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Blutaparon portulacoides ethanolic extract reduced IL-1f3
and inflammatory parameters induced by the Mycobacterium complex
and carrageenan in mice
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Abstract

Information on the health benefits of ethanolic extracts obtained from Blutaparon portulacoides stem (EEBP) hasn’t been
consistently described in the literature until the present moment. This study investigated the antimycobacterial, anti-inflam-
matory and toxicological effects of EEBP in models of inflammation/infection, as well as its chemical composition. Chemical
analysis of EEBP by electrospray ionization—mass spectrometry/HPLC-MS/MS identified 3,5,3'-Trihydroxy-4'-methoxy-
6,7-methylenedioxy-flavone, gomphrenol, ferulic, vanillic, and caffeic acids. The minimum inhibitory concentration of
EEBP and isoniazid in the presence of Mycobacterium tuberculosis was 123.4 and 0.030 pg/ml, respectively. EEBP oral
administration (p.o.) (300—-1000 mg/kg) or dexamethasone subcutaneous injection (s.c.) (1 mg/kg) significantly inhibited
leukocytes and proteins resulting from carrageenan-induced pleurisy in Swiss mice. In the BCG-induced pleurisy model,
the oral treatments performed once a day for 7 days, with EEBP (30 and 100 mg/kg) and isoniazid (25 mg/kg), inhibited
the increase in plasmatic IL-1p levels and in pleural exudate from C57BL-6 mice, and reduced M. tuberculosis growth in
organs (colony forming units assays). EEBP (30-300 mg/kg, p.o.) and dexamethasone (1 mg/s.c.) significantly prevented
carrageenan-induced oedema and mechanical hyperalgesia in Swiss mice. The treatments (once a day for 22 days) with EEBP
(30 mg/kg, p.o.) and dexamethasone (1 mg/s.c.) substantially inhibited oedema and mechanical- and cold-hyperalgesia at 11,
16 and 22 days after the administration of Freund’s Complete Adjuvant in C57bL6 mice. No evidence of physio-pathologic
was observed in Wistar rats acutely treated with EEBP (2000 mg/kg, p.o.). This study confirms the anti-inflammatory and
antibiotic properties of EEBP, opening possibilities for the development of safe new drugs with dual anti-inflammatory/
antimycobacterial activities which could be favorable from a pharmacoeconomic perspective.
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Introduction

Since ancient times, medicinal plants have been widely
investigated to validate their health benefits or to develop
new products. Some secondary metabolites are obtained
from natural products such as plants, microbes, and ani-
mals; many of these compounds were first investigated due
to their use in folk medicine (Mathur and Hoskins 2017).

The Brazilian National List of Medicinal Plants of
Interest to the Unified Health System (RENISUS) was
developed in 2009 with the main goal of making herbal
remedies derived from plants more widely available (Bra-
sil 2009; Marmitt et al. 2018). Therefore, the investigation
of the biological properties of plants used in folk medicine
is important not only for drug discovery but also for the
public health care system.

Mammals respond with inflammation and pain to infec-
tion by pathogens or physical injury as a result of endog-
enous or exogenous stimuli, and a goal of treatments is to
control cellular stress and the inflammatory process (Xia-
hou et al. 2017). Almost all of the medications currently
used to treat chronic inflammation, including nonsteroidal
anti-inflammatory drugs (NSAIDs) and glucocorticoids,
have a number of adverse side effects. Glucocorticoid
drugs are an extraordinarily potent class of medications
that are widely used to control inflammation in humans
and animals; however, no glucocorticoid analogs have
been developed not to cause adverse effects when used for
long periods of time (Cain and Cidlowski 2017). There-
fore, the investigation of novel anti-inflammatory and anti-
biotic drugs derived from folk medicine continues to be an
important challenge.

Blutaparon portulacoides, also known as “capotiragua,”
“pirrixiu” or “bredo-de-praia” (Siqueira 1987; Bertier
et al. 2008) is found in Brazilian northern and southern
coastal areas (Pio et al. 2019). B. portulacoides is com-
monly used in folk medicine to treat leukorrhea and vul-
vovaginitis. Methylenedioxyflavonol and a mixture of
acyl steryl glycosides have been identified and isolated
from extracts of B. portulacoides (Ferreira and Dias 2000),
and they were evaluated for their activity against Trypano-
soma cruzi, Leishmania amazonensis, gram-positive and
gram-negative bacteria, and yeasts (Salvador et al. 2002).
The ethanolic extract from the aerial parts of B. portula-
coides was also tested for its activity against the venom
of the snake Bothrops jararacussu, and it was shown to
inhibit oedema and leukocyte influx resulting from the
exposure to the venom (Pereira et al. 2009).

Leukorrhea and vulvovaginitis could be indicative
of the presence of several pathological conditions that
involve infection, leukocyte migration, and inflamma-
tion. Our groups studied the ability of an extract from B.
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portulacoides to kill several different types of microor-
ganisms (Salvador et al. 2002) and investigated the use of
a crude ethanolic extract from B. portulacoides (EEBP)
stems in the treatment of infections caused by Mycobac-
terium sp. and the prevention of leukocyte migration,
inflammation, and pain. In the present study, a model of
inflammation was developed based on the investigation of
the biological actions of EEBP in vivo.

