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Abstract

Background The development of new drugs that act against multidrug-resistant microorganisms and malignant
tumors is necessary owing to the limited therapeutic options and high mortality rates associated with these
pathologies. In this study, we evaluated the phytochemical groups present in seven plants from the Brazilian Cerrado
even as their antioxidant, antiproliferative and antimicrobial activities.

Methods The extracts were obtained by the maceration technique and secondary metabolites were determined by
phytochemical analysis. The antioxidant activity was assessed by the DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging method. The antiproliferative activity of the extracts was assessed using human breast, kidney, and liver
neoplastic cells. Cytotoxicity was evaluated in a non-neoplastic cell line — NIH/3T3. The antimicrobial activity of the
plant extracts against resistant bacteria and yeasts was determined using disk diffusion assays, and the minimum
inhibitory concentration (MIC) was determined by the broth microdilution technique.

Results Phytochemical analysis revealed the presence of phenolic compounds, flavonoids, steroids, tannins, and
saponins in all of the extracts, with Smilax fluminensis showing the highest levels of phenolic compounds and
flavonoids. All tested extracts exhibited antioxidant activity above 50%, notably Tapiria obtusa (82.36 +0.44). The T.
obtusa extract showed potent antiproliferative activity against the 786-0 cell line (Glg, 10.16 +2.33 pg/mlb) and a
significantly greater Sl (SI=24.61) than the control (SI=3.23, doxorubicin), indicating its selective cytotoxicity against
cancer cells and its potential as a therapeutic agent against renal cancer. No cytotoxicity was observed in non-tumor
cells. Extracts of S. fluminensis leaves showed fungicidal effects on Candida glabrata (MIC=500 ug/mL). This study is
the first to demonstrate the antibacterial activity of T. obtusa leaf ethanolic extract against MRSA (MIC=1,000 ug/mL).

Conclusions The ethanolic extract of T. obtusa demonstrated antioxidant activity, antiproliferative effects against
the 786-0 cell line, and antibacterial activity against MRSA. The ethanolic extract of S. fluminensis leaves exhibited
a fungicidal effect against C. glabrata. These findings may pave the way for more effective and safer treatments for
managing oncological and infectious diseases.

Keywords Antimicrobial, Antiproliferative effects, Antioxidant, Plant extracts, Brazilian cerrado

*Correspondence:
Marilene Rodrigues Chang
marilene.chang@ufms.br

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-3402-4740
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-025-04787-0&domain=pdf&date_stamp=2025-2-12

Vitorelli-Venancio et al. BMC Complementary Medicine and Therapies

Background

The discovery and characterization of bioactive com-
pounds from plants are fundamental for the development
of new drugs [1, 2]. Studies show that certain compounds
exhibit a variety of properties, such as antimicrobial,
antiviral, anti-inflammatory, antioxidant, antiprotozoal,
and anticancer activities [1, 3, 4].

The development of new drugs that act against multi-
drug-resistant microorganisms and malignant tumors
has been stimulated by the limited therapeutic options
and high mortality rates associated with these patholo-
gies [5-7].

There is an urgent need for new therapeutic alterna-
tives for infections caused by multidrug-resistant patho-
gens, such as methicillin-resistant Staphylococcus aureus
(MRSA), carbapenemase-producing Klebsiella pneu-
moniae (KP-KPC), and some Candida species [6, 8]. In
2019, approximately 1.27 million deaths were attributed
to infections caused by resistant pathogens [9].

Cancer is one of the leading causes of mortality world-
wide, with approximately 9.7 million deaths in 2022 and
an estimated 20 million new cases annually [10]. Breast
cancer is the most prevalent type among women and
exhibits significant variation in treatment responsive-
ness [10]. Renal cancer, also with high incidence, faces
therapeutic challenges due to resistance to certain con-
ventional chemotherapies [11]. Liver cancer is the third
most common and is known for its aggressiveness and
frequent late-stage diagnosis, which complicates treat-
ment and reduces survival rates [10, 12].

There are currently many anticancer drugs, however,
many of them are accompanied by serious side effects.
Advanced therapeutic approaches include targeted ther-
apy, nanomedicine, immunotherapy, gene therapy, and
the use of natural products [13]. Paclitaxel, vinblastine,
and etoposide are examples of anticancer compounds
plant-derived [14-16]. There is evidence that natural
agents may treat cancer with fewer adverse effects, rein-
forcing the importance of natural products in oncology
[13].

Natural antioxidants, such as alkaloids, flavonoids,
carotenoids, vitamins, berberine, quercetin, and cur-
cumin have demonstrated chemopreventive and thera-
peutic potential in both in vitro and in vivo cancer
models [17, 18]. These compounds protect the body from
oxidative stress, neutralize free radicals, and modulate
oxidative stress pathways, which are significant contribu-
tors to cancer progression and chronic diseases [18—20].

In this scenario, due to its rich biodiversity, the Bra-
zilian Cerrado biome represents an important source
of natural resources for the discovery of bioactive com-
pounds that could aid in the development of new medi-
cines [21].
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The Cerrado is the second-largest biome in Brazil and
harbors vegetation with origins dating back to prehistoric
times. Studies suggest that its vegetation structure varies
according to altitude and climatic barriers, contributing
to the biome’s ecological complexity. The vast and diverse
flora supports an estimated 12,600 plant species, many of
which hold significant cultural and medicinal value and
are utilized by local traditional communities [22, 23].

Previous studies have shown that in folk medicine, the
plant Equisetum pyramidale (E. pyramidale) is used as
a remineralizing, diuretic, and anti-inflammatory agent
[24]; Porophyllum ruderale (P. ruderale) is utilized for
wound healing as an analgesic, anti-inflammatory agent,
antibacterial agent, and fungicide [25, 26]; Pouteria rami-
flora (P. ramiflora) is employed in the treatment of worm
infections, diarrhea, nausea, vomiting, pain, and inflam-
mation [27, 28]; Smilax fluminensis (S. fluminensis) is
used as a diuretic and for treating syphilis, rheumatism,
and skin conditions [29], and Tapirira obtusa (T. obtusa)
is utilized for treating skin diseases and syphilis [30].

Considering that the antimicrobial and anticarcino-
genic activities of the extracts of these five plants have
been underexplored, in this study, we identified phyto-
chemical groups present in the ethanolic extracts of the
aforementioned plant species from the Brazilian Cerrado
and evaluated their antioxidant, antiproliferative, cyto-
toxic, and antimicrobial properties.

Methods

Collection and identification of plant species

In this study, we used the leaves and stems of Equisetum
pyramidale Golden and Porophyllum ruderale Jacq., as
well as the leaves of Smilax fluminensis Steud., Pouteria
ramiflora (Mart.) Radlk. and Tapirira obtusa (Benth.) J.D.
Mitch. The plant materials of these five species were col-
lected from the Cerrado biome, Brazil (Fig. 1) at different
times, taking into account the specific characteristics of
each plant to ensure adequate levels of active compounds,
which are generally most abundant before or after flow-
ering and fruiting [31, 32]. Equisetum pyramidale, P
ruderale, and T. obtusa were collected during the Brazil-
ian summer, while S. fluminensis and P. ramiflora were
collected in the winter. Botanical identification was per-
formed by Professor Ademir Kleber Morbeck de Oliveira.
Voucher specimens have been prepared and deposited
at the University Anhanguera — Uniderp Herbarium,
Campo Grande, MS, Brazil. The voucher numbers are as
follows: E. pyramidale 2214, P. ruderale 8021, S. flumi-
nensis 8569, P. ramiflora 7829, and T. obtusa 8439. Addi-
tionally, authorization for access to the genetic heritage
was obtained from the Genetic Heritage Management
Council (CGEN) under registration n° 010579/2013-3.
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Preparation of plant extracts

Following the exclusion of old or damaged leaves, the
botanical material were dried in an air-circulating
oven (Model MAO035/5, Marconi, Piracicaba, Brazil)
at 45+1 °C, ground, and subjected to ethanol extrac-
tion using an ultrasonic bath for 60 min, followed by
static maceration for 24 h. This procedure was repeated
for seven days. The crude extract was obtained using a
rotary evaporator (Tecnal, MA120, Piracicaba, Brazil)
at 55+1 °C [26], with the remaining traces of solvent
removed under reduced pressure in a desiccator over
silica gel for five days [33]. All the produced extracts
were stored in a refrigerator at temperatures between 2
and 8 °C to avoid the degradation of any heat-sensitive
compounds.

Phytochemical screening

The extraction of the crude extract of each plant was
done with ethanol (20% dilution) and the identification
of phenolic compounds, flavonoids, tannins, coumarins,
steroids, triterpenes and thiophenols by classical phyto-
chemical procedures [26].

The saponin content was determined using 1 g of dry
plant powder, and foam formation was observed [27].
Analyses were performed in triplicate. The results were
compared with those of the control sample by observ-
ing the color alteration, precipitation or foam formation.
The results were classified as strongly positive with high
intensity (+++), markedly positive (++z), positive (++),
moderately positive (+t), slightly positive (+), partial
(%), or negative (-), which corresponds to frequencies of
100%, 75%, 50%, 25%, 10%, 5%, and 0%, respectively [33].

