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Abstract: This work describes a pharmacological screening of Brazilian medicinal plants
through their anti-inflammatory and cytotoxicity activities. Cytotoxicity activity of Mouriri
elliptica and Alchornea glandulosa as well as the drugs celecoxib and doxorubicin were
evaluated in cultures of peritoneal macrophages. The immune system influence of these
samples was analyzed by determining production/inhibition of NO, production of tumor
necrosis factor-a and production of interleukin-10. Regarding the production/inhibition
of NO, there was NO production by M. elliptica and NO inhibition when the cells were
exposed to A. glandulosa; Macrophages generally produce more NO, plus TNF-a and
less 1110, when associated to the tumor phenomenon, characterizing the inflammation
involved in cancer. A. glandulosa showed anti-inflammatory effect, inhibited NO
production and it was associated with low TNF-a production, although not as low as
the macrophages associated with celecoxib and doxorubicin. These cytokines were
not different in animals with tumor. Celecoxib confirms its anti-inflammatory action by
markedly inhibiting NO and TNF-q, but also inhibiting IL-10 which is an anti-inflammatory
cytokine. Doxorubicin inhibited NO in a higher percentage in the group of animals with
tumor, although the literature reports that this drug stimulates the production of NO
and this collaborates with its cytotoxic effect.

Key words: Cytotoxicity, anti-inflammatory, Mouriri elliptica, Alchornea glandulosa, Eh-
rlich carcinoma.

2006) and are the first cells to be activated to
participate in an immune response when the

Short-term inflammatory activity usually brings
benefits to the host organism in the presence
of aggressive agents. However, the persistence
of the inflammatory process often results in
tissue and DNA damage, contributing to the
development of cancer (De Visser et al. 2006).
Cancer, being a pathological process, can
provoke an immune response (Killion & Fidler
1994). Macrophages are the main elements
present in the body to fight tumors (Nath et al.

organism is exposed to exogenous factors, in
an acute or chronic inflammation such as tissue
trauma, infections, autoimmune disorders and
cancer through the secretion of chemokines and
cytokines. Macrophages exert anti-proliferative
and cytotoxic activities, partially resulting
from their ability to secrete reactive nitrogen
and hydrogen species and pro-inflammatory
cytokines (TNF, IL-1, IL-6) (Bonnotte et al. 2001).
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Inflammation associated with cancer
includes the presence of leukocyte infiltrate,
expression of cytokines such as TNF or IL-2,
chemokinessuchasCCL2and CXCLS8, activetissue
remodeling and neo-angiogenesis (Allavena et
al. 2008). Both inflammation and angiogenesis
are exacerbated by increased production
of cytokines, growth factors, proteolytic
enzymes, lipid mediators and prostaglandins.
Approximately 15 to 20% of malignancies are
initiated or exacerbated by inflammation (Ono
2008). Among the antiinflammatories of natural
origin, stand out those that come from plant
sources due to their low toxicity and structural
variety.

Kim et al. (2008) investigated the anti-
inflammatory properties of 20 plants used in
Chinese medicine. Three plants Radix gentianae,
Rhizoma coptidis and Citri unshiu demonstrated
anti-inflammatory effect in several experimental
models, inhibiting NO and PGE2. Sharma et
al. (2008) evaluated the cytotoxic effect of
Cymbopogon flexuosus essential oil in vitro on
twelve different cancer strains and in vivo on
solid Ehrlich tumor and thesarcoma-180 model
in mice. Intraperitoneal inoculation significantly
inhibited the ascites and solid form of Ehrlich
tumor and sarcoma-180, revealing promising
anticancer activity. Uddin et al. (2009) analyzed
the cytotoxic effect of 16 plants of traditional
Bangladeshi medicine and found that 14
showed little or no cytotoxicity against healthy
rat fibroblasts, and a selective cytotoxic effect
against gastric, colon and breast cancer. Zhang
et al. (2009) have shown that, in addition to
the cytotoxic effect on tumor cells, Ganoderma
sinensis lipid extract induces antitumor immune
response, stimulating antitumor activity of
tumor associated macrophages. Kovaes et al.
(2009) analyzed a fraction of Xantinum italicum
and detected cellular and antiproliferative
growth inhibitory activity in uterine cervix
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adenocarcinoma, skin carcinoma and breast
adenocarcinoma.

Nogueira et al. (2008) evaluated the
antitumor and antiangiogenic capacity of
fractions of the Synadenium umbellatum Pax
plant in Ehrlich solid tumor, whose results
showed inhibition of the viability of tumor
cells. In vivo, they showed a significant anti-
tumor dosedependent capacity, being a strong
candidate for anti-tumor agent in the future.
Mesquita et al. (2009) evaluated the cytotoxic
effect of 412 extracts of 50 species from Brazilian
cerrado plants against colon, melanoma and
brain tumor cell lines. 28 of the 412 extracts
showed antiproliferative effect, with at least 85%
inhibition of cell proliferation, in at least one of
the cell lines.

