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HIGHLIGHTS
o Lantana camara hydroalcoholic extract (LCHA) shows antioxidant and anti-inflammatory potential.
. LCHA contains lamiide, geniposide, and flavonoid glycosides.
° LCHA significantly inhibits nitric oxide and lipid body formation in macrophages.

. The extract notable reduces lipid peroxidation and ROS levels in vitro.

Abstract: Lantana camara L. (Verbenaceae) is widely used in traditional medicine to treat wounds,
inflammatory conditions, and microbial infections, owing to its phytochemical composition, which includes
flavonoids, phenolic acids, and triterpenes, known for their associated antioxidant and anti-inflammatory
properties. However, scientific studies exploring its pharmacological potential, particularly for inflammatory
skin disorders, remain limited. This study aimed to evaluate the antioxidant and anti-inflammatory activities
hydroalcoholic extract from L. camara leaves (LCHA) and characterize its phytochemical composition to
support its potential therapeutic applications. Quantitative assays were performed to determine total phenolic,
terpene, and saponin contents, while the phytochemical profile of LCHA was elucidated using UFLC-QTOF-
MS, revealing the presence of lamiide, geniposide, pectolinarin, luteolin-7-O-glucoside, and rhamnocitrin-O-
glucoside. In vitro assays were conducted using peritoneal macrophages and L929 fibroblasts to assess cell
viability and to evaluate anti-inflammatory activity through nitric oxide (NO) production and lipid body
accumulation. Antioxidant activity was determined via DPPH radical scavenging, phosphomolybdenum
reduction, B-carotene/linoleic acid system, and reactive oxygen species (ROS) quantification. LCHA
significantly inhibited NO production (100% at the highest concentration) and reduced lipid body formation
by 68.61% in macrophages. Moreover, LCHA demonstrated notable antioxidant capacity, including 41.94%
inhibition of lipid peroxidation and a 65.05% reduction in ROS levels in activated macrophages. These
findings support its traditional use and highlight its potential as a plant-based therapeutic alternative for
inflammatory skin disorders, encouraging its further investigation.
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INTRODUCTION

Inflammatory skin disorders represent a growing global health concern, affecting millions of people and
placing a significant burden on healthcare systems [1]. These conditions, including dermatitis, psoriasis, and
premature aging, are often exacerbated by oxidative stress and an excessive inflammatory response, leading
to impaired healing and tissue damage [1,2]. Oxidative stress results from an imbalance between the
production of reactive oxygen species (ROS) and the body's ability to neutralize them, contributing to chronic
inflammation and degenerative skin conditions [3,4]. Additionally, prolonged inflammation can alter the skin
barrier, increasing susceptibility to infections and further aggravating tissue damage [5,6].

Conventional treatments, such as corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDs),
can provide symptomatic relief but are associated with side effects, including skin atrophy, hypersensitivity
reactions, and even cardiovascular effects. Furthermore, the long-term use of these treatments may impair
natural skin repair mechanisms and compromise the skin's protective functions [7]. These limitations
underscore the need for alternative therapeutic strategies that are both effective and safe for prolonged use,
particularly those derived from natural products with known pharmacological potential.

Lantana camara L. (Verbenaceae) is a widely distributed plant in tropical and subtropical regions,
traditionally used for treating various ailments, such as wounds, fever, and inflammatory diseases [8,9].
Despite its extensive ethnobotanical use, scientific studies investigating its biological properties and potential
therapeutic applications remain scarce. Phytochemical analyses have revealed that L. camara contains a
diverse range of bioactive compounds, including flavonoids, triterpenes, saponins and phenolic acids, which
are known for their antioxidant and anti-inflammatory properties [10-12]. These compounds have been
associated with the inhibition of ROS production and the modulation of inflammatory mediators, suggesting
their potential in managing oxidative stress-related skin disorders [5,6,13]

Given the increasing demand for natural products in dermatology and the limited research on L. camara,
further studies are necessary to validate its pharmacological potential and explore its applications in
dermatological treatments. While many studies have focused on methanolic or ethanolic extracts of different
plants parts, the specific biological activities of a hydroalcoholic leaf extract, which is highly relevant for topical
preparations, are not as thoroughly understood. In particular, a comprehensive study that connects the
detailed phytochemical profile of a hydroalcoholic extract to its specific effects on key cellular mechanisms
of inflammation and oxidative stress has not been fully addressed. This study, therefore, focuses on the
hydroalcoholic extract to fill this knowledge gap, providing critical insights into its mechanisms of action and
highlighting its potential for the development of dermatological formulations. By bridging the gap between
traditional use and scientific validation, this study aims to provide critical insights into the potential benefits of
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L. camara in managing skin disorders linked to oxidative stress and inflammation. Moreover, exploring its
therapeutic applications could pave the way for the development of innovative formulations that harness the
medicinal potential of L. camara in a scientifically substantiated manner.

