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Abstract

Background/Objectives: The objective of this study was to determine the secondary metabolites
of the aqueous fraction of a methanolic extract of Salvia brandegeei root and their antimicrobial,
antioxidant, anti-inflammatory and antinociceptive properties. Methods: Fifteen reference
compounds were evaluated by HPLC-UV, of which nine were tentatively identified in the
aqueous fraction of the methanolic extract of Salvia brandegeei root. The antimicrobial effect
of Salvia brandegeei 100, 50, 25, and 12.5 mg/mL and the vehicle (saline solution) against four
ATCC bacterial and three fungal ATCC strains was analyzed. The DPPH, ABTS, and FRAP
methods were used to evaluate antioxidant action. To evaluate the anti-inflammatory action,
the topical application of TPA to the ear of mice was used, while to evaluate the antinociceptive
effect, formalin and acetic acid models were used. In these animal models, Salvia brandegeei
100, 50, 25, and 12.5 mg/kg and the vehicle (saline solution) were administered orally. In
addition, the antinociceptive mechanisms of action of Salvia brandegeei were evaluated with
L-NAME (5 mg/kg), naloxone (2 mg/kg), and glibenclamide (10 mg/kg). Results: A total
of 9 secondary metabolites were tentatively identified in the aqueous fraction of a methanolic
root extract of Salvia brandegeei. Salvia brandegeei inhibited the growth of all ATCC species
against which it was tested and showed an antioxidant effect through all three methods used.
Salvia brandegeei produced a dose-dependent antinociceptive effect in both animal models.
Conclusions: This study presents the first evidence of preliminary biological activities, including
antimicrobial, antioxidant, anti-inflammatory, and antinociceptive effects, of an aqueous fraction
of a methanolic root extract of Salvia brandegeei.
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1. Introduction
In the past few years, the World Health Organization has noted an increasing concern

with multidrug-resistant microorganisms and even produced a priority list of pathogens
that have some type of resistance to antimicrobial agents [1]. The organization explained
that bacterial multidrug resistance is a major public health threat [2], and projected that in
the next couple of decades, it could kill more people than cancer [3] and that approximately
ten million people would die by 2050 from an infection caused by this type of bacteria [4]. In
this context, the WHO issued a formal request to the world scientific community to increase
the research on novel biologically active molecules suitable for further pharmaceutical
development for human use [1].

There are even several drugs derived from the plant kingdom that are used to re-
lieve some symptoms or cure diseases in humans, such as morphine [5], papaverine [6],
noscapine [7], and paclitaxel [8]. Nature has the potential to provide molecules with
bioactive potential [9]. Long before the development of modern pharmaceuticals, human
populations utilized botanical resources as a primary means of addressing health disor-
ders and maintaining well-being [9] and some of these herbs have been shown to have a
high antimicrobial effect, such as garlic, ginger [10,11], and turmeric [10,12], among many
others [13,14].

Considering the impact and severity of multidrug resistance in bacteria [1,15], harness-
ing plant-produced secondary metabolites with antimicrobial properties could be useful
for the development of drugs for the treatment of human infections in the current clinical
setting [16]. Several plants in the genus Salvia have shown significant antimicrobial activity
against a wide variety of human pathogens, including Salvia officinalis [16], Salvia multicaulis
Vahl [17], Salvia apiana [18] and other species of these plants. In addition, some plants of
the Salvia genus have demonstrated anti-inflammatory [19–22] and antinociceptive [23–25]
properties. Despite the reported biological activities of several Salvia species, the phyto-
chemical composition and biological properties of Salvia brandegeei remain comparatively
underexplored, particularly with respect to its root-derived preparations. Moreover, the
biological activity of the aqueous fraction obtained from a methanolic root extract of Salvia
brandegeei, including its antimicrobial, antioxidant, anti-inflammatory, and antinociceptive
properties, has not been comprehensively characterized. Therefore, further experimental
characterization of this preparation is warranted to determine its phytochemical profile
and provide preliminary evidence of its biological activities. The purpose of this study was
to evaluate the antimicrobial, antioxidant, anti-inflammatory, and antinociceptive activities
of the aqueous fraction of a methanolic extract of Salvia brandegeei root.

