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ABSTRACT
Background: Banisteriopsis pubipetala is a little‑studied species belonging
to the same genus of B. caapi, which stands out for the bioactive
compounds known to be important in the degenerative diseases treatment.
Objective: The objective is to analyze the anti‑inflammatory and cytotoxic
potential and chromatographic profile of the extracts of B. pubipetala.
Materials and Methods: The investigation of the chromatographic
profile was performed through high‑performance liquid chromatography
diode‑array detector. Cell viability was determined by a quantitative
colorimetric assay with 3‑(4,5‑dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium
bromide. In the pharmacological tests, interleukin (IL)‑6, tumor necrosis
factor‑alpha (TNF‑α), IL‑10, and nitric oxide (NO) levels in cell culture
supernatants were performed. Results: In the leaf were observed nine
major compounds and in the stem five major compounds. The extracts of
B. pubipetala demonstrated concentration‑dependent behavior regarding
cytotoxicity. The fraction in dichloromethane had inhibitory concentration
of 50% (IC50) = 67.39 μg/mL whereas the extract in ethyl acetate had
IC50 = 103.37 μg/mL. The results showed that extracts significantly reduced
the production of IL‑6 and TNF‑α by cells 3T3 cells, however increased the
production of IL‑10 and NO. Conclusion: The results of the tests indicate
that the extracts of B. pubipetala evaluated have potential anti‑inflammatory
properties and may promote the regulation of inflammation levels.
Key words: Banisteriopsis pubipetala, interleukin‑10, interleukin‑6,
Malpighiaceae, nitric oxide, tumor necrosis factor‑alpha

SUMMARY
• In this study, to analyze the Banisteriopsis pubipetala extracts to known
its pharmacological actions through specific tests for anti‑inflammatory
and cytotoxic potential and chromatographic profile. The results of the

INTRODUCTION
The family Malpighiaceae is one of the most common in the Brazilian
Cerrado and comprises 75 genera and about 3000 species distributed in
the tropical, subtropical and savanna forests, being well represented in
number of species in Brazil.[1‑4] The genus Banisteriopsis is one of the
largest of this family,[5] and it has species that count on the presence of
numerous compounds with biological activity.[6‑10]
The biological activities peculiar to some species are due to the presence
of secondary metabolites, natural products produced by the plants and
originating from the primary metabolism, whose synthesis is related
to the defense processes that the plants develop in the environment
in which they are found, being classified mainly in alkaloids, phenolic
compounds, and terpenoids.[11‑13]
Flavonoids are phenolic compounds that can be classified into six diversified
subgroups (flavonols, flavones, isoflavones, flavanones, anthocyanidins,
and flavanols), in which variations in the number and position of hydroxyl
grouping and degree of methylation and glycosylation will differentiate
them.[14] They are found in several foods, conferring them color, flavor,
prevention of the oxidation of fats, and protection of vitamins and
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tests indicate that the extracts of B. pubipetala evaluated have potential
anti‑inflammatory properties, and may promote the regulation of inflammation
levels.

Abbreviations Used: LEBPD: Leaf extract of Banisteriopsis
pubipetala
in
dichloromethane,
LEBPA:
Leaf
extract
of
Banisteriopsis pubipetala in ethyl acetate, NO: Nitric oxide,
MTT:
3‑(4,5‑dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium
bromide,
SEBPD: Stem extract of Banisteriopsis pubipetala in dichloromethane,
SEBPA: Stem extract of Banisteriopsis
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enzymes. The anti‑inflammatory capacity of flavonoids has been used in
Chinese medicine in the form of crude plant extracts, and many papers
have proved that the various flavonoid molecules have anti‑inflammatory
activity, demonstrating even inhibition of chronic inflammation in various
in vivo experiments.[15,16] In this context, they present anti‑inflammatory
and immunomodulatory actions; flavonoids constitute a potential
alternative as therapeutic agents against the inflammatory processes.[17,18]
Added to that, the need to find new anti‑inflammatory agents stimulates
the analytical study of natural products, since several plants may present
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bioactive substances capable of causing this effect. Little is known about
the Banisteriopsis pubipetala species in relation to biological activities,
especially on the anti‑inflammatory potential. Therefore, in the present
work, it was proposed to investigate the chromatographic profile of
extracts of B. pubipetala, its cytotoxicity, and its anti‑inflammatory
potential from the quantifying of cytokines and nitric oxide (NO).