Considering the potential of medicinal
plants from Brazilian cerrado biome, this study
proposed to determine the cytotoxicity from
methanolic extract of Mouriri elliptica, the ethyl
acetate fraction of Alchornea glandulosa, and
the drugs celecoxib and doxorubicin in cultures
of peritoneal macrophages as well as evaluate
the influence of these samples on the immune
system determining: Production/inhibition of
NO, Production of tumor necrosis factor o and
production of interleukin-10.

MATERIALS AND METHODS

Collection and preparation of extracts and
fractions of plant species

The plant material from M. elliptica was collected
at the Experimental Station of the Mogi-Guacu
Biological Reserve (Sao Paulo state, Brazil)
and the plant material from A. glandulosa was
collected at Ipueiras (Tocantins, Brazil). The
exsiccates were deposited at the Herbarium
in Tocantins (HTO) of the Federal University of
Tocantins in Porto National city, under number
3341,
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The plant material was dried at room
temperature, and subjected to grinding using
a knife mill (Willye - NL-226-02). The obtained
powder was extracted by maceration using
hexane and methanol. The methanolic extract
was concentrated on a rotary evaporator
(54-Rotavapor R-220, brand: Blichi, with vacuum
pump Vacuum Contoller V-805, brand: Blichi and
water circulator), yielding a crude, highly viscous
extract which was diluted in a methanol: water
mixture (1:9 v/v) and subjected to the liquid-
liquid partition with ethyl acetate and n-butanol.

The drug celecoxib has been commercially
available. In Brazil, only Pfizer (Celebra®) markets
this drug. In addition, the drug doxorubicin
has been commercially available. In Brazil, this
drug is market by Libbs (Fauldoxo®) and by
Pfizer (Adriblastine®). The solvents used in the
preparation of extracts and fractions were all
analytical grade obtained from Vetec.

Animals and obtaining peritoneal exudate
cells (PEC)

In each experiment were used five male Swiss
mice, with six weeks of life, weighing between
18 and 25g. They were provided by the Central
Biotherm of the Faculty of Pharmaceutical
Sciences - UNESP, located in Araraquara city,
The animals were kept in polycarbonate cages
with water and feed (Purina) ad libitum in an
air-conditioned room (23 + 2 ° C, 56 + 2% relative
humidity), with light and dark control at each
period of 12 hours. All animal procedures were
conducted according to the opinion of the local
Fthics Committee (opinion no. 31/2008).

The animals were previously stimulated by
intraperitoneal inoculation of 3.0 mL sodium
thioglycolate (DIFCO Lab. LTDA) at 3.0 %, three
days prior to collection of cells. After this period,
the animals were euthanized by inhalation in a
CO, chamber (M1-SBFF-1FM Chamber System).
These animals had abdominal skin removed

ANTI-INFLAMMATORY AND ANTITUMOR AGENTS FROM CERRADO

aseptically in laminar flow chamber, Class 100
(Veco) and exposed peritoneal. In the upper
medial portion of the abdomen, 5.0 mL of sterile
phosphate buffered saline (PBS) at pH 7.2 and at
4° C were injected with the aid of a syringe (BD)
and sterile needles (BD). A mild manual massage
was performed, and the peritoneal exudate
cells were collected with the same syringe and
dispensed into a sterile conical tube (Corning,
Inc., USA) for preparation of the cell suspension.
The cells of the peritoneal exudate were washed
three times with 5 mL of PBS (pH 7.2) and
centrifuged at 400x g for 5 minutes in a centrifuge
(Fanem, Ind. Bras.) at room temperature. The
pelleted cells were re-suspended in 1.0 mL
RPMI-1640 ATCC® 30-2001" culture medium
(Sigma-Aldrich Brazil) containing 2x10” M of
2-mercaptoethanol (Sigma-Aldrich Brazil), 100
U/mL penicillin (Sigma-Aldrich Brazil), 100 U/
mL streptomycin (Sigma), 2 mM L-glutamine
(Sigma) and 5% fetal bovine serum (Cutilab-
Campinas), the medium being composed of
RPMI-1640. The number of cells was determined
by counting in hemocytometric chamber of
Neubauer (Boeco, Germany) using 10 pL of the
diluted cell suspension in 90 pL of Lazarus Fluid
(RAL Diagnostics). The cells were adjusted to the
optimum concentration for each assay in RPMI-
1640-C medium.

Evaluation of cell viability of peritoneal
exudate cells

The colorimetric technique was used to
determine the cell viability using solution of 3-
(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium
bromide (MTT), which is based on the verification
of mitochondrial activity and integrity,
interpreted as a measure of cell viability.

