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Abstract

Natural products, specifically essential oils (EOs), have exhibited significant biological properties with potential
medical applications. In this context, the aim of this study was to analyze the chemical composition and the
antibacterial, antioxidant, and cytotoxic activities of the EO of Ageratum conyzoides from the municipality of
Santa Rita, Maranhao, in the Brazilian Amazon. The EO was extracted from the fresh aerial parts of A. conyzoides L.
using the hydrodistillation method and the oil was analyzed using a GCMS-QP2010 Ultra system. Standard strains
of Listeria monocytogenes, Escherichia coli, Salmonella typhimurium, Bacillus cereus and Staphylococcus aureus
were used to determine antibacterial activity using the minimum inhibitory concentration (MIC) method and
minimum bactericidal concentration (MBC). The antioxidant potential of the EO of A. conyzoides was evaluated
using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free
radical scavenging assays. The main constituents found in the oil were precocene 1(79.85%) and (E)-caryophyllene
(13.55%). The bacteriostatic efficacy of A. conyzoides EO’s estimated by MIC and MBC was between 31.25 and 250
ng/mL. Gram-negative bacteria (S. typhimurium and E. coli) were the most resistant. The IC50 values obtained from
the DPPH and ABTS assays were 287.94 + 7.02 ng/mL and 132.23 + 15.41 pg/mL, respectively. The results show that
the essential oil of A. conyzoides has promising antibacterial activity, especially against Gram-positive bacteria.

Keywords: antibacterial, antioxidant activity, pre
cocene I, (E)-caryophyllene.

Resumo

Produtos naturais, especificamente os 6leos essenciais (OEs), tém exibido significativas propriedades biolégicas,
com potenciais aplicagdes médicas. Neste contexto, o objetivo deste estudo foi analisar a composi¢do quimica e
as atividades antibacteriana, antioxidante e citotéxica do OE de Ageratum conyzoides proveniente do municipio
de Santa Rita, Maranhdo, na Amazonia brasileira. O OE foi extraido das partes aéreas frescas de A. conyzoides L.
usando o método de hidrodestilagao, e o 6leo foi analisado utilizando um sistema GCMS-QP2010 Ultra. Cepas
padrao de Listeria monocytogenes, Escherichia coli, Salmonella typhimurium, Bacillus cereus e Staphylococcus
aureus foram utilizadas para determinar a atividade antibacteriana utilizando os métodos de concentragdo inibitéria
minima (CIM) e concentragdo bactericida minima (CBM). O potencial antioxidante do OE de A. conyzoides foi
avaliado utilizando ensaios de eliminagao de radicais livres 1,1-difenil-2-picrilhidrazil (DPPH) e 2,2-azinobis-(3-
etilbenzotiazolina-6-acido sulfénico) (ABTS). Os principais constituintes encontrados no 6leo foram precoceno
1(79,85%) e (E)-cariofileno (13,55%). A eficacia bacteriostatica do OE de A. conyzoides, estimada por CIM e CBM,
variou entre 31,25 e 250 pug/mL. As bactérias Gram-negativas (S. typhimurium e E. coli) foram as mais resistentes.
Os valores de IC50 obtidos nos ensaios de DPPH e ABTS foram 287,94 + 7,02 pg/mL e 132,23 + 15,41 pg/mL,
respectivamente. Os resultados indicam que o 6leo essencial de A. conyzoides apresenta atividade antibacteriana
promissora, especialmente contra bactérias Gram-positivas.

Palavras-chave: antibacteriano, atividade antioxidante, precoceno I, (E)-cariofileno.
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1. Introduction

Medicinal plants provide antibacterial compounds from
their secondary metabolites and can be a good substitute
for traditional synthetic or semi-synthetic chemical
antibiotics, as well as overcoming multi-resistant bacteria
(Voravuthikunchai and Kitpipit, 2005; Othman et al.,
2019; Gorlenko et al., 2020). Thus, many antibiotics were
initially isolated from natural sources (Rossiter et al.,
2017). These plant-derived metabolites not only exhibit
effective antibacterial action against resistant strains, but
also play an important role in reducing bacterial resistance,
offering a promising approach to combating resistance
(Foda et al., 2022).