MATERIALS AND METHODS
Cell lines and chemicals
The 3T3 cells (mouse embryonic fibroblast cells – passages 20–30),
were obtained from the Cell Bank at Universidade Federal do Rio de
Janeiro_UFRJ, Brazil. Methanol, dichloromethane, ethyl acetate, and
trifluoroacetic acid were purchased from Vetec. The chromatographic
grade acetonitrile was obtained from Carlo Erba.

Plant material
Leaves and stems of healthy individuals (with no visible attack evidence
of galling insects and herbivores) from B. pubipetala (A. Juss.) were
collected in September 2016, between 8 and 10 O’ clock in the morning
in the district of Nova Esperança, municipality of Montes Claros, North
of the State of Minas Gerais, Brazil. Exsiccates of the plant material
are deposited in the herbarium of the State University of Montes
Claros (UNIMONTES) under the number 4033.

Preparation of plant material
The plant material was washed in running water and dried in a
circulating air oven circulate (Nova Ética, model 400‑4ND, Brazil) at
35°C–40°C for 7 days. The material was pulverized in a knife mill Willey
type (model SL30, Solab, Brazil) and the powder obtained was stored in
paper bags and kept under refrigeration at 4°C.

Liquid‑liquid partitions for flavonoids
It was weighed 3.00 g of pulverized plant material in a beaker; it was
adding 30 mL of methanol: water solution (90:10) and it was maintained
in ultrasonic (model USC‑2850A, Unique, Brazil) for 20 min. The
mixture was filtered, and the obtained filtrate was transferred to
separator funnel. They were realized in sequence, 4‑fold partitions
of 50 mL were with the solvents: dichloromethane and ethyl acetate,
respectively. Next, the extracts were concentrated at a temperature of
35°C in a circulating air oven and stored in microtubes at a temperature
of approximately 4°C. The extracts yields were calculated.

Chromatographic profile of the secondary
compounds by high‑performance liquid
chromatography ‑ diode‑array detector
Preparation of the extract samples in ethyl acetate
It was weighed a mass of 10.01 mg of leaf extract of B. pubipetala in ethyl
acetate (LEBPA) leaf extract and 10.00 mg of stem extract of B. pubipetala
in ethyl acetate stem extract. It was solubilized in a 0.1% trifluoroacetic
acid solution in water: acetonitrile (90:10), and they were subjected to
the ultrasonic bath for 10 min for complete solubilization. In this way,
stem and leaf were analyzed separately, and at the end, the working
solutions presented concentration of 1 mg/mL. Caffeine, quercetin, and
rutin patterns were prepared.

High‑performance liquid chromatography – diode‑array
detector
The investigation of the chromatographic profile was performed through
high‑performance liquid chromatography. The equipment used was
the liquid chromatograph (Waters, USA), equipped with a binary
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pump (model 1525), automatic injector (model 717), automatic fraction
collector (model III), photodiode array detector (model 2996), and
software Empower Pro. It was used a C18, 250 mm × 4.6 mm column
and 5 μm particle (Spherisorb, Waters, USA) in the separation of the
compounds. The mobile phase employed was a mixture on 5:95 ratio
of chromatographic grade acetonitrile and 0.1% trifluoroacetic acid
in ultrapure water, being pumped in the isocratic mode, and the
reading was performed at the wavelength of 220 nm. The peaks with
good resolution were collected for the next stages of the study, which
involved the identification of the chemical compounds of the species and
investigation of the anti‑inflammatory potential.

Biological assays
They were used the fractions of B. pubipetala leaves partitioned in
dichloromethane and ethyl acetate, respectively.

Cell culture
The 3T3 cells were cultivated in an RPMI‑1640 culture medium
(Sigma Aldrich, USA) and supplemented with 10% (v/v) bovine fetal
serum (Invitrogen Co Ltd, USA), 100 IU penicillin/mL, and 100 µg
streptomycin/mL (Sigma Aldrich, USA). Cells were cultivated in 75 cm2
bottles and incubated at 37°C in a humidified with 5% CO2.

Cell viability analysis
Stock solutions of 2000 μg/ml of leaf extract of B. pubipetala in
dichloromethane (LEBPD) and LEBPA were prepared in sterile culture
medium (RPMI). In the assays the concentrations used were: 6.25; 12.5;
25; 50; 100; 150; 200 and 400 µg/mL.
Cell viability was determined by a quantitative colorimetric assay
with 3‑(4,5‑dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium bromide
(MTT).[19] The cells were placed in 96‑well plates in a concentration
of 1.0 × 106 cells/well containing 180 µL of medium and were then
incubated with 20 µL of eight different concentrations of the extracts
for 24 h at 37°C in humidified air supplemented with 5% CO2. Having
completed these exposure times, the medium containing the extracts
was removed, 20 µL of MTT solution (5.0 mg/mL) was added, and the
plates were incubated for 1 h at 37°C in humidified air supplemented
with 5% CO2. The MTT solution was then removed, and 100 µL of
dimethyl sulfoxide was added to each well. The absorbance was read
at 570 nm (Thermo Plate model TP‑READER, China) and the results
were expressed as a percentage of the viability present in treated cells
compared to control cells.