2. Material and Methods
2.1. Collection and Identification of Plant Material

The roots of Salvia brandegeei were collected in Ejido Punta Colonet, Ensenada Munic-
ipality, Baja California, Mexico, at an elevation of 20 m above sea level (a.s.l.; 31◦07′00′′ N,
116◦16′09′′ W) in July 2015. Taxonomic identification and authentication were performed
by botanist Dr. José Delgadillo Rodríguez (herbarium BCMEX).

2.2. Preparation of Extracts

Following air-drying under laboratory conditions, the plant material was ground, and
1.9 kg of the resulting dry powder were obtained. The powdered material was extracted by
soaking in methanol for 72 h using a 1:10 (w/v) ratio. The liquid phase was separated by
filtration and concentrated under vacuum, affording 258 g of crude methanolic extract.

The crude extract was then subjected to liquid–liquid partitioning based on deferential
solubility, producing four fractions: n-hexane (17 g), dichloromethane (45 g), n-butanol
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(15 g), and aqueous (22 g). The aqueous fraction was selected for all subsequent phyto-
chemical and biological analyses.

The crude methanolic extraction yielded 258 g, corresponding to approximately 13.6%
(w/w) of the initial dried plant material. The aqueous fraction yielded 22 g, corresponding
to approximately 8.5% of the crude methanolic extract and 1.2% relative to the initial dried
plant material.

2.3. Chronology and Storage of the Plant Material and Tested Fraction

The roots were collected in July 2015 and processed the same year. After collection,
the plant material was dried, ground, and extracted with methanol. The resulting crude
extract was chromatographically fractionated shortly after extraction. After chromato-
graphic separation, the fractions obtained, including the aqueous fraction evaluated in
the present study, were lyophilized, sealed under a nitrogen atmosphere, and stored at
−4 ◦C until subsequent chemical and biological evaluation. Thus, the material maintained
during the prolonged storage period consisted of previously prepared and lyophilized
chromatographic fractions rather than dried roots or liquid crude extracts.

Lyophilization was used to substantially reduce residual water, thereby limiting
hydrolytic degradation, while storage at low temperature and sealing the samples under
a nitrogen atmosphere were intended to minimize chemical and oxidative degradation
during storage. Nevertheless, we acknowledge that prolonged storage may affect the
abundance or stability of some phytochemical constituents; therefore, complete chemical
stability throughout the storage period cannot be assumed. We explicitly acknowledge this
limitation in our study.

The animal experiments were conducted in 2025, while the studies on the antioxidant
effect and the HPLC-UV analysis were performed in 2026.

2.4. Identification and Quantification of Secondary Metabolites

The phytochemical profile of Salvia brandegeii extracts was characterized through liq-
uid chromatography (LC) following previously reported procedures with methodological
adaptations [26,27]. Reference standards were prepared in ethanol and included apigenin
(1.07–68 µg/mL), ascorbic acid (1.79–114 µg/mL), benzoic acid (1.77–113 µg/mL), caffeic acid
(1.24–79 µg/mL), gallic acid (1.50–96 µg/mL), gentisic acid (1.92–122 µg/mL), kaempferol
(1.09–70 µg/mL), p-coumaric acid (1.80–115 µg/mL), sinapic acid (1.22–78 µg/mL), o-coumaric
acid (1.14–72 µg/mL), methyl gallate (1.94–124 µg/mL), myricetin (1.17–74 µg/mL), quercetin
(1.09–70 µg/mL), rutin (1.54–98 µg/mL), and rosmarinic acid (19.33–232.00 µg/mL) [28]. Plant
extracts were dissolved in deionized water before analysis.

Standard solutions and samples were filtered through 0.45 µm membrane filters (Milli-
pore Corporation, Bedford, MA, USA). Subsequently, 200 µL of each filtrate was transferred
to amber autosampler vials fitted with glass inserts. Chromatographic analyses were per-
formed using an Agilent 1100 LC (Rev. B.02.01-SR1; Agilent Technologies, Palo Alto, CA,
USA) platform equipped with a quaternary pump, vacuum degasser, autosampler, thermo-
statically controlled column compartment, and diode-array detector. Data acquisition and
processing were carried out using Agilent ChemStation software for LC 3D systems (Rev.
B.02.01-SR1; Agilent Technologies, Palo Alto, CA, USA).