The Peritoneal Exudate Cells (PEC)
suspensions, adjusted to the concentration
of 5x10° cells/mL, were used. 100 pL of the
suspensions were added in 96-well plates
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(Corning ® Costar®), and 100 uL of the A.
glandulosa ethyl acetate fraction (100, 200
and 400 pg/mL), and M. elliptica methanolic
extract (300, 150 and 75 pg/mL), celecoxib
(100, 50 and 25 pg/mL), doxorubicin (12.5, 25,
50 and 100 pg/mL), LPS at 10 ug/mL, or only
culture medium RPMI-1640. The plates were
incubated for 24 hours in an oven at 37° C with
constant tension of 5 % CO,. After this period,
100 pL of a solution of 3-(4,5-dimethylthiazol-
2-yl)-2-5-diphenyltetrazolium bromide (MTT)
(Across Organics B.V.B.A.) was added to the
cell culture at 0.5 mg/mL in RPMI-1640. The
plate was incubated for an additional 3 hours
under the same conditions as before. After this
time, the contents of the plate were poured
and 100 pL of isopropyl alcohol (Mallinckrodt
Pharmaceuticals) were added to each bore to
solubilize the formed formazan crystals. Only
cells and RPMI-1640-C culture medium were
used as a control, equivalent to 100 % viability
of macrophages. The reading was done in a
UV/Vis spectrophotometer (Multiskan Ascent,
Labsystems Research Tech. Div., Helsinki,
Finland) at 540 nm with reference filter at 620
nm (Mosmann 1983).

Determination of nitric oxide production

Nitric oxide was quantified by nitrite
accumulation in culture medium and measured
spectrophotometrically using Griess reagent
with NaNO, as standard (Green et al. 1982).

The obtained cell suspension was adjusted
to 5 x 10° cells/mL in RPMI-1640 medium. 100 pL
of this cell suspension was distributed in 96-
well sterile plate. 100 pL of the A. glandulosa
ethyl acetate fraction (100, 200 and 400 pg/mL),
and M. elliptica methanolic extract (75, 150 and
300 pg/mL), celecoxib (25, 50 and 100 pg mL),
doxorubicin (12.5, 25, 50 and 100 pg mL). 100 L
from 10 pg/mL LPS solution as a positive (control)
stimulant, and the otherwells were filled with 100
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uL of RPMI-1640 medium was added to the cell
suspension as a control cell (negative control).
The plate thus formed was incubated for 24
hours in an oven at 37° C with constant tension
of CO, (5%). After incubation, 50 pL aliquots of
each sample were withdrawn and transferred
to another plate and another 50 pL/well Griess
reagent, 0.1% N-1-naphthyl-ethylenediamine,
01% sulfanilamide in 3% phosphoric acid
solution. After 10 minutes at room temperature
in the dark, the plates were read in a UV/Visible
microplate spectrophotometer (Multiskan
Ascent, Labsystems Research Tech. Div., Helsinki,
Finland) with a 540 nm filter. Concentrations of
sodium nitrite were calculated from a standard
curve previously established with known molar
concentrations of sodium nitrite in RPMI-1640
medium. The tests were performed in triplicate
and the values expressed in pmols of NO/5x10°
cells.

Determination of inhibitory activity in cultures
of mouse peritoneal cells in NO production

The test was performed from a cell suspension of
the peritoneal exudate adjusted at 5x10° cells/mL
in RPMI-1640 medium. 100 pL of cell suspension
was distributed in 96-well sterile plate. 100 pL
of the A. glandulosa ethyl acetate fraction (100,
200 and 400 pug/mL), and M. elliptica methanolic
extract (75, 150 and 300 pg/mL), celecoxib (0.025,
0.05 and 0.1 mg/mL), doxorubicin (12.5, 25, 50
and 100 pg/mL) were used. 100 pL of 10 pg/mL
LPS solution as positive (control) stimulant, and
in other wells, only 100 pL of RPMI-1640 medium
was added to the cell suspension as a control
cell (negative control). 100 pL of LPS solution
(10 pg/mL) was added in all wells where the
compounds were tested. The plate thus formed
was incubated for 24 hours in an oven at 37°
C with constant tension of CO, (5%). After
incubation, 50 pL aliquots of each sample were
withdrawn and transferred to another plate and
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another 50 uL/well Griess reagent, 01% N-1-
naphthyl-ethylenediamine, 01% sulfanilamide
in 3 % phosphoric acid solution (Green et al.
1982). After 10 minutes at room temperature in
the dark, the plates were read in a UV/Visible
microplate spectrophotometer (Multiskan
Ascent, Labsystems Research Tech. Div., Helsinki,
Finland) with a 540 nm filter. Concentrations of
sodium nitrite were calculated from a standard
curve previously established with known molar
concentrations of sodium nitrite in RPMI-1640
medium. The tests were performed in triplicate
and the values expressed in pmols of NO/5x10°
cells.