Quantification of cytokines interleukin‑6, tumor necrosis
factor‑alpha and interleukin‑10
Interleukin (IL)‑6, tumor necrosis factor‑alpha (TNF‑α) and IL‑10
levels in cell culture supernatants were performed in triplicate
using commercially available high‑sensitivity enzyme‑linked
immunosorbent assay kit (Enzo Life Sciences, USA) according to the
manufacturer’s instructions. 3T3 cells were plated at 5.0 × 105 cells/
well into 24‑well Plates. 24 h after cells were treated for 30 min with
50 μg/mL of dichloromethane extract and 100 μg/mL of ethyl acetate
extract, respectively. After 24 h, supernatants cells were obtained by
centrifugation 413 g, 10 min, and were stored at −80°C.

Quantification of nitric oxide
3T3 cells were plated at 5.0 × 105 cells/well into 24‑well Plates.
Twenty‑four hours after cells were treated for 30 min with 50 μg/mL
of dichloromethane extract and 100 μg/mL of ethyl acetate extract,
respectively. After 24 h supernatants were obtained by centrifugation
413 g, 10 min and NO production was measured by means the Griess
reaction. This involved comparing 100 µL aliquots of culture supernatant
with serial dilutions NaNO2 (from 7.81 mM to 1000 mM). To this, an
Pharmacognosy Research, Volume 11, Issue 4, October-December, 2019
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equal volume of Griess reagent (N‑1‑naphthylethylenediamine 0.1% in
H2O + sulfanilamide 1% in 2.5% H3PO4) was added and then incubated
at room temperature then incubated at room temperature for 10 min and
read at 540 nm.[20]

Statistical analysis
All results were analyzed by ANOVA and Tukey post‑test using
GraphPad Prism version 5.00 for Windows (USA). P < 0.05 was
considered as statistical significance.

RESULTS AND DISCUSSION
Chromatographic profile of the partitions extracted
in ethyl acetate in high‑performance liquid
chromatography‑diode‑array detector
They

were

calculated

the

yields

of

the

stem

and

leaf

Table 1: Yield of extracts of stem and leaf of Banisteriopsis pubipetala
partitioned with dichloromethane and ethyl acetate
Extract
Part of
Solvent used in
Yield (%)
coding
the plant
partitioning
SEBPA
Stem
Ethyl acetate
8,40
SEBPD
Stem
Dichloromethane
0,52
LEBPA
Leaf
Ethyl acetate
19,50
LEBPD
Leaf
Dichloromethane
2,03
LEBPD: Leaf extract of Banisteriopsis pubipetala in dichloromethane; LEBPA:
Leaf extract of Banisteriopsis pubipetala in ethyl acetate; SEBPD: Stem extract
of Banisteriopsis pubipetala in dichloromethane; SEBPA: Stem extract of
Banisteriopsis pubipetala in ethyl acetate

vegetable powder after extraction with ethyl acetate and with
dichloromethane [Table 1]. The amount of material extracted from the
leaf was higher when compared to the stem, in both solvents used: the
LEBPA was the extract with the highest yield (19.50%), whereas in the
stem partition stem extract of B. pubipetala in dichloromethane (SEBPD)
the yield was only 0.52%, being the lowest observed. The age and stage
of the development of the plant, as well as the different plant organs, are
of considerable importance and may impact not only the concentration
of natural products produced but also the relative proportions of the
components.[21]
The chromatographic profile of the leaf and stem of the species
B. pubipetala [Figure 1] allowed to determine the number of major
compounds that occur in each structure of the species and to make a
relation between them. In the samples and analytical conditions adopted,
in the leaf were observed 12 peaks and in the stem 6 peaks, being that
all peaks observed in the stem are prevalent in the leaf, with variation
in concentration. In the stem are visualized five major compounds
(1, 2, 3, 4, and 7) and peak 1 represents the compound with the largest
area in this part of the plant, being produced in similar concentrations
in the leaf and stem. Already in the leaf were observed nine major
compounds (peaks 1, 2, 3, 4, 8, 9, 10, 11, and 12), with highlight to
peak 9, major compound with a notable concentration in relation to
the others with the largest area when compared the two structures, and
it is synthesized only on the leaf. Thus, as in the leaf, there is a higher
concentration of natural products when compared to the stem, as well as
all the compounds present in the stem are prevalent in the leaf, only the
leaf extracts were chosen to be used in the biological assays. The low yield
observed in the extraction with the solvent dichloromethane [Table 1]
made the chromatographic profile tests impossible.