Separation was achieved on a Syncronis C18 analytical column (250 × 4.6 mm, 5 µm
particle size) maintained at 30 ◦C [29]. The mobile phase consisted of sodium acetate
buffer (pH 3.0) and acetonitrile delivered under gradient conditions. The chromatographic
program began with 95% buffer and 5% acetonitrile, reaching 80:20 at 28 min, 60:40 at
39 min, and 10:90 at 50 min. Initial conditions were restored at 55 min and maintained for
an additional 10 min to ensure column re-equilibration.
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Samples were injected at a volume of 20 µL and eluted at a flow rate of 1 mL/min.
Detection wavelengths were selected according to the absorption characteristics of each
compound: 230 nm for benzoic acid; 270 nm for ascorbic acid, gallic acid, methyl gal-
late, and o-coumaric acid; 310 nm for gentisic acid, caffeic acid, p-coumaric acid, sinapic
acid, and rosmarinic acid; and 350 nm for rutin, myricetin, quercetin, apigenin, and
kaempferol. The total running time was 65 min, while full UV spectra were recorded
between 190 and 600 nm.

Compounds were tentatively identified by comparing their retention times and UV-
visible spectral characteristics with those of authentic standards. Flavonoid assignment was
further supported by the characteristic absorption bands associated with the cinnamoyl
(Band I) and benzoyl (Band II) chromophore systems [30]. Quantification was performed
using external calibration curves generated for each standard compound, and results were
expressed as µg of compound per gram of extract.

2.5. Assessment of Antimicrobial Effect

The microorganisms were obtained from the company PROQUIFA in Guadalajara,
Jalisco, Mexico. Using the agar well diffusion technique (well diameter = 5 mm) on nutrient
agar [18], concentrations of 12.5 to 100 mg/mL of Salvia brandegeei and the vehicle (saline
solution) in 20 µL were evaluated against Enterococcus faecalis (ATCC 51575), Streptococcus
mitis (ATCC 13770), Streptococcus pyogenes (ATCC 49399), Staphylococcus aureus (ATCC
11632), Candida albicans (ATCC 2091), Candida glabrata (ATCC 15126), and Candida krusei
(ATCC 14243) (n = 3). The samples were subjected to incubation at 37 ◦C for 24 h prior
to assessment. Bacterial and yeast suspensions were adjusted to McFarland turbidity
standards of 0.5 and 1.0, respectively, to ensure standardized cell density prior to exposure.
No reference antimicrobial agent was included as a positive control for the assays.

2.6. Determination of Total Phenolics and Flavonoids

The concentration of total phenolic compounds was determined using the Folin–
Ciocalteu colorimetric assay [31]. Briefly, 30 µL of extract were combined with 150 µL of
10% Folin–Ciocalteu reagent and 120 µL of 7.5% sodium carbonate solution. Following a
30 min incubation period, absorbance was measured at 765 nm. Results were calculated
from a gallic acid calibration curve and reported as µg gallic acid equivalent (GAE)/mg
dry weight (DW).

Total flavonoid content was assessed by the aluminum chloride method [32]. Aliquots
of extract (250 µL) were mixed with distilled water (1 mL) and 75 µL of 5% sodium nitrite.
After 3 min, 75 µL of 10% aluminum chloride was added. Following an additional 3 min
incubation, 500 µL of 1 M sodium hydroxide were incorporated, and the reaction mixture
was allowed to stand for 15 min. Absorbance was then recorded at 496 nm. Flavonoid
content was calculated using a quercetin standard curve and expressed as µg quercetin
equivalents (QE)/mg DW. Calibration models for both assays exhibited coefficients of
determination (R2) of at least 0.99.

2.7. Antioxidant Capacity Assays

The antioxidant properties of the extracts were examined using DPPH and ABTS
radical scavenging assays according to previously established procedures [28].

For the DPPH assay, 50 µL of sample were mixed with 200 µL of a 202 µmol/L DPPH
solution and incubated at 30 ◦C for 20 min. Thereafter, 150 µL of the reaction mixture
were transferred to a 96-well microplate and absorbance was measured at 517 nm using
a Cytation™ 3 microplate reader operated with Gen5™ software (version 2.06, Biotek
Instruments Inc., Winooski, VT, USA). Water served as the blank because it was also used as
the extraction solvent. Radical scavenging activity was calculated as percentage inhibition
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relative to the blank. Gallic acid (27.5 µg/mL) and citric acid (1586.3 µg/mL) were included
as positive and negative controls, respectively, due to their known antioxidant and non-
antioxidant properties [33].