Determination of cytokines TNF-a and IL-10

The cytokines TNF-a and IL-10 were quantified in
the supernatant obtained from the macrophage
culture through the ELISA immunoenzymatic
assay using BD OptEIA kit (BD Biosciences
Pharmingen) according to the manufacturer’s
instructions. The 96-well polystyrene
microplates (Corning Inc., NY) were adsorbed
with an anti-TNF-a or anti-IL-10 capture
antibody and incubated overnight at room
temperature. Plates were washed 3 times with
PBS (pH 9.5) containing 0.05% Tween-20 (PBS-T).
After washing, the plates were blocked with PBS
containing 10 % FBS (PBS-FBS) and kept at room
temperature for 60 minutes. The plates were
washed three times with PBS-T. 100 ul of each
standard cytokine or supernatants from the cell
cultures to be tested were added to the plates.
The plates were incubated at room temperature
for 120 minutes, and washed five times with
PBS-T. Then, 100 uL of biotin-labeled anti-TNF-a
or anti-IL-10 monoclonal antibody was added
and diluted to the appropriate concentration
of each cytokine in PBS-FBS. The plates were
incubated at room temperature for 30 minutes
and washed 5 times with PBS-T, and then 100 pL
of peroxidase-streptavidin conjugate diluted in
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PBS-FBS was added. The plates were incubated
again at room temperature for 30 minutes.
After this procedure, the plates were washed 7
times with PBS-T and 100 pL of the BD OptEIA™
ELISA sets TMB substrate (BD Biosciences
Pharmingents) were added into each well. After
further incubation at room temperature for 30
minutes, the reaction was quenched by adding
50 pL of 2N sulfuric acid (H,S0O,). Absorbance
was read at 450 nm in a UV/visible microplate
spectrophotometer (Multiskan Ascent,
Labsystems Research Tech Div., Helsinki, Finland)
and cytokine concentrations were obtained
using a standard curve previously established
with known amounts of TNF-aand IL-10 standard.
The tests were performed in triplicate and the
results expressed in picograms/mL.

Statistical analysis

The statistical analyzes were performed using
the software Graphpad Instat version 3.00 for
windows (GraphPad Software, San Diego, CA).
We compared the differences of the treatment
groups and controls using one-way analysis
of variance (ANOVA) and Tukey's multiple
comparison post hoc test. Differences between
groups were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Ehrlich’s tumor, a transplantable tumor
originating from a rapidly growing mammary
adenocarcinoma and aggressive behavior
(Segura et al. 2000), is able to grow in almost all
the mouse strains, suggesting that recognition
and immune response to this type of tumor
are independent of the MHC (Chen & Watikins
1970). This feature suggests that Ehrlich tumor
control is related to innate immunity. Hence, the
participation of macrophages, especially with
respect to the inflammatory response rather
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than to an adaptive response mediated by T
cells (Nascimento et al. 2006).

Compounds obtained from plants that
inhibit the synthesis of NO may be important
candidates for the development of anti-
inflammatory drugs (Yunes & Calixto 2001) as
observed in the present study with the fraction
and extract of A. glandulosa.

Moleiro et al. (2009) observed inhibition of
NO production, different from our findings, where
both in the group of animals with Ehrlich tumor
andinthegroup ofhealthyanimalstherewashigh
NO production in the two tested concentrations
(150 and 300 pg/mL). Several modern research
points to a potential use of plant compounds in
the treatment of inflammation. Spelman et al.
(2006) highlights that a strategy in modulating
cytokine expression may be a key factor. In
this context, plant-derived immunomodulatory
compounds could offer modern approaches in
the treatment of a variety of diseases, making
possible through the dynamic regulation of
messenger molecules such as cytokines, a
change in the activity of the immune system
and/or control of the inflammatory process.

[L-1 and TNF-a are mainly derived from
mononuclear cells and macrophages and induce
the expression of several genes that stimulate
the synthesis of innumerable proteins that
contribute to inflammatory process (Carvalho
2004). TNF-q, initially discovered due to its
antitumor activity, is one of the major mediators
of inflammation. Induced by a wide range of
pathogenic stimuli, this cytokine induces other
inflammatory mediators and proteases that
orchestrate the inflammatory response. TNF-y
is also produced by tumors and can act as an
endogenous tumor promoter. This cytokine is
related to the stages of tumorigenesis, including
cell transformation, proliferation, invasion,
angiogenesis and metastasis (Sethi et al. 2008).
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Evaluation of macrophages viability

Considering that the cells of an animal with
a pathological process may present different
behaviors in relation to the cells of healthy
animal, the first questioning of this research
was to verify the viability of the cells obtained
from normal and induced animals to tumor
development. The viability is of fundamental
importance during the development of
experimental manipulations, ensuring the
ability of a given cell population to respond to
the substances to be tested (Freshney 1994).
Viability assays ensures that the concentrations
of the tested compounds are adequate and do
not cause significant cytotoxicity to cell cultures
in the presence and absence of substances
to be tested. It still defines appropriate
experimental conditions for in vitro assays and
that the effects observed in the other NO and
cytokine production tests would not be due to
cytotoxicity.

For this, we used the test described by
Mosmann (1983) based on the cell ability to cleave
the tetrazole ring present in MTT (Figure 1) and
healthy animals (Figure 2) presented compatible
percentages of viability greater than 70 % when
the cells were in contact with the substances to
be tested. Regarding the cell viability tests, the
results showed that the methanolic extract of
A. glandulosa associated with the macrophages
of the animals with Ehrlich tumor resulted
in less cellular viability (slightly below 75 %)
compared to healthy animals. Maybe the cells
of the animals with tumor are less resistant to
the cytotoxicity of the plant when compared to
the cells of healthy animals. We can define the
concentrations to be used in the other tests
proposed here. The evaluation of macrophages
viability was performed using MTT technique.
Peritoneal exudate cells were incubated with the
ethyl acetate fraction and the methanolic from
A. glandulosa, and with the methanolic extract
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Figure 1. Viability of peritoneal
macrophages of Ehrlich tumor-
bearing mice in the presence
of different concentrations of
1 extracts, fractions and drugs.
Cells in culture medium (RPMI-
1640) were used as negative
control (C-) and LPS solution
as positive control. **P < 0.001
when compared to the negative
control.
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from M. elliptica, celecoxib and doxorubicin.
Figure 1 shows the viability of macrophages of
Ehrlich tumor bearing mice in the presence of
all compounds.

