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Abstract

This study investigated the effect of Bauhinia forficata subsp. pruinosa leaf extract on four mycobacterial
species and their biofilms, as well as its phenolic content. Phytochemical assays (total phenolic and flavonoid
content, chromatographic analysis) and microbiological evaluations (minimum inhibitory concentration —
MIC; minimum bactericidal concentration — MBC, time-kill curve, checkerboard assay, and antibiofilm
assessment) were performed. Rutin was identified as the major compound. The extract exhibited an MIC of
0.31 mg/mL-" for all tested strains; however, Mycobacteroides massiliense showed lower susceptibility,
considering its MBC value and behavior in the time-kill curve. Additionally, the extract inhibited and
eradicated biofims of M. massiliense and Mycolicibacterium fortuitum and eradicated those of
Mycobacteroides abscessus and Mycolicibacterium smegmatis when applied at the MIC value. Furthermore,
the extract displayed an additive effect against M. abscessus and M. smegmatis in combination with
clarithromycin and against M. massiliense when combined with imipenem. This study is the first to report the
in vitro antimycobacterial and antibiofilm activity of B. forficata subsp. pruinosa leaf extract. The positive
effects observed are partially attributed to the flavonol rutin. Our findings suggest its potential use as an
adjuvant in the treatment of mycobacterial infections, addressing antibiotic resistance issues.

Keywords: Nontuberculous mycobacteria; biofilms; drug resistance bacteria; phytochemicals; Bauhinia forficata.

Introduction

Rapidly growing mycobacteria (RGM) belong to the group of non-tuberculous mycobacteria (NTM) and can
cause pulmonary, skin, and soft tissue infections, as well as septicemia. Species associated with human
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disease are classified within the genera Mycolicibacterium (Fortuitum-Vaccae clade) and Mycobacteroides
(Abscessus-Chelonae clade). These bacteria are widely distributed in the environment and have been

detected in water systems and hospital equipment!!l,

The prevalence of RGM infections is often underreported in tuberculosis-endemic countries such as Brazil.
Treatment is typically prolonged, and despite the use of multidrug regimens, high levels of resistance have
been reported. A key pathogenic feature of this group is its ability to form biofiims—aggregates of microbial
cells embedded in a self-produced extracellular matrix—that adhere to surfaces and exhibit resistance to

high antibiotic concentrations and standard decontamination procedures22l,

Plant-derived compounds have been investigated for their potential to modulate antibiotic resistance and serve
as adjuvants in the treatment of infections caused by multidrug-resistant microorganisms. Brazil harbors
extensive biodiversity, offering a vast reservoir of bioactive natural compounds and driving interest in the
discovery of new molecules for biomedical applications. The use of medicinal plants is widespread among the

Brazilian population, and the Fabaceae family is particularly noteworthy for its pharmacological potential®l,

One such species is Bauhinia forficata subsp. pruinosa (BFP), commonly known as "cow’s foot" due to the
shape of its leaves. This semi-deciduous tree, native to South America, can grow up to 9 meters in height.
Bioactive molecules derived from their secondary metabolism have been associated with various biological
activities. Phenolic compounds, characterized by hydroxyl groups attached to aromatic rings, are abundant
in plants. Among them, flavonoids exhibit remarkable structural diversity and constitute the predominant

class found in different Bauhinia species, including BFP2E],

Aqueous and alcoholic extracts of B. forficata leaves have been traditionally used in folk medicine, and
pharmacological studies have investigated their properties. Although B. forficata is widely recognized for its
antidiabetic effects!, it has also been reported to enhance Staphylococcus aureus susceptibility to
norfloxacin® and to exhibit antibiofilm activity®]. However, to the best of our knowledge, no studies have
assessed the effects of BFP, in its traditional form of use, against RGM and their biofilms. Therefore, this
study aimed to evaluate the antimycobacterial and antibiofilm activities of Bauhinia forficata subsp. pruinosa

leaf extract, as well as its phenolic composition.

Material and Methods

Plant material and extract production

Bauhinia forficata subsp. pruinosa (Vogel) Fortunato & Wunderlin was collected at the Federal University of
Santa Maria (UFSM), Rio Grande do Sul, Brazil (29°43'36"S, 53°43'00"W) and registered under number
9306 in the Santa Maria Herbarium (Department of Biology, UFSM). The species has been registered in the
National System for the Management of Genetic Heritage and Associated Traditional Knowledge under
number AO9EEBA.