MATERIAL AND METHODS

Plant material

Leaves from L. camara were collected in Juiz de Fora, Minas Gerais, Brazil (coordinates 21°77°62”
south, 43°37°05” west), in January 2023. A specimen was deposited in the Leopoldo Krieger Herbarium of
the Federal University of Juiz de Fora (CESJ 30671), according to the license number A18AB08
SISGEN/BRASIL.

Extract preparation

The dried and powdered leaves from L. camara (135.98 g) were extracted through exhaustive
maceration. The solvent used was a 1:1 mixture of distilled water and ethyl alcohol. After extraction, the
resulting liquid was concentrated using the BUCHI® Labortechinik AG (V-700) rotary evaporator at reduced
pressure and a water bath (45-55°C), and then lyophilized (Martin Christ® Alpha 1-2 LDplus) to remove the
remaining solvent. The extract was named LCHA and resulted in a yield of 10.28%.

Total phenolic content

The total phenolic content was determined using the Folin and Ciocalteu [14] method with some
modifications. The calibration curve was prepared using tannic acid as a standard. A stock solution of LCHA
at 1 mg/mL was prepared in methanol. The absorbance was read at 770 nm in a UV-Vis spectrophotometer
(Thermo Scientific Multiskan GO, software 3.2). The content of phenolic compounds was expressed in ug/mg
of plant extract in tannic acid equivalent. Two independent experiments were conducted, both in triplicate.

Terpenes content

The total terpene content was determined using the colorimetric method proposed by Pedrosa and
coauthors [15], with adaptations. The calibration curve was prepared using the triterpene lupeol as a
standard. A stock solution of LCHA at 1 mg/mL was prepared in ethanol. The absorbance was read at 548
nm in a UV-Vis spectrophotometer (Thermo Scientific Multiskan GO, software 3.2). The total terpene content
was expressed as pg/mg of plant extract equivalent to lupeol. Two independent experiments were conducted,
both in triplicate.

Saponin content

The saponin content was indirectly determined using the terpene quantification method proposed by
Pedrosa and coauthors [15], with adaptations. The terpene quantification was performed after acid hydrolysis
executed to release the terpenoid core of the saponins for subsequent quantification. The acid hydrolysis
was carried out by the addition of hydrochloric acid to a stock solution of LCHA at 5 mg/mL (water:ethanol),
followed by heating and extraction with dichloromethane. The organic phase was completely dried to remove
the solvent and the residue was dissolved in ethanol to prepare a 1 mg/mL solution for terpene content
determination. The absorbance was measured at 548 nm using a UV-Vis spectrophotometer (Thermo
Scientific Multiskan GO, software 3.2). The terpene content after acid hydrolysis was expressed as pg/mg of
plant extract equivalent to lupeol. To estimate the theoretical saponin content, the terpene content post-
hydrolysis was subtracted from the pre-hydrolysis terpene content. The theoretical content of saponins with
terpenoid core was expressed as pg/mg of extract. Two independent experiments were conducted, both in
triplicate.

UFLC-QTOF-MS analysis

LCHA was analyzed by ultra-fast liquid chromatography coupled with mass spectrometry (UFLC-QTOF-
MS) in positive ion mode, scanning ions in the m/z range of 100-1200. 5 mg was dissolved in a
methanol:water mixture (8:2) and sonicated for 15 minutes. The solution was filtered through a 0.22 ym PTFE
membrane and directly transferred to a vial. The mobile phase consisted of water (A) and acetonitrile (B),
both acidified with 0.1% formic acid. The gradient was as follows: 0—4 min, 5% B; 4-34 min, ramp to 100%
B; 34-38 min, held at 100% B; and returned to initial conditions (5% B) over 8 minutes, with an additional 4
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minutes for re-equilibration. The injection volume was 3.0 uL, flow rate 0.5 mL/min, and run time of 50
minutes. The analysis was performed using a C18 reverse-phase column (4.6 x 150 mm, 2.6 ym) maintained
at 40°C. lonization was performed by electrospray ionization (ESI) with a capillary voltage of 3.5 kV and a
temperature of 325°C. Fragmentation profiles were compared with literature data to identify sample
constituents. The analysis was conducted in collaboration with Fiocruz using the Analytical Methods Platform
of the Federal University of Rio Grande do Norte.