Material and methods

Plant material, extraction and phytochemical
analysis

B. portulacoides (St. Hil) Mears (stem) was collected at
Restinga de Marica, Rio de Janeiro (RJ, Brazil, in January
2015), and identified by Prof. J.C. de Siqueira (Pontifical
Catholic University of Rio de Janeiro). The registration
number in the National System for the Management of
Genetic Heritage (SisGen) is A86487C.

A voucher specimen (SPFR-2962) was deposited in the
herbarium of the Faculty of Philosophy, Sciences and Let-
ters of Ribeirdo Preto, University of Sdo Paulo (FFCLRP/
USP). The stems of the plant (1800 g) were dried at 40 °C
for 72 h, powdered and exhaustively extracted (maceration,
at room temperature), with hexane and ethanol, successively,
in the proportion plant powder/solvent 1:2 (w/v). The result-
ing biomass was filtered, and the solvents were removed in a
rotatory evaporator under reduced pressure and temperature
below 40°C, obtaining 4 g of hexanic extract and 88 g of
EEBP. The chemical composition of EEBP was analyzed
by ESI-MS and HPLC-MS. For ESI-MS fingerprints the
extract (1 mg/mL) was diluted in a solution containing 50%
(v/v) chromatographic grade methanol, 50% (v/v) deionized
water, and 0.5% of ammonium hydroxide (Merck, Darm-
stadt, Germany). The fingerprinting ESI-MS analyses were
performed using UPLC-MS equipment, model ACQUITY
TQD (Waters Corporation, Milford, MA, USA). The general
conditions were: a source temperature of 100 °C, the capil-
lary voltage of 3.0 kV, and cone voltage of 30 V. ESI-MS
was performed by direct infusion using a syringe pump, with
a flow rate of 10 pL. min/mL. Structural analysis of single
ions in the mass spectra from the EEBP was performed by
ESI-MS/MS in negative ion mode. The ion with the m/z of
interest was selected and submitted to 15-45 eV collisions
with argon in the collision quadrupole. The collision gas
pressure was optimized to produce extensive fragmentation
of the ion under investigation. The compounds were identi-
fied by comparing their ESI-MS/MS fragmentation spectra
to fragmentation spectra of authentic standard samples and
literature data (Ferreira and Dias 2000; Salvador et al. 2002).
The HPLC-MS chromatographic analysis was conducted
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using a C-18 column (Kinetex, 1.7 p, 100A, 50X 2.1 mm).
The mobile phase consisted of a linear gradient combin-
ing solvent A (water/formic acid, 99:1, v/v) and solvent
B (methanol) as follows: 5-100% B (1-9 min), 100% B
(9.1-10 min), and 5% B (10.1-12 min). The analyses were
carried out in triplicate at a flow rate of 0.2 mL/min with the
MS detector (ESI source) and an injection volume of 5 pL.
The samples (1 mg/mL) were dissolved in methanol/water
(1:1, v/v) and analyzed using the same chromatographic con-
ditions as those for the standards. The general conditions
for ESI-MS analysis were: temperature 130 °C, capillary
voltage 3.0 kV and cone voltage 30 V. Identification of the
chromatographic peak was based on the retention times of
the single compound and confirmed by co-injection with an
authentic standard, comparing their ESI-MS/MS fragmenta-
tion spectra to fragmentation spectra of authentic standard
samples and literature data (Ferreira and Dias 2000; Sal-
vador et al. 2002, 2012; Oliveira et al. 2003; Ferreres et al.
2011).

In vitro antibacterial activity

The minimum inhibitory concentration (MIC) values
for EEBP (0.98-250 pg/ml) and isoniazid (0.004—1 pg/
ml) in the presence of the M. tuberculosis strain H37Rv
(ATCC27294) were determined according to the method
described by Palomino et al. (2002).

MIC values were determined in the presence of Enter-
obacter aerogenes (ATCC13048), Salmonella typh-
imurium (ATCC14028), Staphylococcus saprophyticus
(ATCC15305), and Burkholderia cepacia (ATCC25416).
Each bacterial strain was incubated in brain—heart infusion
broth at 37 °C for 24 h. Subsequently, the cultures were
incubated on Mueller—Hinton agar plates 24 h. Each strain
was then standardized in a solution of sterile saline (0.9%)
according to the McFarland turbidity scale and diluted 1:10.
Then, 10 uLL was pipetted into a microplate well containing
a variable concentration of EEBP in 100 pL and incubated
at 37 °C for 24 h, and the optical density was measured at
580 nm (National Committee for Clinical Laboratory Stand-
ards 2002; Campos et al. 2014).

Animals

Female and male Swiss and C57BL/6 mice (20-30 g) and
female Wistar rats (200-230 g) were provided by the cen-
tral vivarium at the Federal University of Grande Dourados
(UFGD). Animals were kept in polypropylene boxes in a
room at the UFGD vivarium, at 22 °C, in the presence of a
12 h light/dark cycle, with food and water provided ad libi-
tum. Approval of the animal protocol was granted by the
UFGD ethics committee (32/2015).