For the ABTS assay, the radical cation was generated by incubating a 7.0 mmol/L
ABTS solution with 2.4 mmol/L potassium persulfate for 16 h in darkness. The result-
ing solution was diluted with deionized water to obtain a final radical concentration of
95.7 µmol/L. Subsequently, 300 µL of the ABTS solution were mixed with 3 µL of sample
and incubated at 30 ◦C for 4 min. An aliquot of 150 µL was then placed into a 96-well plate,
and absorbance was recorded at 730 nm. The same blank and control solutions employed
in the DPPH assay were used in this experiment, with gallic acid (440.0 µg/mL) and citric
acid (50,760.0 µg/mL) serving as positive and negative controls, respectively. Antioxidant
activity was expressed as percentage inhibition (n = 5).

The reducing power of the extracts was further assessed using the ferric reducing
antioxidant power (FRAP) assay [33]. Calibration standards were prepared from ferrous
sulfate dissolved in deionized water. For each determination, 100 µL of sample or standard
were combined with 250 µL of 300 mmol/L sodium acetate buffer (pH 3.6), 25 µL of
2,4,6-tris(2-pyridyl)-s-triazine, and 25 µL of ferric chloride solution. After incubation at
37 ◦C for 4 min, 200 µL of the reaction mixture were transferred to a 96-well plate, and
absorbance was measured at 596 nm. FRAP values were calculated from the ferrous sulfate
calibration curve and expressed as Fe(II) equivalents. As in the radical scavenging assays,
gallic acid (27.7 µg/mL) and citric acid (1580.3 µg/mL) were employed as positive and
negative controls, respectively (n = 5).

2.8. Acute Inflammation with 12-O-Tetradecanoylphorbol 13-Acetate (TPA)

All experiments involving animals—including the formalin and abdominal writhing
tests—utilized male BALB/c mice (28–30 g) sourced from the animal housing facility of
the Division of Natural and Exact Sciences at the University of Guanajuato. Animals were
maintained with ad libitum access to standard chow and water. The study was approved
by the University of Guanajuato’s ethical committee for research (protocol code CIBIUG-
P48-2022 and 4 November 2022). In adherence to Mexican guidelines for lab animal care
(NOM-062-ZOO-1999), animals were maintained under regulated thermal conditions with
a 12 h photoperiod. Testing was scheduled exclusively between 08:00 and 14:00 to control
for circadian fluctuation. Upon completion of all evaluations, euthanasia was carried out
via cervical dislocation [34].

The TPA acute swelling assay was performed on the ears of rodents as previously
described [35,36]. The studied groups (n = 6 each group) included the following: vehicle
in comparison to extract of Salvia brandegeei (2 mg/ear). An acetone-based preparation
containing 2.5 µg of TPA in a final volume of 20 µL was topically applied to both sides of
the right ear. Mice were euthanized 6 h post-treatment for evaluation of the inflammatory
response. At the end of the experimental period, 6 mm punch biopsies were obtained from
the central portion of both ears. Tissue weights were recorded, and the anti-inflammatory
response was quantified by calculating the percentage inhibition relative to the untreated
contralateral ear [35–37].

2.9. Formalin Test

The animal test of nociception was carried out as described previously [38]. Prior
to each experiment, the animals were acclimated for 1 h in the experimentation room in
individual observation chambers. Saline or the extract of Salvia brandegeei (100, 50, 25, or 12.5
mg/kg) were administered orally 30 min before the injection of 30 µL 3% formalin. The dose
range was selected based on previous pharmacological studies of Salvia extracts evaluated
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in murine nociception models, including a study reporting antinociceptive activity over a
dose range of 3.2–100 mg/kg [25]. Based on this pharmacological precedent, doses of 12.5,
25, 50, and 100 mg/kg were selected to provide a graded exploratory dose range.

Once the painful stimulus into the sub-plantar space of the right hind paw was admin-
istered, the licking time that the animal performed on the injured area was quantified for
45 min (phase 1 from minute 0 to 15 min and phase 2 from 16 to 45 min) (n = 6 mice per
group/cage of animals) [34,35]. The decrease in the licking time was considered antinocicep-
tion. Information regarding treatment allocation to the study arms was available exclusively
to the first author and the corresponding author (approved protocol codeCIBIUG-P48-2022
and 4 November 2022).