a

b

c
Figure 1: Chromatographic profile of Banisteriopsis pubipetala extracts. (a) Chromatogram of Banisteriopsis pubipetala leaf ethyl acetate extract;
(b) chromatogram of Banisteriopsis pubipetala stem ethyl acetate extract; (c) overlapping of leaf and stem chromatograms of Banisteriopsis pubipetala
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The compounds corresponding to peaks 1, 2, and 7 are in higher
concentration in the stem‑derived partition while all other compounds
are produced in greater quantity in the leaf [Table 2]. Already the peaks
6, 8, 9, 10, 11, and 12, under the established analysis conditions, were
found in concentration detectable only in the leaf extract.
In the chromatograms, no correlation was observed in the retention
time of the patterns injected with the compounds present in the plant
extract, however when we evaluated the absorption spectra of the major
compounds found in B. pubipetala we can infer that compounds 8, 9, and
11 appear to belong to the same group of secondary metabolites because
of the observed similarity in relation to ultraviolet light absorption.
The flavone and flavonols groups exhibit two main absorption bands:
a band with absorption between 320 and 385 nm, representing the
absorption of the benzene ring B, and a second band with absorption
between 250 and 285 nm, representing the absorption of the benzene
ring A.[22] Compounds 3, 4, 8, 9, 11, and 12 presented similar spectral
characteristics to the behavior of these classes of flavonoids; however,
other analytical techniques of detection should be employed to discover
the chemical identity of the compounds.
In front of the results obtained in the analysis of the chromatographic
profile of the species B. pubipetala, it was evidenced that in the leaf there
is a higher concentration of natural products when compared to the
stem, as well as all the compounds present in the stem are prevalent in
the leaf, and such compounds have spectral characteristics similar to the
behavior of flavonoids.

sextuplicates. Cell viability was analyzed using the MTT assay. The media
of absorbance of each concentration was compared with the control
group (cells not exposed to the extracts), and for this 100% viability
was considered. Results represent the mean ± standard deviation (SD)
of sextuplicates from three independent experiments. *P < 0.05 when
compared with the control group (untreated cells).

a

Effect of extracts of Banisteriopsis pubipetala on the
viability of 3T3 cells
Cell viability was determined by establishing of a ratio between
the absorbance values obtained, converted to percentage, in the
untreated (control) and treated groups, as shown in Figure 2
(panels a and b). The extracts from B. pubipetala were cytotoxic to
3T3 cells in a concentration‑dependent manner. There was a significant
difference (P < 0.05) from the 12.5 μg/mL concentration when compared
to the results from the control group (untreated group). According to
the partitioning solvent, there was a difference in cell viability, being that
the fraction in dichloromethane presented an inhibitory concentration
of 50% (IC50) equal to 67.39 μg/mL, while the extract in ethyl acetate
presented IC50 = 103, 37 μg/mL.
3T3 cells were placed at the density of 1.0 × 106 cells/well in a 96‑well
plate and were treated with eight concentrations of dichloromethane
partitioned leaf extract (a) and with ethyl acetate partitioned leaf
extract, (b) (6.25, 12.5, 25.0, 50.0, 100, 150, 200 e 400 µg/mL) in

b
Figure 2: Extracts of Banisteriopsis pubipetala decreases cell
viability in 3T3 cells. 3T3 cells were placed at the density of
1.0 × 106 cells/well in a 96‑well plate and were treated with eight
concentrations of dichloromethane partitioned leaf extract (a) and with
ethyl acetate partitioned leaf extract (b) (6.25, 12.5, 25.0, 50.0, 100, 150,
200 e 400 µg/mL) in sextuplicates. Cell viability was analyzed using the
3‑(4,5‑dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium bromide assay.
The media of absorbance of each concentration was compared with
the control group (cells not exposed to the extracts) and for this 100%
viability was considered. Results represent the mean ± standard deviation
of sextuplicates from three independent experiments. *P < 0.05 when
compared with the control group (untreated cells)

Table 2: Comparison of retention time, area and percentage area (percentage area) in the compounds isolated from the leaf and stem of Banisteriopsis pubipetala,
partitioned with the solvent ethyl acetate
Compound