Cell viability

Cell culture conditions

Peritoneal macrophages were obtained from BALB/c mice (weighing 20-25 g) and cultured in RPMI-
1640 medium (Gibco®) supplemented with 2 mM L-glutamine, 10% fetal bovine serum (FBS), and 1%
antibiotic solution (100 pg/mL penicillin and 100 pg/mL streptomycin). L929 fibroblasts (ATCC® CCL-1
NCTC) were obtained and subsequently cultured in DMEM (Dulbecco's Modified Eagle Medium)
supplemented with 10% FBS and 1% antibiotic solution. Both cell lines were maintained in an incubator at
37°C with a 5% CO, atmosphere. The procedure was accepted by the Committee on the Ethics of Animal
Experiments of the Federal University of Juiz de Fora on May 10, 2018 (Protocol Number: 07/2018-CEUA).

MTT assay

The cytotoxicity of the extract was evaluated using the colorimetric method of 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma Chemical Co., St. Louis, MO, USA) as described by
Mosmann [16]. Peritoneal macrophages (2 x 10° cells/well) and L929 fibroblasts (5 x 10° cells/well) were
seeded into 96-well polystyrene plates and treated with serial dilutions of the samples (18.75-300 ug/mL)
and incubated for 48h (37°C, 5% CO,). Negative controls consisted of cells treated with 0.06% dimethyl
sulfoxide (DMSO). The absorbance was measured at 570 nm using a UV-Vis spectrophotometer (Thermo
Scientific Multiskan GO, software 3.2). Data were presented as a percentage of cell viability, calculated by
comparison with negative control. Two independent experiments were performed, each in triplicate for every
concentration.

Anti-inflammatory activity

NO production

The production of nitric oxide (NO) was indirectly evaluated by quantifying nitrites (NO, ™) using the Griess
method, as described by Sun and coauthors [17]. Peritoneal macrophages (2 x 10° cells/well) were incubated
for 48 hours (37°C, 5% CO,) with varying concentrations of the sample (18.75-300 pg/mL) and stimulated
with 1 pg/mL LPS and 1 ng/mL IFN-y. The stimulation control consisted of stimulated but untreated
macrophages, while the basal control consisted of unstimulated and untreated cells. The supernatant and
Griess reagent were added to plates and incubated at room temperature for 10 minutes. The absorbance
was measured at 540 nm using a UV-Vis spectrophotometer (Thermo Scientific Multiskan GO, software 3.2).
The NO concentration was determined by comparison with a standard curve prepared from serial dilutions
of a sodium nitrite (NaNO,) solution. The results are expressed as the mean * standard deviation of the
percentage of NO radical inhibition and ICso (50% inhibitory concentration) in pg/mL. Two independent
experiments were performed, each in triplicate for every concentration.

Accumulation of lipid bodies (LBS)

The accumulation of lipid bodies (LBs) in peritoneal macrophages was evaluated following the method
of Basselin and coauthors [18] with modifications, using the Nile Red marker (9-diethylamino-5H-
benzo[a]phenoxazine-5-one). Peritoneal macrophages (2 x 10° cells/well) were incubated for 48 hours (37°C,
5% CO,) with varying concentrations of the sample (75-300 pg/mL) and stimulated with 1 pg/mL LPS and 1
ng/mL IFN-y. The stimulation control consisted of stimulated but untreated macrophages, while the basal
control consisted of unstimulated and untreated cells. Subsequently, the cells were washed with PBS and
stained with 200 uL of Nile Red (10 pg/mL) in PBS for 20 minutes at 25°C. Fluorescence was measured at
485 nm excitation and 528 nm emission using a spectrofluorometer (FLx800, BioTek Instruments, Inc.,
Winooski, VT, USA). The results were expressed as fluorescence intensity (A.U.). Two independent
experiments were performed, each in triplicate for every concentration.
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Antioxidant activity

DPPH scavenging method

The radical scavenging activity of 2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl (DPPH) was determined
using the method described by Brand-Williams and coauthors [19], with modifications. A stock solution of the
sample and positive control (rutin) was prepared at 1 mg/mL in methanol and serially diluted (0.49 to 250.00
Mg/mL). The samples and a DPPH solution (20 ug/mL in methanol) were incubated for 30 minutes in a 96-
well microplate. The absorbance was measured at 517 nm using a UV-Vis spectrophotometer (Thermo
Scientific Multiskan GO, software 3.2). Results were expressed as the mean +* standard deviation of the IC50
(50% inhibitory concentration) in ug/mL and the inhibitory capacity in percent (IC%) following the equation:

IC% = 100 — [(AbSLCHA — AbsBlank) x 100 / AbsControl]

Where AbsLCHA means the absorbance of the extract; AbsBlank means the absorbance of the blank of
the extract; AbsControl is the absorbance obtained in the absence of the extract. Two independent
experiments were performed, each in triplicate.

