine effects, its highest
concentrations affected cell viability (24%, 22% and 17%) even
associated with propolis, leading to 27%, 19% and 16% viabil-
ity. In an attempt to verify whether the cell viability affected by
chlorhexidine concentrations could be due to the presence of
distilled water, its effect alone on monocytes was investigated,
and the viability remained unaltered (data not shown). Thus,
one may conclude that the low viability of monocytes was ex-
clusively due to chlorhexidine.

Several studies have reported that chlorhexidine may be
both cytotoxic and genotoxic (Grassi et al. 2007; Lee et al. 2010).

Bonacorsi, Raddi and Carlos (2004) observed a reduced viabil-
ity of macrophages exposed to chlorhexidine after 1 h (using
concentrations higher than 20 ug mL™') and 24 h (higher than
5 ng mL~Y). Li et al. (2014) observed a cytotoxic effect on RAW
264.7 cells after 1 h incubation with chlorhexidine 0.001%, with
a maximum cytotoxic effect after 2 h, in a time- and dose-
dependent manner. Thus, our experiments were carried out
using only non-cytotoxic concentrations of the combination
P/CHX.

During the triggering of the immune response, there is
an increased expression of certain genes such as cytokines,
chemokines, histocompatibility molecules, and important co-
stimulatory molecules for T cell activation such as CD80 (B7-
1) and CD86 (B7-2) (Swerts, Costa and Fiorini 2005). Here,
the combination P/CHX enhanced TLR-4 expression by human
monocytes compared to non-treated cells and propolis may be
involved in this effect, since previous works from our group re-
ported an increased TLR-4 expression by propolis-stimulated
monocytes (Bufalo et al. 2014). Propolis-containing products di-
minished CD80 expression without affecting CD86 and HLA-
DR expression. These results suggested that the combination
did not affect either the antigen recognition by monocytes or
the action of co-stimulatory molecules. A possible explanation
could be the fact that the combination P/CHX increased IL-
10 production, which inhibits the expression of co-stimulatory
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Figure 3. NF-«xB quantification (xg mL~') by human monocytes incubated with
medium alone (control), propolis P1 (0.2), P2 (1.0) and P3 (2.0 ug mL~?), chlorhex-
idine CHX1 (1.2), CHX2 (6.0) and CHX3 (12.0 g mL~!), combination P/CHX1
(0.2/1.2), P/CHX2 (1.0/6.0) and P/CHX3 (2.0/12.0 ug mL~'), and lipopolysaccharide
(LPS, 10 ug mL~') for 45 min. *P < 0.01 us. control (mean + SD; n = 10 subjects).
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Figure 4. Percentage (%) of bactericidal activity of human monocytes incubated
with medium alone (control), propolis P1 (0.2), P2 (1.0) and P3 (2.0 ug mL™?),
chlorhexidine CHX1 (1.2), CHX2 (6.0) and CHX3 (12.0 ug mL~?!), and combination
P/CHX1 (0.2/1.2), P/CHX2 (1.0/6.0) and P/CHX3 (2.0/12.0 ng mL~!) for 18 h and chal-
lenged with Streptococcus mutans for 2 h. The effects of P/CHX were compared to
P and CHX alone, in the respective concentration. **P < 0.001; ***P < 0.0001 vs.
P/CHX1; ##P < 0.0001 us. P/CHX2; *+*P < 0.0001 vs. P/CHX3 (mean + SD; n = 10
subjects).

molecules and class II histocompatibility molecules (Norkina
et al. 2007).

The activation of TLRs can initiate multiple signaling path-
ways such as the transcription factor NF-«B, which controls the
gene expression of several cytokines related to physiological or
pathological processes (Kawai and Akira 2007). The combination
P/CHX induced the activation of the NF-«B signaling pathway
slightly, although its quantification was already high in control
cells and similar to the LPS-induced one. Thus, although a sig-
nificant increase was seen in treated cells, one may speculate
that this increase was biologically discreet.