LEBPA

SEBPA

Tr (min)
Area
Percentage area
Tr (min)
Area
Percentage area
1
4.18
632875
3.11
4.14
1171720
30.20
2
4.88
384327
1.89
4.85
928048
23.92
3
11.29
1170889
5.75
11.27
413443
10.66
4
14.62
904567
4.44
14.38
551956
14.23
5
19.39
295308
1.45
19.27
229784
5.92
6
22.91
317559
1.56
‑
‑
‑
7
36.82
107721
0.53
36.62
584936
15.08
8
54.06
1292928
6.35
‑
‑
‑
9
62.01
11550174
56.72
‑
‑
‑
10
78.93
1039111
5.10
‑
‑
‑
11
95.13
1962548
9.64
‑
‑
‑
12
107.45
704693
3.46
‑
‑
‑
LEBPA: Leaf extract of Banisteriopsis pubipetala partitioned with ethyl acetate; SEBPA: Banisteriopsis pubipetala stem extract partitioned with ethyl acetate
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Thus, the results of the present study demonstrated that 3T3 cells
present different sensitivity to the cytotoxic effect of B. pubipetala, being
this behavior a dependent concentration and the partitioning solvent
dichloromethane appears to carry more cytotoxic compounds when
compared to the extract in ethyl acetate. Other work showed differences of
cytotoxicity according to the solvents used. Extracts from the B. laevifolia
leaf extracted with dichloromethane presented IC50 >512 µg/mL while
the extract in ethyl acetate presented IC50 = 361 + 29 µg/mL tested in
Vero cells.[23] Antitumor cytotoxic activity was found in compounds
isolated from the ethyl acetate fraction of B. anisandra.[24]
The in vitro assays make possible a better control over experimental
conditions and serve as screening for biological activity analysis of
natural and synthetic compounds. The MTT cytotoxicity assay is a widely
used in vitro test being one of the most commonly used in detecting the
viability of cells when exposed to different substances. It is mainly based
on the enzymatic conversion of this substance to a compound formazan,
in mitochondria.[25,26] In this way, it can be inferred that the compounds
present in the leaves of B. pubipetala promote some type of alteration in
the mitochondrial metabolism since the MTT evaluates the integrity of
this organelle.[27]

Effect of the extracts of Banisteriopsis pubipetala on
the production of cytokines interleukin‑6, tumor
necrosis factor‑alpha and interleukin‑10
The results demonstrated that extracts partitioned with
dichloromethane (LEBPD = 50 µg/mL) and with ethyl
acetate (LEBPA = 100 µg/mL) significantly decreased the production
of IL‑6 pro‑inflammatory cytokines (LEBPD = reduction of 45,1%
and LEBPA = reduction of 40,4%) and TNF‑α (LEBPD = reduction of
35,7% e LEBPA = reduction of 32,9%) by 3T3 cells after 24 h incubation
in comparison to those that did not receive treatment and it was not
observed difference in relation to the partitioning solvent of the
fraction [Figure 3, panels a and b]. It should be emphasized that the
used concentrations of the respective extracts are lower than the IC50
determined in the cytotoxicity tests. Regarding the produced levels of
the anti‑inflammatory cytokine IL‑10, cells treated with the LEBPD
and LEBPA presented a significant increase (LEBPD = increase of
86.4% and LEBPA = increase of 78.4%) when compared to the control
group and there was no difference in behavior between the extracts of
B. pubipetala in relation to the partitioning solvent [Figure 3, panel c].
Cytokine quantification was determined by ELISA after 24 h. Cells were
treated with 50 µg/mL dichloromethane partitioned leaf extract and with
100 µg/mL ethyl acetate partitioned leaf extract. Each experiment was
performed in triplicate. *P < 0.05 when compared with negative control
group (untreated cells).
In this context, it is probable that the immunomodulatory capacity
of pro‑inflammatory and anti‑inflammatory cytokines production
demonstrated by B. pubipetala extracts is related to the flavonoids
present in the species, as detected by our results.
Flavonoids are a group of natural products that act on the
anti‑inflammatory response, modulating cells involved with the
inflammation (e.g., inhibiting proliferation of T lymphocytes), inhibiting
the production of proinflammatory cytokines (e.g., TNF‑α), modulating
the activity of the enzymes of the arachidonic acid pathway, such
as cyclooxygenase and lipoxygenase, in addition to modulating the
inductive NO synthase.[15]
Other studies have demonstrated a significant decrease of the
production of IL‑6 and TNF‑α in brain tissues of mice treated with
chrysin (5–7, dihydroxyflavone), confirming the anti‑inflammatory
properties of this flavonoid.[16] The flavones velutine, apigenin,
luteolin, and chrysoberyl also decreased the production of these
Pharmacognosy Research, Volume 11, Issue 4, October-December, 2019
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Figure 3: Effect of extracts of Banisteriopsis pubipetala on cytokines
production in 3T3 cells. interleukin‑6 cytokine production (a), tumor
necrosis factor‑alpha cytokine production (b) and IL‑10 cytokine
production in cell supernatants (c). Cytokine quantification was
determined by ELISA after 24 h. Cells were treated with 50 µg/mL
dichloromethane partitioned leaf extract and with 100 µg/mL ethyl
acetate partitioned leaf extract. Each experiment was performed
in triplicate. *P < 0.05 when compared with negative control group
(untreated cells)