Total antioxidant capacity by phosphomolybdenum assay

The total antioxidant capacity (TAC) was evaluated using the phosphomolybdenum complex reduction
method, as described by Prieto and coauthors [20], with modifications. A stock solution of the sample and
positive controls (rutin and quercetin) were prepared at 0.5 mg/mL in methanol:water (50:50). The samples
and the reagent solution were added to hermetically sealed test tubes, which were then incubated in a water
bath. The absorbance was measured at 695 nm using a UV-Vis spectrophotometer (Thermo Scientific
Multiskan GO, software 3.2). Data were expressed as mean * standard deviation of the percentage of relative
antioxidant activity (RAA%) for rutin and quercetin following the equation:

RAA% = [Abs (LCHA) — Abs (Blank)]/[Abs (Control) — Abs (ControlBlank)]

Where Abs (LCHA) means the absorbance of the extract; Abs (Blank) means the absorbance of the
blank of the extract; Abs (Control) is the absorbance of the positive controls (rutin and quercetin); and Abs
(ControlBlank) is the absorbance of the blank of the positive controls. Two independent experiments were
conducted, each in triplicate.

B-carotene/linoleic acid system

The lipid peroxidation inhibition activity was evaluated using the method described by Melo and Mancini
Filho [21], with modifications. In a 96-well microplate, methanolic solutions of the sample and positive control
(rutin) were added with B-carotene/linoleic acid emulsion (final concentrations of 1.25-40 ug/mL), followed
with incubation at 45°C. The absorbance was measured at 470 nm every 15 minutes for 120 minutes using
a UV-Vis spectrophotometer (Thermo Scientific Multiskan GO, software 3.2). Results were expressed as the
mean + standard deviation of the ICso (50% inhibitory concentration) in pg/mL, and as percentage of lipid
peroxidation inhibition (%) using the formula: %I = [(Abs control — Abs sample)/Abs control] x 100. The
oxidation curves were analyzed to calculate F1 (between 15-45 min) and F2 (between 75-90 min) using the
tangent method. Two independent experiments were performed, each in triplicate.

Evaluation of reactive oxygen species (ROS) production

Intracellular levels of ROS in peritoneal macrophages were evaluated wusing 2'.7'-
dichlorodihydrofluorescein diacetate (H.DCFDA) as described by Stroppa and coauthors [22]. Peritoneal
macrophages (2 x 10° cells/well) were incubated for 48 hours (37°C, 5% CO,) with varying concentrations of
the sample (18.75-300 pg/mL) and stimulated with 1 pg/mL LPS and 1 ng/mL IFN-y. The negative control
consisted of stimulated but untreated macrophages. Afterward, the macrophages were washed with PBS and
incubated (37°C, 5% CO;) with H.DCFDA (1 mM) for 30 minutes in the dark. ROS production was assessed
in the cell pellet using fluorimetry (FLx800, BioTek Instruments, Inc., Winooski, VT, USA) at 485 nm excitation
and 528 nm emission. The results were expressed as fluorescence intensity (A.U.) and ICso (50% inhibitory
concentration) in ug/mL. Two independent experiments were performed, each in triplicate for every
concentration.
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Statistical analysis

Statistical analysis was performed by ANOVA followed by Bonferroni’s test (p < 0.05) with GraphPrism
8.0.1 software using (Erithacus Software Ltd). Results were presented as mean £ SD.

RESULTS AND DISCUSSION

Phenols, terpenes and saponin content

Phenolic compounds are recognized as key phytochemicals with antioxidant properties, as they have a
broad range of applications and demonstrated efficacy in managing disorders associated with oxidative stress
[23,24]. Their antioxidant activity is attributed to their ability to donate electrons or hydrogen atoms, thereby
neutralizing free radicals, and to their metal-chelating properties, which inhibit metal-catalyzed generation of
reactive oxygen species [25]. Meanwhile, terpenes represent a diverse class of compounds with various
properties described in the literature, including anti-inflammatory, antioxidant, antiallergic and analgesic
activities [26]. Additionally, saponins are complex metabolites known for their wide range of properties,
notably their anti-inflammatory and antioxidant activities [27,28].

The total phenolic content in LCHA was 48.93 + 7.05 yg/mg (tannic acid equivalents), corresponding to
4.89% of its composition. The terpene content was 105.90 + 1.88 pg/mg (lupeol equivalent), representing
10.59% of the extract. While the theoretical content of terpenoid-core saponins was 73.38 + 6.28 ug/mg,
accounting for 7.34% of the whole extract. These findings indicate that LCHA is characterized by a
predominance of terpenes (10.59%), followed by saponins (7.34%) and phenolic compounds (4.89%).