Nociceptive responses were quantified in mice after intraplantar challenge with 3%
formalin by measuring the duration of pain-related behavioral activity. The behavioral
response was analyzed according to the two established periods of the formalin assay,
and the measurements obtained for each treatment group were subsequently compared
with those recorded in the saline control group [38]. During the formalin assay, behavioral
scoring was conducted with the evaluator blinded to the treatment received by each animal,
minimizing potential observer-related bias in the assessment of nociceptive responses.

2.10. Writhing Test

The model of writhing mice was made as previously reported [39,40]. Prior to each
experiment, the animals were acclimated for 1 h in the experimentation room in individual
observation chambers. Saline or the extract of Salvia brandegeei (100, 50, 25, or 12.5 mg/kg)
were administered orally 30 min before the intraperitoneal injection of a 1% acetic acid
solution. An intraperitoneal injection of 10 mL/kg of a 1% acetic acid solution was used
like a painful stimulus. Then, the number of abdominal contractions was counted during
the next 30 min (in 5 min-periods) (n = 6 mice per group/cage of animals). The decrease
in the number of abdominal contractions was considered antinociception. Information
regarding allocation to the study arms was available exclusively to the second author and
the corresponding author. For the abdominal writhing assay, behavioral responses were
recorded and quantified by an evaluator who was unaware of the treatment assignment,
thereby reducing the potential influence of observer bias (approved protocol codeCIBIUG-
P48-2022 and 4 November 2022).

The antinociceptive mechanisms of action of Salvia brandegeei were evaluated with
L-NAME (5 mg/kg), naloxone (2 mg/kg), and glibenclamide (10 mg/kg). The evaluation
of each route was conducted using four experimental groups: vehicle, antagonist plus
vehicle, extract, and antagonist plus extract. These antagonists were administered via
intraperitoneal at −45 min, Salvia brandegeei extract 100 mg/kg was administered by oral
way at −30 min, and acetic acid was given intraperitoneally at time 0 min, at which point
the evaluation of the animals’ nociceptive behavior began, as explained in the previous
paragraph (n = 6 mice per group) [39,40] (approved protocol codeCIBIUG-P48-2022 and
4 November 2022).

2.11. Data Analysis

Sample size estimation was performed prior to the study using G*Power 3.1.9.7
software. Setting α = 0.05, a power of 0.80, and a large effect size (f = 0.50), the analysis
indicated a minimum cohort of n = 6 per group across 2 conditions for the TPA model,
6 for the formalin assay, and 6 for the abdominal writhing test. A large effect magnitude
was anticipated due to the marked differences in behavioral and inflammatory outcomes.
This sample size reconciles statistical validity with the reduction principle of the 3Rs
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framework, although we acknowledge that larger cohorts are occasionally employed in
similar literature [41,42].

GraphPad Prism software (version 5.01, San Diego, CA, USA) was employed for all
statistical procedures. Experimental outcomes are expressed as mean values together with
their corresponding standard errors. Because the data did not meet the assumption of
normality, nonparametric statistical methods were used. Comparisons among multiple
independent groups were performed using the Kruskal–Wallis test followed by Dunn’s
multiple-comparison test with Holm adjustment. Data from the formalin and writhing
time-course experiments are presented descriptively, whereas inferential analyses were per-
formed on the predefined summary measures. Differences were interpreted as significant
when the associated probability value was lower than 0.05.

3. Results
3.1. Determination of Secondary Metabolites

Analysis of the extract composition revealed nine detectable metabolites. Quantitative
assessment showed that rosmarinic acid was the dominant constituent, occurring at higher
levels than any other identified compound. Figure 1 shows a chromatogram monitored
at 310 nm, where rosmarinic acid is the greatest peak in comparison with the rest of
peaks. Between the compounds tentatively identified by HPLC-UV, myricetin and sinapic
acid were the second and third most abundant compounds in the aqueous fraction of a
methanolic extract of Salvia brandegeei (Table 1). Information regarding method validation
is presented in Table S1. These findings indicate that the aqueous fraction contains several
phenolic and flavonoid-related compounds, with rosmarinic acid being the most abundant
compound detected.