To confirm the presence of the characteristic chemi-
cal groups, each crude extract was diluted in methanol
(1.0 mg/1.0 mL) and analyzed with a spectrophotom-
eter (Femto™, 800XI, Brazil) [34]. Maximum absorbance
measurements (Amax, 200 to 800 nm) were performed in
triplicate.

Quantification of total phenols and flavonoids
Total phenols were determined using the Folin-Ciocalteu
method, using gallic acid as a standard at concentrations
of 10, 50, 100, 150, 300, and 400 pg/mL [24].
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Flavonoids were evaluated by the aluminum chloride
method, and quercetin was used as a standard at concen-
trations of 6, 8, 10, 12, 16, and 20 pg/mL [24]. Both analy-
ses were performed in triplicate.

Antioxidant assay

Antioxidant activity was evaluated by the DPPH (2,2
diphenyl-1-picrylhydrazyl) free radical scavenging
method according to Mensor et al. [35]. Each extract was
solubilized in absolute ethanol to a final concentration
of 50 mg/mL. Ascorbic acid (Synth™, Diadema, Brazil),
a naturally occurring antioxidant, was used as a positive
control. Tests were performed in triplicate.

The ability to scavenge DPPH radical was expressed as
the percentage inhibition and calculated using the follow-
ing equation: AA% = 100 — [(Aa — Ab) x 100]/Ac, where
Aa is the absorbance of the sample, Ab is the absorbance
of the blank, and Ac is the absorbance of the control, as
previously described [35].

Antiproliferative activity assay

The evaluation of antiproliferative activity was performed
using sulforhodamine B (SRB) dye, which is based on the
affinity of this compound for basic proteins present in
intact cells and is fixed by trichloroacetic acid (TCA) [36].
The plant extracts were tested on four human neoplastic
cell lines: MDA-MB231 (ATCC-HTB-26; multidrug resis-
tant breast/triple negative cell), MCF-7 (ATCC-HTB-22;
hormone receptor-positive breast), 786-0 (kidney), and
HepG2 (liver). A non-neoplastic cell line, NIH/3T3
(ATCC CRL-1658; standardized murine fibroblast by
OECD - Organization for Economic Cooperation and
Development), was also used to assess cytotoxicity.

Cells were seeded into 96-well plates. Cells without
treatment (TO0) were read after 24 h of incubation. After
this period, the cells were treated with plant extracts at
concentrations of 0.25, 2, 5, 25, and 250 pg/mL and incu-
bated for 48 h. Doxorubicin was used as a positive control
and TCA was used to fix the cells for 30 min. Afterwards,
50 pL of SRB was added to stain the treated cells. The
assay was performed in triplicate.

The percentage of cell growth for each test sample
was calculated using SoftMax Pro 6.3. Antiproliferative
activity, expressed as GI;, (the concentration required to
inhibit 50% of cell growth), was determined through non-
linear regression analysis with the ORIGIN 6.0 software,
following the formulas described by Monks [37].

For the analysis of the results, we considered that
extracts with GI;;<30 pg/mL exhibit potent antineo-
plastic activity, while GI;, values between 30 and 100 pg/
mL indicate moderate activity, and those with GI, val-
ues > 100 pg/mL reflect weak activity [38—40].
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Selectivity index

The Selectivity Index (SI) is a ratio that measures how
selective a compound is against neoplastic cells without
impairing the viability of normal cell lines. For the calcu-
lation of the SI, the GI;, value of the non-neoplastic cells
(NIH/3T3) was divided by the GI;, value of the neoplas-
tic cell lines. An SI value equal to 2.0 or greater was con-
sidered significant [41].

Antimicrobial susceptibility tests

Microorganisms

The antimicrobial activity of the extracts was assessed
against human pathogens, including C. albicans (ATCC
90028), C. parapsilosis (ATCC 22019), and C. krusei
(ATCC 6258), currently known as Pichia kudriavzevii,
C. glabrata (ATCC 2001), currently known as Nakaseo-
myces glabrata, and resistant bacteria from clinical sam-
ples: methicillin-resistant Staphylococcus aureus - MRSA
(S144), and Klebsiella pneumoniae - KP-KPC (S61) iso-
lated in a University Hospital. All the strains we stored
-20°C.

Disk diffusion method

A stock solution of the crude extract was prepared by dis-
solving 0.1 g of the extract in 100 mL of distilled water
to produce a final concentration of 100,000 pug/mL. The
stock solution was then diluted to final concentrations
of 25,000 pg/mL and 100,000 pg/mL [adapted from 42].
Sterile paper disks with a diameter of 6 mm were impreg-
nated with 20 pL [42] of the diluted extract at concentra-
tions of 500 pg/disc and 2,000 pg/disc. Subsequently, they
were dried in a microbiological safety cabinet for 10 min.

The test was conducted following the methodol-
ogy of the Clinical Laboratory Standards Institute [43],
with adaptations for natural products. Chlorampheni-
col (30 pg/disc — CECON™ Séo Paulo, Brazil) and fluco-
nazole (25 pg/disc — CECON™ Séo Paulo, Brazil) were
used as quality controls, and filter paper discs with sterile
water were used as negative controls.

The plates were incubated at 35° + 2 °C for 24 h. The
sensitivities of the microorganism species to the plant
extracts were determined by measuring the sizes of the
inhibitory zones on the agar surface around the disks.
Values <8 mm were considered inactive against microor-
ganisms [44]. The tests were performed in duplicate.

Broth microdilution method

The minimum inhibitory concentration (MIC) was deter-
mined using the broth microdilution technique adapted
from CLSI [45]. A suspension of each microorganism
was made in sterile saline (0.85%) with turbidity equiva-
lent to the 0.5 McFarland standard and diluted in the
recommended culture media [45, 46]. A stock solution of
each plant extract was prepared by dissolving 4 mg of the
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extract in 1 mL of distilled water to produce a final con-
centration of 4,000 pug/mL. Then, 100 pL of each extract
were added to the wells of a 96-well microtiter plate and
serially diluted to obtain concentrations ranging from
2,000 to 3.91 ug/mL. Finally, each well received 100 pL
of the microbial suspension. Fluconazole (Sigma™, Saint
Louis, USA) and ertapenem (Sigma™, Saint Louis, USA)
were used as quality controls at concentrations ranging
from 64 to 0.125 pg/mL and 32 to 0.062 pg/mL, respec-
tively. As a negative growth control, we used only the
culture medium (without the inoculum), specifically,
Roswell Park Memorial Institute (RPMI) 1640 medium
for yeasts and cation-adjusted Mueller—Hinton broth for
bacteria, and as positive growth control, medium plus
microorganism. The plates were incubated at 35+ 2 °C for
24 h. The tests were performed in duplicate.

After the incubation period, the reading was performed
visually with the aid of a concave mirror, and the micro-
bial growth of the positive control was compared with
the microbial growth under the effects of antimicrobials
and plant extracts. For the interpretation of the results,
the MIC was considered the lowest concentration capa-
ble of inhibiting 100% of microbial growth.

Determination of minimum bactericidal concentration (MBC)
and minimum fungicidal concentration (MFC)

From the wells where no microbial growth was observed,
a 10 pL aliquot was taken and inoculated onto Petri
dishes containing Mueller—Hinton agar (MHA) for

Phenolic
compounds

Flavonoids
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bacteria and Sabouraud dextrose agar (SDA) for yeasts
and incubated at 35+ 2 °C.

After 24 h, the plates were analyzed, and the MBC and
MEC were defined as the lowest extract concentration at
which no microbial growth was observed on the agar sur-
face [47].

Statistical analysis

The descriptive analysis and the characterization of the
findings were performed based on the frequency distri-
bution of the selected variables and the calculation of the
mean and standard deviation. For analysis of the antioxi-
dant activity and dosage of phenolic compounds in the
samples, analysis of variance (ANOVA) was used to com-
pare the groups of samples. To determine which groups
were significantly different, the Tukey test was used.

For all analyses, a significance level of 0.05 or less was
adopted. Statistical analysis was performed using R (ver-
sion 4.3.1) via the RStudio interface [48]. The ggplot2 R
package was used to construct the graphs [49].

Results

Phytochemical analysis

Phytochemical analyses of the ethanolic extracts indi-
cated the presence of phenolic compounds, flavonoids,
tannins, steroids, triterpenes, and saponins in all of the
plant species, with a predominance of phenolic com-
pounds and flavonoids (Fig. 2). Smilax fluminensis, P
ruderale, and T. obtusa exhibited the greatest diversity in
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secondary metabolite classes (seven classes), followed by
E. pyramidale and P. ramiflora (six classes).

The specific absorptions recorded for each sample were
as follows: 270, 326, 335, and 368 nm for E. pyramidale;
280, 330, 350, and 417 nm for P. ramiflora; 230, 260, 335,
and 390 nm for P. ruderale; 290, 330, and 380 nm for S.
fluminensis; and 250, 320, 390, and 420 nm for T. obtusa.

The confirmation of the major classes observed in the
UV-visible spectra was based on the maximum absorp-
tion values (A,,,) identified in each sample. The absorp-
tions in the range of 320 to 390 nm, present in all samples,
are characteristic of flavonoids. In contrast, absorptions
between 240 and 290 nm indicate the presence of pheno-
lic compounds. Steroids and triterpenes exhibit absorp-
tion bands in the region of 410 to 440 nm. Additionally,
the band observed at 230 nm in the P ruderale sample
suggests the presence of thiophenols.