These values are consistent with the literature. Kumar and coauthors [29] reported a total phenolic
content of 55.57 + 2.82 ug/mg in a methanolic extract of Lantana camara leaves, similar to the 48.93 ug/mg
found in our study. Regarding terpene content, Orji and coauthors [30] observed 122.26 + 0.10 yg/mg in
methanolic and 100.88 + 1.57 ug/mg in aqueous extracts, which are comparable to the 105.90 ug/mg
determined in LCHA. For saponins, Ezebo and coauthors [31] reported contents of 10.75% and 8.63% in
ethanolic and methanolic extracts, respectively, while Bhuvaneswari and Giri [32] found 121.00 + 8.47 ug/mg
(12.1%) in a methanolic extract, values notably close to those obtained for LCHA in the present study.
Although the data align with previous studies, it is important to note that the quantitative profile observed in
LCHA, which shows a predominance of terpenes, may be due to unique characteristics related to the plant
material, extraction method, or collection site.

Phytochemical profile by UFLC-QTOF-MS

All the compounds identified in the UFLC-QTOF-MS analyses are described in Table 1. The peaks
obtained from the identified compounds are labeled numerically according to their retention times. Compound
identification was based on the interpretation of their mass spectra (exact mass and characteristic
fragmentation patterns) and comparison of these data with those reported in the scientific literature for
Lantana camara or related species.

Table 1. Compounds identified in the hydroalcoholic extract from L. camara leaves (LCHA) by UFLC-QTOF-MS.

2

N°Rt' (min) Substance MS Compound name Molecular structure References

Class (m/z)

Terpene 862.3265 (2M +NHa4); o
1 10.580 glycoside 423.1556 (M+H) Lamiide [33,34]
e
O/

iridoid 799.4108 (2M + Na); o © W |

2 13.463 Ivcosides 406.2128 (M+ NH4) Geniposide oo [33,35]
gl 227.1311 (M-glc+H) on ©
OH
OH
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glucoside

'Retention time (Rt) in min.

Lamiide (terpene glycoside) and geniposide (iridoid glycoside) have previously been identified in L.
camara [33]. According to the literature, both terpenoid and iridoid glycosides have been widely reported for
their anti-inflammatory and wound healing properties [39,40]. Pectolinarin, luteolin-7-O-glucoside and
rhamnocitrin-O-glucoside are flavonoids, which, in general, represent a promising class of compounds for
the treatment of skin disorders, exhibiting well-documented antioxidant and wound healing activities [41].
Furthermore, luteolin-7-O-glucoside has been previously reported as one of the major compounds in the
leaves of L. camara, positively contributing to the antioxidant potential of the species [37].

The identification of these specific metabolites, which include both glycosylated terpenoids and
flavonoids, confirms the presence of bioactive classes commonly associated with the therapeutic properties
of L. camara [33]. However, the phytochemical profile observed in this study may reflect the influence of
regional, environmental, or methodological conditions, which are well-recognized to modulate the chemical
composition of natural product extracts [9].

Cell viability

In the evaluation of cell viability using the MTT method, the formation of formazan occurs through the
reduction of MTT by cellular enzymes, with the concentration of formazan being directly proportional to cell
viability [16]. This assay is critically important for assessing the safety of LCHA for human use. Macrophages
are immune system cells directly involved in the inflammatory process, while fibroblasts are mesenchymal
cells that synthesize collagen and other macromolecules. These cells are essential for tissue repair and play
a role in chronic inflammation. For this reason, these cell lines were chosen for the cell viability evaluation
[42].

According to NBR ISO 10993-5, 2009, this assay should be one of the initial tests performed to assess
the biocompatibility and toxicity of samples, establishing that in vitro cytotoxicity results must not fall below
70% for a sample to be considered biocompatible. As shown in Figure 1, cell viability remained above 80%
for all evaluated concentrations of LCHA in peritoneal macrophages, indicating no cytotoxicity effects on this
cell line. However, in L929 fibroblasts, viability remained above 70% only up to a concentration of 150 ug/mL,
suggesting a concentration-dependent reduction in cell viability.

While these findings align with prior reports in L. camara extracts, such as Pour and coauthors [43], who
observed a concentration-dependent reduction in viability of Vero cells exposed to leaf extracts, the
differential sensitivity between immune and mesenchymal cells observed here emphasizes that LCHA
components may interact variably with distinct cellular pathways.
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Figure 1. Evaluation of cell viability in peritoneal macrophages (A) and L929 fibroblast (B) cell lines treated with varying
concentrations of the hydroalcoholic extract from the leaves of L. camara (LCHA). Control — Cells treated with vehicle
(DMSO). The letter 'a' indicates a statistically significant difference (p< 0.05) when compared exclusively to the Control
group. Statistical analysis was performed using ANOVA followed by the Bonferroni test.