The bactericidal activity against S. mutans increased after in-
cubation of monocytes with the combination P/CHX, although
propolis and CHX alone induced it as well. Recent studies of
our group with human monocytes revealed that propolis, as
well as the isolates cinnamic acid and caffeic acid, increased
the fungicidal activity of monocytes against Candida albicans
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Figure 5. (A) TNF-o, (B) IL-10 and (C) IL-6 production (pg mL~?!) by human mono-
cytes incubated with medium alone (control), propolis P1 (0.2), P2 (1.0) and P3
(2.0 pg mL~1), chlorhexidine CHX1 (1.2), CHX2 (6.0) and CHX3 (12.0 ug mL™?),
combination P/CHX1 (0.2/1.2), P/CHX2 (1.0/6.0) and P/CHX3 (2.0/12.0 ug mL~Y),
and lipopolysaccharide (LPS, 10 ug mL™!) for 18 h. The effects of P/CHX were
compared to P and CHX alone, in the respective concentration. **P < 0.001,
***P < 0.0001 vs. P/CHX1; #P < 0.001, ##P < 0.0001 vs. P/CHX2; ***P < 0.0001
vs. P/CHX3 (mean + SD; n = 10 subjects).
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(Conti et al. 2013; Bufalo et al. 2014; Bufalo and Sforcin 2015).
Our data are important, since there are no data in the liter-
ature investigating the combination P/CHX effects on human
monocytes. Although the mechanisms by which our treatments
increased the microbicidal activity of monocytes were not in-
vestigated, one may speculate that the combination P/CHX
might upregulate the production of reactive oxygen species
(ROS) by human monocytes. Propolis increased hydrogen perox-
ide (H,0;) production by murine peritoneal macrophages (Orsi
et al. 2000), while no effect was seen incubating these cells
with chlorhexidine (Bonacorsi, Raddi and Carlos 2004). How-
ever, both monocytes and macrophages can also destroy mi-
croorganisms by non-oxidative mechanisms, such as acidifica-
tion of phagosomes, increased lysosomal content and interac-
tion with the complement system components (Moonis, Ahmad
and Bochhowot 1992). Thus, our findings open the possibility of
further investigation in this research field, since the presence of
propolis could exert a compensatory effect in combination with
chlorhexidine most probably inducing ROS generation, which is
desirable since this product increased the bactericidal effect of
human monocytes using lower concentrations of chlorhexidine.

Our results showed that the combination P/CHX prevented
the increase of TNF-a production induced by chlorhexidine
in monocytes, suggesting a possible anti-inflammatory effect.
TNF-« is a multifunctional cytokine, inducing other cytokine and
chemokine production, the expression of adhesion molecules
and the increased permeability of the endothelium, favor-
ing monocyte arrival at the inflammation site (Hehlgans and
Pfeffer 2005).

Although propolis did not affect the release of IL-10, there
was an increase in the concentration of this cytokine when
it was co-administered with chlorhexidine. IL-10 displays in-
hibitory effects on activated macrophages and dendritic cells,
controlling innate and cell-mediated immunity. IL-10 inhibits
the expression of co-stimulatory molecules and class II his-
tocompatibility molecules, promotes the humoral immune re-
sponse and inhibits the cellular immune response, decreasing
the cytokine production of the Th1 profile, the proliferation of
antigen-specific T cells, and the levels of pro-inflammatory cy-
tokines such as TNF-« (Norkina et al. 2007). Since IL-10 exerts an
anti-inflammatory action, our findings suggest that P/CHX may
display an anti-inflammatory role, which may be beneficial in
the treatment of periodontal diseases.

Propolis (P2) induced IL-6 production compared to P/CHX2,
but chlorhexidine did not affect the production of this cytokine,
irrespective of the presence of propolis. IL-6 plays an impor-
tant role in the transition from innate to acquired immunity.
In innate immunity, it acts as a stimulus for neutrophil pro-
duction and synthesis of acute phase proteins. In addition to
its chemoattractant role for monocytes, IL-6 supports the dif-
ferentiation of monocytes to macrophages. After activation by
APCs, T helper cells can differentiate into Th1, Th2, Th17 and
regulatory T cells. IL-6 has been identified as a cytokine able to
promote the differentiation of T cells in Th2 and Th17 (Scheller
et al. 2011). Moreover, IL-6 acts on the differentiation of B lym-
phocytes into plasma cells (Yoon et al. 2009). There has been an
increasing number of studies that demonstrate the ambiguity of
IL-6 in possessing both anti-inflammatory and proinflammatory
effects. IL-6 is involved not only in inflammatory and infectious
processes, but also in the regulation of metabolic and regenera-
tive processes (Scheller et al. 2011).