cytokines.[28] However, epicatechins had no significant effect on IL‑6 and
TNF‑α production in human leukocytes in vitro, but they significantly
reduced IL‑10 production by these cells.[29]
IL‑6 is one of the earliest and important mediators of the acute phase of
pain stimuli such as trauma, infection, burns, among others. TNF‑α is a
cytokine that acts on the induction of muscle metabolism, stimulation
to lipolysis, inhibition of lipoprotein lipase, activation of coagulation,
among other actions. IL‑10 is an anti‑inflammatory cytokine that inhibits
pro‑inflammatory cytokines, mainly TNF‑α, IL‑1 and IL‑6, and stimulates
the endogenous production of other anti‑inflammatory cytokines. After
severe lesions or infections, the exacerbated and persistent response of
pro‑inflammatory cytokines may contribute to lesions in target organ,
leading to multiple organ failure and death. Anti‑inflammatory cytokines
may minimize some of these undesirable effects.[30]

The effect of the extracts of Banisteriopsis
pubipetala on the production of nitric oxide
The results of the present study showed that in the 3T3 cells treated with
extracts partitioned with dichloromethane (LEBPD) and with ethyl
acetate (LEBPA) from B. pubipetala the NO production was significantly
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of the detected compounds that cause the anti‑inflammatory effects
becomes essential and will depend on new steps of purification of the
components of the fractions obtained.
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Figure 4: Effect of extracts of Banisteriopsis pubipetala on nitric oxide
production in 3T3 cells. The production of nitric oxide in the 3T3
supernatants cultures was determined by Griess reaction after 24 h
incubation with 50 µg/mL dichloromethane partitioned leaf extract and
with 100 µg/mL ethyl acetate partitioned leaf extract. The results represent
the mean ± standard deviation of the results of three independent
experiments performed in sextuplicate. *P < 0.05 when compared with a
negative control group (untreated cells)

higher in relation to the control group (untreated cells), being observed
an increase of 291.7% in NO production in cells treated with LEBPD and
316.7% in cells treated with LEBPA, respectively. There was no statistical
difference regarding the partitioning solvent used [Figure 4].
The production of NO in the 3T3 supernatants cultures was determined
by Griess reaction after 24 h incubation with 50 µg/mL dichloromethane
partitioned leaf extract and with 100 µg/mL ethyl acetate partitioned
leaf extract. The results represent the mean ± SD of the results of three
independent experiments performed in sextuplicate. *P < 0.05 when
compared with negative control group (untreated cells).
In front of these results, we can suggest that the increase in NO production
by 3T3 cells may be related to the presence of the flavonoids present in the
species. Other authors have reported the ability of flavonoids to increase
NO production. Two compounds, provisions of the ethyl acetate and
methanol‑chloroform extracts isolated from the stem bark of Hiptage
benghalensis (Malpighiaceae), intensified NO production in RAW 264.7
macrophages[31] and in endothelial cells, the flavonoids seem to induce
the release of NO.[32] Certain flavonoids, especially those derived from
flavones, may exert anti‑inflammatory activity, at least in part, through
the modulating of the pro‑inflammatory gene expression.[15]
NO is a molecular mediator that acts in many physiological processes[33]
and high NO levels may be important in defense against cellular invaders,
cell tumors and still in vascular lesions with endothelial loss.[34] When the
inflammatory response occurs as part of an adaptive response (infection
or sepsis), increased NO concentration has a protective effect, resulting
in the inhibition of growth of microbial pathogens, protection of tissues
against damage caused by systemic acute inflammation and vasodilation,
maximizing tissue perfusion.[35]