3.2. Antimicrobial Effect

Overall, the antimicrobial effect results showed that bacteria were more sensitive to
the aqueous fraction of a methanolic extract of Salvia brandegeei root than to Candida species.
The extract’s greatest antimicrobial effect was observed against Enterococcus faecalis, while
antifungal activity was observed against Candida albicans (Figure 2).

Table 1. Compounds tentatively identified and quantified in the aqueous fraction of a methanolic
extract of Salvia brandegeei.

Compound Concentration (µg/g)

Rosmarinic acid 7282.8 ± 152.6
Myricetin 1722.5 ± 141.5

Sinapic acid 1615.3 ± 21.2
Rutin 951.5 ± 121.2

Gentisic acid 734.3 ± 51.2
Caffeic acid 468.6 ± 259.7
Gallic acid 332.0 ± 4.7

p-Coumaric acid 293.6 ± 43.5
o-Coumaric acid 60.1 ± 15.4

Kaempferol Not detected
Quercetin Not detected
Apigenin Not detected

Methyl gallate Not detected
Benzoic acid Not detected
Ascorbic acid Not detected

Measurements were conducted in triplicate, and the results are reported as the corresponding mean
accompanied by the standard deviation.
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Figure 1. Representative chromatogram obtained at 310 nm of the aqueous fraction of a methanolic
extract of Salvia brandegeei (n = 3). Compound 1, gentisic acid; compound 2, caffeic acid; compound 3,
p-coumaric acid; compound 4, sinapic acid; and compound 5, rosmarinic acid.

Figure 2. Antimicrobial activity of Salvia brandegeei against (a) Staphylococcus aureus (ATCC 11632),
(b) Streptococcus pyogenes (ATCC 49399), (c) Streptococcus mitis (ATCC 13770), (d) Enterococcus faecalis
(ATCC 51575), (e) Candida albicans (ATCC 2091), (f) Candida glabrata (ATCC 15126), and (g) Candida
krusei (ATCC 14243). * p ≤ 0.05 Salvia brandegeei versus saline (n = 3).

3.3. Antioxidant Activity

Gallic acid and Salvia brandegeei root extract showed a significant antioxidant effect in
all analytical tests when compared to citric acid (Figure 3).
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Figure 3. Antioxidant effect of Salvia brandegeei in (a) DPPH, (b) ABTS, and (c) FRAP methods (n = 5).
* p ≤ 0.05 Salvia brandegeei versus citric acid (n = 5).

3.4. Anti-Inflammatory Activity

The aqueous fraction of the methanolic extract of Salvia brandegeei showed a mean
anti-inflammatory effect of 0.013 ± 0.002, whereas the mean for the control group was
0.017 ± 0.001 in the TPA-induced edema model (p > 0.05).

3.5. Formalin Test

Time curves show the painful behavior of the animals over time after intraplantar
administration of 3% formalin as well as the antinociceptive effect over time of different
concentrations of the aqueous fraction of a methanolic extract of Salvia brandegeei root
(Figure 4a–d).

It is important to note that Salvia brandegeei at doses of 100 and 50 mg/kg showed a
statistically difference when compared to saline in the first phase (Figure 5a), while only the
100 dose of Salvia brandegeei showed a statistically significant difference when compared to
saline in the second phase of the formalin trial (Figure 5b).
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Figure 4. Descriptive time-course profiles of the antinociceptive action of the aqueous fraction of
a methanolic extract of Salvia brandegeei: (a) 100, (b) 50, (c) 25, and (d) 12.5 mg/kg in the formalin
test. The white circles correspond to the curve of the saline solution plus formalin (⊚), while the
black circles (•) show the effect of the different concentrations of the aqueous fraction of a methanolic
extract of Salvia brandegeei (n = 6 per group).

Figure 5. Antinociceptive effect of Salvia brandegeei in the (a) first and (b) second phases of the
formalin test. In both phases of this nociception model, a dose-dependent effect can be observed.
* p ≤ 0.05 Salvia brandegeei versus saline (n = 6 per group).