For in vivo assays, the EEBP was dissolved in a saline
solution containing Tween 80 (1% Tween 80 in 0.9% saline).
This solution (1.5 mL) was made by mixing (biomixer
QL-901 — Biomex Technology) 50 uL of Tween 80 with
150 mg of EEBP (for 1000 mg/kg) and subsequently the
saline solution was added. The animals in the control groups
received the vehicle (1% Tween 80 in 0.9% saline).

Firstly, to study dose-response effects, the EEBP was
tested in four doses (30, 100, and 300, 1000 mg/kg) in car-
rageenan-induced pleurisy and three doses (30, 100, and
300) in carrageenan-induced paw inflammation. Since the
doses of 30 and 100 mg/kg were effective in reducing some
inflammatory parameters, we decided to evaluate these doses
in BCG (Bacillus Calmette Guerin — Mycobacterium bovis)
induced-pleurisy and CFA-induced paw inflammation.

The dexamethasone was used in the dose of 1 mg/kg (by
subcutaneous route (s.c.)) since the literature showed its effi-
cacy as a positive control in reducing inflammatory param-
eters in carrageenan and CFA models in mice (Kuraoka-
Oliveira et al. 2020).

The isoniazid was tested in vivo in the dose of 25 mg/kg
by oral route in the BCG-induced pleurisy model, since it
was shown that isoniazid reduces M. bovis growth in organs
(Nikonenko et al. 2017).

Carrageenan-induced pleurisy

One hour prior to the administration of carrageenan, 48
female Swiss mice were divided into seven groups of six
animals; the first group received vehicle (saline 0.9%) orally
(p-0.) (control group), while the second, third, fourth and
fifth groups received EEBP p.o. at a dose of 30, 100, 300,
and 1000 mg/kg, respectively. The positive control group
received dexamethasone (1 mg/kg) via s.c. The naive group
received 0.9% saline p.o. but did not receive carrageenan
via intrathoracic (i.t) injection. Next, 100 pL of either 1%
carrageenan or sterile saline (naive mice only) (Vinegar
et al. 1973) was injected i.t.; 4 h later, the animals were
euthanized, and the thorax was opened to determine the
total leukocyte number and the level of protein in the pleu-
ral exudate.

BCG-induced pleurisy

One hour prior to the induction of pleurisy, groups of six
female C57BL/6 mice were treated orally with either EEBP
(30 or 100 mg/kg), isoniazid (25 mg/kg) or saline solution
(0.9%; control group). Pleurisy was induced with 0.1 ml of
a suspension of BCG (4 x 10° colony forming units (CFU);
Fundacado Ataulpho de Paiva, Rio de Janeiro-Brazil) that
was injected into the right pleural cavity. The animals were
treated once daily for 7 days. The animals were then eutha-
nized via an overdose of sodium thiopental, and the pleural
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cavity was washed with 1 ml of sterile phosphate-buffered
saline. A 50 pL aliquot of the wash buffer was diluted with
Evans blue to determine the total number of leukocytes. The
sample was then centrifuged, and the supernatant was stored
for the later determination of the cytokine levels (includ-
ing I1-1p) using ELISA. The precipitate was resuspended
in 0.5 mL of sterile ultrapure water and 0.1 mL of Ogawa
Kudu, and 0.1 mL of the suspension was plated onto 7H11
agar. The spleen and liver were macerated with 1 mL of
sterile saline, and 0.1 mL of the suspension was plated on
7H11 agar. The cells were cultured for 60 days at 37 °C in
5% CO2.

Carrageenan paw inflammation model

EEBP was given orally to male Swiss mice at a dose of 30,
100, or 300 mg/kg 60 min prior to the administration of
carrageenan (300 ug /paw) subcutaneously in the right paw.
The negative control group was administered a 0.9% saline
solution p.o., while the positive control group was treated
with subcutaneous (s.c.) dexamethasone (1 mg/kg). The
left paw of each of the mice was injected with 100 uL of
0.9% saline. The measurement of oedema was made with a
plethysmometer (Panlab) at 1, 2, and 4 h after the injection
of carrageenan while the mechanical hyperalgesia (Vivancos
et al. 2004) and cold sensitivity (Decosterd and Woolf 2000)
were assessed at 3 and 4 h after carrageenan injection using
a digital analgesimeter (Insight) and an acetone test, respec-
tively. The basal value of the mechanical response from each
animal was measured before the carrageenan injection.

CFA test

The experiments were conducted over a 22 day-period using
male C57BL/6 mice that received 30 pL of Freund’s com-
plete adjuvant (CFA) in an oil suspension containing inac-
tive Mycobacterium tuberculosis via intraplantar injection
into the right paw. The mice were distributed into a control
group (saline 0.9%, p.o.), EEBP treatment groups (30 and
100 mg/kg, p.o.), and a positive control group (dexametha-
sone 1 mg/kg, s.c.) every day, once a day. Mechanical sensi-
tivity and cold sensitivity and paw oedema were measured
6, 11, 16 and 22 days after the injection of CFA.