CONCLUSION
The results of the present study showed that leaf extracts were cytotoxic
to 3T3 cells in a concentration‑dependent manner, decreased the
production of the proinflammatory cytokines (TNF‑α and IL‑6) and
increased IL‑10 and NO production, what indicate that the extracts of
B. pubipetala leaf evaluated have potential anti‑inflammatory properties,
and may exert an immunoregulatory activity. It is yet considered that, in
the near future, can be developed in vivo investigations to understand the
pharmacodynamics and pharmacokinetics of the natural products and
to confirm the anti‑inflammatory activity of the species B. pubipetala.
Therefore, in front of the evidence of the present study, the identification
344

This work was supported by Fundação de Amparo a Pesquisa do
Estado de Minas Gerais – FAPEMIG and the Conselho Nacional de
Desenvolvimento Científico e Tecnológico – CNPq.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Conceição GM, Ruggieri AC, Rodrigues MS. Cerrado Malpighiaceae of the
Mirador Park, Maranhão, Brasil. Scientia Plena 2011;7:021201‑1.
2. Almeida SP, Proença CE, Sano SM, Ribeiro JF. Useful plant species. Cerrado,
Planaltina: Brazilian Agricultural Research Corporation; 1998.
3. Davis CC, Anderson WR. A complete generic phylogeny of Malpighiaceae
inferred from nucleotide sequence data and morphology. Am J Bot
2010;97:2031‑48.
4. Figueiredo ME, Michelin DC, Sannomiya M, Silva MA, Santos LC, Almeida LF,
et al. Chemical and antidiarrheal activity evaluation of Byrsonima Cinera DC
leaves. (Malpighiaceae). Braz J Pharm Sci 2005;41:79‑83.
5. Gates B. Banisteriopsis, Diplopterys (Malpighiaceae). Flora Neotrop Monogr
1982;30:1‑237.
6. Frias UA, Costa MC, Takahashi JA, Oki Y. Banisteriopsis Species: A source
of bioactive of potential medical application. Int J Biotechnol Wellness Indu
2012;1:163‑71.
7. Samoylenko V, Rahman MM, Tekwani BL, Tripathi LM, Wang YH, Khan SI, et al.
Banisteriopsis caapi, a unique combination of MAO inhibitory and antioxidative
constituents for the activities relevant to neurodegenerative disorders and
parkinson’s disease. J Ethnopharmacol 2010;127:357‑67.
8. Rodd R. Reassessing the cultural and psychopharmacological significance of
Banisteriopsis caapi: Preparation, classification and use among the piaroa of
Southern Venezuela. J Psychoactive Drugs 2008;40:301‑7.
9. Rodrigues VE, Carvalho DA. Ethnobotanical survey of medicinal plants in
the cerrado domain in the Alto Rio Grande region - Minas Gerais. Ciência e
Agrotecnol 2001;25:102‑23.
10. Pádua MS, Mendes‑Costa MC, Ferreira JM, Magalhães JC, Castro AH.
Assessment of antimicrobial activity in vitro of ethanolic extracts of
Banisteriopsis anisandra (A. Juss.) B. Gates (Malpighiaceae). Rev Bras De
Plantas Med 2013;15:431‑7.
11. Larcher W, Prado CH. Ecofisiologia Vegetal. São Carlos: Rima; 2000.
12. Wink M. Evolution of secondary metabolites from an ecological and molecular
phylogenetic perspective. Phytochemistry 2003;64:3‑19.
13. Bourgaud F, Gravot A, Milesi S, Gontier E. Production of plant secondary
metabolites: A historical perspective. Plant Sci 2001;11:839‑51.
14. Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Polyphenols: Food
sources and bioavailability. Am J Clin Nutr 2004;79:727‑47.
15. Kim HP, Son KH, Chang HW, Kang SS. Anti‑inflammatory plant flavonoids and
cellular action mechanisms. J Pharmacol Sci 2004;96:229‑45.
16. Yao Y, Chen L, Xiao J, Wang C, Jiang W, Zhang R, et al. Chrysin protects against
focal cerebral ischemia/reperfusion injury in mice through attenuation of
oxidative stress and inflammation. Int J Mol Sci 2014;15:20913‑26.
17. Coutinho MA, Muzitano MF, Costa SS. Flavonoides: potenciais agentes
terapêuticos para o processo inflamatório. Rev Virtual Química 2009;1:241‑56.
18. Spagnuolo C, Moccia S, Russo GL. Anti‑inflammatory effects of flavonoids in
neurodegenerative disorders. Eur J Med Chem 2018;153:105‑15.
19. Mosmann T. Rapid colorimetric assay for cellular growth and survival: Application
to proliferation and cytotoxicity assays. J Immunol Methods 1983;65:55‑63.
20. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tannenbaum SR.
Analysis of nitrate, nitrite, and [15N] nitrate in biological fluids. Anal Biochem
1982;126:131‑8.
21. Gobbo Neto L, Lopes NP. Plantas medicinais: fatores de influência no conteúdo