BFP leaves were used to prepare the extract. A total of 200 g of leaves was weighed, macerated, and
immersed in 1000 mL of 70% (v/v) ethanol. The solution was stored in an amber bottle at room temperature
(15-30°C) for 15 days with occasional daily stirring. After the extraction period, plant residues were

discarded, and the resulting solution was filtered using number 1 filter paper (Brigitta). The filtrate was
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concentrated under reduced pressure at 45°C using a rotary evaporator (Fisatom 803), freeze-dried (Terroni
LD1500), and stored at room temperature in a desiccator (Plenalab 03D2271.08.CC) until further use.

Determination of total phenolic compounds

Total phenolic content was determined using a modified Folin-Ciocalteu method[', The extract was diluted
in water (50 mg/mL-"), and 1 mL of 2N Folin-Ciocalteu reagent (Exodus Scientific) was added. The mixtures
were vortexed (Phoenix), incubated for 5 minutes, and then mixed with 2 mL of 20% sodium carbonate
solution (Na,CO3, ACS Scientific). A control was prepared using only the reagents and water. Samples were
incubated in the dark for an additional 10 minutes, and absorbance was measured at 730 nm using a

spectrophotometer (Kasuaki 1L592).

Gallic acid (Exodus Scientific) was used as the standard for constructing a calibration curve. Results were

expressed as gallic acid equivalents (GAE) in mg/g of extract.
Determination of total flavonoid content

Total flavonoid content was determined using the aluminum chloride (AICI;) colorimetric methodY. The
extract was diluted in water (0.1 mg/mL"") and subsequently diluted 1:3 in 70% methanol. Then, 75 uL of 5%
AICI3 solution (Dinamics) was added, and the mixture was vortexed (Phoenix) for 1 minute. The solutions
were incubated in the dark for 30 minutes. A control containing only 70% methanol was prepared.

Absorbance was measured at 420 nm using a spectrophotometer.

Quercetin (Sigma-Aldrich) was used as the standard for constructing a calibration curve. Results were

expressed as quercetin equivalents (QE) in mg/g of extract.
Quantification of phenolic content by HPLC-DAD

Chromatographic analyses were performed using high-performance liquid chromatography with diode-array
detection (HPLC-DAD)!. The system (Shimadzu LC-20A Nexera) included an in-line degasser (DGU-
20A3), a binary pump (LC-20AB), a system controller (CBM-20A), and a PDA detector (PDA-20A, Shimadzu)

with an automatic injector (SIL-20A), all controlled via LabSolutions software (Shimadzu).

Separations were performed using a Shim-Pack XR ODS Il reverse-phase column (75 mm x 2.0 mm i.d.,
2.1 pym particle size, Shimadzu) maintained at 35°C. The mobile phase consisted of solvent A (0.01%
trifluoroacetic acid in water) and solvent B (pure methanol) in a binary gradient elution mode. The flow rate

was set at 0.2 mL/min, and the injection volume was 15 pL.

Phenolic acids and flavonoids were detected at 254 nm, with identification confirmed by retention times and
co-elution with authentic standards (gallic acid — Exodus Scientific; caffeic acid — Sigma-Aldrich; rutin —
ACROS; quercetin — Sigma-Aldrich). Quantification was performed using the external standard method with
calibration curves prepared from analytical standards in concentrations ranging from 0.05 to 100 pg/mL (R?

> 0.99). Results were expressed as mg of compound per g of dry hydroethanolic extract.
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Mycobacterial strains

Four reference strains were used: Mycobacteroides abscessus (ATCC 19977), Mycobacteroides
massiliense (ATCC 48898), Mycolicibacterium fortuitum (ATCC 6841), and Mycolicibacterium smegmatis
(ATCC 700084). The strains were cultured on Lowenstein-Jensen agar (Himedia) at 30°C in a bacteriological

incubator (Fabbe 117) until use in experiments.

Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC)

The MIC was determined using the broth microdilution method!'2. Serial twofold dilutions of BFPE in Mueller-

Hinton (MH) broth (Himedia) were prepared, ranging from 4.8 to 0.03 mg/mL-".

Bacterial inocula were standardized to 0.5 McFarland and further diluted to 5x10° CFU/mL. These were
transferred to 96-well flat-bottom microplates (SPL Life Sciences) and incubated at 30°C for 72 hours. The
MIC was determined as the lowest concentration inhibiting visible bacterial growth, using 1% 2,3,5-

triphenyltetrazolium chloride (TTC — Vetec) as an indicator.