Anti-inflammatory activity

Nitric oxide (NO) is a reactive oxygen species, being liposoluble, it can permeate the cell membrane [44].
Involved in several diseases, its excessive production is associated with inflammatory processes [17]. During
inflammation, pro-inflammatory cytokines induce an increase in NO synthesis in immune system cells, acting
as a mediator of inflammation. The overproduction of NO (in cases of exacerbated inflammatory processes)
can lead to various damages [44]. Thus, cellular NO production was measured by Griess test in peritoneal
macrophages cultures treated with LCHA at the same concentrations used in the cell viability assay (MTT).

LCHA has significantly (p < 0.05) reduced NO levels at all concentrations tested, except for the lowest
concentration of 18.75 pg/mL (Figure 2A), showing a IC50 value of 27.67 + 2.18 pg/mL. The extract
demonstrated a reduction in NO production of approximately 32.45 + 4.91% at its lowest concentration (18.75
pg/mL) and a reduction of 61.04 £ 2.30% at 37.50 pg/mL, increasing to 96.09 + 2.95% and 96.98 + 4.04% at
concentrations of 75 ug/mL and 150 ug/mL, respectively, reaching a reduction of approximately 100 + 15.05%
at its highest concentration evaluated (300 pg/mL). These results are consistent with the literature, in which
Bairagi and coauthors [10] highlight the promising anti-inflammatory activity of the species. However, while
the present study employed in vitro assays to evaluate this activity, the cited study of Bairagi and coauthors
adopted an in vivo approach. Biological responses can vary substantially between a controlled in vitro system
and the physiological complexity of a living organism, which may account for the differences observed in the
results.
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Figure 2. Anti-inflammatory activity of the hydroalcoholic extract from L. camara leaves (LCHA) in different
concentrations: (A) Nitric oxide production by peritoneal macrophages; (B) lipid bodies accumulation by peritoneal
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macrophages. Control — Stimulated cells (LPS and IFN-y) treated with vehicle (DMSO). Basal — Unstimulated cells
treated with vehicle (DMSO). The letter 'a' indicates a statistically significant difference (p< 0.05) when compared
exclusively to the Control group. Statistical analysis was performed using ANOVA followed by the Bonferroni test.

Lipid Bodies (LBs) are organelles present in the cytoplasm of various cells. In leukocytes, their
accumulation is associated with their role as modulators of the immune response during an inflammatory
process. Generally, LBs are linked to the initiation of the synthesis cascade of inflammatory mediators such
as prostaglandins and leukotrienes [45]. Thus, the production and intracellular accumulation of LBs in
peritoneal macrophages cultures treated with LCHA at 75 to 300 ug/mL was assessed. As shown in Figure
2B, LCHA significantly reduced LB accumulation (p < 0.05) at all concentrations tested. The extract reduced
accumulation by approximately 68.23 + 3.94% at the lowest concentration (75 pg/mL) and by 68.61 + 3.26%
at the highest concentration evaluated (300 ug/mL).

The results obtained highlight the anti-inflammatory potential of LCHA, a property already described in
the literature for the species [46]. However, a detailed search of the literature revealed no prior studies
investigating the effect of L. camara leaf extracts on nitric oxide (NO) production or lipid body accumulation.
This highlights the originality of the present study, positioning it as possibly one of the first to evaluate the
anti-inflammatory activity of this specific extract through these important cellular mechanisms.

The significant inhibition of NO production and lipid body accumulation observed in this study is strongly
supported by the complex phytochemical profile of LCHA. The prior identification of high levels of terpenoids
and saponins is particularly relevant, as these classes are known to target key inflammatory pathways [47].
Furthermore, the specific compounds identified by UFLC-QTOF-MS provide a mechanistic basis for the anti-
inflammatory effects, as many of these constituents, such as lamiide [48], geniposide [49], and various
flavonoids [50], possess well-documented anti-inflammatory potential. Specifically, the anti-inflammatory
potential of pectolinarin [51] and the antioxidant/anti-inflammatory effects of luteolin-7-O-glucoside, including
its reduction of reactive oxygen species (ROS) production [52], further support our findings.

The mechanisms underlying our results are likely multifactorial, aligning with previous studies on L.
camara. Isolated triterpenoids from the species have been shown to inhibit the NF-kB-regulated expression
of COX-2 and suppress NO release in LPS-induced cell models [53]. This documented ability provides a
strong precedent for the nearly 100% dose-dependent reduction of NO we observed. The NF-kB pathway,
which controls both INOS (NO production) and lipid body formation machinery, is a central target, explaining
the significant effects observed and aligning with the species' broader capacity to downregulate multiple
inflammatory mediators, including NO, ROS, and COX-2 [53, 54].