In this study, satisfactory viability (around
70%) was observed in macrophages of mice
bearing Ehrlich tumor in the presence of all
compounds, the lowest viability being observed
in those where A. glandulosa extracts were
tested. Viability above 80% was observed in
macrophages of normal mice in the presence
of all samples including A. glandulosa extracts
(Figure 2).

Determination of NO production/inhibition

In general, macrophages from Ehrlich tumor-
bearing mice had a lower inhibition of
NO production when compared to normal
macrophages (5.56 to 52.23 % in the tumor group
and 22.81to 8413 % in the group without tumor)
(Figures 3 and 4). Exception was observed in
macrophages associated with doxorubicin and
celecoxib, which showed greater inhibition in
the group of animals with tumor, with production
around 30.0 to 36.0 pmol / 5x10° cells. Only M.
elliptica produced this mediator with results

---------

--------

50.0 25

both in the animals with tumor and in the
normal ones near the positive LPS control.

NO exerts modulatory effects on the
inflammatory response and plays an important
role in the regulation of immune responses. In
Figure 3we observedthe results of NO production
by M. elliptica and inhibition by A. glandulosa,
doxorubicin and celebrated in animals bearing
tumor. The highest percentages of inhibition
were obtained with doxorubicin (52.23 %) and
the drug celebrated (41.84 %) confirming the
activity of these drugs related to NO. Aldieri
et al. (2002) studying the production of nitrite
by cardiac H9¢c2 cells from rats in contact with
doxorubicin, showed that cardiotoxicity, a known
effect of doxorubicin is due to an increase in
the NO synthesis stimulated by the drug, which
explains in part its cytotoxicity, used against
tumors.

When we analyzed the dosage of this
mediator in normal, tumor-free animals (Figure
4), we found that crude extract at 31.25 pug/mL
and the A. glandulosa fraction had an inhibitory
effect (65.48 % and 78.32 %, respectively) as
much as it celebrates that it kept its inhibition
result more pronounced (7818 %).
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Figure 2. Viability of peritoneal macrophages of normal mice in the presence of different concentrations of extracts,
fraction and drugs. Cells in culture medium (RPMI-1640) were used as negative control (C-) and LPS solution as
positive control. ** P <0.001 when compared to the negative control.
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Figure 3. Determination of NO production/inhibition in culture of peritoneal macrophages of mice bearing
Ehrlich’s tumor. The peritoneal exudate cells were incubated under the test conditions with the different extracts,
fraction or commercial drugs concomitantly with LPS solution at 10 pg/mL. As a positive control, LPS solution (LPS)
was used. As negative control (C-), only cells in culture medium (RPMI-1640-C) were used. The statistical analysis
was performed through variance (ANOVA) using the Tukey post-test. *** P < 0.001 when compared to the negative
control. ### P < 0.001, #it P < 0.01 when compared to the positive control.
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Figure 4. Determination of NO production/inhibition in culture of peritoneal macrophages of normal mice. LPS
solution was used as positive control (LPS). As negative control (C-), only cells in culture medium (RPMI-1640-C)
were used. The statistical analysis was performed through variance (ANOVA) using the Tukey post-test. *** p
<0.001, ** P < 0.01 and *P < 0.05 when compared to the negative control. ## P < 0.001, # P <0.05 when compared to

positive control.

Determination of TNF-a production

Our TNF-a detection results demonstrate that
M. elliptica in both tumor bearing animals
(Figure 5) and healthy animals (Figure 6) induced
the highest production of this mediator, data
compatible with the of NO production, since
this cytokine acts synergistically with the IFN-
mediator in its production (Jang et al. 2003).
The lower production of TNF-a by A. glandulosa
observed in the present study is comparable
with previous results and indicative of inhibition
of the inflammatory process (Lopes et al. 2005).
Since the presence of proinflammatory cytokines
in the tumor microenvironment has been
associated with angiogenesis, it is believed that
the ethylacetate fraction of A.glandulosaandthe
pure compounds afzelin and pteroginidine have
a special role in that process. Such compounds
inhibit simultaneously the production of

proinflammatory cytokines by macrophages
and the various stages of angiogenesis (Lopes
et al. 2009). We must also consider that NO is a
vasodilator, aiding angiogenesis and metastasis.
(Cheng et al. 2014). Angiogenesis has been
described as a key part of the cancer process,
playing a fundamental role in tumor growth,
tumor invasion and metastasis, thus promoting
greater tumor irrigation and consequently
favoring its growth (Sethi et al. 2008).

