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SUMMARY

There is a growing technical difficulty in treating infectious diseases
due to bacterial resistance to antimicrobial drugs, such as biofilm
Jformation. Here we provide evidence of the antimicrobial potential
of the hydroethanolic extract of Moringa oleifera leaves, traditionally
used to treat disorders like cardiovascular and endocrine diseases,
on clinical isolates of Staphylococcus aureus. The plant extract was
chemically characterized using classic techniques and by wultra-
performance liquid chromatography (UPLC). We carried out
minimum  inhibitory concentration tests, minimal bactericidal
concentration and minimal biofilm eradication concentration tests.
Moreover, we tested the anti-inflammatory potential and assessed the
toxicity of the extract on buffalo green monkey (BGM) cells. We also
investigated the effects of combining the extract with clinically relevant
antimicrobial drugs (i.e., synergistic or antagonistic interactions). The
extract was active at 8 pg/mL and 16 pg/mL for planktonic cells and
biofilms, respectively. Its anti-inflammatory potential was confirmed,
and it lacked cytotoxicity. No significant interference of the extract
on antimicrobial drugs was observed. Flavonoids, tannins, proteins,
carbohydrates and vitamin C were detected in the extract. Our data
open doors for further studies with isolated molecules of the extract in
order to conduct in vivo antimicrobial tests.

Key Words: Moringa oleifera, Staphylococcus aureus, antimicrobial,
biofilms.

Moringa oleifera Yaprag: Ekstresinin Staphylococcus aureus'a
Kars: Antibiyofilm Etkisi, Sitotoksisitesi, Biyokimyasal Yonleri,
Anti-inflamatuar Potansiyeli ve Antimikrobiyal llaglarin
Aktivitesi Uzerinde Etkilesimi

0z

Biyofilm olusumu gibi antimikrobiyal ilaclara kars: bakteriyel direng
nedeniyle infeksiyon hastaliklarinin tedavisinde teknik zorluklar artig
gostermektedir. Burada, gelencksel olarak kardiyovaskiiler ve endokrin
hastaliklar gibi bozukluklar: tedavi etmek igin kullanilan Moringa
oleifera yapraklarmin sulu etanol ekstresinin Staphylococcus aureusun
klinik izolatlar: iizerindeki antimikrobiyal potansiyeline dair kanitlar
sunuyoruz. Bitki ekstresi, klasik teknikler ve ultra performansl siv:
kromatografisi (UPLC) kullanilarak kimyasal olarak karakterize
edilmistir. Minimum  inhibitor konsantrasyon testleri, minimum
bakterisidal  konsantrasyon ve minimum  biyofilm  eradikasyon
konsantrasyon  testleri gerceklestirilmigtir. Ayrica, anti-inflamatuar
potansiyeli test ettik ve ekstrenin bufalo yesil maymunu (BGM)
hiicreleri iizerindeki toksisitesini  degerlendirdik. Ekstreyi  klinik
olarak ilgili antimikrobiyal ilaglarla kombine etmenin etkilerini
(yani sinerjistik veya antagonistik etkilesimler) de arastirdik. Ekstre,
planktonik hiicreler ve biyofilmler icin sirastyla 8 pg/mlL ve 16 pig/
mLde aktif bulundu. Anti-inflamatuar potansiyeli dogrulands ve
sitotoksik degildi. Ekstrenin antimikrobiyal ilaglar iizerinde dnemli
bir etkilesimi gizlenmedi. Ekstrede flavonoidler, tanenler, proteinler,
karbonhidratlar ve C vitamini tespit edildi. Verilerimiz, in vivo
antimikrobiyal testler yapmak igin ekstraktin izole edilmis molekiilleri
ile daba ileri calismalar icin kapilar agmaktadsr.