250

200
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50
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Quantification of phenolic compounds and flavonoids

All extracts exhibited significant levels of phenolic com-
pounds and flavonoids. The ethanolic extract of S. flumi-
nensis had the highest content of phenolic compounds
(230.34+1.20 mg catechin/g extract) and flavonoids
(155.77+£0.99 mg quercetin/g extract). The ethanolic
extract of E. pyramidale contained phenolic compounds
at 205.4+0.70 mg catechin/g extract and flavonoids at
150.9+0.25 mg quercetin/g extract. The results are pre-
sented in Fig. 3 and are expressed as the mean and stan-
dard deviation.

Antioxidant activity

Figure 4 and Supplementary Table 1 illustrate the antioxi-
dant activities of the evaluated plant species (n=3 sam-
ples), expressed as the average percentage of DPPH free
radical scavenging activity. The T. obtusa extract showed
the highest antioxidant activity (82.36% + 0.44), followed
by S. fluminensis (69.89% + 1.06).

A
B
C
b a
c D
d
. E
e

Equisetum pyramidale  Porophyllum ruderale

Pouteria ramiflora

Smilax fluminensis Tapirira obtusa

- Phenolic compounds . Flavonoids

Fig. 3 Phenolic compounds and flavonoids from E. pyramidale, P. ruderale, P ramiflora, S. fluminensis and T. obtusa. Note: *Values are expressed as the
mean + standard deviation (n=3). The results of each test were analyzed separately by analysis of variance (ANOVA). Means with different letters in the
same column are significantly different according to Tukey's test, with p <0.05. The capital letters indicate phenolic compounds, and the lowercase letters
indicate flavonoids. **mg/g =milligrams of catechin/g of extract for phenolic compounds and mg quercetin/g extract for flavonoids
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Plant Species

Fig. 4 Percentage of antioxidant activity of plant extracts evaluated by free radical scavenging via the DPPH method. Note: The experiments were per-
formed in triplicate, with sample 1, sample 2, and sample 3 corresponding to the individual replicates of each plant species tested

Antiproliferative activity and cytotoxicity

The anti-proliferative activities of the five plant extracts
against human breast, kidney, and liver neoplastic cells
are shown in Fig. 5 and Supplementary Table 2. All tested
extracts exhibited antiproliferative effects on neoplastic
kidney cells within a 48 h treatment period. P. ruderale
extracts also showed antiproliferative activity against
liver neoplastic cells (GI50 98.33 +1.31 pg/mL).

Figure 5 illustrates the antiproliferative impact of the
five plant extracts and doxorubicin, positive control,
on human breast, kidney, and liver neoplastic cells. The
results are expressed as the Gl,, which is the effective
concentration capable of inhibiting 50% of cell growth in
vitro. The lower the Glg, value is, the more effective the
compound, as a lower concentration is required to inhibit
cell growth.

A cytotoxicity assay was performed to predict the in
vitro safety of the plant extracts and assess their ability to
interfere with cell viability. In this assay, the potential cel-
lular toxicity of the five active plant extracts and doxoru-
bicin was measured using the noncancerous fibroblastic
cell line NIH/3T3. The results showed that the extracts
of P. ruderale, P. ramiflora, T. obtusa, and E. pyramidale
did not show toxicity up to the highest concentration
tested (Gl >250 ug/mL), while the S. fluminensis extract
showed a GI;, equal to 84.16+2.21 pug/mL (Supplemen-
tary Table 2).

Selectivity index

According to the selectivity analysis, all plant species
exhibited high selectivity index (SI) values in the 786-0
cell line, ranging from 7.35 (S. fluminensis) to 24.61 (T.
obtusa) (Table 1). The SI of T. obtusa was the highest
among all the tested plants and cell lines, demonstrating
its selective cytotoxicity against cancer cells of the 786-0
line compared to normal cells.

Antimicrobial susceptibility test

Disk diffusion method

The results of the antimicrobial susceptibility test using
the disk diffusion technique with ethanolic extracts of the
E. pyramidale, P. ramiflora, P. ruderale, T. obtusa and S.
fluminensis against C. albicans, C. parapsilosis, P. kudri-
avzevi, N. glabrata, MRSA, and KP-KPC are shown in
Table 2.

In this screening, the S. fluminensis extract exhibited
antimicrobial activity against N. glabrata at the two con-
centrations tested (500 pg/disc and 2,000 pg/disc). In the
test carried out on MRSA, the extracts of E. pyramidale,
T. obtusa, and S. fluminensis showed a growth inhibition
halo only at the highest concentration (2,000 pg/disc). For
KP-KPC, growth inhibition was observed around the disc
of four plant extracts used: P. ruderale, E. pyramidale, P
ramiflora and T. obtusa.
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Broth microdilution

The minimum inhibitory concentration (MIC) was deter-
mined for the ethanolic extracts that exhibited growth
inhibition of 8 mm or more in diameter in the disc diffu-
sion test.

The broth microdilution test with the ethanolic extract
of S. fluminensis on N. glabrata showed an MIC equal
to 500 pg/mL. When tested against MRSA, extracts of
T. obtusa exhibited an MIC equal to 1,000 pg/mL. Con-
versely, however, an MIC greater than 2,000 pg/mL was
found for the effects of the extracts of E. pyramidale and
S. fluminensis on MRSA and those of E. pyramidale, P
ruderale, P. ramiflora, and T. obtusa on KP-KPC.

The T. obtusa extract exhibited bactericidal activity on
MRSA at a concentration of 1,000 ug/mL, while the S.

- multidrug resistant

fluminensis extract demonstrated fungicidal activity on
N. glabrata at a concentration of 500 pg/mL.

Discussion

This study highlights the potential of E. pyramidale, P
ramiflora, P. ruderale, T. obtusa, and S. fluminensis as
promising sources for the development of new therapies.
The ethanol was selected as the extraction solvent due to
its effectiveness in extracting polyphenols and its safety
for human consumption [50].

We detected a high frequency of phenolic and flavo-
noid compounds in all the plants tested (E. pyramidale, P
ramiflora, P. ruderale, S. fluminensis, and T. obtusa). Pre-
vious studies have also reported a high frequency (100%)
of phenolic compounds and flavonoids in the ethano-
lic extracts of E. pyramidale [24], P. ramiflora [27] and
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Table 1 Gy, (ug/mL) and Sl values for the ethanolic extracts and doxorubicin (positive control)

Cell lines

Doxorubicin

E. pyramidale
Glg, (g/mL)

T. obtusa
>250
> 250
>250

P. ramiflora

P. ruderale

S. fluminensis

Sl

Glsg (Mg/mL)

151+0.19
0.19+0.02
0.25+0.02
0.26£0.02
0.84+0.22

Sl

Sl

Glsg (Mg/mL)

> 250
>250
>250

Sl

Gl (Mg/mL)

>250
>250
>250

Sl

Gl (g/mL)

>250
>250

Sl

Glso (Mg/mL)
228.72+2.1
>250

1.56
442
3.36
323

>1 >1
>1
>1
9.36

>1

037

MDA-MB231

MCF-7

>1

>1

>0.34
043
735

>1

1935+ 1.11

HepG2
786-0

3.05

81.92+3.34
>250

2461

10.16+£2.33

250

26.71+£1.87
>250

10

26+£0.66
>250

11.45+0.83

84.16+2.21
Note: Cancer cell lines: MDA-MB231 - multidrug resistant breast; MCF-7 breast with hormone receptor; 786-0 - kidney; HepG2- liver. NIH/3T3: OECD-standardized murine fibroblast to assess cytotoxicity. SI: Selectivity index

NIH_3T3

(2025) 25:102 Page 9 of 14

S. fluminensis [51]. However, this high frequency is not
always observed. A study carried out by Corréa et al. [52]
reported a low frequency of flavonoids (25%) in ethanolic
extract of P. ramiflora leaves.

Mendonga et al. [26] reported similar levels of phenolic
compounds in the extract of P ruderale but lower levels
of phenolic compounds and flavonoids in S. fluminensis
compared to our findings. In all the plants analyzed, phe-
nolic compounds and flavonoids were the most preva-
lent, except for T. obtusa that exhibited a predominance
of triterpenes, followed by phenolic compounds, cor-
roborating previous findings [53]. These differences may
stem from factors such as environmental conditions,
collection time, plant parts analyzed, and extraction
methods, all of which significantly influence secondary
metabolite production [54]. Due to their pharmacological
properties, phenolic compounds are widely recognized
for their beneficial effects on human health, including on
cardiovascular diseases [55, 56], neurodegenerative dis-
orders [19, 57], cancer management [4, 57], antioxidants
[19, 58], and anti-inflammatory treatment [56, 57].

Triterpenes are known to have anti-inflammatory [3],
antiproliferative [59], antidiabetic [60], antimicrobial
[61], analgesic [3], and immunomodulatory [62] effects.