3.6. Writhing Test

The time curves show that intraperitoneal administration of 1% acetic acid induced
characteristic behavior in mice, while the curves of the animals administered with the aque-
ous fraction of the methanolic extract of Salvia brandegeei induced a decrease in nociceptive
behavior (Figure 6a–d).
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Figure 6. Descriptive time-course profiles of the antinociceptive activity of the aqueous fraction of a
methanolic extract of Salvia brandegeei: (a) 100, (b) 50, (c) 25, and (d) 12.5 mg/kg in the writhing test.
The white circles correspond to the curve of the saline solution plus acetic acid (⊚), while the black
circles (•) show the curves of the antinociceptive effect of the different concentrations of the aqueous
fraction of the methanolic extract of Salvia brandegeei root (n = 6 per group).

It can be observed that Salvia brandegeei induced a dose-dependent antinociceptive ef-
fect with a statistically significant difference when compared to saline (Figure 7a). However,
no antagonist affected the antinociceptive activity of Salvia brandegeei (Figure 7b–d).

Figure 7. (a) Dose-dependent antinociceptive action of the aqueous fraction of a methanolic extract
of Salvia brandegeei, (b) lack of action of L-NAME on the antinociceptive effect of Salvia brandegeei,
(c) lack of activity of naloxone (NLX) on the antinociceptive effect of Salvia brandegeei, and (d) lack of
effect of glibenclamide on the antinociceptive action of Salvia brandegeei. * p ≤ 0.05 Salvia brandegeei
versus saline (n = 6 per group).
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4. Discussion
This is the first scientific study using the aqueous fraction of a methanolic extract of

Salvia brandegeei root demonstrating the different properties of its secondary metabolites.
The results of our study show that the aqueous fraction of the Salvia brandegeei extract has
antimicrobial, antioxidant, anti-inflammatory, and antinociceptive effects, which may be
associated with the phenolic and flavonoid constituents detected in the fraction; however,
their individual contributions were not established [43–54] (Table 1).

Among the secondary metabolites detected in the aqueous fraction, rosmarinic acid was
the most abundant [43], followed by others including gentisic acid [49], gallic acid [50,51], and
p- and o-coumaric acid [46,53,54] (Table 1). These compounds may contribute to the observed
antimicrobial activity; however, their individual contributions were not established. The an-
timicrobial effect of Salvia plants is widely known, with Salvia officinalis being the most studied.
This plant has demonstrated an antimicrobial effect against S. mutans, Lactobacillus spp. [55],
Listeria monocytogenes [56], Porphyromonas gingivalis [57], Aggregatibacter actinomycetemcomi-
tans [57], Prevotella intermedia [57], Prevotella nigrescens [57], Fusobacterium nucleatum [57], and
Prevotella melaninogenica [57]. Other plants of the genus Salvia that have demonstrated an-
timicrobial effects are Salvia multicaulis Vahl [17], Salvia apiana [18], Salvia munzii [58], Salvia
rosmarinus Spenn [59], Salvia bracteata [60] and Salvia rubifolia [60], Salvia blepharophylla [61],
Salvia greggii [61], Salvia aegyptiaca [62], and Salvia lanigera [62], and possibly many other plants.

The antimicrobial effect of this Salvia brandegeei extract could be related to other metabo-
lites that produce antioxidant or redox activity [63–66]. Some flavonoid compounds can
interact with membranes, proteins, and nucleic acids, which could increase oxidative stress
and affect the viability of microorganisms [63–66]. In this same context, these compounds
can interfere with catalase or superoxide dismutase, increasing the susceptibility of mi-
croorganisms to oxidative damage [67–69]. This highlights the potential of antioxidant-rich
plant extracts as promising antimicrobial agents. Some plants of this genus that have
demonstrated an antioxidant effect are Salvia officinalis [70], Salvia aratocensis [71], Salvia
miltiorrhiza [72], S. nemorosa [73], and Salvia hispanica [74], among other plants [75].