TNF-a can induce tumor necrosis through
two mechanisms: the direct cytotoxic effect
on tumor cells and stimulation of the immune
system. TNF-a has been shown to induce death
by necrosis or apoptosis in some primary human
tumor cells and in tumor cell lines (Aggarwal &
Natarjan 1996), including breast cancer strains
(Ben-Baruch 2003), malignant melanoma, and
sarcoma of soft tissues of the limbs (Lake 2003).
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Figure 5. Determination of TNF-a
production in culture of peritoneal
macrophages of animals with
tumor. Supernatants collected
from macrophages incubated

only in the presence of LPS (1pg/
mL) or culture medium (RPMI-
1640) were used respectively as
positive (LPS) and negative (C-)
controls. Each bar represents the
mean # standard deviation of
seven independent experiments
performed in triplicate. Statistical
analysis was performed through
analysis of variance (ANOVA) using
the Tukey post-test. *** P < 0.0001
when compared to positive control
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Regarding the effect of A. glandulosa on the
production of IL-10, a cytokine known as anti-
inflammatory, there was very little production
of IL-10 by the macrophages of animals with
tumor (Figure 7). On the other hand, when we
observed the production of this mediator by
normal, non-tumor-bearing animals (Figure 8),
there was a higher production of this mediator
of the cells in contact with doxorubicin and
with methanolic extract of M. elliptica, attracting
attention because it is a mediator with an
anti-inflammatory approach and the tumor
process can be disadvantaged. It is important
to note that NO and pro-inflammatory cytokines
are the major targets in the treatment of
inflammatory diseases. Since macrophages
produce several biologically active molecules
that participate in the inflammatory process,
therapeutic interventions targeting these cells,
or their products may create novel methods of
controlling inflammatory diseases (Fujiwara &
Kobayashi 2005).

Ingeneral, TNF-a production by macrophages
of mice with tumor was higher than that of

C- (LPS).

normal animal macrophages (Figures 5 and
6). Among the different compounds, the one
that most stimulated the production of TNF-a
was the methanolic extract of M. elliptica. The
substances that least stimulated the production
of this cytokine were doxorubicin and celecoxib.
It should be noted that the stimulus of the
extract and the ethyl acetate fraction of A
glandulosa were statistically lower than that
observed in the positive control (P < 0.05).

The IL-10 production by the macrophages
of mice with tumor was markedly lower when
compared to the production by healthy animals
with all the compounds tested (Figures 7 and 8).
In fact, no compound stood out from the others
in stimulating IL-10 production among animals
with tumor.

Considering the healthy animals, the
doxorubicin and the methanolic extract of M.
elliptica showed production of this mediator
higher than 50 % of the value found for the
positive LPS control.
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Figure 6. Determination of TNF-a
< production in culture of peritoneal
Mouriri elliptica .
Alchornea extract Macrophages of healthy animals.
Alchormea extract Supernatants collected from
macrophages incubated only in
the presence of LPS (1 pg/mL) or

H

culture medium (RPMI-1640) were
used respectively as positive (LPS)
and negative (C-) controls. Each bar
represents the mean # standard
deviation of seven independent
experiments performed in triplicate.
Statistical analysis was performed
through analysis of variance
(ANOVA) using the Tukey post-test.
*** p < 0.0001 when compared to the
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Figure 7. Determination of IL-10
production in culture of peritoneal
macrophages of animals with
tumor. Supernatants collected from
macrophages incubated only in

the presence of LPS (1 pg/mL) or
culture medium (RPMI-1640) were
used respectively as positive (LPS)
and negative (C-) controls. Each bar
represents the mean # standard
deviation of seven independent
experiments performed in triplicate.
Statistical analysis was performed
through analysis of variance
(ANOVA) using the Tukey post-test.
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CONCLUSION

Thus, our results seek to contribute to a better
understanding of the mechanisms by which
natural products can act as new antitumor
therapeutic compounds directed to the
anti-inflammatory process. In addition, this
study provided a better understanding of the
pharmacological actions of M. elliptica and A.
glandulosa with an immunological approach,

An Acad Bras Cienc (2021) 93(Suppl. 3)

e

emphasizing in this context the importance of
biodiversity and medicinal plants.
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Figure 8. Determination of IL-10
production in culture of peritoneal
macrophages of healthy animals.
Supernatants collected from
macrophages incubated only in
the presence of LPS (1 pg/mL) or
culture medium (RPMI-1640) were
used respectively as positive (LPS)
and negative (C-) controls. Each bar
represents the mean # standard
deviation of seven independent
experiments performed in
triplicate. Statistical analysis was
performed through analysis of
variance (ANOVA) using the Tukey
post-test.

Bl Doxorubicin

B celebra

B Mouriri elliptica
[ Alchornea extract
4 Alchornea extract

25 50 150 3125 31.25'

REFERENCES

AGGARWAL BB & NATARJAN K. 1996. Tumor necrosis factors:
developments during the last decade. Eur Cytokine Netw
7: 93-124.

ALDIERI E, BERGANDI L, RIGANTI C, COSTAMAGNA C, BOSIA A &
GHIGO D. 2002. Doxorubicin induces an increase of nitric
oxide synthesis in rat cardiac cells that is inhibited by
iron supplementation. Toxicol Appl Pharmacol 185(2):
85-90.

ALLAVENA P, GARLANDA C, BORRELLO MG, SICA A & MANTOVANI
A. 2008. Pathways connecting inflammation and cancer.
Science 18: 3-10.