The combined presence of terpenes, saponins, and phenolic compounds in LCHA reinforces its anti-
inflammatory potential. Terpenes mitigate oxidative stress and inflammatory damage by reducing pro-
inflammatory cytokines (TNF-a, IL-1, IL-6) and modulating MAPK signaling [40]. Saponins inhibit COX
enzymes, reduce prostaglandin synthesis, block TNF-a production, and repress NF-kB activation [55].
Similarly, phenolic compounds modulate inflammatory pathways by inhibiting pro-inflammatory mediators
and regulating key transcription factors such as NF-kB and Nrf2, suggesting a strong correlation between
high phenolic compound levels and a reduced inflammatory response [56]. The combined action of these
abundant bioactive classes in LCHA confirms its potent anti-inflammatory activity, consistent with both the
literature and the present study's findings.

Antioxidant activity

Exacerbated inflammation can trigger the excessive production of reactive oxygen species (ROS), which
oxidize essential macromolecules such as membrane lipids, structural proteins, enzymes, and nucleic acids.
This oxidation leads to cellular damage, metabolic dysfunction, and even cell death [2,57]. Oxidative stress,
characterized by an imbalance between ROS production and the antioxidant capacity of cells, plays a critical
role in inflammatory processes and is associated with the development of various pathologies [4]. An
antioxidant molecule is defined as one that can prevent or delay the oxidation of other molecules [58].

The application of diverse methodologies allows for a more comprehensive evaluation of complex
samples, as their compounds may exert antioxidant effects through distinct mechanisms [59]. Therefore, the
DPPH radical scavenging assay was used to evaluate the capacity of LCHA to scavenge free radicals by
donating hydrogen atoms [58]. LCHA exhibited an IC% of 90.83 + 0.61% at the highest concentration
evaluated (250 pg/mL), presenting a IC50 value of 88.79 + 17.64 pg/mL (Table 2), significantly different from
the value obtained for the standard rutin (0.44 + 0.22 pg/mL) (p < 0.05).
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Table 2. Evaluation of the antioxidant activity of the hydroalcoholic extract from L. camara leaves (LCHA) through DPPH,
phosphomolybdenum, and B-carotene/linoleic acid system assays.

DPPH Phosphomolybdenum B-carotene/linoleic acid
RAA% RAA% ICs0 o
ICso (Hg/mL) Rutin Quercetin (ng/mL) ol F1 F2
LCHA  88.79°+17.64  7363°+566 4510°3.46  >38.46° 41.94%£0.11 0.3656+00540 2029
Rutin 0.4 £0.22 - - 6.27+0.31 61.67+1.33 0.3495 +0.0245  0.5881 0.1235

a The letter 'a' indicates a statistically significant difference (p< 0.05) when compared exclusively to the positive control
(rutin). Statistical analysis was performed using ANOVA followed by the Bonferroni test.

Several studies in the literature have evaluated different extracts from the leaves of L. camara using the
DPPH assay, revealing a wide range of IC50 values. Various methanolic extracts have shown IC50 values
starting from 16.02 £ 0.94 ug/mL [12], with reported values such as 34.01 + 1.32 yg/mL [11] and 53.88 + 6.40
pg/mL [60], reaching up to 114.63 £ 6.16 pg/mL [61]. Kumar and coauthors [29] evaluated four different
variants of the species, reporting 1C50 values ranging from 33.30 £ 2.39 pg/mL (CYV variant, yellow) to
927.16 = 2.88 ug/mL (CPV variant, purple). This significant variability can be attributed to several critical
factors. Such as the use of different extraction solvents, the phytochemical composition of L. camara (that is
heavily influenced by regional, environmental, and genetic factors) and the existence of different chemotypes
or variants, as shown in Kumar and coauthors study [29].

The phosphomolybdenum complex reduction assay provides data on the total antioxidant capacity of
both hydrophilic and lipophilic substances, making it effective for analyzing complex mixtures (such as plant
extracts) [20]. The RAA% values for rutin and quercetin obtained for LCHA were 73.63 + 5.66 and 45.10
3.46, respectively (Table 2). These results suggest that the compounds present in LCHA exhibit antioxidant
potential more similar to that of rutin than to quercetin. A thorough literature search revealed a study by
Kumar and coauthors [29] that also employed this assay on L. camara, however, that work utilized ascorbic
acid as the reference standard. As the expression of total antioxidant capacity is relative to the standard
used, a direct quantitative comparison with the rutin and quercetin equivalent results is not feasible. This
highlights the originality of our approach and positions this work as potentially the first to benchmark the
antioxidant capacity of this extract against these specific flavonoid standards, providing a new comparative
perspective.