In this study, all tested plant extracts exhibited anti-
oxidant activity. To the best of our knowledge, this is the
first description of the antioxidant activities of extracts
from P. ramiflora, T. obtusa, and E. pyramidale. Tapirira
obtusa has a high antioxidant potential, corroborating
findings in another species of the genus, namely, T. guia-
nensis [30]. Previous studies have verified the antioxidant
activity of P. ruderale [63, 64].

The antioxidant activity detected in the extracts in this
study may be related to flavonoids and triterpenes [4, 20,
58]. These compounds are known to interact and neutral-
ize free radicals, reduce the formation of new reactive
species, chelate metal ions that catalyze oxidation reac-
tions, and influence cellular signaling pathways and gene
expression related to oxidative stress [58, 65, 66]. There-
fore, triterpenes may be associated with the antioxidant
activity found in the extracts of T. obtusa, whereas flavo-
noids may be related to the antioxidant effects of other
species.

The anticancer properties and therapeutic potential of
secondary plant metabolites have been extensively stud-
ied. Our study is also the first to describe the antiprolif-
erative activity of T. obtusa and E. pyramidale extracts.
The results showed that all the extracts had potent activ-
ity against renal neoplastic cells, except for E. pyrami-
dale, which exhibited moderate activity. In addition to
its potent antiproliferative activity against renal neoplas-
tic cells, the P ruderale extract also exhibited moderate
activity against hepatic neoplastic cells.
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Table 2 Growth inhibition, in mm, of Candida spp., Nakaseomyces glabrata, Pichia kudriavzevii, MRSA, and KP-KPC by plant extracts via

the disc diffusion method

Plant Species c* Microorganisms

ug/disc  Candida albicans Nakaseomyces glabrata Pichia kudriavzevii Candida parapsilosis MRSA KP-KPC
ATCC 90,028 ATCC 2001 ATCC 6258 ATCC 22,019

E. pyramidale 500 0 0 0 0 0 80+00

2000 0 0 0 0 9.0£0.0 10.5+0.71
P ruderale 500 0 0 0 0 0 11.5£0.71

2000 0 0 0 0 0 13.5+0.71
P ramiflora 500 0 0 0 0 0 0

2000 0 0 0 0 0 9.5+0.71
S. fluminensis 500 0 11.0+£0.0 0 0 0 0

2000 0 150+0.0 0 0 8.0+0,0 0
T obtusa 500 0 0 0 0 0 0

2000 0 0 0 0 85+0.71 9.0+£141
Fluconazole' 25 17.33£0.52 1733£052 0 17.33£0.52 nt nt
Chloramphenicol?> 30 nt nt nt nt 3033+£1.37 nt
Ertapenem?’ 10 nt nt nt nt nt 9.50+0.84
Distilled water* - 0 0 0 0 0 0

MRSA =Methicillin-resistant Staphylococcus aureus. KP-KPC =Klebsiella pneumoniae carbapenemase-producing. The values are expressed as the means+standard
deviations (n=2). * Concentration in pg/disc; 0 absence of activity (absent inhibition halo or <8 mm). ' quality control for yeast; ? quality control for MRSA; 3quality

control for KP-KPC; *negative control; nt=not tested

Previous studies have documented the antiprolifera-
tive effects of P. ruderale, P. ramiflora, and S. fluminensis
on various cell lines. In vitro investigations have demon-
strated the antiproliferative activity of P ramiflora extract
against human hepatocellular carcinoma cells (HepG2
cells) [67], as well as that of P ruderale extract against
human colon adenocarcinoma cells (SW480) [64]. Fetter
et al. [52] demonstrated that an ethanolic extract of S. flu-
minensis exhibited antitumor activity both in vitro and in
vivo, reducing tumor growth in B16-F10 cells.

The antiproliferative activity of the studied plants may
be related to the presence of phenolic compounds and
flavonoids [52, 67]. These compounds inhibit or slow the
growth of cancer cells through the induction of apopto-
sis, inhibition of angiogenesis, and modulation of cell sig-
naling pathways related to growth and cell division [68,
69]. Consequently, they contribute to cancer prevention.

In our study, no cytotoxicity was observed in non-
tumor cells for the extracts of E. pyramidale, P. ramiflora,
P ruderale, or T. obtusa, suggesting that these extracts
are promising for further comprehensive studies regard-
ing their therapeutic safety and efficacy.

According to the selectivity analysis, all plant species
exhibited high selectivity indices (SIs) in the 786-0 renal
cancer cell line, ranging from 7.35 (S. fluminensis) to
24.61 (T. obtusa). Tapirira obtusa exhibited the highest SI
among all tested plants and cell lines. Specifically, the SI
in the 786-0 renal cancer cell line was significantly greater
(SI=24.61) than that in the control (SI=3.23, doxorubi-
cin), indicating its selective cytotoxicity against cancer
cells and its potential as a therapeutic agent against renal
cancer.

Although the extract of S. fluminensis demonstrated
toxicity in murine fibroblasts, an SI of 7.35 suggested
that the extract is more effective against cancerous cells
(786-0) than against normal cells. This indicates a favor-
able selectivity profile, making the extract a candidate for
therapeutic development. The results are preliminary,
and therefore insufficient to establish molecular asso-
ciations that explain this outcome. However, metastatic
renal cell carcinoma is known to be particularly chemo-
resistant [70], to the extent that chemotherapy is not typ-
ically a first-line treatment. This resistance may be related
to the high intracellular concentration of glutathione
(GSH) in these cells, which protects them from the toxic
effects of reactive oxygen species (ROS) and aids in the
elimination of xenobiotics [71]. In this study, we identi-
fied that T. obtusa and S. fluminensis, the two species with
the highest antioxidant activity, also showed the greatest
antiproliferative effect against 786-0 cells. This correla-
tion is significant and warrants further investigation.

Our results demonstrated that the ethanolic extract
of S. fluminensis leaves has fungicidal activity against C.
glabrata (ATCC 2001), currently known as Nakaseomy-
ces glabrata (N. glabrata). To our knowledge, this is the
first documented investigation of the antifungal activity
of S. fluminensis against N. glabrata. However, for a more
comprehensive understanding, additional studies involv-
ing the testing of a larger number of Candida species
need to be carried out. N. glabrata is the second most
prevalent cause of vulvovaginal and oropharyngeal can-
didiasis [72]. This pathogen often exhibits reduced sensi-
tivity to azoles and is resistant to echinocandins [73], thus
highlighting the urgent need to develop new therapeutic
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approaches to treat candidiasis caused by this pathogen.
N. glabrata is on the World Health Organization (WHO)
list of priority fungal pathogens, emphasizing the need
for research and policies focused on infections and anti-
fungal resistance [74].

In addition to the current study, only one other docu-
mented study has investigated the antifungal activity of
S. fluminensis. This previous study, conducted by Brito et
al. [75], used extracts from the aerial parts and flowers of
S. fluminensis and reported antifungal activity against C.
tropicalis and P. kudriavzevii, previously known as Can-
dida krusei. Other Smilax species have demonstrated
antimicrobial activity in vitro [76-78].

This is the first study to demonstrate the antibacterial
activity of T. obtusa. Our results revealed that the etha-
nolic extract of T. obtusa leaves exhibited antibacterial
activity against MRSA. Staphylococcus aureus is the pre-
dominant etiological agent of skin and soft-tissue infec-
tions. In some regions, up to 60% of these infections are
attributed to MRSA, representing a significant challenge
for effective treatment, potentially leading to more severe
cases and even death [79, 80]. This bacterium is listed by
the WHO as a priority for new drug research and devel-
opment [6].

The ethanolic extracts of E. pyramidale, P. ramiflora,
P ruderale, and T. obtusa exhibited inhibitory activity in
the disk diffusion test against KP-KPC, although these
results were not confirmed by broth microdilution test-
ing at the concentrations tested. This could be explained
by the lipopolysaccharide-rich hydrophilic surface of the
cell wall of gram-negative bacteria, which hinders the dif-
fusion of active compounds and acts as a barrier [81].

Differences in the methodologies used to assess anti-
microbial activity can result in data that are difficult to
compare between studies. The absence of specific meth-
odologies for testing the antimicrobial susceptibility of
plant extracts can lead to significant differences in results,
which in turn may vary due to the culture medium used,
inoculum preparation, and technique employed.

In addition to phenolic compounds and flavonoids, the
antifungal activity of S. fluminensis may also be related to
the presence of saponins and coumarins that exhibit anti-
bacterial, antifungal, and antitumor activities [82].

The use of a single extraction solvent is one of the
limitations of this study. Solvents with varying polarities
could provide a more comprehensive profile of the bioac-
tive compounds. Furthermore, future studies evaluating
different plant parts and conducting collections in vari-
ous seasons could help clarify the influence of these vari-
ables on the concentration of secondary metabolites and
the activities observed. We also recommend increasing
the number of pathogens isolates in antimicrobial assays
and testing a wider range of cell lines to strengthen the
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analysis of the bioactivity and therapeutic potential of the
plant extracts.

Conclusions

The presence of phenolic and flavonoid compounds in E.
pyramidale, P. ramiflora, P. ruderale, T. obtusa and S. flu-
minensis and triterpenes, in 1. obtusa, may be related to
the antioxidant and antiproliferative activities detected in
the ethanolic extracts of these plants, which can be con-
sidered promising sources for the development of new
drugs.