Acute oral physio-pathologic study

This experiment was performed with female Wistar rats and
according to OECD 425 guideline. The EEBP was adminis-
tered by gavage (2000 mg/kg) in a single dose, in 1 animal,
fasting for 12 h, which was observed after 30 min, 1, 2, 4,
8 and 24 h. Since there was no sign of physio-pathologic or
death, the same administration was repeated in 4 animals
which were observed for the same period, subsequently all
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animals remained under observation for 14 days (OECD
2008; Saleem et al. 2017). The five hippocratic parameters
were observed daily: consciousness, motor coordination,
reflexes (auditory and corneal), central (ataxia, tremors,
sedation, seizure) and autonomic nervous system (pilo-
erection, sialorrhea, cyanosis, ptosis and tearing), as well
as body weight, water and food consumption. The animals
were euthanized by ketamine and xilasin overdose. Organs
such as heart, spleen, lungs, liver and kidneys were removed,
macroscopically observed and weighed.

Statistical analysis

The data are presented as the mean + standard error (SEM).
The determination of significant differences between groups
was made via an analysis of variance (one-way ANOVA) fol-
lowed by a post hoc Newman—Keuls test (GraphPad Prism
Software). The percentage of inhibition was calculated from
the control group. Differences were considered to be signifi-
cant when P <0.05.

Results
Phytochemical analysis

Phenolic acids and flavonoids (aglycones and glycosides)
were identified in EEBP by HPLC-DAD/ESI-MS analysis
(Fig. 1), which were characterized based on the fragmenta-
tion patterns. The identified phenolics include caffeic, ferulic
and vanillic acids, and 6,7-methylenedioxyflavone deriva-
tives reported before in the Amaranthaceae species (Ferreira
and Dias 2000; Salvador et al. 2002, 2012; Oliveira et al.
2003; Ferreres et al. 2011).

EEBP antibacterial activity

The MIC value of EEBP in the presence of the M. tuber-
culosis strain was 123.4 pug/mL, while the MIC value
of isoniazid was 0.030 pg/mL. The EEBP was effective
against S. typhimurium (MIC =1000 pg/mL) and B. cepa-
cia MIC=1000 pg/mL). However, EEBP was not effective
against S. saprophyticus and E. aerogenes.

EEBP inhibited pleurisy induced by carrageenan
and inflammation induced by BCG

At a dose of 1000 mg/kg, EEBP significantly reduced the
invasion of pleural spaces by leukocytes, with inhibition at
55%, while dexamethasone (1 mg/kg, s.c.) led to 87% inhi-
bition. Doses of 30, 100, and 300 mg/kg of EEBP did not
decrease the total leukocytes in pleural exudate (Fig. 2a).
The protein exudation was significantly decreased at EEBP
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Fig.1 HPLC-MS chromatogram (B) of EEBP. (1) caffeic acid
— RT=0.63 min, ESI-MS: m/z=179 [M-H]"; (2) ferulic acid
— RT=1.87 min, ESI-MS: m/z=195 [M- H]" (3) vanillic acid
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Fig.2 Effects of oral administration of EEBP on leukocyte migra-
tion a and protein leakage b in the pleurisy induced by carrageenan
(cg). The animals received EEBP (30, 100, 300 or 1000 mg/kg, p.o.),
vehicle (control) or dexamethasone (DEX, 1 mg/kg, s.c.), and lh
later, an intrathoracic injection of Cg was administered. The naive
group received an intrapleural injection of sterile saline instead of
Cg and was also treated with saline solution. Each bar represents the
mean+SEM of 6 animals. The letters a, b and c indicate significant
differences between groups according to One-way ANOVA followed
by the Newman—Keuls test

4'-methoxy-6,7-methylenedioxy-flavone — RT=7.80 min, ESI-MS:
m/z=343 [M-H]™; (6) Gomphrenol—3- glucoside — RT=6.23 min,
ESI-MS: m/z=475 [M-H]7; (7) 3,5,3'-Trihydroxy-4'-methoxy-
6,7-methylenedioxy-flavone-glucosilated — RT 7.49 min, ESI-MS:
m/z=505 [M-H]~

doses of 300 (41% inhibition), 1000 mg/kg (54% inhibition)
and dexamethasone (58% inhibition) (Fig. 2b) while doses
of 30 and 100 mg/kg of EEBP did not decrease the protein
exudation. As expected, the naive group was statistically
different from the control group (Fig. 2a and b).

Doses of 30 and 100 mg/kg of EEBP did not decrease the
invasion of leukocytes into the pleural spaces after intratho-
racic injection of BCG, therefore, isoniazid reduced signifi-
cantly the leukocyte migration to pleura (Fig. 3a). Adminis-
tration of EEBP (30 mg/kg) led to a significant reduction of
47% of IL-1p levels in pleural exudate compared to control
group, while administration of EEBP (100 mg/kg, p.o.) or
isoniazid (25 mg/kg, p.o.) reduced IL-1p levels by 70% or
83%, respectively (Fig. 3b). In serum, compared to the val-
ues of the control group, the reduction of IL-1p levels was
observed to be 60%, 61% and 67% for the administration
of 30 and 100 mg/kg EEBP (p.o.) and isoniazid (25 mg/
kg, p.o.), respectively (Fig. 3c). The statistical comparison
between groups showed that isoniazid group, and 30 and
100 mg/kg of the EEBP groups were different on pleural
IL-1p analysis (Fig. 3b) while the statistical comparison
of same groups did not differ on plasmatic IL-1f dosage
(Fig. 3¢). As expected, the naive group was statistically dif-
ferent from the control group (Fig. 3a, b, and c).