Pharmacognosy Research, Volume 11, Issue 4, October-December, 2019

JEANE DE FREITAS, et al.: Chromatographic Profiles, Anti‑inflammatory, and Cytotoxicity Potential of B. pubipetala
de metabólitos secundários. Quimica Nova 2007;30:374‑81.
22. Kumar S, Pandey AK. Chemistry and biological activies of flavonoids: An
overview. Sci World J 2013; Article ID 162750. Available from: https://www.
hindawi.com/journals/tswj/2013/162750/. [Last accessed on 2017 Oct 31].
23. Nunes BC, Martins MM, Chang R, Morais SA, Nascimento EA, Oliveira A,
et al. Antimicrobial activity, cytotoxity and selectivity index of Banisteriopsis
laevifolia (A. Juss.) B. Gates leaves. Indus Crops Produc 2016;92:277‑89.
24. Freitas LB, Boaventura MA, Santos WL, Stehmann JR, Junior DD,
Lopes MT, et al. Allelopathic, cytotoxic and antifungic activities of new
dihydrophenanthrenes and other constituents of leaves and roots extracts of
Banisteriopsis anisandra (Malpighiaceae). Phytochem Lett 2015;12:9‑16.
25. Fotakis G, Timbrell JA. In vitro cytotoxicity assays: Comparison of LDH, neutral
red, MTT and protein assay in hepatoma cell lines following exposure to
cadmium chloride. Toxicol Lett 2006;160:171‑7.
26. Schulz D, Simões CM, Fröhner CR, Gabilan NH, Batista CR. Citotoxicidade do
extrato bruto de Bacillus amyloliquefaciens frente a hemácias de carneiro e
células vero. Alimentos e Nutrição 2005;16:145‑51.
27. França FD, Ferreira AF, Lara RC, Rossoni JV Jr., Costa DC, Moraes KC, et al.
Role of protein kinase A signaling pathway in cyclosporine nephrotoxicity.
Toxicol Mech Methods 2014;24:369‑76.
28. Xie C, Kang J, Li Z, Schauss AG, Badger TM, Nagarajan S, et al. The açaí flavonoid
velutin is a potent anti‑inflammatory agent: Blockade of LPS‑mediated TNF‑α

Pharmacognosy Research, Volume 11, Issue 4, October-December, 2019

29.

30.
31.

32.
33.

34.

35.

and IL‑6 production through inhibiting NF‑κB activation and MAPK pathway.
J Nutr Biochem 2012;23:1184‑91.
Crouvezier S, Powell B, Keir D, Yaqoob P. The effects of phenolic components
of tea on the production of pro‑ and anti‑inflammatory cytokines by human
leukocytes in vitro. Cytokine 2001;13:280‑6.
de Oliveira CM, Sakata RK, Issy AM, Gerola LR, Salomão R. Cytokines and pain.
Rev Bras Anestesiol 2011;61:255‑9, 260‑5, 137‑42.
Hsu CL, Fang SC, Huang HW, Yen GC. Anti‑inflammatory effects of triterpenes
and steroid compounds isolated from the stem bark of Hiptage benghalensis.
J Funct Foods 2015;12:420‑7.
Almeida Rezende B, Pereira AC, Cortes SF, Lemos VS. Vascular effects of
flavonoids. Curr Med Chem 2016;23:87‑102.
Nemudzivhadi V, Masoko P. In vitro Assessment of Cytotoxicity, Antioxidant,
and Antiinfflammatory Activities of Ricins communis (Euphorbiaceae) Leaf
Extracts. Evidence based Complementary and Alternative Medicine; 2014.
Available
from:
https://www.hindawi.com/journals/ecam/2014/625961/
cta/. [Last accessed on 2017 Oct 31].
Yan ZQ, Yokota T, Zhang W, Hansson GK. Expression of inducible nitric oxide
synthase inhibits platelet adhesion and restores blood flow in the injured artery.
Circ Res 1996;79:38‑44.
Cerqueira NF, Yoshida WB. Óxido nítrico Revisão. Acta Cirúrgica Brasileira
2002;17:417‑23.

345