Another assay performed was the (-carotene/linoleic acid system, which evaluates the sample's ability
to inhibit lipid peroxidation [58]. In this assay, LCHA exhibited an ICsy greater than 38.46 ug/mL (not
determined) and a lipid peroxidation inhibition percentage of 41.94 + 0.11% (Table 2), both values statistically
different from the standard rutin (p < 0.05). In addition to these data, this assay also provides F1 and F2
values, which represent, respectively, the antioxidant effectiveness in blocking free radical chain reactions
(initial oxidation stage, peroxide formation) and the effectiveness in the propagation phase (reactions that
accelerate the oxidative process, associated with oxidative stress). For these values, results lower than 1
and closer to 0 are expected to indicate significant antioxidant potential [62]. LCHA showed an F1 value of
0.3656 + 0.0540, which is in the ideal range for good antioxidant activity, indicating effectiveness in blocking
reactions in the initial oxidation stage. However, its F2 value of 1.2029 + 0.0447 is outside the ideal range for
good antioxidant activity related to the propagation phase.

The evaluation of ROS production levels in peritoneal macrophage cultures treated with LCHA was also
performed. The results obtained (Figure 3) show that the extract led to a statistically significant reduction in
production (p < 0.05) at all concentrations tested, indicating its antioxidant potential in a cellular model. The
reduction ranged from 29.75 £ 6.34% (lowest concentration of 18.75 ug/mL) up to 65.04 + 6.58% (highest
concentration of 300 pg/mL), showing an IC50 value of 79.06 + 4.75 pg/mL.
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Figure 3. Antioxidant activity of the hydroalcoholic extract from L. camara leaves (LCHA). Reductions of reactive oxygen
species (ROS) levels in peritoneal macrophages treated with varying concentrations of LCHA. Control — Stimulated cells
(LPS and IFN-y) treated with vehicle (DMSO). Basal — Unstimulated cells treated with vehicle (DMSO). The letter 'a’
indicates a statistically significant difference (p< 0.05) when compared exclusively to the Control group. Statistical
analysis was performed using ANOVA followed by the Bonferroni test.

A thorough review of the literature revealed no prior studies that have employed either the (-
carotene/linoleic acid system or an intracellular ROS quantification assay, both specific methodologies to
evaluate the antioxidant activity of L camara leaf extracts. This finding is significant, as it underscores the
novelty of our study in providing the first evidence of this extract's protective effects against both lipid
peroxidation and cellular oxidative stress, offering new insights into its potential cytoprotective mechanisms.

Based on the results obtained, LCHA demonstrates clear antioxidant potential, particularly in cellular
models, with greater effectiveness observed during the early stages of oxidation. These findings suggest that
LCHA may act as an antioxidant agent.

This antioxidant potential can be attributed to the bioactive compounds present in L. camara, particularly
phenolic compounds and terpenes. The antioxidant activity of phenolic compounds is closely linked to their
chemical structure, especially the number and position of hydroxyl groups. By donating hydrogen atoms or
electrons, phenolic compounds neutralize free radicals, which significantly contributes to their overall
antioxidant potential [25].

Similarly, the antioxidant potential of terpenes is related to their ability to modulate oxidative stress
pathways. Terpenes reduce lipid peroxidation induced by H,O,, inhibit ROS formation, and enhance the
activity of key antioxidant enzymes [40]. Together, these bioactive compounds present in LCHA reinforce its
antioxidant potential.

CONCLUSION

The phytochemical analysis of the L. camara hydroalcoholic extract (LCHA) confirmed a rich profile of
bioactive compounds, including lamiide, geniposide, pectolinarin, luteolin-7-O-glucoside, and rhamnocitrin-
O-glucoside. The in vitro results demonstrated significant anti-inflammatory and antioxidant potential, with
LCHA achieving up to 100% reduction in nitric oxide (NO) and a 68.61% decrease in lipid body (LB)
accumulation. Furthermore, LCHA effectively inhibited lipid peroxidation and reduced intracellular ROS
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production. The demonstrated action of LCHA in mitigating both oxidative stress and key inflammatory
mediators renders it an attractive candidate for topical formulations aimed at managing chronic inflammatory
skin conditions, such as psoriasis or atopic dermatitis. While these findings are promising, the in vitro nature
of the study highlights the need for subsequent in vivo validation to confirm its efficacy and safety. Also, this
work reinforces the value of Brazilian biodiversity and traditional medicinal knowledge, providing a scientific
foundation for its sustainable use.
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