BEN-BARUCH A. 2003. Host microenvironment in breast
cancer development: inflammatory cells, cytokines and
chemokines in breast cancer progression: reciprocal
tumormicroenvironment interactions. Breast Cancer Res
5: 31-36.

BONNOTTE B, LARMONIER N, FAVRE N, FROMENTIN A, MOUTET
M, MARTIN M, GURBUXANI S, SOLARY E, CHAUFFERT B & MARTIN
F. 2001. Identification of tumor infiltrating macrophages
as the killers of tumor cells after immunization in a rat
model system. ] Immunol 167: 5077-5083.

CARVALHO JCT. 2004. Fitoterapicos antiinflamatorios:
aspectos quimicos, farmacologicos e aplicagoes
terapéuticas. Tecmedd: Ribeirdao Preto, 480 p.

CHEN L & WATIKINS JF. 1970. Evidencious against the
presence of H2 histocompatibility antigens in Ehrlich
ascites tumor cells. Nature 225: 734-735.

An Acad Bras Cienc (2021) 93(Suppl. 3) €20191101

LPS

C-

CHENG H, WANG L, MOLLICA M, RE AT, WU S & ZUO L. 2014. Nitric
oxide in cancer metastasis. Cancer Lett 353(1): 1-7.

DE VISSER KE, EICHTEN A & COUSSENS LM. 2006. Paradoxical
roles of the immune system during cancer development.
Nat Rev Cancer 6: 24-37.

FRESHNEY RI. 1994. Culture of animal cells: a manual of
basic technique. Wiley-Liss: New York, 468 p.

FUJIWARA N & KOBAYASHI K. 2005. Macrophages in
inflammation. Curr Drug Targets Inflamm Allergy 4(3):
281-286.

GREEN LC, WAGNER DA, GLOGOWSKI J, SKIPPER PL, WISHNOK JS
& TANNENBAUM SR. 1982. Analyses of nitrate, nitrite, and
[15N] nitrate in biological fluids. Analytic Beochem 126(1):
131-138.

JANG SI, JEONG SI, KIM KJ, KIM HJ, YU HH, PARK R, KIM HM & YOU
Y0. 2003. Tanshinone IIA from Salvia miltiorrhiza inhibits
inducible nitric oxice synthase expression andproduction
of TNF-alpha, IL-1beta and IL-6 in activated RAW 264.7
cells. Planta Med 69(11): 1057-1059.

KILLION J & FIDLER 1). 1994. Systemic targeting of liposome-
encapsulated immunomodulators to macrophages for
treatment of cancer metastasis. Immunomethods 4:
273-279.

KIM KS ET AL. 2008. Anti-inflammatory effects of Radix
Gentianae Macrophyllae (Qinjiao), Rhizoma Coptidis
(Huanglian) and Citri Unshiu Pericarpium (Wenzhou
migan) in animal models. Chin Med 3(1): 10.

KOVAES A, VASAS A, FORGO P, RETHY B, ZUPKO | & HOHMANN
J. 2009. Xanthanolides with antitumor activity from
Xantinum italicum. Z Naturforsch C 64: 343-349.

12|14



FABIO A. MALARA et al.

LAKE DF. 2003 Imunofarmacologia. In: Katzung BG (Ed),
Farmacologia basica e clinica. 82 ed., Rio de Janeiro:
Guanabara Koogan, chapter 56, p. 833-856.

LOPES FC, CALVO TR, VILEGAS W & CARLOS 1Z. 2005. Inhibition
of hydrogen peroxide, nitric oxide and TNF alpha
production in peritoneal macrophages by ethyl acetate
fraction from Alchornea glandulosa. Biol Pharm Bull
28(9): 1726-1730.

LOPES FC, ROCHA A, PIRRACO A, REGASINI LO, SILVA DH, BOLZANI
VS, AZEVEDO |, CARLOS 1Z & SOARES R. 2009. Anti-angiogenic
effects of pterogynidine alkaloid isolated from Alchornea
glandulosa. BMC Complement Altern Med 22: 9-15.

MESQUITA ML, PAULA JE, PESSOA C, MORAES MO, COSTA-
LOTUFO LV, GROUGNET R, MICHEL S, TILLEQUIN F & ESPINDOLA
LS. 2009. Cytotoxic activity of Brazilian Cerrado plants
used in traditional medicine against cancer cell lines. |
Ethnopharmacol 123: 439-445.

MOLEIRO FC ET AL. 2009. Mouriri elliptica: validation of
gastroprotective, healing and anti-Helicobacter pylori
effects. ] Ethnopharmacol 123(3): 359-368.

MOSMANN T. 1983. Rapid colorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays. ) Immunol Methods 65: 55-63.

NASCIMENTO FRF, CRUZ GVB, PEREIRA PVS, MACIEL MCG, SILVA LA,
AZEVEDO APS, BARROQUEIRO ESB & GUERRA RNM. 2006. Ascitic
and solid Ehrlich tumor inhibition by Chenopodium
ambrosioides L. treatment. Life Sci 87: 2650-2653.

NATH A, CHATTOPADHYA S, CHATTOPADHYAY U & SHARMA NK.
2006. Macrophage inflammatory protein (MIP)1a and
MIP1b differentially regulate release of inflammatory
cytokines and generation of tumoricidal monocytes in
malignancy. Cancer Immunol Immunother 55: 1534-1541.