Our propolis sample has a chemically characterized com-
position (Conti, Bankova and Sforcin 2015) and the odontolog-
ical product contains lower concentrations of chlorhexidine,

Santiagoetal. | 7

diminishing side-effects. Taken together, the data indicate that
the combination P/CHX inhibits TNF-« and IL-6 production and
stimulates IL-10 production by human monocytes, suggesting its
putative anti-inflammatory effects on the monocytes through
the mucous membrane of the oral cavity, reinforcing its ben-
eficial application as an odontological product to be used in
the treatment of periodontal diseases. In addition, the bac-
tericidal activity against S. mutans increased after incubation
of monocytes with the combination P/CHX. One may verify
that the odontological product exerted an important role, not
only increasing the microbicidal activity but also for its anti-
inflammatory effects.

CONCLUSION

In summary, propolis and chlorhexidine in combination may
enhance the recognition of antigens by monocytes, mildly ac-
tivate the transcription factor NF-«B and increase the bacterici-
dal activity of human monocytes against S. mutans. The alter-
ations in cytokine concentrations are in accord with an anti-
inflammatory action, and this may be useful to treat periodon-
tal diseases. These findings open new perspectives for further
research, which indicates the practical application of our work
and its possible use by the pharmaceutical industry.

ACKNOWLEDGEMENTS

We are grateful to Dr Cristiane Duque, School of Dentistry,
UNESP, Aracatuba, Brazil, for donating the Streptococcus mutans
strains. We are also grateful to Dr Anthony James Farlow for as-
sisting with the preparation of the manuscript and English re-
view.

FUNDING

This work was supported by the State of Sao Paulo Research
Foundation (FAPESP -2012/14614-8, 2011/22112-0).

Conflict of interest. None declared.

REFERENCES

Bankova V. Recent trends and important developments in
propolis research. Evid Based Complement Alternat Med
2005;2:29-32.

Bankova V, Boudourova-Krasteva G, Sforcin JM et al. Phytochem-
ical evidence for the plant origin of Brazilian propolis from
Sao Paulo state. Z Naturforsch C 1999;54:401-5.

Bonacorsi C, Raddi MSG, Carlos IZ. Cytotoxicity of chlorhexidine
digluconate to murine macrophages and its effect on hydro-
gen peroxide and nitric oxide induction. Braz ] Med Biol Res
2004,37:207-12.

Bufalo MC, Figueiredo AS, Sousa JPB et al. Anti-poliovirus activ-
ity of Baccharis dracunculifolia and propolis by cell viability
determination and real-time PCR. ] Appl Microbiol 2009;107:
1669-80.

Bufalo MC, Bordon-Graciani AP, Conti BJ et al. The im-
munomodulatory effect of propolis and caffeic acid on re-
ceptors expression, cytokine production and fungicidal ac-
tivity of human monocytes. J Pharm Pharmacol 2014;66:
1497-504.

Bufalo MC, Sforcin JM. The modulatory effects of caffeic acid on
human monocytes and its involvement in propolis action. J
Pharm Pharmacol 2015;67:740-5.

0202 8unf 60 U0 1sanb Aq 969Z£9Z/ L 80M/8/ . 1oEA1Sqe-adiLE/pdSWay/wWoo"dno-olwapese//:sdny Wolj papeojumoq



8 | Pathogens and Disease, 2016, Vol. 74, No. 8

Conti BJ, Bankova V, Sforcin JM. Chemical composition of the
same Brazilian propolis sample analysed in 1997 and in 2012:
no freezing effect. Nat Prod Commun 2015;10:1279-80.

Conti BJ, Bufalo MC, Golim MA et al. Cinnamic acid is partially
involved in propolis immunomodulatory action on human
monocytes. Evid Based Complement Alternat Med 2013;2013:
1-7.

Grassi TF, Camargo EA, Salvadori DM et al. DNA damage in mul-
tiple organs after exposure to chlorhexidine in Wistar rats.
Int ] Hyg Environ Health 2007;210:163-7.

Hehlgans T, Pfeffer K. The intriguing biology of the tumour
necrosis factor/tumour necrosis factor receptor superfamily:
players, rules and the games. Immunology 2005;115:1-20.

Hernandez EP, Botero TM, Mantellini MG et al. Effect of ProRoot®
MTA mixed with chlorhexidine on apoptosis and cell cycle
of fibroblasts and macrophages in vitro. Int Endod ] 2005;38:
137-43.