The use of herbal medicines can help reduce dependence
on antibiotic therapies and minimize antibiotic resistance.
Various plant antimicrobials contain different functional
groups, their antibacterial activity is attributed to multiple
mechanisms. Therefore, the prospect of developing
resistance to plant constituents is relatively lower
(Allami et al., 2020).

Essential oils (EOs) are considered to be potential
natural antimicrobial agents. Studies have reported their
efficacy as having a broad spectrum of antimicrobial
activity against various pathogenic microorganisms, which
is attributed to their bioactive constituents (Voon et al.,
2012). In addition to their antimicrobial efficacy, EOs
exhibit a lower potential for adverse reactions compared to
synthetic drugs, supporting the development of alternative
antimicrobial strategies (Gautam et al., 2014; Soares et al.,
2022; Elbestawy et al., 2023).

Ageratum conyzoides Linnaeus (Asteraceae) is a
tropical plant very common in West Africa and some
parts of Asia and South America. It is a medicinal plant
known for its pharmacological and antimicrobial activity.
Recent studies have shown that the leaves of A. conyzoides
have antibacterial activity against Staphylococcus aureus,
Porphyromonas gingivalis, Streptococcus mutans, and
Escherichia coli (Sugara et al., 2016; Mentari et al., 2020;
Achmad et al., 2020).

Ageratum conyzoides is a plant that produces essential
oil with a strong odor in which chemical analysis in
different regions has shown a significant variation in its
chemical composition. Geographical variations have a
major impact on the quantity and/or quality of the chemical
constituents of EOs, and the chemical composition of EOs
can also vary according to the part of the plant studied
(Kouame et al., 2018).

The essential oil of A. conyzoides contains mainly
terpinene-4-ol, bornyl acetate, E-caryophyllene,
y-murolene, -cadinene, o-murolene, caryophyllene oxide,
a-humulene, precocene I and II. The precocenes are the
majority compounds in the oil, ranging from 30 to 93%
(Castro et al., 2004).

This study aimed to investigate the chemical
composition, as well as the antibacterial, antioxidant, and
cytotoxic activities, of the EO extracted from the aerial
parts of A. conyzoides originating in the municipality of
Santa Rita, Maranhdo, northeastern Brazil.
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2. Materials and Methods

2.1. Plant material and oil extraction

The aerial parts of A. conyzoides were collected in March
2022 in the municipality of Santa Rita, state of Maranhdo
(MA), Northeast region of Brazil (latitude 3°08'37.0”S
and longitude 44°19'33.0"W), located in the Brazilian
Amazon. Access to the specimen was registered under N*
AA834DO0 in the National System for the Management of
Genetic Heritage and Associated Traditional Knowledge.
The exsiccate containing the aerial organs of the plant
species was prepared and identified by Botanist Dr.
Eduardo Bezerra Almeida Junior and deposited in the Mar
Herbarium of the Federal University of Maranhdo under
registration number 9099. The essential oil was extracted
from the aerial parts (300 g) of fresh A. conyzoides plants
by the hydrodistillation method (3 h) using a Clevenger-
type apparatus. The oil was dried over anhydrous sodium
sulfate and its yield was calculated (v/w).

2.2. 0il composition analysis

Oil analysis was performed using a Gas Chromatograph-
Mass Spectrometer (GC-MS) QP2010 Ultra system
(Shimadzu Corporation, Tokyo, Japan), equipped with
GCMS-Solution software containing the Mondello (2011)
and Adams (2007) libraries. An Rxi-5ms silica capillary
column (30m x 0.25 mm, 0.25 pm film thickness; Restek
Corporation, Bellefonte, PA, USA) was used. The analysis
conditions were as follows: injector temperature of
250 °C; oven temperature programmed from 60 to 240 °C
(3 °C/min); helium as carrier gas, set at a linear speed of
36.5 cm/s (1.0 mL/min); split mode injection for 1.0 pl of
sample (0il 6.0 uL: hexane 500 pL); split ratio 1:20; electron
impact ionization at 70 eV; ionization source and transfer
line temperature of 200 and 250 °C, respectively. The mass
spectra were obtained by automatic scanning at intervals
of 0.3 s, with mass fragments in the 35-400 m/z range.