This study describes for the first time antioxidant activ-
ities in ethanolic extract of P ramiflora, T. obtusa and
E. pyramidale as well as antiproliferative activity in T.
obtusa and E. pyramidale.

The results show that P. ramiflora, P. ruderale, S. flumi-
nensis and T. obtusa extracts have potent antiprolifera-
tive effects on neoplastic kidney cells. P ruderale extracts
show antiproliferative activity against liver neoplastic
cells.

Studies with a larger number of strains are necessary
to confirm the antibacterial activity found in T. obtusa
extract against MRSA and fungicidal activity in S. flumi-
nensis extract against N. glabrata.

Abbreviations

ATCC American type culture collection
C.glabrata Candida glabrata

CLSI Clinical laboratory standards institute
DPPH 2,2 diphenyl-1-picrylhydrazyl

E. pyramidale Equisetum pyramidale golden
FIOCRUZ Oswaldo cruz foundation

Glgg Concentration that inhibits 50% of cell growth

HepG2 cells Human hepatocellular carcinoma cells

KP-KPC Carbapenemase-producing Klebsiella pneumoniae
MBC Minimum bactericidal concentration

MFC Minimum fungicidal concentration

MHA Mueller-Hinton Agar

MIC Minimum inhibitory concentration

MRSA Methicillin-resistant Staphylococcus aureus

N. glabrata Nakaseomyces glabrata

OECD Organization for Economic Cooperation and Development
P kudriavzevi Pichia kudriavzevii

P ramiflora Pouteria ramiflora (mart.) radlk

P ruderale Porophyllum ruderale jacq

ROS Reactive oxygen species

RPMI 1640 Roswell park memorial institute 1640
S. fluminensis Smilax fluminensis steud

SDA Sabouraud dextrose agar

Sl Selectivity index

SRB Sulforhodamine B

SW480 Human colon adenocarcinoma cells
T. guianensis Tapirira guianensis

T obtusa Tapirira obtusa (benth.) J.D. mitch

TCA Trichloroacetic acid
WHO World health organization
AMéx. Maximum absorbance

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512906-025-04787-0.


https://doi.org/10.1186/s12906-025-04787-0
https://doi.org/10.1186/s12906-025-04787-0

Vitorelli-Venancio et al. BMC Complementary Medicine and Therapies

Supplementary Material 1

Supplementary Material 2

Acknowledgements

We thank the team at the Microbiological Research Laboratory at the Federal
University of Mato Grosso do Sul, especially Nayara Moreno, and the Natural
Products Laboratory at the Anhanguera-Uniderp University, especially Karen
Martins, for their technical support. We are grateful to Prof. Dr. Ademir Kleber
Morbeck de Oliveira for identifying the botanical material and to Professor
Doroty Mesquita Dourado for her initial support.

Author contributions

DCWV and MRC: conceptualization, writing — draft preparation; MRC: funding
acquisition and project administration; MRC, RTP; AK and RM: resource
contribution and supervision; DCVV, ARG, GBG, JVAS: investigation (performed
the experiments); FAV: statistical analyses; DCVV, FAV, RTP, RM and MRC: writing
- review & editing.

Funding

This study was financed in part by the Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior - Brazil (CAPES) - Finance Code 001 and by the
Federal Universidade Federal de Mato Grosso do Sul - Brazil (UFMS).

Data availability

The data supporting the findings of this study are provided within the
manuscript and in supplementary files. The supplementary tables are
attached in the files section under the titles ‘Supplementary Table 1"and
‘Supplementary Table 2; available as supplementary material.

Declarations

Ethics approval and consent to participate

The collection of plant materials conducted in this study complied with

all applicable legal regulations. The collection was performed ethically

and sustainably, adhering to Brazilian environmental legislation, following
authorization for access to genetic heritage granted by the Genetic Heritage
Management Council (CGEN) under registration No. 010579/2013-3, in
accordance with Law No. 13,123/2015 and Decree No. 8,772/2016.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Programa de Pés-Graduacdo em Doencas Infecciosas e Parasitérias,
Universidade Federal de Mato Grosso do Sul, Campo Grande, MS, Brazil
“Faculdade de Medicina, Centro Universitario de Adamantina,
Adamantina, SP, Brazil

3Programa de Pés-Graduacao em Meio Ambiente e Desenvolvimento
Regional, Universidade Anhanguera— Uniderp, Campo Grande, MS, Brazil
“Programa de Pés-Graduacdo em Ciéncias Farmacéuticas, Universidade
Federal de Mato Grosso do Sul, Campo Grande, MS, Brazil

*Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso do
Sul, Coxim, MS, Brasil

SPrograma de Pés-Graduacao em Ciéncias da Satde, Universidade
Federal da Grande Dourados, Dourados, MS, Brazil

Received: 21 June 2024 / Accepted: 27 January 2025
Published online: 11 March 2025

References

1. Atanasov AG, Zotchev SB, Dirsch VM, International Natural Product Sciences
Taskforce, Supuran CT. Natural products in drug discovery: advances and
opportunities. Nat Rev Drug Discov. 2021;20(3):200-16. https://doi.org/10.10
38/541573-020-00114-z

(2025) 25:102 Page 12 of 14

2. Dincheva |, Badjakov |, Galunska B. New insights into the Research of Bioac-
tive compounds from Plant origins with Nutraceutical and Pharmaceutical
potential. Plants (Basel). 2023;12(2):258. https://doi.org/10.3390/plants 120202
58

3. Faustino C, Pinheiro L, Duarte N. Triterpenes as potential drug candidates for
rheumatoid arthritis treatment. Life (Basel). 2023;13(7):1514. https://doi.org/1
0.3390/1ife13071514

4. Kumar S, Pandey AK. Chemistry and biological activities of flavonoids: an
overview. Sci World J. 2013;162750. https://doi.org/10.1155/2013/162750

5. Sergazy S, Vetrova A, Orhan IE, Senol Deniz FS, Kahraman A, Zhang JY, Aljofan
M. Antiproliferative and cytotoxic activity of Geraniaceae plant extracts
against five tumor cell lines. Future Sci OA. 2021,8(2):FSO775. https://doi.org/
10.2144/fs0a-2021-0109

6. WHO. World Health Organization. Global priority list of antibiotic-resistant
bacteria to guide research, discovery, and development of new antibiotics. h
ttp//www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Fe
b-ET_NM_WHO.pdf (2017). Accessed 02 March 2021.

7. WHO. World Health Organization. Antimicrobial resistance. https://www.who
int/news-room/fact-sheets/detail/antimicrobial-resistance (2020). Accessed
03 December 2020.

8. Samet JM, Chiu WA, Cogliano 'V, Jinot J, Kriebel D, Lunn RM, Beland FA, Bero
L, Browne P, Fritschi L, Kanno J, Lachenmeier DW, Lan Q, Lasfargues G, Le
Curieux F, Peters S, Shubat P, Sone H, White MC, Wild CP. The IARC mono-
graphs: updated procedures for modern and transparent evidence synthesis
in Cancer Hazard Identification. J Natl Cancer Inst. 2020;112(1):30-7. https://d
oi.org/10.1093/jnci/djz169

9. Antimicrobial Resistance Collaborators. Global burden of bacterial antimicro-
bial resistance in 2019: a systematic analysis. Lancet. 2022;399(10325):629-55.
https://doi.org/10.1016/S0140-6736(21)02724-0

10. BrayF, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, Jemal
A. Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63. https://doi.org/10.3322/caac.21834

11, Kim JH, Hwang JW. Global renal cell carcinoma research trends over 30 years:
a PRISMA-Compliant bibliometric analysis. J Urol Oncol. 2024;22(1):42-51. htt
ps://doi.org/10.22465/juo.244600120006

12. Anwanwan D, Singh SK, Singh S, Saikam V, Singh R. Challenges in
liver cancer and possible treatment approaches. BBA Reviews Cancer.
2020;1873(1):188314. https://doi.org/10.1016/j.bbcan.2019.188314

13.  Kaur R, Bhardwaj A, Gupta S. Cancer treatment therapies: traditional to mod-
ern approaches to combat cancers. Mol Biol Rep. 2023;50(11):9663-76. https:
//doi.org/10.1007/511033-023-08809-3

14. Gielecinska A, Kciuk M, Mujwar S, Celik |, Kofat D, Katuzirnska-Kotat Z,

Kontek R. Substances of natural origin in medicine: plants vs. cancer. Cells.
2023;12(7):986. https://doi.org/10.3390/cells 12070986

15. Mazumder K, Aktar A, Roy P, Biswas B, Hossain ME, Sarkar KK, Bachar SC,
Ahmed F, Monjur-Al-Hossain ASM, Fukase K. A review on mechanistic insight
of plant-derived anticancer bioactive phytocompounds and their structure-
activity relationship. Molecules. 2022;27(9):3036. https://doi.org/10.3390/mol
ecules27093036

16.  Dehelean CA, Marcovici |, Soica C, Mioc M, Coricovac D, lurciuc S, Cretu OM,
Pinzaru I. Plant-derived anticancer compounds as new perspectives in drug
discovery and alternative therapy. Molecules. 2021;26(4):1109. https://doi.org
/10.3390/molecules26041109