Anabtar Kelimeler: Moringa oleifera, Staphylococcus aureus,
antimikrobiyal, biyofilmler.
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INTRODUCTION

Staphylococcus aureus is a Gram-positive bacterial
species that can be both commensal on the mucosa
and skin of humans and an opportunistic pathogen
(Krismer et al., 2017). It causes foodborne infections
and diseases such as otitis, osteomyelitis, endocardi-
tis, septicemia and mastitis, which also affect milking
animals (Abril et al., 2020; Miller et al., 2020). S. au-
reus is among the most common pathogens detected
in hospital and community infections, and is associ-
ated to elevated mortality rates due to antimicrobial
resistance (Kwiecinski et al., 2020; Guo et al., 2020).
The main mechanisms of resistance found in this spe-
cies include enzymatic inactivation of antimicrobials,
biochemical alterations that decrease the affinity of
microbial molecular targets to the drugs, and biofilm
formation (Guo et al., 2020; Miller et al., 2020).

Biofilms are microbial microcolonies that develop
in an adhesive matrix of extracellular polymeric sub-
stances (EPS), generally composed of carbohydrates,
proteins and lipids (Penesyan et al., 2021). Biofilms
are polymicrobial in humans, animals, and in most
ecosystems. The biochemical composition of the EPS
is influenced by factors that comprise the amount
and diversity of adhered microbial species, physical
and chemical characteristics of the surface where
the biofilm is developing, and nutrient availability
(Rumbaugh and Sauer, 2020; Penesyan et al., 2021).
Biofilms act as physical and chemical barriers to the
diffusion and action of antimicrobials (Koo et al,,
2017; Brito, 2021). As a result, large amounts of drugs
are necessary for prolonged periods, posing risks of
adverse reactions such as nephrotoxicity, ototoxicity,
and extended bacterial resistance (Rumbaugh and
Sauer, 2020; Maslova et al., 2021). Curiously, despite
the exposed, the antibiofilm effect of potential anti-
microbials of natural sources are not explored as for

planktonic (free) cells.

Natural products are relevant sources of antimi-
crobial molecules, for which reports of microbial re-

sistance are rare. Moringa oleifera is traditionally used
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to treat different disorders such as hypertension and
diabetes (Mabrouki et al., 2020). The leaves of the
plant are the most consumed part in several coun-
tries, due to their high levels of carotenoids, vitamins
and minerals like calcium and iron (Leone et al., 2015;
Stohs and Hartman, 2015; Dhakad et al., 2019). Dif-
ferent biological properties of M. oleifera have been
described, including immunomodulatory, hepato-
protective and neuroprotective (Dhakad et al., 2019;
Fernandes et al., 2021). Nevertheless, some questions
remain unanswered concerning the antimicrobial
potential of M. oleifera extracts, such as antibiofilm
potential and effects when combined to antimicrobial

drugs.
Here we show that M. oleifera leaf extract (MOLE)

is effective against planktonic cells and biofilms of
clinical isolates of S. aureus and investigated its an-
ti-inflammatory potential. We also investigated its
cytotoxicity and its influences on the activity of an-
timicrobial drugs. Biochemical and ultraperformance
liquid chromatography (UPLC) analysis confirmed
the presence of polyphenols, proteins, carbohydrates
and vitamin C. Our study opens doors for more in-
vestigations towards the use of M. oleifera for staphy-

lococcal diseases.
MATERIALS AND METHODS
Preparation of the extract

We used a fresh powder (20 g) of Brazilian M.
oleifera fresh leaves (obtained by spray drying) pro-
duced and provided by RVN (MG, Brazil). An au-
thenticity certificate supplied by the manufacturer
confirmed the botanical identity of the plant. The
leaves are collected during the early hours in the city

of Carlos Chagas (Minas Gerais state, Brazil).

The powder was sifted before being suspended in
70% cold ethanol (150 mL), with slow maceration. The
powder remained in the solvent for 48 h at 4 °C. Fol-
lowing, this system was centrifuged (5000 g, 10 min.),
and the supernatant was concentrated by a rota evap-

orator (40 °C) until a dark paste was obtained. The
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final product was weighed (275.38 mg) and stored at 4
°C until used. A stock solution of 4 mg/mL of MOLE
was prepared using sterile 0.9% saline (pH 7.2).