The retention index for all the volatile components was
calculated using a homologous series of C8-C40 n-alkanes
(Sigma-Aldrich, USA), according to the linear equation
of Van Den Dool and Kratz (1963). The quantitative data
relating to the volatile components was obtained using
a GC 2010 series, coupled with an FID Detector, operated
under conditions similar to those of the GC-MS system.
The components were identified by comparing their
retention indices and mass spectra (molecular mass and
fragmentation pattern) with those in the GCMS-Solution
system libraries.

2.3. Antimicrobial activity

2.3.1. Bacterial strains and culture conditions

Standard strains of Listeria monocytogenes (ATCC
7644), Escherichia coli (ATCC 25922), Salmonella
typhimurium (ATCC 14028), Bacillus cereus (ATCC 14579),
and Staphylococcus aureus (ATCC 25923), supplied by the
Food and Water Quality Control Microbiology Laboratory
of the Federal University of Maranhdo (PCQA-UFMA),
were used. The access was registered under the number
A3FAD1C in the National System for the Management of
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Genetic Heritage and Associated Traditional Knowledge.
They were tested at a cell concentration of 1.5 x 108 CFU/
mL following the McFarland scale, recommended by the
Clinical and Laboratory Standards Institute (CLSI, 2020).

2.3.2. Determination of the minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC)

The bacterial suspension was standardized by adding a
24-hour culture to a tube containing sterile saline solution
until it reached a turbidity equal to the suspension in
tube 0.5 of the McFarland scale (approximately 1.5 x
108 CFU/mL), checked by the McFarland Scale Turbidity
Meter for reading inoculums at 600 nm and Working Range
0-5.0 McFarland; gentamicin (128 to 1 ug/mL) was used as
a positive control. The essential oil of A. conyzoides L. was
prepared in a stock solution of Mueller-Hinton broth with
0.1% DMSO. In a sterile 96-well microplate, the essential
oil of A. conyzoides L. was tested at concentrations of
1000 to 7.8 ng/mL against ATCC bacterial strains. Controls
included (i) bacterial growth control, (ii) a commercial
antimicrobial control, and (iii) a culture medium control.
Immediately after plate assembly, incubation was carried
out at 37 °C for 24 hours to allow microorganism growth.

Following the 24-hour incubation, 20 pL of a 3%
resazurin solution was added to wells, and the microplate
was incubated at 37 °C for an additional 2-4 hours. The
final visual reading was then performed. A blue color
in the wells was interpreted as the absence of bacterial
growth, whereas a pink color as the presence of bacterial
growth. The MIC was defined as the lowest concentration
of A. conyzoides L. essential oil capable of inhibiting cell
growth, i.e. the lowest concentration capable of preventing
the color change from blue to pink. Each sample was
tested in triplicate.

After determining the MIC, 100 uL were taken
for subculture (in triplicate) on Sabouraud dextrose
agar plates containing the concentration considered
inhibitory and the immediately higher concentrations.
After 48 hours of incubation at 37 °C, the minimum
bactericidal concentration (MBC) was defined as the
lowest concentration that prevented visible growth of
the subculture.

2.4. Antioxidant activity

2.4.1. DPPH radical scavenging capacity assay

The radical scavenging activity of A. conyzoides essential
oil against 1,1-diphenyl-2-picrylhydrazyl (DPPH) was
evaluated according to a previously described method by
Brand-Williams et al. (1995), with minor modifications.
Briefly, 100 pL of the essential oil, prepared at various
concentrations (ranging from 1000 to 7.8 pg/mL), dissolved
and diluted in ethanol, were mixed with 3.0 mL of a
40 ng/mL ethanolic DPPH solution. The mixture was then
keptin the dark at room temperature for 30 minutes, after
which its absorbance was measured at 517 nm. Trolox
was used as the standard, and the radical scavenging
capacity of the essential oil was calculated as pg/mL Trolox
equivalents (TE)/g of essential oil.