17. Bernardini S, Tiezzi A, Laghezza Masci V, Ovidi E. Natural products for human
health: an historical overview of the drug discovery approaches. Nat Prod
Res. 2017;32(16):1926-50. https://doi.org/10.1080/14786419.2017.1356838

18. Chikara S, Nagaprashantha LD, Singhal J, Horne D, Awasthi S, Singhal SS.
Oxidative stress and dietary phytochemicals: role in cancer chemoprevention
and treatment. Cancer Lett. 2018;413:122-34. https://doi.org/10.1016/j.canlet
.2017.11.002

19.  Najera-Maldonado JM, Salazar R, Alvarez-Fitz P, Acevedo-Quiroz M,
Flores-Alfaro E, Herndndez-Sotelo D, Espinoza-Rojo M, Ramirez M. Phe-
nolic compounds of therapeutic interest in neuroprotection. J Xenobiot.
2024;14(1):227-46. https.//doi.org/10.3390/jox14010014

20. Sabaragamuwa R, Perera CO. Total triterpenes, polyphenols, flavonoids, and
antioxidant activity of bioactive phytochemicals of centella asiatica by differ-
ent extraction techniques. Foods. 2023;12(21):3972. https://doi.org/10.3390/f
00ds12213972

21, Queiroz JCE, Leite JRSA, Vasconcelos AG. Prospecting plant extracts and
bioactive molecules with antimicrobial activity in Brazilian biomes: a review.
Antibiot (Basel). 2023;12(3):427. https://doi.org/10.3390/antibiotics 12030427


https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.3390/plants12020258
https://doi.org/10.3390/plants12020258
https://doi.org/10.3390/life13071514
https://doi.org/10.3390/life13071514
https://doi.org/10.1155/2013/162750
https://doi.org/10.2144/fsoa-2021-0109
https://doi.org/10.2144/fsoa-2021-0109
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://doi.org/10.1093/jnci/djz169
https://doi.org/10.1093/jnci/djz169
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.3322/caac.21834
https://doi.org/10.22465/juo.244600120006
https://doi.org/10.22465/juo.244600120006
https://doi.org/10.1016/j.bbcan.2019.188314
https://doi.org/10.1007/s11033-023-08809-3
https://doi.org/10.1007/s11033-023-08809-3
https://doi.org/10.3390/cells12070986
https://doi.org/10.3390/molecules27093036
https://doi.org/10.3390/molecules27093036
https://doi.org/10.3390/molecules26041109
https://doi.org/10.3390/molecules26041109
https://doi.org/10.1080/14786419.2017.1356838
https://doi.org/10.1016/j.canlet.2017.11.002
https://doi.org/10.1016/j.canlet.2017.11.002
https://doi.org/10.3390/jox14010014
https://doi.org/10.3390/foods12213972
https://doi.org/10.3390/foods12213972
https://doi.org/10.3390/antibiotics12030427

Vitorelli-Venancio et al. BMC Complementary Medicine and Therapies

22. Righi CA, Risante APO, Packer AP, Couto HTZ. Biodiversity and biomass
relationships in a cerrado stricto sensu in Southeastern Brazil. Environ Monit
Assess. 2023;195(4):492. https://doi.org/10.1007/510661-023-11051-w

23. Oliveira AKM, Matias R, Mesquita Dourado D, Fernandes RM, de Araujo Abreu
CA, Feliciano de Lima Silva BC. Ethnobotanical survey of medicinal species
used in Taboco Village, Maracaju Mountains, Brazil, and healing activity of the
species with the highest use value (Maytenus llicifolia). Bol Latinoam Caribe
Plant Med Aromat. 2023;22(4):537-59. https://doi.org/10.37360/blacpma.23.2
2440

24.  Carmignan F, Matias R, Carollo CA, Dourado DM, Fermiano MH, Silva BAK,
Bastos PRHO. Efficacy of application of Equisetum Pyramidale Goldm. Hydro-
gel for tissue restoration of induced skin lesions in Wistar rats. Braz J Biol.
2020;80(1):12-22. https://doi.org/10.1590/1519-6984.184409

25. Jacomo AC, de Andrade Velozo K, Lotti RG, Neves LM, de Gaspari de Gaspi
FO, Esquisatto MA, do Amaral ME, Mendonca FA, dos Santos GM. Activity of
Porophyllum ruderale leaf extract and 670-nm InGaP laser during burns repair
in rats. BMC Complement Altern Med. 2015;15:274. https://doi.org/10.1186/s
12906-015-0805-2

26.  Mendonga LABM, Matias R, Zanella DFP, Porto KRA, Guilhermino JF, Moreira
DL, Roel AR, Pott A, Carvalho CME. Toxicity and phytochemistry of eight spe-
cies used in the traditional medicine of sul-Mato-Grossense, Brazil. Braz J Biol.
2020;80(3):574-81. https://doi.org/10.1590/1519-6984.216406

27. Oliveira AKM, Rizzi ES, Pereira KCL, Bono JAM, Matias JCP. Phytochemical
analysis and fungicide potential of Pouteria ramiflora against Lasiodiplodia
theobromae. Hortic Bras. 2017;35:564-70. https://doi.org/10.1590/S010

28. Tuttis K, da Costa DLMG, Nunes HL, Specian AFL, Serpeloni JM, Santos LCD,
Varanda EA, Vilegas W, Martinez-Lopez W, de Syllos Célus IM. Pouteria Rami-
flora (Mart.) Radlk. Extract: flavonoids quantification and chemopreventive
effect on HepG2 cells. J Toxicol Environ Health A. 2018;81(16):792-804. https:/
/doi.org/10.1080/15287394.2018.1491911

29. Petrica EE, Sinhorin AP, Sinhorin VD, MV Junior G. First phytochemical studies
of japecanga (Smilax fluminensis) leaves: flavonoids analysis. Rev Bras Farma-
cogn. 2014;24:443-5. https://doi.org/10.1016/j.bjp.2014.07.020

30. Rodrigues AM, Guimarées DO, Konno TU, Tinoco LW, Barth T, Aguiar FA, Lopes
NP, Leal IC, Raimundo JM, Muzitano MF. Phytochemical Study of Tapirira Guia-
nensis leaves guided by Vasodilatory and antioxidant activities. Molecules.
2017,22(2):304. https://doi.org/10.3390/molecules22020304

31, Brasil. jun. Instrucao Normativa n° 4, de 18 de junho de 2014. Diério Oficial da
Unido, Poder Executivo. Secdo 2.1- Detalhes de Coleta/Colheita e Condicdes
de cultivo. Brasilia, DF, 18 2014;37-38.

32. TaizL, Zeiger M, Moller IM, Murphy A, Zélger E. Fisiologia E Desenvolvimento
Vegetal. 7th ed. Sdo Paulo: Artmed; 2024;864.

33, Nascimento GCZ, Matias R, Miranda-Vilela AL, Farias KS, Silva DB, Facco GG,
Rivero-Wendt CLG. Acute exposure of zebrafish (Danio rerio) adults to Psy-
chotria carthagenensis leaf extracts: chemical profile, lack of genotoxicity and
histological changes. Drug Chem Toxicol. 2024;1-11. https://doi.org/10.1080/
01480545.2024.2367560

34. Andrade BS, Matias R, Corréa BO, Oliveira AKM, Guidolin DGF, Roel AR. Phyto-
chemistry, antioxidant potential and antifungal of Byrsonima crassifolia on soil
phytopathogen control. Braz J Biol. 2018;78(1):140-6. https://doi.org/10.1590
/1519-6984.166532

35. Mensor LL, Menezes FS, Leitdo GG, Reis AS, dos Santos TC, Coube CS, Leitao
SG. Screening of Brazilian plant extracts for antioxidant activity by the use of
DPPH free radical method. Phytother Res. 2001;15(2):127-30. https://doi.org/
10.1002/ptr.687

36. Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren
JT, Bokesch H, Kenney S, Boyd MR. New colorimetric cytotoxicity assay for
anticancer-drug screening. J Natl Cancer Inst. 1990;82(13):1107-12. https://d
0i.org/10.1093/jnci/82.13.1107

37. Monks A, Scudiero D, Skehan P, Shoemaker R, Paull K, Vistica D, Hose C,
Langley J, Cronise P, Vaigro-Wolff A, et al. Feasibility of a high-flux anticancer
drug screen using a diverse panel of cultured human tumor cell lines. J Natl
Cancer Inst. 1991;83(11):757-66. https://doi.org/10.1093/jnci/83.11.757

38. Itharat A, Houghton PJ, Eno-Amooquaye E, Burke PJ, Sampson JH, Raman A.
In vitro cytotoxic activity of Thai medicinal plants used traditionally to treat
cancer. J Ethnopharmacol. 2004;90(1):33-8. https://doi.org/10.1016/jjep.2003
09.014

39. Fadeyi SA, Fadeyi OO, Adejumo AA, Okoro C, Myles EL. In vitro anticancer
screening of 24 locally used Nigerian medicinal plants. BMC Complement
Altern Med. 2013;13:79. https://doi.org/10.1186/1472-6882-13-79

(2025) 25:102 Page 13 of 14

40.  Ayoub IM, EI-Shazly M, Lu MC, Singab ANB. Antimicrobial and cytotoxic activi-
ties of the crude extracts of Dietes bicolor leaves, flowers, and rhizomes. S Afr J
Bot. 2014;95:97-101. https://doi.org/10.1016/j.5ajb.2014.08.012

41, Suffness M, Pezzuto JM. Assays for bioactivity. In: Hostettmann K, editor.
Methods in Plant Biochemistry. London: Academic; 1991;71-133.