For MBC determination, 10 pL from wells corresponding to MIC values or higher were plated onto MH agar
(Sigma-Aldrich) and incubated at 30°C for 72 hours. The lowest concentration showing no bacterial growth

was considered the MBC.
Time-kill curves

Broth microdilution tests were performed, followed by plating 10 pL from each well onto MH agar at MIC, V2
MIC, and 2x MIC at 0, 24, 48, 72, and 96 hourst'd, Growth and sterility controls were included.

Plates were incubated at 30°C for 72 hours, and CFU counts were used to calculate bacterial viability.

Bactericidal activity was defined as a = 3-log reduction in CFU/mL compared to the untreated control.
Checkerboard assay

The interaction between BFPE and antibiotics commonly used against mycobacteria was assessed based
on Nikolic et al.l'3l. MICs of clarithromycin (Pharma Nostra), ciprofloxacin (Sigma-Aldrich), and imipenem

(ABL Brazil) were determined.

A checkerboard microdilution assay was performed, and the Fractional Inhibitory Concentration Index (FICI)
was calculated as: (Extract MIC in combination / Extract MIC) + (Antibiotic MIC in combination /
Antibiotic MIC). FICI values were interpreted as follows: <0.5: Synergistic; 0.5 — 1.0: Additive; 1.0 — 2.0:

Indifferent; > 2.0: Antagonistic.
Action on biofilm

The tests described below were adapted from those reported by Bonez et al.l'4l and were performed in

triplicate in two independent experiments.
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Inhibition assay

BFPE was evaluated for its ability to inhibit biofilm formation in the four RGM species selected for this study.
In 12-well polystyrene plates (IONLAB), 1 mL of MH broth containing 5%x10° CFU/mL of each RGM was
added, along with 1 mL of BFPE at the MIC concentration. The plates were sealed with Parafilm® and
incubated at 30°C for 7 days.

Disruption assay

For this assay, 1 mL of MH broth containing 5x10° CFU/ mL of each RGM was added to 12-well polystyrene
plates, which were sealed with Parafilm® and incubated at 30°C for 7 days. After biofilm formation, 1 mL of
BFPE was added to each well at the MIC concentration. The plates were sealed again and incubated for an

additional 24 hours.
Quantification

The crystal violet staining method was used to quantify biofilm biomass. After incubation with BFPE, the
wells were washed with sterile Milli-Q water to remove planktonic cells. Then, 2 mL of 0.1% crystal violet
solution was added, and the plates were left to stand for 10 minutes. After another washing step, 2 mL of
absolute ethanol was added to each well and incubated for 15 minutes. The plates were then transferred to
disposable cuvettes, and absorbance was measured at 570 nm using a spectrophotometer (Hitachi U-1800).

The results were expressed as the percentage of biofilm formation relative to the positive control.
Statistical analysis

Data were expressed as mean * standard deviation and analyzed using GraphPad Prism (version 8).
Statistical significance was determined using one-way analysis of variance (ANOVA) followed by Dunnett's

post hoc test or Student’s t-test. p-values < 0.05 were considered statistically significant.

Results and Discussion

Phenolic content

The yield of BFPE was 4.05% relative to the starting material. As shown in TABLE 1, BFPE contained total
phenolic compounds and flavonoids. HPLC-DAD analysis identified four major bioactive compounds: gallic
acid (peak 1, retention time tR = 2.85 min, 0.54 mg/g), caffeic acid (peak 2, tR = 6.32 min, 1.29 mg/g), rutin
(peak 3, tR = 8.31 min, 60.96 mg/g), and quercetin (peak 4, tR = 9.45 min, 1.79 mg/g) (FIGURE 1). Among
them, rutin was the most abundant metabolite, with a concentration 34 times higher than quercetin, the

second most abundant compound.
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TABLE 1: Content of total phenolic compounds and flavonoids in Bauhinia forficata subsp. pruinosa leaf extract.

Total phenolic compounds Total flavonoids
Extract

GAS (mgGAE/qg) % QS (mgQE/qg) %
BFP 82,81+ 1,09 8,28 7,66 +£0,19 0,77

BFP = Bauhinia forficata subsp. pruinosa; GAS = gallic acid standard; mgGAE/g = gallic acid equivalent (mg/g of extract);
QS = quercetin standard; mgQE/g = quercetin equivalent (mg/g of extract).

Antimycobacterial effect

The MIC values were 0.31 mg/mL" for all tested strains. The MBC was 1.8 mg/mL-! for M. massiliense,
while for the other species, it was 1.2 mg/mL-" The most significant findings from the bacterial time-kill curve,
which assessed the relationship between concentration and exposure time to BFPE, were as follows: MIC
values at 24h for M. abscessus (p < 0.0001, FIG. 1A); 2x MIC at 24h for M. massiliense (p < 0.005, FIG.
1B) and M. fortuitum (p < 0.005, FIG. 1C); and 2x MIC at 48h for M. smegmatis (p < 0.0005, FIG. 1D). The
extract also exhibited additive effects against M. abscessus and M. smegmatis (in combination with

clarithromycin) and M. massiliense (in combination with imipenem) (TABLE 2).