Kawai T, Akira S. Signaling to NF-«B by Toll-like receptors. Trends
Mol Med 2007;13:460-9.

Konermann A, Deschner J, Allam JP et al. Antigen-presenting cell
marker expression and phagocytotic activity in periodontal
ligament cells. J Oral Pathol Med 2012;41:340-7.

Lee TH, Hu CC, Lee SS et al. Cytotoxicity of chlorhexidine on hu-
man osteoblastic cells is related to intracellular glutathione
levels. Int Endod ] 2010;43:430-5.

Libério SA, Pereira AL, Aratijo MJ et al. The potential use of propo-
lis as a cariostatic agent and its actions on mutans group
streptococci. ] Ethnopharmacol 2009;125:1-9.

Li Y, Kuan Y, Lee S et al. Cytotoxicity and genotoxicity
of chlorhexidine on macrophages in vitro. Environ Toxicol
2014;29:452-8.

Mani F, Damasceno HCR, Novelli ELB et al. Propolis: effect of dif-
ferent concentrations, extracts and intake period on seric
biochemical variables. ] Ethnopharmacol 2006;105:95-8.

Matsuyama T, Kawai T, [zumi Y et al. Expression of major histo-
compatibility complex class Il and CD80 by gingival epithelial
cells induces activation of CD4 T cells in response to bacterial
challenge. Infect Immun 2005;73:1044-51.

Medzhitov R. Toll-like receptors and innate immunity. Nat Rev
Immunol 2001;1:135-45.

Missima F, Pagliarone AC, Orsatti CL et al. The effect of propo-
lis on pro-inflammatory cytokines produced by melanoma-

bearing mice submitted to chronic stress. ] ApiProd ApiMed
Sci 2009;1:11-5.

Moonis M, Ahmad I, Bochhowot BW. Macrophages in host
defense - an overview. Indian ] Biochem Biophys 1992;29:
115-22.

Norkina O, Dolganiuc A, Shapiro T et al. Acute alcohol activates
STAT3, AP-1, and Sp-1 transcription factors via the family of
Src kinases to promote IL-10 production in human mono-
cytes. J Leukoc Biol 2007;82:752-62.

Orsatti CL, Missima F, Pagliarone AC et al. Propolis immunomod-
ulatory action in vivo on Toll-like receptors 2 and 4 expression
and on pro-inflammatory cytokines production in mice. Phy-
tother Res 2010;24:1141-6.

Orsi RO, Funari SRC, Soares AMVC et al. Imnmunomodulatory ac-
tion of propolis on macrophage activation. ] Venom Anim Tox-
ins 2000;6:205-19.

Pagliarone AC, Missima F, Orsatti CL et al. Propolis effects on
Th1/Th2 cytokines production by acutely stressed mice. J
Ethnopharmacol 2009;125:230-3.

Salatino A, Teixeira EW, Negri G et al. Origin and chemical varia-
tion of Brazilian propolis. Evid Based Complement Alternat Med
2005;2:33-8.

Scheller J, Chalaris A, Schmidt-Arras D et al. The
pro- and anti-inflammatory properties of the cy-
tokine interleukin-6. Biochim Biophys Acta 2011;1813:
878-88.

Sforcin JM. Propolis and the immune system: a review. ]
Ethnopharmacol 2007;113:1-14.

Sforcin JM, Funari SRC, Novelli ELB. Serum biochemical de-
terminations of propolis-treated rats. ] Venom Anim Toxins
1995;1:31-7.

Sforcin JM, Orsi RO, Bankova V. Effect of propolis, some isolated
compounds and its source plant on antibody production. J
Ethnopharmacol 2005;98:301-5.

Swerts MSO, Costa AMD, Fiorini JE. Efeito da solugao associ-
ada de clorexidina e prépolis na inibicao da aderéncia de
Streptococcus spp. Revista Internacional de Periondontia Clinica
2005;2:10-6.

Yoon SB, Lee YJ, Park SK et al. Anti-inflammatory effects
of Scutellaria baicalensis water extract on LPS-activated
RAW 264.7 macrophages. ] Ethnopharmacol 2009;125:
286-90.

0202 8unf 60 U0 1sanb Aq 969Z£9Z/ L 80M/8/ . 1oEA1Sqe-adiLE/pdSWay/wWoo"dno-olwapese//:sdny Wolj papeojumoq