Biochemical characterization assays

We conducted the following biochemical ana-
lyzes for the leaf powder and MOLE in triplicate. For
the leaf powder, the American Association of Cereal
Chemists (AACC) Micro-Kjeldahl 46-13.01 method
was used to detect and quantify total protein content
(AACC, 2010). Calcium, iron and vitamin C levels
were determined using the titration methods stan-
dardized by the Adolfo Lutz Institute (2008). Ashes
and total fibers were analyzed following the Associ-
ation of Official Analytical Chemists (AOAC) 923.03
method (AOAC, 2005), and the ISO 5498 method
(ISO, 1981), respectively.

For MOLE (at 4 mg/mL), we used the biuret reac-
tion to quantify total proteins (Gornall et al., 1949),
with a calibration curve prepared using bovine serum
albumin (BSA, Thermo Fisher, USA). Total carbohy-
drates were quantified by using the phenol-sulphuric
method (Dubois et al., 1956), with a calibration curve
prepared with glucose. The presence of vitamin C
was confirmed using the molybdenum blue reaction
(Bajaj and Kaur, 1981). Flavonoids and tannins were
qualitatively detected in the extract using the Shinoda
method and the ferric chloride reaction, respectively
(Harborne, 1988).

Ultra-performance liquid chromatography

The stock solution of the extract was diluted to
1 mg/mL in ultra-purified Mili-Q water and filtered
through a 220 nm PVDF membrane. An aliquot of 1
uL of the filtrate was injected on a Shimadzu Shim-
Pack XR-ODS-III column (C18, 2.2 um, 2.0x 150
mm) of a Nexera UPLC-system (Shimadzu). The
analysis was conducted at 220 nm, with a flow rate of
400 pL/min, at 40 °C. The mobile phase A consisted
of a 0.1% formic acid aqueous solution, and phase B
was a 0.1% solution of formic acid prepared in aceto-
nitrile. An isocratic run was performed using 5% B

and 95% A for 5 min, followed by a linear gradient

to 100% B in 40 min and a hold at 100% B for 5 min.
Bacterial strains

Ten strains of S. aureus were used in this study.
They are part of the microorganisms collection from
Pitagoras College and were isolated from hemodialy-
sis catheter tips. Their identity was confirmed using
Gram-positive cards for VITEK 2 system (version
R04.02, bioMérieux) following the manufacturer’s
instructions. Following, we used two different ap-
proaches to assess the isolates’ ability to produce
B-lactamase: the zone-edge method described by Gill
et al. (1981), which uses antimicrobial disks of peni-
cillin and oxacillin, and the iodometric test described
by Jarlov and Rosdahl (1986), to confirm the zone-

edge results.
Antimicrobial assays

Minimal inhibitory concentration (MIC), mini-
mal bactericidal concentration (MBC) and minimal
biofilm eradication concentration (MBEC) of the
extract were determined in triplicate following CLSI
standards and a protocol standardized by our group
(Dias-Souza et al., 2017; CLSI, 2018). The extract was
prepared as an aqueous solution to reach final concen-
trations ranging from 1024 to 8 ug/mL, and the final
concentration of the bacterial suspensions was 5x10*
CFU/mL. Before the MBEC assay, biofilm formation
was induced overnight as described (Dias-Souza et al.,
2013a). We used resazurin staining (0.1 g/L, 50 uL) in
MIC and MBEC assays to analyze the results. MBC

was determined by the direct plate count of colonies.

Interference of the extract on the activity of an-

timicrobial drugs

We investigated the effect of combining the extract
to antimicrobial drugs against S. aureus isolates using
the Dias-Souza method (Dias-Souza et al., 2013b) in
duplicate. MOLE was prepared in MIC and MBEC
values in sterile saline, and was added to antimicro-
bial disks (all from Sensifar, Brazil) of cephalothin (30
ug), ceftriaxone (30 pg) and chloramphenicol (30 pg).