During cell culture of the pleural lavage samples, there
was a decrease in the development of CFUs from those
taken from the groups treated with EEBP, with few or no
colonies observed after 60 days (Table 1). For samples
from the 100 mg/kg EEBP group, only 1 plate had 3 CFU,
and for the 30 mg/kg EEBP group, 3 plates had a mean of
5.2 CFU. The samples from the negative control group pre-
sented mycobacterial growth in all cultivated plaques, with
amean of 54 CFU after 60 days of culture, while the isonia-
zid group samples did not show any growth after 60 days,
and all plaques were found to be positive for mycobacteria
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Fig. 3 Effects of oral adminis-
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Table 1 Mea}n nurr.lber of CFU (number of culture plates)
colony-forming units (CFU)
and number of plaques with Groups 20 days 30 days 45 days 60 days
mycobacterial growth of pleural
wash Negative control 6.33+3.8(3) 12.60+3.47 (6) 23.20+3.69 (6) 54.6+6.86 (6)

Positive control - - - -

EEBP (30 mg/kg) - 2(1) 5(1) 52+3.1(3)

EEBP(100 mg/kg) - - - 3(1)

in the presence of Ziehl-Neelsen stain and Ogawa Kudu
culture medium (Table 1). Samples of macerated liver and
spleen presented similar levels of mycobacterial growth in
both the negative control and EEBP treatment groups (data
not shown).

EEBP inhibited carrageenan- and CFA-induced paw
inflammation in a mouse model

Oedema was reduced at all doses of EEBP at 2 h (with 33%,
33%, and 42% reduction at doses of 30, 100 and 300 mg/
kg, respectively) and 4 h (50%, 58%, and 67% reduction
at 30, 100 and 300 mg/kg, respectively) after the injection
of carrageenan (Fig. 4a-b); however, no oedema reduction
was observed 1 h after carrageenan administration (data not
shown). All the groups treated with EEBP did not differ
statistically among themselves when oedema was analyzed
2 and 4 h after the carrageenan injection (Fig. 4a and b).
All the groups treated with EEBP were statistically differ-
ent from dexamethasone group on the oedema observed at
2 h (Fig. 4a) from the carrageenan injection, however, at
4 h, the dexamethasone group did not exhibit a significative
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difference in relation to All the groups treated with EEBP
(Fig. 4b).

Additionally, after the intraplantar injection of car-
rageenan, 30 mg/kg EEBP decreased the sensitivity to
mechanical stimuli 3 h after administration, and a sensitiv-
ity decrease was observed at all doses after 4 h. All doses of
EEBP reduced the ability of carrageenan to induce mechani-
cal hyperalgesia (Fig. 4c—d). No significant effect of EEBP
in the reduction in cold hyperalgesia was detected (data not
shown). As expected, carrageenan-induced inflammation
was significantly reduced by the treatment with dexametha-
sone, as shown by the measurement of some inflammatory
parameters (Fig. 4a, b, and d). Therefore, the response to
mechanical hyperalgesia from the dexamethasone group did
not differ from the control group (Fig. 4c). All the groups
treated with EEBP or with dexamethasone did not differ sta-
tistically among themselves when mechanical hyperalgesia
was analyzed 3 and 4 h after the carrageenan injection. As
expected, the basal group was statistically different from the
control group (Fig. 4c and d).

Six days after the administration of CFA, sensitivity to
mechanical stimuli was inhibited by approximately 60, 63
and 90% by the treatment with EEBP at doses of 30 and
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Fig.4 Effect of oral admin-
istration of EEBP on the
carrageenan (Cg)-induced

paw oedema and mechani-

cal hyperalgesia in mice. The
animals received EEBP (Naive,
30, 100, and 300 mg/kg, p.o.),
vehicle (control) or dexametha-
sone (DEX, 1 mg/kg, s.c.),

and 1h later, an intraplantar
injection of Cg (300pg/paw)
was administered. Graphs (a),
and b represent the evaluation
of the paw oedema at 2, and 4h,
respectively, after carrageenan
injection while graphs (¢), and
d represent the evaluation of
the mechanical hyperalgesia.
The letters a, b, and c indicate
significant differences between
groups according to One-way
ANOVA followed by the New-
man—Keuls test

Fig.5 Effects of oral adminis-
tration of EEBP on mechanical
hyperalgesia induced by CFA.
The animals received EEBP
(30, or 100, p.o., everyday,

once a day), vehicle (control) or
dexamethasone (DEXA, 1 mg/
kg, s.c., everyday, once a day)
for 6 (a), 11(b), 16 (c), and 22
(d) days. The CFA injection was
performed on the first day. Each
bar represents the mean + SEM
of 6 animals. The letters a, b,
and c indicate significant differ-
ences between groups according
to One-way ANOVA followed
by the Newman—Keuls test