FIGURE 1: Time-kill curves for (A) M. abscessus, (B) M. massiliense, (C) M. fortuitum, and (D) M. smegmatis exposed
to BFPE over 0-96 hours.
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Values are expressed as a percentage of the growth control (GC) and presented as mean. MIC = minimum inhibitory
concentration; 1/2 MIC = half the MIC value; 2x MIC = double the MIC value; MBC = minimum bactericidal concentration.
Statistical significance was considered at p < 0.05. * p < 0.05; ** p < 0.005; *** p < 0.0005; **** p < 0.0001.

Source: Authors.

Revista Fitos. Rio de Janeiro. 2026; 20(1): e1836 | e-ISSN: 2446-4775 | www.revistafitos.far.fiocruz.br | CC-BY 4.0


https://creativecommons.org/licenses/by/4.0/

Antimycobacterial and antibiofilm activity of Bauhinia forficata subsp. Jantsch et al.
pruinosa leaf extract

TABLE 2: MIC values for clarithromycin (CLA), ciprofloxacin (CIP), imipenem (IMI) (ug/mL™"), BFPE (mg/mL"") and their
combinations against RGM species.

M. abscessus M. massiliense M. fortuitum M. smegmatis
CLA + BFPE combination
MIC CLA (ug/mL™") 2.34 4.68 1.17 0.58
MIC CLA + EHBF (ug/mL™") 1.17 4.68 1.17 0.29
MIC BFPE (mg/mL"") 0.31 0.31 0.31 0.31
MIC BFPE + CLA (mg/mL"") 0.07 0.15 0.15 0.07
FICI 0.72 1.48 1.48 0.72
EFFECT Additive Indifferent Indifferent Additive
CIP + BFPE combination
MIC CIP (ug/mL") 0.02 0.01 0.04 0.04
MIC CIP + BFPE (ug/mL"") 0.02 0.01 0.04 0.04
MIC BFPE (mg/mL"") 0.31 0.31 0.31 0.31
MIC BFPE + CIP (mg/mL™") 0.15 0.07 0.15 0.15
FICI 1.48 1.22 1.48 1.48
EFFECT Indifferent Indifferent Indifferent Indifferent
IMI + BFPE combination
MIC IMI (ug/mL™") 0.78 0.78 0.39 0.78
MIC IMI + BFPE (ug/mL"") 0.78 0.39 0.39 0.78
MIC BFPE (mg/mL"") 0.31 0.31 0.31 0.31
MIC BFPE + IMI (mg/mL"") 0.15 0.15 0.15 0.15
FICI 1.48 0.98 1.48 1.48
EFFECT Indifferent Additive Indifferent Indifferent

FICI = fractional inhibitory concentration index.

3.3. Antibiofilm activity

BFPE exhibited significant antibiofilm activity against M. massiliense and M. fortuitum (p < 0.05, FIG. 2A).
The killing activity was considered excellent, as the extract acted against all tested biofilms, with particularly

significant effects against M. smegmatis (p < 0.005) and M. abscessus (p < 0.0005, FIG. 2B).

FIGURE 2: Evaluation of BFPE inhibition (A) and disruption (B) effects on mycobacterial biofilms.
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Values are expressed as a percentage of the growth control (GC) and presented as mean + standard deviation. ABS =
M. abscessus; MAS = M. massiliense; FOR = M. fortuitum; SME = M. smegmatis. Statistical significance was considered
at p <0.05. * p <0.05; ** p <0.005; *** p < 0.0005.

Source: Authors.
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This study identified phenolic metabolites and evaluated the activity of BFPE against rapidly growing
mycobacteria (RGM) and their biofilms. The extract yield was considered satisfactory, as it was 4.4 times
higher than the 0.92% reported by Sayago et al.l'l who also obtained a hydroethanolic extract from fresh
Bauhinia forficata leaves. These authors used percolation as the extraction method, which may have

contributed to the observed difference.