Interpretation parameters for statistically significant
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(or the tendency of) synergism or antagonism were
applied to the results as described (Dias-Souza et al.,
2013b). Disks without the addition of MOLE were

used as controls.
Anti-inflammatory assay

We used the BSA denaturation assay in triplicate
to assess the anti-inflammatory potential of MOLE.
This method is based on the ability of a determined
compound to inhibit molecular events that unfold
upon protein denaturation by heat, such as the for-
mation of aggregates and exposure of chromophore
groups. We followed the method and calculations
described by Marius et al. (2020), with slight modi-
fications. BSA (ThemoFisher, USA) denaturation was
conducted for 15 minutes at 70 °C, using Tenoxicam
(Sigma) as a standard non-steroidal anti-inflammato-
ry drug (NSAID) (positive control, 500 ug/mL). Pure
BSA exposed to heat was used as a negative control.
MOLE was tested at the same concentrations used for

antimicrobial activity assays.

Table 1: Biochemical parameters of the leaf powder

Cytotoxicity assay

MOLE was tested for cytotoxic effects in tripli-
cate using BGM cells as described by our group (Di-
as-Souza et al,, 2018). Cells were exposed to the ex-
tract in concentrations ranging from 600 to 4.687 ug/
mL for 18h. Neutral red uptake was used to assess cell

viability as described (Siqueira et al., 2018).
Statistics

Homocedacisty of data was assessed using the
Bartlett test. Normality was assessed using the Sha-
piro-Wilk test. For data with parametric distribution,
we used ANOVA followed by the Tukey test. For
non-parametric data, we used Kruskal-Wallis fol-
lowed by the Dunn test. All analyses were carried out

using Bioestat 5.0 for Windows.
RESULTS and DISCUSSION
Biochemical characteristics of the extract

The main characteristics of the leaf powder are
shown in Table 1. The levels of vitamin C and proteins
were higher than the other nutrients. Total ashes con-
tent corresponded to approximately 9%. Iron levels

were superior to calcium levels.

Total proteins Total fibers Ashes

Total iron Total calcium Vitamin C

31.74 mg/100g 7.19 g/100g 9.11 g/100g

17.62 mg/100g 1.32 mg/100g 293 mg/100g

The characteristics of MOLE are presented in Ta-
ble 2. The qualitative data suggested the presence of
flavonols in the extract. The UPLC chromatogram
indicated the presence of flavonoids in the extract

(Figure 1). Retention times of the proeminent peaks

were suggestive of gallic acid (~1 min), caffeic acid
(~10 min), rutin (~12 and 52 mins), quercetin (~14,
15 min), kaempferol (16 min), isoquercetin (~22
min), and apigenin (~26 min), as described elsewhere
(Makita et al., 2016; Zhu et al., 2021).

Table 2: Biochemical parameters of MOLE (Flavonoids, tannins, and Vitamin C were analyzed using qualitative assays)

Total proteins Total carbohydrates

Flavonoids

Tannins Vitamin C

6.83 nug/mL 415.15 ng/mL

Positive

Positive Positive
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Figure 1. UPLC chromatogram for M. oleifera leaf extract (C18 column, 220 nm) for polyphenolics. Peaks:

gallic acid (1), caffeic acid (2), rutin (3), quercetin (4, 5) kaempferol (6), isoquercetin (7), apigenin (8). Y-axis

represent arbitrary units of readings.

Antimicrobial activity of MOLE

Using the zone-edge and iodometric tests, we con-
firmed that from the 10 tested isolates, the isolates n#1
to 7 are producers of p-lactamases. MOLE was active
against all the bacterial isolates as planktonic cells and
biofilms (Table 3). Given that the MIC and MBC val-
ues were equally the same for the isolates, we suggest
that the extract presents a bactericide effect (Levinson
et al., 2009).