Brazilian Journal of Biology, 2025, vol. 85, e290311
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The antioxidant activity of A. conyzoides essential oil
and Trolox was quantified by the concentration values
that provided 50% inhibition (IC50) in the DPPH assay.
The radical scavenging capacity (%) was obtained using
the following formula: (Acontrol - Asample/Acontrol) x
100, where Acontrol is the absorbance of the control and
Asample is the absorbance of the sample. After obtaining
the inhibition percentage (y) for each concentration (x),
the points (x and y) are plotted on a coordinate plane.
Subsequently, the equation of the line y = ax + b is
determined through linear regression analysis, where a
and b are constants, x represents the sample concentration
(ng/mL), and y denotes the percentage of inhibition (%).
The antioxidant activity is expressed as the 50% Inhibition
Concentration (IC50), specifically the sample concentration
(x) required to reduce 50% of radicals (y = 50).

2.4.2. ABTS radical scavenging activity assay

The radical cation scavenging capacity of 2,2-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) by the
essential oil of A. conyzoides was evaluated according
to Re et al. (1999). The ABTS radical cation (3.0 mL), kept
in the dark, was mixed with a 30 pL aliquot of various
concentrations of the essential oil (1000 to 7.8 pg/mL)
dissolved and diluted in ethanol, homogenized using
a vortex mixer. After 6 minutes, the absorbance of the
reaction mixture was measured with a spectrophotometer
at a wavelength of 734 nm. Samples were prepared in
triplicate. Trolox was used as a standard, and the results
were calculated as pg/mL Trolox equivalents (TE)/g of
essential oil. The antioxidant activity of A. conyzoides
essential oil and Trolox by the ABTS assay was also reported
as IC50, as described for the DPPH assay.

2.5. Cytotoxicity assay

2.5.1. Cell culture

Assays were performed using RAW 264.7 murine
macrophages cell line (ATCC TIB-71TM), cultured in
DMEM supplemented with 10% fetal bovine serum (FBS)
(Gibco, Gaithersburg, MD, USA), penicillin (100 U/mL) and
streptomycin (100 pg/mL) (Sigma-Aldrich, St Louis, MO,
USA) at 37 °C with 5% CO2 in 75 cm2 cell culture flasks.

2.5.2. MTT assay

The cytotoxicity of the A. conyzoides EO was evaluated
as described by Teles et al. (2021). Different concentrations
of EO (1000 to 15.62 pg/mL) or gentamicin (64 pg/mL)
were prepared by serial dilutions (1:2), and 100 pL per
well of each concentration was added to 96-well plates
containing RAW 264.7 cells (5 x 105 cells/mL). The
experimental design included three control groups:
a blank control (wells with culture medium without
cells), an untreated control (cells and DMSO 1%), and
a reference drug control (gentamicin). Following 24
hours of incubation, the cell viability was determined
by reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide). The resulting formazan
was measured by recording absorbance changes at 570 nm
using a spectrophotometer (Riss et al., 2013).
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2.6 Statistical analysis

Statistical analyses were carried out using GraphPad
Prism 7.0 software (GraphPad Software, La Jolla California
USA). Student’s t-test and analysis of variance (ANOVA) were
used to compare the rate of inhibition of the microorganism
and the treatment time analyzed. Differences with values
of P < 0.05 were considered statistically significant.

3. Results

3.1. Chemical characterization of the essential oil of A.
conyzoides L.

The essential oil of A. conyzoides was obtained by
hydrodistillation with a yield of 0.7% (v/w). As presented
inTable 1, ten constituents were identified and quantified
by GC-MS, representing 98.45% of the total composition of
the EO. The main constituents were precocene 1(79.85%)
and (E)-caryophyllene (13.55%).

3.2. Antimicrobial potential of the essential oil
of A. conyzoides L.

The antimicrobial activity of the essential oil of
A. conyzoides was evaluated using the microdilution
method, tested against five pathogenic microorganisms.
The estimated minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) values
ranged from 31.25 to 250 pg/mL (as shown in Table 2).

Table 1. Compounds found in the essential oil of Ageratum
conyzoides L.