The phytochemical findings of this study were higher than the 69.59 mgGAE/g reported by de Miceli et al.ld
and slightly lower than the 90.1 mgGAE/g found by Franco et al.l'0 in the ethyl acetate and dichloromethane
fractions of B. forficata, respectively. A similar trend was observed in total flavonoid content: our results
exceeded the 2.33 mgQE/g reported in the hexane fraction but were lower than the 14.9 mgQE/g found in
the aqueous extract tested by the same authors. According to chromatographic analysis, the decreasing
order of metabolite abundance was rutin > quercetin > caffeic acid > gallic acid, which differs from the
findings of Ecker et al.l'l, who analyzed the aqueous extract of B. forficata and reported a quercetin content

7.9 times higher than that of rutin.

Several factors, including climate, processing, and storage conditions, are known to influence the bioactive
compound content in plantsl'8l. Additionally, the choice of solvent is a key factor in compound extraction,
directly affecting their biological activities. In this study, ethanol was selected as the solvent to align with one
of the traditional preparations of the plant, which is widely used for medicinal purposes not only in Brazil but

also worldwidel'9,

The presence of flavonoids in hydroethanolic extracts of Bauhinia species has been previously reported,
and the synthesis of these compounds is associated with bacterial infection responses!'22%, Rutin, a flavonol
subgroup compound, was the predominant flavonoid in this study. Wang et al.l2l evaluated the antibacterial
and antibiofilm activity of 10 flavonoids isolated from Klebsiella pneumoniae strains and found that rutin

exhibited the greatest activity in MIC determination and biofilm inhibition.

BFPE inhibited the growth of all four Mycobacterium strains at the same MIC value in the microdilution assay,
although M. massiliense exhibited lower susceptibility, as indicated by its higher MIC value and time-kill
curve results. This may be attributed to the species' intrinsic resistance to antiseptics, including those used
in hospital settings22. Furthermore, Koh et al.l2% reported that M. massiliense can develop high-level

resistance through mutations in the 23S rRNA (rr/) gene.

The extract significantly inhibited and disrupted biofilms formed by M. massiliense and M. fortuitum.
Considering the higher tolerance of M. massiliense to BFPE, its observed antibiofilm activity is particularly
noteworthy. Additionally, M. fortuitum is considered an emerging pathogen, with infection cases becoming
increasingly prevalent24. The extract also exhibited potent bactericidal activity against M. abscessus and M.
smegmatis. Since M. abscessus infections have particularly poor treatment outcomes due to the bacterium’s
ability to survive exposure to multiple antibiotic classes2%, he observed effect of BFPE is promising.
Moreover, M. smegmatis biofilms have been reported to exhibit resistance to isoniazid [26], further

highlighting the significance of our findings.

Biofilm formation is a critical factor that must be considered when investigating new antibacterial compounds,
as bacteria within biofilms can exhibit drug resistance levels 10- to 100-fold higher than planktonic cells[22,

Flavonoids are widely distributed in plants and are less likely to induce resistance compared to conventional
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antibiotics[2!]. Rutin has been shown to inhibit quorum sensing genes, a bacterial communication system

that regulates a range of physiological activities within biofilms and plays a crucial role in bacterial survival(28l,

However, it is important to note that rutin alone does not fully account for the antibiofilm activity of BFPE. The
therapeutic effects of medicinal plants often result from the synergistic interactions of multiple constituents. The
potential of BFPE as an adjunct therapy is further supported by its compatibility with clarithromycin,
ciprofloxacin, and imipenem, as no antagonistic effects were observed in any of the combination tests.
Additionally, the extract exhibited an additive effect in two drug combinations against three mycobacterial
species. Harada et al.2¥ reported that clinical isolates of M. massiliense exhibit relatively higher resistance to
imipenem compared to M. abscessus. In this study, BFPE reduced the imipenem concentration required to
inhibit M. massiliense growth by half. Natural products that can replace or reduce the required antibiotic dose
are always considered a valuable therapeutic approach, particularly in the management of RGM infections%.
Our findings suggest that BFPE holds promise as a candidate for combination therapy, potentially contributing

to improved treatment strategies against mycobacterial infections.

Conclusion

Therefore, this study is the first to report the in vitro antimycobacterial and antibiofilm activities of the Bauhinia
forficata subsp. pruinosa leaf extract. Rutin, the most abundant flavonol identified, is likely to contribute, at
least in part, to the observed bioactivity. BFPE demonstrated efficacy against RGM and their biofilms while
also enhancing the effectiveness of clinically relevant antibiotics by reducing their required dosage. These
findings highlight its potential as an adjuvant in the treatment of mycobacterial infections, offering a promising
strategy to mitigate bacterial resistance. Further studies, including detailed phytochemical analyses, are

needed to elucidate the contribution of bioactive compounds and optimize their therapeutic applicability.
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