Table 3. Results of the antimicrobial assays

MIC 8 ug/mL
MBC 8 ug/mL
MBEC 16 ug/mL

Results are referent to all tested strains

We investigated if combinations of MOLE to
clinically relevant antimicrobials in disks would re-
sult in synergistic or antagonistic interactions. When
comparing the antimicrobials without the addition
of MOLE, ceftriaxone was the most effective drug
(29.2+1.22 mm, p<0.05). Surprisingly, the interfer-
ence of MOLE on the antimicrobials was very discrete
(Table 4, p>0.05), and did not meet the criteria to be
characterized as synergistic or antagonistic (i.e., sizes
of the inhibition zones did not change +2mm when
compared to control). This suggests its safety in an
eventual simultaneous use with these drugs, but fur-
ther in vivo experiments are still necessary to confirm

this observation.

Table 4. Inhibition zones of antimicrobials with or without addition of M. oleifera extract.

Isolates CEPH CEPH +E CEFT CEFT +E CHLO CHLO +E
S1 23 24 30 31 25 25
S2 22 21 28 29 23 24
S3 20 21 30 30 24 25
S4 25 26 29 28 25 25
S5 24 23 27 28 26 27
S6 22 23 28 29 28 29
S7 21 22 29 30 23 24
S8 22 22 31 31 25 24
S9 25 25 30 29 24 25
S10 24 25 30 31 27 27

Data are expressed as averages of duplicates in mm. CEPH: cephalothin. CEFT: ceftriaxone. CHLO: chloramphenicol.
+E: addition of the extract at the MIC. S. aureus isolates are identified as S+number.
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Anti-inflammatory potential and cytotoxicity

The extract presented anti-inflammatory effect at
MIC and MBEC values, with no statistical difference
between them (Figure 2). Thus, antimicrobial and
anti-inflammatory properties of MOLE might be ob-

served simultaneously. Tenoxicam (500 pg/mL) and

the highest tested concentration of MOLE (1024 pg/
mL) were significantly (although numerically slight-
ly) less effective than MOLE in MIC (8 pg/mL) and
MBEC (16 pg/mL) in preventing BSA denaturation
(p<0.05). The extract had no cytotoxic effect on BGM

cells in any tested concentration (data not shown).

Figure 2. Anti-inflammatory potential of the extract was assessed as inhibition of BSA denaturation by
heat. A: extract at MIC (8 pg/mL). B: extract at MBEC (16 ug/mL). C: extract at 1000 ug/mL.
D: Tenoxicam (500 pg/mL). *: p<0.05

Discussion

M. oleifera leaves are explored as plant food for
their varied nutritional benefits (Leone et al., 2015),
but data concerning its antimicrobial and antibiofilm
effects remain scarce. In the present study, the hy-
droethanolic extract of M. oleifera leaves was active
at 8 pg/mL against planktonic cells of S. aureus iso-
lates, and at 16 pg/mL against overnight-formed bio-
films. This antibiofilm potential is especially relevant
as MBEC might be more than 1000 times superior to
MIC, due to biofilms’ ability to hamper the diffusion
and action of antimicrobials (Dias-Souza et al., 2017).
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To the best of our knowledge, the MIC, MBC and
MBEC values reported here are the lowest described
for M. oleifera leaf extract against S. aureus. MOLE
was prepared with a fine particles leaf powder ob-
tained by spray drying. Compared to leaves used in
laboratory scale experiments, the powder used in this
study has an increased content of phytomolecules
per unit of mass. Most of the available works on the
antimicrobial activity of M. oleifera tested aqueous
extracts of parts such as leaves and seeds. However,
water is not as efficient as organic solvents like alco-
hols in extracting bioactive molecules from plants

(Jwa, 2019). Furthermore, variations on soil nutrition,
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endophytic microbiota, frequency and intensity of
the rains (or irrigation), collection and storage pro-
cedures, and of methods of harvest and extraction,
may all profoundly impact the diversity and level of
phytomolecules in plant extracts (Cock, 2011; Masota
et al., 2021). Moreover, the sources of bacterial strains
are variable and their susceptibility to antimicrobial
drugs and plant extracts is poorly predictable. Taken
together, these reasons help to explain our remarkable
results on the antimicrobial activity of MOLE, which
are consistent with the existing studies on the activity
of different types of M. oleifera leaf extracts against

bacterial planktonic cells and biofilms.