Yield (%) 0.7
Constituents (%) RI, RI;
Isobornyl formate 1236 1235° 0.2
Bornyl acetate 1290 1287° 1.25
B-Cubebene 1395 13920 0.3
(E)-Caryophyllene 1432 1424 1355
a-Humulene 1455 1452¢ 0.3
Precocene | 1473 1464>  79.85
y-Amorphene 1496 1495¢ 13
a-Muurolene 1505  1500° 0.5
B-Sesquiphellandrene 1530  1523° 1.0
(E)-Nerolidol 1564 1561 0.2
Monoterpene hydrocarbons -
Oxygenated monoterpenes 175
Sesquiterpene hydrocarbons 16.65
Oxygenated sesquiterpenes 0.2
Chromenes 79.85
Total (%) 98.45

RIC: Retention index calculated, RIL: Retention Index according
to literature sources. *Retention index reported by Adams (2007);
bRetention index reported by Mondello (2011).
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3.3. Antioxidant activity

The antioxidant potential of A. conyzoides essential oil
was evaluated using DPPH and ABTS free radical scavenging
assays. The antioxidant activity results, measured by IC50
values for A. conyzoides EO and Trolox, are presented in
Table 3. In the DPPH and ABTS assays, the IC50 values
for A. conyzoides EO were determined to be 287.94 +
7.02 pg/mL and 132.23 + 15.41 pg/mL, respectively. In
comparison, Trolox, used as the antioxidant standard,
exhibited IC50 values of 10.14 + 0.0003 pg/mL (DPPH) and
4.055 +0.0004 pg/mL (ABTS), indicating that the studied
EO demonstrated a significantly lower capacity to reduce
free radical concentration. In the DPPH and ABTS assays,
the Trolox equivalent antioxidant capacity (TEAC) of A.
conyzoides EO was 196.11 + 16.41 pg trolox/g and 1087
4.94 pg trolox/g, respectively (as shown in Table 3).

3.4. Cytotoxicity

We assessed the viability of RAW 264.7 cells exposed to
different concentrations of the tested treatment. No toxicity
was observed at the highest concentration (1000 pug/mL)
when compared with the negative control group, as
demonstrated by the absence of significant differences
in cell viability observed in Figure 1.

4. Discussion

The main constituents observed were precocene
I (79.85%) and (E)-caryophyllene (13.55%), results
consistent with the findings reported by Furtado et al.
(2005), Martins et al. (2005), and Rosario et al. (2023).
However, the chemical composition of the essential
oil is quite variable, exhibiting both quantitative and
qualitative differences. This variability arises because the
plant’s physiological processes fluctuate throughout the
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Figure 1. Cytotoxic effect of Ageratum conyzoides L. essential
oil (15.62 to 1000 pg/mL, black bars) and gentamicin (64 ng/
mL, green bar) on murine macrophages RAW 264.7 cell line for
24 hours, evaluated by cell viability. Each row represents mean and
standard deviation of three independent assays. Where *P > 0.05
demonstrated that there was no statistically significant difference
inrelation to the control group according to the unpaired Student’s
t-test with a 95% confidence index.
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Table 2. MIC and MBC values of Ageratum conyzoides L. essential oil on different bacterial cultures after 24 hours of treatment.

MIC/MBC (pg/mL)
Samples Analyzed
E. coli S. typhimurium S. aureus L. monocytogenes B. cereus
EO of A. conyzoides 250/250 250/250 31.25/31.25 31.25/31.25 62.50/125
Gentamicin 16.0 16.0 16.0 32.0 64.0

year, leading to changes in the concentration of active
components across different seasons. External factors
such as temperature, rainfall, wind, soil, latitude, altitude
and season significantly affect the production and yield
of these compounds (Neves et al., 2021).

It is likely that the compounds found in A. conyzoides
L. actin different ways against microorganisms, meaning
that their antimicrobial activity is not related to a single
mechanism of action but rather involves multiple
targets in the bacterial cell (Tariq et al., 2019). The most
widely accepted idea is that essential oils develop their
action against bacteria through interaction with the cell
membrane, including electron transport, ion gradients,
protein translocation, phosphorylation and other enzyme-
dependent reactions (Andrade-Ochoa et al., 2021).

The yield obtained in this study differs from those
reported in the literature for the essential oils of the
species A. conyzoides L. Patil et al. (2010), Liu and Liu
(2014), and Lima et al. (2014) found values of 0.18%, 0.11%
and 0.46% (w/w), respectively. These differences may be
related to the methodology used in the extraction and
the collection site. Castro et al. (2004) when evaluating
A. conyzoides essential oil extracted from five different
locations, obtained contents ranging from 0.48% to 0.70%.
Other authors such as Vieira et al. (2012), Kumar et al.
(2016), and Gutiérrez et al. (2021) found yields of 0.46%,
0.1% and 0.26% respectively. This is mainly due to the
different climate, sunlight, relative humidity and soil type.