NOGUEIRA IA, LEAO AB, VIEIRA MS, BENFICA PL, CUNHA LC &
VALADARES MC. 2008. Antitumoral and antiangiogenic
activity of Synadenium umbellatum. Pax
Ethnopharmacol 120(3): 474-478.

ONO M. 2008. Molecular links between tumor
angiogenesis and inflammation: inflammatory stimuli of
macrophages and cancer cells as targets for therapeutic
strategy. Cancer Sci 99(8): 1501-1506.

SEGURA JA, BARBERO LG & MARQUEZ J. 2000. Ehrlich ascites
tumor unbalances splenic cell populations and reduces
responsiveness of T cells to Staphylococcus aureus
enterotoxin B stimulation. Immunol Lett 74: 111-115.

SETHI G, SUNG B & AGGARWAL BB. 2008. TNF: a master to
switch for inflammation to cancer. Front Biosci 1(13):
5094-5107.

ANTI-INFLAMMATORY AND ANTITUMOR AGENTS FROM CERRADO

SHARMA PR, MONDHE DM, MUTHIAH S, PAL HC, SHAHI AK, SAXENA
AK & QAZI GN. 2008. Anticancer activity of an essential oil
from Cymbopogon flexuosus. Chem Biol Interact 179(2-3):
160-168.

SPELMAN K, BURNS J, NICHOLS D, WINTERS N, OTTERSBERG S
& TENBORG M. 2006. Modulation of cytokine expression
by traditional medicines: a review or herbal
immunomodulators. Altern Med Ver 11(2): 128-150.

UDDIN SJ, GRICE ID & TIRALONGO E. 2009. Cytotoxic effects
of Bangladeshi medicinal plant extracts. Evid Based
Complement Alternat Med 10: 1-6.

YUNES RA & CALIXTO JB. 2001. Plantas medicinais sob a
otica da quimica medicinal moderna. Argos: Chapeco,
523 p.

ZHANG JP, ZHENG L, WANG JH, MAGNUSSON KE & LIU X. 2009.
Lipid extract from completely sporoderm-broken
germinating Ganoderma sinensis spores elicits potent
antitumor immune responses in human macrophages.
Phytother Res 23(6): 844-850.

How to cite

MALARA FA, MATOS DC, RIBEIRO LCA, FALCOSKI TOR, ANDRADE TJAS,
SANTOS VNC, LIMA NM & CARLOS 1Z. 2021. Medicinal Plants from
Brazilian Cerrado Biome: Potential sources of new anti-inflammatory
compounds and antitumor agents on Ehrlich carcinoma. An Acad Bras
Cienc 93: €20191101. DOI 10.1590/0001-3765202120191101.

Manuscript received on September 18, 2019;
accepted for publication on May 26, 2020

FABIO A. MALARA'
https://orcid.org/0000-0003-3933-8992

DJAMILE C. MATOS'
https://orcid.org/0000-0002-5028-1301

LiVIA C.A. RIBEIRO'
https://orcid.org/0000-0003-0826-4599

THAIS O.R. FALCOSKI'
https://orcid.org/0000-0002-3801-2811

TERESINHA J.A.S. ANDRADE'
https://orcid.org/0000-0002-2415-9222

VANESSA N.C. SANTOS?
https://orcid.org/0000-0003-1092-9334

NERILSON M. LIMA?
https://orcid.org/0000-0001-9669-0306

An Acad Bras Cienc (2021) 93(Suppl. 3) €20191101 13 | 14



FABIO A. MALARA et al. ANTI-INFLAMMATORY AND ANTITUMOR AGENTS FROM CERRADO

IRACILDA Z. CARLOS'
https://orcid.org/0000-0002-0084-3468

'Universidade Estadual Paulista “Julio de Mesquita Filho"/
UNESP, Faculdade de Ciéncias Farmacéuticas, Rod. Araraquara-
Jal Km 1, Machados, 14800-901 Araraquara, SP, Brazil

‘Universidade Federal do Amazonas/UFAM, Instituto de
Ciéncias Biologicas/ICB, Av. General Rodrigo Octavio Jordao
Ramos, 1200, Coroado I, 69067-005 Manaus, AM, Brazil

*Universidade Federal de Juiz de Fora/UFJF, Instituto
de Ciéncias Exatas/ICE, Rua José Lourenco Kelmer,
s/n, Sao Pedro, 36036-900 Juiz de Fora, MG, Brazil

Correspondence to: Fabio de Andrade Malara
E-mail: drfabiomalara@gmail.com

Author contributions

Thais O. R. Falcoski, Vanessa N. C. Santos, Teresinha JAS Andrade
and Nerilson M. Lima wrote the content of the paper and
produced all the pictures and forms. Professor Iracilda Z. Carlos
revised the format of the paper and the translation of the
language. Fabio A. Malara, Djamile C. Matos and Livia Caroline A.
Ribeiro Zhao gave guidance on the experimental scheme and
experimental procedures.

() I

An Acad Bras Cienc (2021) 93(Suppl. 3) €20191101 14 | 14