The acetone extract prepared with M. oleifera
leaves was active at 420 pg/mL against planktonic
(free) cells of a S. aureus reference strain (Ratshilivha
et al., 2014). Flavonoids of M. oleifera seed coat were
active at 50 pg/mL against planktonic cells and bio-
films of a reference P. aeruginosa strain, and at 80
and 240 pg/mL against planktonic cells and biofilms
of S. aureus, respectively (Onsare and Arora, 2015).
More recently, a study found that the MIC of the leaf
extract against clinical isolates of S. aureus ranged
from 800 to 2000 pg/mL (Zubair, 2020). Biofilms of
an environmental strain of S. aureus were susceptible
to the aqueous leaf extract at 20, 40, and 60 mg/mL
(Nasr-Eldin et al., 2017). MIC and MBC of an aque-
ous leaf extract against an environmental strain of S.
aureus were 250 and 1000 pg/mL, respectively, and in-
hibition of biofilm formation required concentrations
higher than 250 ug/mL (De Oliveira et al., 2020).

A common (and often dangerous) practice among
patients in several countries seeking to increase or
accelerate antimicrobial therapy outcomes is com-
bining antimicrobials to phytoextracts. This practice
is supported by an inaccurate assumption that com-
bining antimicrobial drugs and phytoextracts with
antimicrobial activity results in synergistic interac-
tions (Dias-Souza et al., 2013b). Here we combined
MOLE to chloramphenicol, which is widely used in

topical medication for infected wounds (Livingston

et al., 2013), and to cephalosporins, which are natu-
rally more resistant to enzymatic hydrolysis (Bush et
al., 2016). These drugs were selected considering that
B-lactamase production was confirmed in most of the
isolates. MOLE did not interfere significantly with the
activity of these drugs (Table 4), as observed using the
method standardized by our group (Dias-Souza et al.,
2013b). Likewise, a previous study described that Vac-
cinium myrtillus extract, caused no interference on
the activity of antimicrobial drugs against S. aureus
isolates (Costa et al., 2017). We also described syn-
ergistic behavior (i.e., increased activity of the drugs)
for combinations of antimicrobial drugs to black
tea (Camellia sinensis) and agai (Euterpe oleracea)
extracts (Dias-Souza et al., 2018; Dos Santos et al,,
2018), and antagonistic behavior for cashew (Anacar-
dium occidentale) pulp and stembark extracts, and for
some carotenoids and flavonoids against Gram-neg-
ative bacterial species (Dias-Souza et al.,, 2013; Dos
Santos et al., 2015; Dias-Souza et al., 2016). Therefore,
synergistic or antagonistic behaviors of such interac-
tions are poorly predictable, can only be determined
experimentally. Patients should be advised to avoid

such combinations.

We used the BSA denaturation assay to investigate
the anti-inflammatory potential of MOLE. The extract
at MIC and MBEC values was more effective than the
highest concentration of the extract and tenoxicam,
a potent NSAID that inhibits cyclooxygenase (COX)
1 and COX 2 (Valentovic, 2007; Barbosa et al., 2021).
Flavonoids are major compounds in M. oleifera leaves
and are the main anti-inflammatory molecules of the
plant (Luetragoon et al., 2021). Additionally, minerals
and proteins were found in the powder, and they can
interfere with the anti-inflammatory and antioxidant
potentials of flavonoids by complexing to them (Sel-
varaj et al., 2013; Swieca et al., 2013). The level of such
interferents in concentrations of MOLE such as MIC
was expected to be very low, due to their removal by
serial dilutions. Thus, biological properties of flavo-
noids remained active in MOLE. In vivo anti-inflam-
matory mechanisms described for M. oleifera extracts
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include decreasing the expression of pro-inflammato-
ry cytokines and blockage of toll-like receptors (Lu-
etragoon et al., 2021; Wuryandari et al., 2021).