In this study, Salvia brandegeei extract showed anti-inflammatory activity in one murine
model and antinociceptive activity in two murine models. Both the anti-inflammatory and
antinociceptive effects may be associated with the secondary metabolites present in our
Salvia brandegeei extract; however, their individual contributions were not established [43–54].
The presence of rosmarinic acid provides a plausible hypothesis for part of the observed
antinociceptive activity, based on previous pharmacological evidence; however, causality
cannot be established from the present whole-extract study. Boonyarikpunchai et al., 2014
demonstrated that rosmarinic acid produces antinociception in formalin- and acetic-acid-
induced mouse models [76]. Furthermore, this study showed that the antinociceptive effect of
rosmarinic acid was reversed by naloxone, indicating the involvement of opioid receptors [76].
A study by Hernández-León et al., 2016 [77] demonstrated that the secondary metabolite
rutin exhibits antinociceptive activity and that this action involves the participation of opioid
receptors and the descending modulation of the ventrolateral periaqueductal gray matter.
Rodrigues et al., 2012 demonstrated that Salvia officinalis induces an antinociceptive effect in the
formalin nociception model in mice and that this antinociceptive effect was partially reversed
by carnosol, indicating the involvement of the TRPA1 receptor pathway [78]. Quiñonez-
Bastidas et al., 2025 reported that an extract of Salvia divinorum produced antinociception
in the murine model of formalin-induced trigeminal pain and that this effect is mediated
through the CB1R and TRPV1 receptors [25].

Several limitations should be considered when interpreting the findings of the present
study. First, the biological activities were evaluated using the aqueous fraction obtained
from a methanolic extract of Salvia brandegeei root, and therefore the observed effects
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cannot be attributed to a single compound or specific constituent. Although the chromato-
graphic method was evaluated for linearity, accuracy, precision, stability, and lower limits
of quantification (Table S1), complementary structural confirmation by LC-MS or NMR and
additional validation parameters, including recovery and matrix effects, were not assessed.
In addition, the extract was not subjected to formal batch-to-batch standardization, and fur-
ther studies should establish appropriate chemical markers and evaluate the reproducibility
of independently prepared batches. Second, the antimicrobial evaluation was limited to
ATCC reference strains and inhibition-zone assays. MIC, MBC, and MFC values, as well as
activity against clinical or multidrug-resistant isolates, were not determined; therefore, the
antimicrobial findings should be interpreted as preliminary activity under the experimental
conditions employed and should not be extrapolated to clinical efficacy. Third, although
the TPA-induced ear edema model demonstrated an anti-inflammatory effect, no reference
anti-inflammatory drug was included, limiting the pharmacological comparison and pre-
venting an assessment of relative potency. Fourth, the antinociceptive experiments provide
evidence of activity in the formalin- and acetic-acid-induced writhing models; however,
in the present study, pretreatment with naloxone, glibenclamide, or L-NAME did not
significantly modify the antinociceptive response produced by the aqueous fraction in the
acetic-acid-induced writhing test. Therefore, these experiments do not provide sufficient
pharmacological evidence to support the involvement of opioid, ATP-sensitive potassium,
or nitric oxide pathways. Likewise, the present study did not evaluate additional pathways,
such as cannabinoid, TRPV1, or TRPA1 signaling, nor were the antagonist experiments
replicated across all nociceptive models. Fifth, the animal experiments were conducted
with relatively small experimental groups, and additional studies with adequately powered
designs and independent replication would strengthen the robustness of the findings. Sixth,
cytotoxicity assays, acute systemic toxicity studies, and pharmacokinetic or bioavailability
evaluations were not performed. Consequently, the present data do not establish the safety
profile, therapeutic index, pharmacokinetic behavior, or a therapeutically appropriate dose
of the extract. The human-equivalent doses calculated from the experimental mouse doses
are useful only for interspecies pharmacological comparison and should not be interpreted
as proposed human doses (equation HED = animal dose × 3/37). Using this conversion
factor, the HED values corresponding to 12.5, 25, 50, and 100 mg/kg in mice are approxi-
mately 1.01, 2.03, 4.05, and 8.11 mg/kg, respectively. Finally, the biological effects observed
in the present study should be considered preliminary preclinical evidence and should not
be interpreted as demonstrating therapeutic efficacy in humans. Further investigations
integrating chemical standardization, mechanistic pharmacology, toxicological evaluation,
pharmacokinetic characterization, dose–response optimization, and validation in addi-
tional experimental models will be necessary to determine the translational potential of the
aqueous fraction of Salvia brandegeei.

In conclusion, this study presents the first evidence of preliminary biological activities,
including antimicrobial, antioxidant, anti-inflammatory, and antinociceptive effects of an
aqueous fraction of a methanolic root extract of Salvia brandegeei.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/futurepharmacol6030049/s1, Table S1. Analytical performance
and validation parameters of the HPLC-UV method used for the determination of the reference
compounds [27].
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