In the present study, A. conyzoides L. essential oil
inhibited the growth of all bacteria tested, especially
Gram-positive bacteria (S. aureus, L. monocytogenes
and B. cereus), as evidenced by MIC values of 31.25 to
62.50 png/mL. This corroborates findings from previous
research conducted in diverse geographic regions with this
plant species. For instance, Kouame et al. (2018) observed
similar antibacterial activity in plants collected in western
Ivory Coast, while Quoc (2020) reported analogous results
in Vietnam.

Gram-negative bacteria, such as S. typhimurium and
E. coli, exhibited the highest resistance to the tested
essential oil. This observation is consistent with the
findings of previous studies, which have attributed the
higher resistance of Gram-negative cells to the greater
structural complexity of their cell envelope (Swamy et al.,
2016; Silva et al., 2021). This complexity is characterized
by a relatively thin peptidoglycan layer underlying
an outer membrane composed of glycolipids, mainly
lipopolysaccharides (Silhavy et al., 2010), which exhibit
a hydrophilic nature that selectively limits the diffusion
of hydrophobic compounds from EOs (Tariq et al., 2019).
Implying a differential sensitivity profile between Gram-
positive and Gram-negative bacteria.

Brazilian Journal of Biology, 2025, vol. 85, e290311

Table 3. Antioxidant activity of Ageratum conyzoides L. essential oil.
Mean values of triplicates + standard deviation. Means followed by
different letters in the same column differ statistically (P < 0.05) by
the Unpaired t-test.

IC;, (ug/mL)
Samples
DPPH ABTS
Essential oil 287.94* +7.02 132.23*+15.41
Trolox 10.14°+ 0.0003 4.055" £ 0.0004
Sample Antioxidant activity (ug trolox/g)

Essential oil 196.11 £ 16.41 1087 £ 4.94

Mean values of triplicates * standard deviation. Means followed by
different letters in the same column differ statistically (P < 0.05) by
the Unpaired t-test.

Kurade et al. (2010) had already reported that Ageratum
houstonianum, which also contains precocene I as one of its
major compounds, has demonstrated proven antibacterial
activity. Studies have also been conducted to confirm the
antibacterial activity of caryophyllene (the second major
compound of EO A. conyzoides) against various bacterial
strains (Dahham et al., 2015; Dickson et al., 2023).

As reported by Dahham et al. (2015), B-caryophyllene
exhibited antibacterial activity against six bacterial strains,
including S. aureus (MTCC 7405) and B. cereus (MTCC 1307).
In a murine model of urinary tract infection (UTI) by the
uropathogenic strain of E. coli CFT073 (ATCC 700928),
antibacterial effects of caryophyllene were observed, with
a significant reduction in bacterial load in the urine and
bladder tissue of treated animals (Dickson et al., 2023).

Perigo et al. (2016) investigated the correlation
between the chemical composition of essential oils from
plants of different species of the genus Piper and their
biological activity, demonstrating that the presence of
high concentrations of trans-caryophyllene was linked to
the inhibition of bacterial growth of E. coli (ATCC 8739)
and S. aureus (ATCC 6538).

Van de Vel et al. (2019) pointed out that several factors
can interfere with the different MIC values of plant
essential oils, such as the technique applied, the strain of
microorganism used, factors related to the plant, such as
planting location, time of collection and whether the oil
was obtained from fresh or dried plants, and the quantity
tested. Essential oils from plant species can often have a
more effective antimicrobial action against pathogens due
to synergism between the bioactive constituents.

Following a therapeutic approach, the use of essential
oils from plants, synergistically associated with antibiotic
therapy, can be very promising for the treatment of bacterial
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diseases, and can contribute to reducing bacterial resistance
caused by the drugs of choice and reducing treatment costs
(Majeed et al., 2023; Apinundecha et al., 2023).

Due to the increased rate of antibiotic-resistant
enteric bacteria, enteritis treatment can be carried out
in conjunction with herbal medicines (Gillings and
Stokes, 2012). Ostrosky et al. (2008) have reported on the
importance of developing and producing pharmaceutical
and cosmetic products from plant extracts with
antimicrobial action. Thus, research with plants leads to a
promising and effective way of discovering new medicines,
and it is necessary to elucidate the active components
present in them, as well as their mechanisms of action.