The biochemical characteristics of the extract are
in agreement with the observation of others, special-
ly concerning the presence of polyphenolics, most-
ly flavonoids, which are major compounds in the
leaves (Hassan et al., 2021). UPLC analysis suggested
that quercetin, kaempferol and rutin are among the
polyphenolics detected in MOLE. There is evidence
indicating that these are the main flavonoids present
in the leaves, and have a role in both antimicrobial
and anti-inflammatory properties of the plant ex-
tract (Abd et al., 2018; Dhakad et al., 2019; Zhu et
al., 2021). Here, quercetin was detected in two peaks,
possibly due to the different glycone (sugar group) to
which they might be bounded to. Similarly, a study
found these same molecules in a 80% methanolic ex-
tract of the leaves (Makita et al., 2016). Also in line
with our observations, quercetin, kaempferol and
chlorogenic acid, bounded to different glycones, as
well as glucosinolates, where found in leaves and oth-
er parts of M. oleifera, prepared as 70% methanolic
extracts (Bennett et al., 2003). A series of compounds,
including phytol, hexadecanoic acid and 4-(1-ami-
noethyl)-3,3-dimethylazetidin-2-one, were found in
the leaves of M. oleifera by gas chromatography cou-
pled to mass spectrometry (Bhalla et al., 2021). These
compounds are described to be anti-inflammatory as
some of the flavonoids detected in the leaves (Bhalla
etal., 2021; Zhu et al., 2021). Thus, it is possible flavo-
noids and these compounds had a role in protecting

BSA from denaturation in this study.

The presence of vitamin C, iron and calcium in
leaf extracts is well described, what supports their
safe use as nutritional supplements (Abd et al., 2018;
Fernandes et al., 2020). Such elements are extremely
valuable for human nutrition, and could be of interest
for use as a nutritional supplement, due to the low cost
of the plant compared to traditional (non-phytothera-
peutic) products. Recent clinical trials have provided
evidence of varied benefits of M. oleifera leaves as a
complementary treatment for bone healing (Singh
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et al.,, 2011), control of blood glucose levels (Leone
et al,, 2018), management of HIV patients (Gambo
et al.,, 2021), and even as a mouthwash (Buakaew et
al., 2021). Thus, more clinical trials considering lab-
oratorial parameters and health benefits would be of

interest.

There are no reference values in the Brazilian leg-
islation for the biochemical parameters assessed in M.
oleifera powder and hydroethanolic extract at the mo-
ment (proteins, carbohydrates, Vitamin C and min-
erals). However, they were within acceptable ranges
adopted by international standards of quality control
and of recommended daily intake of nutrients such as
the codex nutrient reference values of the Food and
Agriculture Organization of the United Nations, and
dietary reference intake values from the USA Food
and Nutrition Board of the National Academies of
Sciences Engineering and Medicine (Caballero, 2012;

Raymon and Morrow, 2021).
CONCLUSIONS

In this study we investigated the antimicrobial
and antibiofilm activities of MOLE, and its anti-in-
flammatory potential and its cytotoxicity. MOLE was
effective against planktonic cells and biofilms of B-lac-
tamase producing S. aureus clinical isolates. To the
best of our knowledge, this is the lowest effective con-
centration described to date. MOLE also presented
anti-inflammatory potential and lacked cytotoxicity.
Taken together, our results open doors for developing
formulations to treat topical staphylococcal diseases,
and anti-inflammatory and antimicrobial effects can
be expected. Further studies with in vivo models of
staphylococcal diseases are necessary to determine
safe concentrations for clinical use and assess the ef-
fectiveness of the extract considering metabolic and

immunological issues.
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