42. Razmavar S, Abdulla MA, Ismail SB, Hassandarvish P. Antibacterial activity of
leaf extracts of Baeckea frutescens against methicillin-resistant Staphylococcus
aureus. Biomed Res Int. 2014;2014:521287. https://doi.org/10.1155/2014/521
287

43, CLSI. Clinical Laboratory Standards Institute. Performance Standards for Anti-
microbial Disk Susceptibility Tests. 11 ed. CLSI document M02-A11.Wayne, PA
2012.

44, Bhalodia NR, Shukla VJ. Antibacterial and antifungal activities from leaf
extracts of Cassia fistula |.: an ethnomedicinal plant. J Adv Pharm Technol Res.
2011;2(2):104-9. https://doi.org/10.4103/2231-4040.82956

45, CLSI. Clinical Laboratory Standards Institute. Methods for Dilution Antimicro-
bial Susceptibility Tests for Bacteria That Grow Aerobically. 9 ed. CLSI docu-
ment M07-A9. Wayne, PA 2012.

46. CLSI. Clinical Laboratory Standards Institute. Reference Method for Broth
Dilution Antifungal Susceptibility Testing of Yeasts. 3rd ed. CLSI document
M27-A3. Wayne, PA 2008.

47. Mogana R, Adhikari A, Tzar MN, Ramliza R, Wiart C. Antibacterial activities of
the extracts, fractions and isolated compounds from Canarium patenti-
nervium Mig. Against bacterial clinical isolates. BMC Complement Med Ther.
2020;20(1):55. https://doi.org/10.1186/512906-020-2837-5

48. R CoreTeam. _R: A Language and environment for statistical computing_. R
Foundation for Statistical Computing, Vienna, Austria. 2023. https:.//www.R-pr
oject.org/

49.  Wickham H. ggplot2: elegant graphics for data analysis. New York:

Springer- 2016.

50. Nouioura G, El Fadili M, El Barnossi A, Loukili EH, Laaroussi H, Bouhrim M,
Giesy JP, Aboul-Soud MAM, Al-Sheikh YA, Lyoussi B, Derwich EH. Comprehen-
sive analysis of different solvent extracts of Ferula Communis L. fruit reveals
phenolic compounds and their biological properties via in vitro and in silico
assays. Sci Rep. 2024;14:8325. https://doi.org/10.1038/541598-024-59087-3

51. Fetter BZ, Dourado DM, Bogo D, Matias R, Guterres ZR. Therapeutic potential
of Smilax fluminensis ethanolic extract: antitumoral activity in murine mela-
noma cells. Mol Cell Biochem. 2022;477(1):181-9. https://doi.org/10.1007/511
010-021-04272-5

52. Corréa ACL, Oliveira AKM, Dourado DM, Facco GG, Bento LMA, Rivero-Wendt
CLG, Matias R. Pouteria ramiflora leaf extract on emulgel in wound healing
activity in diabetic rats. Braz J Biol. 2021,82:€239378. https://doi.org/10.1590/1
519-6984.239378. PMID: 33978082.

53. Matias R, Pauliquevis CF, Ojeda PTA, Pina JC, Oliveira AKMD. Potencial
alelopético De Extratos etandlicos E pos de folhas de tapirira obtusa na
germinacao e formagao de plantulas de diferentes espécies-alvo. RSD. 2021.
https://doi.org/10.33448/rsd-v10i4.13841

54.  Griesser M, Weingart G, Schoedl-Hummel K, Neumann N, Becker M, Varmuza
K, Liebner F, Schuhmacher R, Forneck A. Severe drought stress is affecting
selected primary metabolites, polyphenols, and volatile metabolites in grape-
vine leaves (Vitis vinifera Cv. Pinot noir). Plant Physiol Biochem. 2015;88:17—
26. https://doi.org/10.1016/j.plaphy.2015.01.004

55. Lutz M, Fuentes E, Avila F, Alarcon M, Palomo I. Roles of Phenolic compounds
in the reduction of risk factors of Cardiovascular diseases. Molecules.
2019;24(2):366. https://doi.org/10.3390/molecules24020366

56. Rahman MM, Rahaman MS, Islam MR, Rahman F, Mithi FM, Algahtani T,
Almikhlafi MA, Alghamdi SQ, Alruwaili AS, Hossain MS, Ahmed M, Das R,
Emran TB, Uddin MS. Role of Phenolic compounds in Human Disease: current
knowledge and future prospects. Molecules. 2021;27(1):233. https://doi.org/1
0.3390/molecules27010233

57.  David AVA, Arulmoli R, Parasuraman S. Overviews of Biological Importance of
Quercetin: a bioactive flavonoid. Pharmacogn Rev. 2016;10(20):84-9. https.//
doi.org/10.4103/0973-7847.194044

58. Kumar N, Goel N. Phenolic acids: natural versatile molecules with promising
therapeutic applications. Biotechnol Rep (Amst). 2019;24:200370. https://doi.
0rg/10.1016/j.btre.2019.e00370

59. Soica C, Voicu M, Ghiulai R, Dehelean C, Racoviceanu R, Trandafirescu C, Rosca
OJ, Nistor G, Mioc M, Mioc A. Natural compounds in Sex hormone-depen-
dent cancers: the role of triterpenes as Therapeutic agents. Front Endocrinol
(Lausanne). 2021;11:612396. https://doi.org/10.3389/fend0.2020.612396


https://doi.org/10.1007/s10661-023-11051-w
https://doi.org/10.37360/blacpma.23.22.4.40
https://doi.org/10.37360/blacpma.23.22.4.40
https://doi.org/10.1590/1519-6984.184409
https://doi.org/10.1186/s12906-015-0805-2
https://doi.org/10.1186/s12906-015-0805-2
https://doi.org/10.1590/1519-6984.216406
https://doi.org/10.1590/S010
https://doi.org/10.1080/15287394.2018.1491911
https://doi.org/10.1080/15287394.2018.1491911
https://doi.org/10.1016/j.bjp.2014.07.020
https://doi.org/10.3390/molecules22020304
https://doi.org/10.1080/01480545.2024.2367560
https://doi.org/10.1080/01480545.2024.2367560
https://doi.org/10.1590/1519-6984.166532
https://doi.org/10.1590/1519-6984.166532
https://doi.org/10.1002/ptr.687
https://doi.org/10.1002/ptr.687
https://doi.org/10.1093/jnci/82.13.1107
https://doi.org/10.1093/jnci/82.13.1107
https://doi.org/10.1093/jnci/83.11.757
https://doi.org/10.1016/j.jep.2003.09.014
https://doi.org/10.1016/j.jep.2003.09.014
https://doi.org/10.1186/1472-6882-13-79
https://doi.org/10.1016/j.sajb.2014.08.012
https://doi.org/10.1155/2014/521287
https://doi.org/10.1155/2014/521287
https://doi.org/10.4103/2231-4040.82956
https://doi.org/10.1186/s12906-020-2837-5
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1038/s41598-024-59087-3
https://doi.org/10.1007/s11010-021-04272-5
https://doi.org/10.1007/s11010-021-04272-5
https://doi.org/10.1590/1519-6984.239378
https://doi.org/10.1590/1519-6984.239378
https://doi.org/10.33448/rsd-v10i4.13841
https://doi.org/10.33448/rsd-v10i4.13841
https://doi.org/10.1016/j.plaphy.2015.01.004
https://doi.org/10.3390/molecules24020366
https://doi.org/10.3390/molecules27010233
https://doi.org/10.3390/molecules27010233
https://doi.org/10.4103/0973-7847.194044
https://doi.org/10.4103/0973-7847.194044
https://doi.org/10.1016/j.btre.2019.e00370
https://doi.org/10.1016/j.btre.2019.e00370
https://doi.org/10.3389/fendo.2020.612396

Vitorelli-Venancio et al. BMC Complementary Medicine and Therapies

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

Nazaruk J, Borzym-Kluczyk M. The role of triterpenes in the management of
diabetes mellitus and its complications. Phytochem Rev. 2015;14(4):675-90. h
ttps://doi.org/10.1007/5s11101-014-9369-x

Di Stasi M, Donadio G, Bader A, De Leo M, Braca A. Two new triterpenes from
Commicarpus Grandiflorus (A. Rich.) Standl. Aerial parts exudate. Nat Prod Res.
2023;37(19):3228-36. https://doi.org/10.1080/14786419.2022.2063855

Renda G, Gokkaya I, Séhretoglu D. Immunomodulatory properties of triter-
penes. Phytochem Rev. 2022;21(2):537-63. https://doi.org/10.1007/s11101-02
1-09785-x

Conde-Herndndez LA, Guerrero-Beltran JA. Total phenolics and antioxidant
activity of Piper auritum and Porophyllum ruderale. Food Chem. 2014;142:455-
60. https://doi.org/10.1016/j.foodchem.2013.07.078