100 mg/kg and dexamethasone (1 mg/kg, s.c.), respectively.
After 11 days, the inhibition observed with 30 mg/kg EEBP
was 76%; after 16 days, the inhibition observed with 30 mg/
kg EEBP was 90%; and 22 days after CFA, the inhibition
observed with 30 mg/kg EEBP was 77% (Fig. 5). The the
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statistically among themselves however they were different
from dexamethasone group on six days from CFA injection
(Fig. 5a). The group treated with 30 mg/kg of EEBP was
statistically different from other groups on CFA induced
mechanical hyperalgesia at 11, 16 and 22 days (Fig. 5b—d).
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Six days after the administration of CFA, the oedema in
the injected paw was not significantly reduced by the treat-
ment with EEBP or treatment with dexamethasone (1 mg/
kg, s.c.). However, after 11 days, a reduction of 63% was
observed at a dose of 30 mg/kg EEBP compared with the
control group while a reduction of 70% was observed with
100 mg/kg of EEBP and the treatment with dexametha-
sone (1 mg/kg, s.c.) inhibited 62% of paw oedema. After
16 and 22 days, the reduction in oedema was 65% and 80%
with 30 mg/kg EEBP treatment, 69 and 80% for treatment
with 100 mg/kg of EEBP, and for dexamethasone group the
reduction in oedema was 69% and 89%, respectively (Fig. 6).
When the statistical analysis was performed, the groups
treated with 30 or 100 mg/kg of EEBP as well as the dexa-
methasone group were not different in relation to the oedema
analysis on days 6, 11, 16 and 22 after CFA (Fig. 6a—d).

Six days after the intraplantar administration of CFA,
cold sensitivity was observed to be inhibited by 80 and 51%
at a dose of 30 and 100 mg/kg EEBP while dexamethasone
inhibited 63%. After 11, 16 and 22 days, cold sensitivity was
observed to be inhibited by 85, 60 and 50%, respectively, at
an EEBP dose of 30 mg/kg while a reduction of 45, 57 and
55% was observed at 100 mg/kg EEBP, and a reduction of
29, 62 and 56% was observed at 1 mg/kg (s.c.) dexametha-
sone (Fig. 7). When the statistical analysis was performed,
the groups treated with 30 or 100 mg/kg of EEBP and

dexamethasone group were not different in relation to cold
hyperalgesia on days 6, 11, 16 and 22 after CFA (Fig. 7a—d).

EEBP in acute physio-pathologic test

Although medicinal plants have been widely used by the
population, toxicological analysis is essential to ensure safe
use. In this experiment, no signs or symptoms of acute and
clinical oral physio-pathologic were observed with the use
of EEBP.

Discussion

B. portulacoides is a species commonly used in folk medi-
cine in the treatment of leukorrhea and other infections;
however, its use for these types of infections has not been
previously subjected to scientific investigation. The activi-
ties of B. portulacoides against trypanosomiasis, leishma-
niasis, B. jararacussu snake venom-induced oedema, and
bacteria have been studied in the past (Salvador et al. 2002;
Pereira et al. 2009). These infections stimulate a number of
inflammatory and pain-related processes, and the present
study may support the medicinal use of B. portulacoides
in their treatment by demonstrating its anti-inflammatory
activity, including its inhibition of leukocyte migration and
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protein extravasation and its antihyperalgesic and antibacte-
rial effects in vivo and in vitro. The use of B. portulacoides
against infection is supported by the fact that NSAIDs and
glucocorticoids decrease inflammation and fight infection in
manner similar to B. portulacoides.

The folk medicinal use of B. portulacoides extracts in the
treatment of vaginitis spurred us to test its effects against
other pathogens. Salvador et al. (2002) demonstrated the effi-
cacy of ethanolic extracts derived from both the aerial parts
and roots of B. portulacoides, as well as the compounds
contained in these extracts, against several microorganisms,
especially S. aureus, S. mutans, and S. sobrinus. In the pre-
sent study, EEBP was effective in inhibiting the growth of
S. typhimurium, B. cepacia, and M. tuberculosis. The fact
that EEBP was not effective against S. saprophyticus and E.
aerogenes showed that EEBP has nonspecific action for all
the cells. These three pathogens are of great medical impor-
tance and are, therefore, relevant to the testing of EEBP in
the treatment of infections. The results reported by Salvador
et al. (2002) corroborate the fact that EEBP has antibacte-
rial activity.

EEBP has the most potent effects against M. tuberculo-
sis; however, the development of a treatment model using
this agent is difficult since working with M. tuberculosis
in laboratory requires high levels of security. BCG was
chosen for this study since it is also a component of the

Mycobacterium complex that causes tuberculosis (Spargo
et al. 1993), however, with a lower counting when compared
to M. tuberculosis. Using the BCG model, we observed the
expected systemic inflammatory reaction (acute-phase) that
resulted from infection with mycobacteria. The EEBP was
tested in carrageenan-induced pleurisy with doses of 30 and
100 mg/kg. Since these doses did not inhibit the leukocyte
or protein in pleural exudate, the doses of 300 and 1000 mg/
kg of EEBP were also tested in this model and these doses
induced inhibition of protein accumulation in pleural exsu-
dation while only the dose of 1000 mg/kg inhibited the leu-
kocyte migration to the pleura. The inhibitions induced by
EEBP (1000 mg/kg, p.o.) and dexamethasone (1 mg/kg, s.c.)
did not differ, showing the same efficacy in reduction of
leukocyte and protein in pleural exudate.