The safe therapeutic application of A. conyzoides EO,
as with any other compound, requires an evaluation of its
cytotoxicity to achieve a balance between antibacterial
activity and cell viability after exposure to the essential oils.
The present analysis of cytotoxic activity, assessed using
the RAW 264.7 cell line in an MTT assay, demonstrates that
A. conyzoides EO, at concentrations ranging from 15.62 to
1000 pg/mL, did not result in a significant reduction in
the viability of RAW 264.7 cells, suggesting a favorable
safety profile.

The antioxidant activity of essential oils has been
extensively studied due to their ability to neutralize free
radicals and reduce oxidative stress, a key factor in the
development of various chronic diseases, including heart
disease, cancer, and age-related disorders (Huang et al.,
2005; Mishra et al., 2012; Sharopov et al., 2015).
Additionally, essential oils exhibit antimicrobial properties.
Their hydrophobic nature enables interaction with cellular
membranes, leading to structural damage, leakage of
essential compounds, and disruption of energy production,
ultimately compromising cell viability (EI-Sherbiny and
Elbestawy, 2022).

In the present evaluation of the in vitro antioxidant
activity of A. conyzoides essential oil using DPPH and
ABTS radical scavenging assays, a relatively low capacity to
reduce DPPH (IC50: 287.94 + 7.02 pg/mL; TEAC: 196.11 +
16.41 pg trolox/g) and ABTS (IC50: 132.23 + 15.41 ng/mL;
TEAC: 1087 +4.94 ng trolox/g) free radical concentration
was observed. These results are consistent with previous
studies, such as those by Patil et al. (2010), which reported
that the antioxidant activity of A. conyzoides EO in DPPH
radical reduction assays, measured by an IC50 of 570.00 =
6.00 mg/mL, was substantially lower than that of methanol
extract, which had an IC50 of 22.50 + 3.18 mg/mL, while
ascorbic acid, used as a standard antioxidant, had an
IC50 of 3.70 = 1.00 pg/mL. The authors attribute the
higher antioxidant activity of A. conyzoides methanol
extract to its higher flavonoid content. These observations
are consistent with those of Bayala et al. (2014), who
found that A. conyzoides EO showed limited DPPH radical
reduction capacity (32.37 + 4.25%) and ABTS (0.53 *
0.02 mmol TE/g) in vitro, whereas quercetin (1 mg/mL),
used as a reference antioxidant, showed a DPPH radical
reduction of 73.13 + 5.25% and an ABTS radical reduction
capacity of 8.96 + 0.07 mmol TE/g.

The literature indicates that among the constituents of
EOs, particularly the class of terpenes and their oxygenated
derivatives (terpenoids), are often found in greater
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abundance and possess significant antioxidant potential,
with terpenoid and phenolic components being notable
examples (Bakkali et al., 2008; Jugreet and Mahomoodally,
2020). Previous studies have shown that -caryophyllene (a
sesquiterpene) exhibits free radical scavenging activity, as
demonstrated by the DPPH and Ferric Reducing Antioxidant
Power (FRAP) assays (Dar et al., 2011; Dahham et al., 2015).
However, linking the antioxidant activity of an EO to a limited
number of active compounds presents significant challenges.
This is due to the underlying mechanisms of this activity,
which emerge from the complex interaction between the
chemical composition of the EO, featuring different profiles
of bioactive compounds, and the presence of synergistic
or antagonistic components affecting antioxidant activity.
Additionally, the structural characteristics of the bioactive
compounds and the experimental conditions also play crucial
roles (Sanchez-Moreno, 2002; Viuda-Martos et al., 2010).

5. Conclusion

The results show that the essential oil of A. conyzoides
has promising antibacterial activity, especially against
gram-positive bacteria. It could emerge as a promising
alternative for controlling antimicrobial-resistant bacteria.
The essential oil also demonstrated a low antioxidant
capacity. Additionally, it was found that the essential oil
exhibited no cytotoxicity against the macrophage cell
line, indicating a favorable safety profile. However, in vivo
investigations are needed to determine the true potential.
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