Vargas-Madriz AF, Luzardo-Ocampo |, Chavez-Servin JL, Moreno-Celis U,
Roldan-Padrén O, Vargas-Madriz H, Vergara-Castafieda HA, Kuri-Garcia A.
Comparison of Phenolic compounds and evaluation of antioxidant proper-
ties of Porophyllum ruderale (Jacq.) Cass (Asteraceae) from different geographi-
cal areas of Queretaro (Mexico). Plants (Basel). 2023;12(20):3569. https://doi.or
9/10.3390/plants12203569

Chaudhary P, Janmeda P, Docea AO, Yeskaliyeva B, Abdull Razis AF, Modu

B, Calina D, Sharifi-Rad J. Oxidative stress, free radicals and antioxidants:
potential crosstalk in the pathophysiology of human diseases. Front Chem.
2023;11:1158198. https://doi.org/10.3389/fchem.2023.1158198

Parcheta M, Swistocka R, Orzechowska S, Akimowicz M, Choiriska R, Lewan-
dowski W. Recent developments in effective antioxidants: the structure and
antioxidant properties. Mater (Basel). 2021;14(8):1984. https://doi.org/10.3390
/ma14081984

Tuttis K, Costa DLMGD, Serpeloni JM, Santos LCD, Varanda EA, Vilegas W,
Martinez-Lépez W, Colus IMS. Phytochemical Profile, and Antiproliferative and
Proapoptotic effects of Pouteria Ramiflora (Mart.) Radlk. Leaf Extract, and its
synergism with cisplatin in HepG2 cells. ] Med Food. 2021;24(5):452-63. https
://doi.org/10.1089/jmf.2020.0045

Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Liskova A, Bis-
selberg D. Flavonoids in cancer and apoptosis. Cancers (Basel). 2018;11(1):28.
https://doi.org/10.3390/cancers11010028

Brusselmans K, De Schrijver E, Verhoeven G, Swinnen JV. RNA interference-
mediated silencing of the acetyl-CoA-carboxylase-alpha gene induces
growth inhibition and apoptosis of prostate cancer cells. Cancer Res.
2005;65(15):6719-25. https://doi.org/10.1158/0008-5472

Ljungberg B, Albiges L, Bensalah K, Bex A, Giles RH, Hora M, Kuczyk MA,

Lam T, Marconi L, Merseburger AS, Powles T, Staehler M, Volpe A, Dabestani

S, Montes SF-P, Hofmann F, Tahbaz R. Guidelines on renal cell carcinoma.
European Association of Urology. 2017. Available at: http://uroweb.org/wp-c
ontent/uploads/10-Renal-Cell-Carcinoma_2017_web.pdf

Pliesa-Ercegovac M, Mimic-Oka J, Dragicevic D, Savic-Radojevic A, Opacic M,
Pliesa S, Radosavljevic R, Simic T. The role of oxidative stress in the pathogen-
esis of urological malignancies. Urol Oncol. 2008;26(2):175-81. https://doi.org
/10.1016/j.urolonc.2007.01.020

(2025) 25:102

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Page 14 of 14

Willems HME, Ahmed SS, Liu J, Xu Z, Peters BM. Vulvovaginal Candidiasis: A
Current understanding and burning questions. J Fungi (Basel). 2020,6(1):27. h
ttps://doi.org/10.3390/jof6010027

Hassan Y, Chew SY, Than LTL. CaGlabrataabrata: Pathogenicitresistances-
mechanismsanismadaptationtatiosurvivalrvival. J Fungi (Basel). 2021;7(8):667.
https://doi.org/10.3390/jof7080667

WHO. World Health Organization. WHO fungal priority pathogens list to
guide research, development and public health action. https://www.who.int/
publications/i/item/9789240060241 (2022). Accessed 13 April 2023.

Brito DZ, Cassemiro NS, de Souza JM, Damasceno-Junior GA, Oliveira RJ, Car-
ollo CA, Chang MR. Screening of 20 Pantanal Wetland Plants for Anti-candida
Activity using HPLC-DAD-MS/MS and Bioautography to characterize active
compounds. Planta Med Int Open. 2021;8(03). https://doi.org/10.1055/a-149
4-1117

McMurray RL, Ball MEE, Tunney MM, Corcionivoschi N, Situ C. Antibacterial
activity of four plant extracts extracted from traditional Chinese medicinal
plants against Listeria monocytogenes, Escherichia coli, and Salmonella enterica
subsp. enterica serovar Enteritidis. Microorganisms. 2020;8(6):962. https://doi.
0rg/10.3390/microorganisms8060962

Seo HK, Lee JH, Kim HS, Lee CK, Lee SC. Antioxidant and antimicrobial activi-
ties of Smilax China L. leaf extracts. Food Sci Biotechnol. 2012,21:1723-7. http
s://doi.org/10.1007/510068-012-0229-4

Xu'S, Shang MY, Liu GX, Xu F,Wang X, Shou CC, Cai SQ. Chemical constitu-
ents from the rhizomes of Smilax Glabra and their antimicrobial activity.
Molecules. 2013;18(5):5265-87. https://doi.org/10.3390/molecules 18055265
CDC. Centers For Disease Control and Prevention. Methicillin-resistant
Staphylococcus aureus (MRSA). https://www.cdc.gov/mrsa/community/index.
html (2019). Accessed 18 August 2021.

Macmorran E, Harch S, Athan E, Lane S, Tong S, Crawford L, Krishnaswamy

S, Hewagama S. The rise of methicillin resistant Staphylococcus aureus: now
the dominant cause of skin and soft tissue infection in Central Australia.
Epidemiol Infect. 2017;145(13):2817-26. https://doi.org/10.1017/5095026881
7001716

Shan B, Cai YZ, Brooks JD, Corke H. The in vitro antibacterial activity of dietary
spice and medicinal herb extracts. Int J Food Microbiol. 2007;117(1):112-9. ht
tps://doi.org/10.1016/j.ijfoodmicro.2007.03.003

Belhouchet Z, Sautour M, Miyamoto T, Lacaille-Dubois MA. Steroidal saponins
from the roots of Smilax aspera subsp. Mauritanica. Chem Pharm Bull.
2008;56(9):1324-7. https://doi.org/10.1248/cpb.56.1324

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s11101-014-9369-x
https://doi.org/10.1007/s11101-014-9369-x
https://doi.org/10.1080/14786419.2022.2063855
https://doi.org/10.1007/s11101-021-09785-x
https://doi.org/10.1007/s11101-021-09785-x
https://doi.org/10.1016/j.foodchem.2013.07.078
https://doi.org/10.3390/plants12203569
https://doi.org/10.3390/plants12203569
https://doi.org/10.3389/fchem.2023.1158198
https://doi.org/10.3390/ma14081984
https://doi.org/10.3390/ma14081984
https://doi.org/10.1089/jmf.2020.0045
https://doi.org/10.1089/jmf.2020.0045
https://doi.org/10.3390/cancers11010028
https://doi.org/10.3390/cancers11010028
https://doi.org/10.1158/0008-5472
http://uroweb.org/wp-content/uploads/10-Renal-Cell-Carcinoma_2017_web.pdf
http://uroweb.org/wp-content/uploads/10-Renal-Cell-Carcinoma_2017_web.pdf
https://doi.org/10.1016/j.urolonc.2007.01.020
https://doi.org/10.1016/j.urolonc.2007.01.020
https://doi.org/10.3390/jof6010027
https://doi.org/10.3390/jof6010027
https://doi.org/10.3390/jof7080667
https://doi.org/10.3390/jof7080667
https://www.who.int/publications/i/item/9789240060241
https://www.who.int/publications/i/item/9789240060241
https://doi.org/10.1055/a-1494-1117
https://doi.org/10.1055/a-1494-1117
https://doi.org/10.3390/microorganisms8060962
https://doi.org/10.3390/microorganisms8060962
https://doi.org/10.1007/s10068-012-0229-4
https://doi.org/10.1007/s10068-012-0229-4
https://doi.org/10.3390/molecules18055265
https://www.cdc.gov/mrsa/community/index.html
https://www.cdc.gov/mrsa/community/index.html
https://doi.org/10.1017/S0950268817001716
https://doi.org/10.1017/S0950268817001716
https://doi.org/10.1016/j.ijfoodmicro.2007.03.003
https://doi.org/10.1016/j.ijfoodmicro.2007.03.003
https://doi.org/10.1248/cpb.56.1324

	﻿Bioactives derived from Brazilian native flora with antimicrobial and anticancer activity
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Collection and identification of plant species
	﻿Preparation of plant extracts
	﻿Phytochemical screening
	﻿Quantification of total phenols and flavonoids
	﻿Antioxidant assay
	﻿Antiproliferative activity assay
	﻿Selectivity index
	﻿Antimicrobial susceptibility tests
	﻿Microorganisms
	﻿Disk diffusion method
	﻿Broth microdilution method
	﻿Determination of minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC)


	﻿Statistical analysis
	﻿Results
	﻿Phytochemical analysis
	﻿Quantification of phenolic compounds and flavonoids
	﻿Antioxidant activity
	﻿Antiproliferative activity and cytotoxicity