In BCG pleurisy model, leukocyte migration to the
pleural exudate was not altered with oral doses of 30
and 100 mg/kg of EEBP, therefore, the IL-1§ levels in
serum and pleural exudate, and CFU were altered with
both doses, showing that low doses of EEBP controlled the
inflammation and M. Bovis infection. The IL-1f levels in
the negative control group (infected) significantly differed
from those of the naive group (uninfected) and isoniazid
treatment group after 7 days. Indeed, there was a statis-
tically significant increase in serum IL-1f levels during
the course of the infection, and this increase was highly
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inhibited in the EEBP (30 and 100 mg/kg) treatment
groups, demonstrating that EEBP has anti-inflammatory
properties. The efficacy of isoniazid in inhibiting IL-1f
in the pleural exudate is superior to EEBP (Fig. 3a) when
related to the plasmatic levels of IL-1f, in which the EEBP
and isoniazid showed the same inhibitory level (Fig. 3b).
The reduction in IL-1f levels may be correlated with
mycobacterial growth, as previous studies have indicated
that mice deficient in either IL-1a or IL-1f showed some
reduction in bacterial load 35 days postinfection, with a
limited increase in bacterial load 2—3 months postinfec-
tion (Bourigault et al. 2013). According to Krishnan et al.
(2013), IL-1p secretion is dependent on the presence of
viable mycobacteria, which was demonstrated using
ELISA and by the growth of CFU in plaques. In addition
to its effects on BCG growth in pleural, liver, and spleen
tissues ex vivo, EEBP was able to inhibit the formation of
CFUs, demonstrating its antibacterial and/or bacteriostatic
effects (Table 1 and Fig. 3). However, EEBP was not able
to reduce the leukocyte infiltration that was induced by
BCG.

An analysis of the composition of EEBP revealed the
presence of caffeic acid, ferulic acid, vanillic acid, gom-
phrenol, gomphrenol-3-glucoside, and 3,5,3'-trihydroxy-
4'-methoxy-6,7-methylenedioxyflavone (as well as its gly-
cosylated form). Caffeic acid (Maresca et al. 2013; Dey
et al. 2015) and ferulic acid (Maresca et al. 2013) are effec-
tive against M. tuberculosis. To study the general effects
of EEBP on inflammation, carrageenan was injected in
the pleural cavity of the lung, and it was shown that EEBP
inhibited the infiltration of total leukocytes and the extrava-
sations of protein (Fig. 2). This result demonstrated the anti-
inflammatory effects of EEBP and revealed a possible effect
on vasodilation. Studies performed by Pereira et al. (2009)
showed that the essential oil derived from B. portulacoides
significantly reduced oedema induced by a myotoxin. Other
studies conducted by our group demonstrated the antie-
dematogenic activity of topically applied EEBP in response
to inflammation induced in mice using croton oil (Marson
et al. 2009). In vitro, The MIC result for isoniazid (0.03 ug/
mL) is similar to the one described previously observed by
Genestet et al. (2017) however the concentration of isoniazid
is 0.125 ug/mL to inhibit M. tuberculosis found intracellu-
larly in macrophages (granulomas) (Teskey et al. 2018). For
in vivo studies, the antimicobacterial dose used of isoniazid
is 25 mg/kg (Cynamon et al. 1999; Nikonenko et al. 2017)
which is not statistically different from the antimycobacte-
rial dose of EEBP that was 30 mg/kg. Zhou et al. (2013)
showed that with or without Pyridoxine, the absorption of
isoniazid is up to 95% in rats however the use of high doses
of isoniazid could be explained by the low lipophylicity of
isoniazid. To treat tuberculosis patients high doses of isonia-
zid must penetrate the waxy granulomas and also the latent
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M. tuberculosis which lost the typical cell wall (Khan et al.
2019). These results are of interest, as they demonstrate that
EEBP has anti-inflammatory effects and is able to inhibit
the growth of BCG or M. tuberculosis in vitro and ex vivo
in the lung pleura, liver, and spleen, with results similar to
those of isoniazid.

Using a model of acute inflammation induced by the
injection of carrageenan into the paw, EEBP was shown
to inhibit oedema and mechanical hyperalgesia at doses
of 30, 100 and 300 mg/kg by a single oral administration.
The EEBP treated groups with 30, 100, and 300 mg/kg did
not differ statistically in relation to oedema and mechanical
hyperalgesia on carrageenan paw inflammation (Fig. 4a—d).
And oedema is characterized by the abnormal accumulation
of interstitial fluid in the extracellular compartment and can
be analyzed as an inflammatory parameter. EEBP is more
potent in its inhibition of oedema formation than it is for
inhibiting leukocyte accumulation at the sites of inflamma-
tion. EEBP also inhibited mechanical hyperalgesia at all
doses tested (30, 100, and 300 mg/kg), and its maximal effi-
cacy was achieved (Fig. 4). The EEBP treated groups with
30, 100, and 300 mg/kg and also treated with dexametha-
sone did not differ statistically in relation to oedema and
cold hyperalgesia on days 6, 11, 16 and 22 days after CFA
paw injection (Figs. 6a—d and 7a—d). Greater efficacy of 30
versus 100 mg/kg of EEBP is observed in cold hyperalgesia
induced by CFA, mechanical hyperalgesia induced by car-
rageenan and by CFA, showing that EEBP did not act in a
dose-dependent manner. It is uncommon since the extract
effects are usually dose dependent.

Mechanical hyperalgesia is an indicator of inflamma-
tion-induced pain arising from peripheral sensitization
(Andrew and Greenspan 1999). After tissue injury, the pro-
cess of peripheral sensitization is triggered by mediators
that include cytokines TNF and IL-1p, which promotes the
synthesis of other cytokines such as NO, chemokines, and
kinins.

EEBP contains caffeic acid (Choudhary et al. 2016; Choi
et al. 2017) and ferulic acid (Liu et al. 2017; Lampiasi and
Montana 2018), both of which have effects on the interrup-
tion of IKKf-inducible NF-kB activation and the NF-xB-
regulated expression of TNF-a and IL-1a (Choi et al. 2017).
Yrbas et al. (2015) showed that vanillic acid, another compo-
nent of EEBP, may play a role in controlling pain by interfer-
ing with the activity of ASICs (acid-sensing ion channels)
and TPRV1, TRPA1, and TRPMS receptors. Carrageenan
induces the typical symptoms of inflammation (Morris
2003) by increasing the levels of several inflammatory
mediators, such as histamine, serotonin, kinins, and prosta-
glandins, and by increasing NO release (Di Rosa et al. 1971;
Posadas et al. 2004). According to the results of this study,
EEBP reduced the formation of oedema after 4 h, which
could suggest that the treatment acts on the components
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involved in the production of prostaglandins. Therefore, the
existing studies of the mechanisms underlying the control
of inflammation or pain by compounds found in EEBP are
difficult to interpret, however, it is possible to conclude that
EEBP is effective against oedema and peripheral sensitiza-
tion induced by inflammation.

The development of safe new drugs with dual anti-inflam-
matory and antimycobacterial activities could favour the
patient compliance and to bring a new perspective to the
pharmacoeconomics (Cholo et al. 2012; Tseng et al. 2017).
One example is the anti-leprosy drug clofazimine that is a
dual anti-inflammatory and antimycobacterial drug (Cholo
et al. 2012). The candidates for dual activities observed
by EEBP are caffeic and ferrulic acid because they are the
most studied compounds showing anti-inflammatory (Choi
et al. 2017) and antimycobacterial properties (Maresca et al.
2013; Dey et al. 2015). Caffeic acid and ferrulic acid are
very similar compounds and their mechanism of action was
investigated trying to indicate the pharmacophore group
(Andrade et al. 2015). The results indicate the EEBP as a
new dual anti-inflammatory or/and anti-mycobacterial agent,
therefore, the compound(s) responsible(s) for the dual action
must be studied.

No evidence of physio-pathologic was observed in the
Wistar rats treated with only one dose of EEBP (2000 mg/
kg, p.o.). Thus, we can imply that the EEBP has low
physio-pathologic and the Lethal Dose 50 (LD50) is above
2000 mg/kg.

To verify the effects of the EEBP treatment after 21 days,
persistent paw inflammation was induced by the injection of
an oil suspension with killed M. tuberculosis (CFA model).
Using this model, it was possible to evaluate the effects of
the EEBP on oedema, mechanical sensitivity, and hyper-
algesia. The persistent oral administration of EEBP inhib-
ited oedema, mechanical hyperalgesia and cold sensitivity
induced by CFA. These observations showed that EEBP
exhibited anti-inflammatory and antihyperalgesic effects
against inflammation induced by M. tuberculosis throughout
the course of the treatment.

Conclusion

EEBP showed antiinflammatory/antimycobacterial proper-
ties in experimental animal models and in vitro tests con-
tributing, at least in part, to show a potential candidate to
develop new antibiotic/antiinflammatory drugs. EEBP
chemical composition showed the presence of several
compounds such as caffeic and ferrulic acid which are the
most studied compounds showing anti-inflammatory and
antimycobacterial properties. Therefore, the compound(s)
responsible(s) for the dual EEBP action must be studied.
Low doses of EEBP controlled the inflammation and M.

Bovis infection since it reduced the IL-1f levels in serum
and pleural exudate, and also inhibited the M. bovis growth
(CFU) in cultures obtained from the pleural wash. Low
doses of EEBP also reduced cold hyperalgesia, mechanical
hyperalgesia, and oedema induced by carrageenan or killed
M. tuberculosis (CFA). Therefore, the EEBP did not act in
a classical dose-dependent manner.
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