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Abstract

Background: Bacopa procumbens is a plant species with medicinal properties. Although
several of these properties have already been validated, its use for treating pain remains
untested. Objective: the objective was therefore to test the antinociceptive effect of two
extracts (n-hexane and hydroalcoholic) and two fractions (aqueous and organic) from the
most active extract, as well as to determine the chemical profile of Bacopa procumbens. Meth-
ods: analgesic activity was determined by antinociceptive activity using the formalin model
in mice. Compounds were identified by high-performance liquid chromatography and gas
chromatography coupled with mass spectrometry. Compared to the vehicle treatment (3%
Tween 20), licking time was 22.8 s and 141.6 s lower when treated with the hexane extract
(200 mg/kg); 43.4 s and 152.5 s with the hydroalcoholic extract (200 mg/kg); 27.2 s and
169 s with the organic fraction; and 5.4 s and 32 s difference with the positive control, in
phases 1 and 2, respectively. Phytochemical analysis of the hexane extract allowed us to
identify 2-pentadecanone, 6,10,14-trimetil- (11.70%), 6,10,14-trimethyl-, dibutyl phthalate
(34.71%), and hexane-dioic acid bis(2-ethylhexyl) ester (45.15%). Conclusions: We identified
arbutin (1), 5-(p-hydroxybenzoyl) shikimic acid (2), and procumgastrodin A (3) in the BpFo
fraction. In conclusion, we demonstrated that the BpH extract and the BpFo fraction have
anti-nociceptive properties that may be associated with compounds 2 and 3.

Keywords: Bacopa procumbens; pain; antinociceptive effect; hydroalcoholic extract; organic
fraction; GC–MS (gas chromatography–mass spectrometry); HPLC (high-performance
liquid chromatography)

1. Introduction
Pain is one of the main reasons for seeking medical attention in primary care [1], along

with musculoskeletal and respiratory problems [2]. It is estimated that at least 60% of the
population has experienced pain at some point in their lives [3]. Given its high prevalence
and the fact that it can significantly impact the quality of life of those affected [4], experts
widely regard pain as a global health problem [5,6].

Non-steroidal anti-inflammatory drugs (NSAIDs) and opioids are the most used
pharmacological treatments for pain. However, analgesics have side effects. NSAIDs
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are associated with renal complications [7]; for instance, diclofenac is potentially nephro-
toxic [8]. Similarly, despite their high analgesic potency, opioids are linked to dependence
and withdrawal syndromes [9]. Traditional medicine serves as a viable source of plant
extracts with analgesic properties [10]. To ensure the efficacy of medicinal plants, it is
necessary to scientifically validate these traditional uses [11]. One approach to determining
the analgesic properties of plant extracts is using animal models [12]. Since pain has been
defined as an unpleasant sensory and emotional experience associated with actual or po-
tential tissue damage [13], this term is more appropriate for humans, while “nociception”
is more appropriate for animals [14]. Therefore, antinociceptive tests are used in animals
to evaluate different types of pain. One such test is the formalin test, which evaluates the
response to neurogenic and inflammatory pain generated by chemical tissue injury [15].
Analgesic properties validated using this test have led to the characterization of active
secondary metabolites with analgesic and anti-inflammatory potential [16].

Although there has been an increase in the number of studies aimed at scientifically
demonstrating the medicinal properties of different plants [17], only a small fraction of the
plant species used in traditional medicine have been tested [18,19]. These include Gentiana
lutea Linn [20], Harpagophytum procumbens [21], Stachytarpheta cayennensis [22], and Bacopa
monnieri [23]. One of many species used in traditional Mexican medicine to treat pain is
Bacopa procumbens. The genus Bacopa belongs to the family Scrophulariaceae and contains
approximately 60 species, of which B. monnieri is the most widely distributed in subtropical
areas around the world [24]. It is a thin, creeping herb that grows in both terrestrial and
aquatic conditions [25]. This species is the most widely used in traditional medicine [26].
Numerous secondary metabolites of this species, such as flavonoids, bacoside A, and
phenolic compounds, have been shown to have various medicinal properties [27,28].

Previous studies have demonstrated that B. monnieri has several medicinal effects,
including memory-enhancing, stress-relieving, sedative, and antiepileptic effects. Further-
more, B. monnieri is the only species of this genus for which antinociceptive and analgesic
properties have been demonstrated. Antinociceptive properties of the ethanolic extract
were first reported in 1997, and phytochemicals such as bacosides and tannins were identi-
fied as possibly responsible for this effect [29]. Subsequently, antinociceptive effects were
reported in the hexane extract [30] and analgesic properties in the aqueous extract [31,32]. It
was also reported that the hydroalcoholic extract inhibits nociception and has an analgesic
effect [33]. Similarly, it was confirmed that the ethanolic extract possesses antinociceptive
activities, possibly related to the presence of secondary metabolites such as tannins and
phenolic compounds [23].

Another species of the genus, B. procumbens, is used in Mexico as a healing agent [34]
or to relieve or soothe pain [35] and has been the subject of recent study. Several of its medic-
inal properties have been validated to date, including the promotion of re-epithelialization
by the aqueous extract [36,37]; antimicrobial activity by hydroalcoholic extract and its frac-
tions, attributed to procumgastrodins [38]; hair growth-stimulating properties in bioactive
fractions [39]; and antimicrobial properties in the ethyl acetate fraction [40].

Other uses of B. procumbens in Mexican traditional medicine have not yet been studied.
For example, in Tabasco it is used to treat physical fatigue; in Veracruz as an antimalarial
and anti-anemic agent; in Guanajuato as an ophthalmic solution; and in Nayarit to treat
skin blemishes [41]. In Hidalgo, it has been reported to be used to heal wounds [34],
reduce inflammation and fever, and relieve or soothe toothaches, kidney pain, and stom-
achaches [35]. This last use could be associated with analgesic or antinociceptive properties.
The medicinal properties of the hydroalcoholic extract and its organic fraction demon-
strated to date do not include analgesic or antinociceptive properties [36,38]. Thus, there
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are no studies testing the analgesic or antinociceptive properties of the hydroalcoholic or
hexane extract, or of the aqueous or organic fractions of B. procumbens.

Secondary metabolites have been identified in aqueous and hydroalcoholic extracts
of B. procumbens. In 2005, two new phenolic glycosides called phenolic glycosides were
reported for the first time in the n-butanol fraction, along with seven known compounds,
including arbutin and linarin [42]. Three compounds were identified in the aqueous
fraction: D-glucose, sucrose, and mannitol, while sitosterol and lupeol were detected in
the chloroform fraction. Homovanillyl, naringenin-C, paeoniflorin, and floret acid, among
others, have also been reported [37]. In addition, phenolic compounds, procumgastrodins
A, B, and C [38], and 5-(p-hydroxybenzoyl) shikimic acid [40] have been discovered in
the hydroalcoholic extract and its organic fraction. These metabolites are associated with
antimicrobial properties. However, there are no scientific studies demonstrating which
phenolic secondary metabolites are candidates for the antinociceptive effect.

Therefore, the objective of this research was to determine which type of extract (hy-
droalcoholic or hexane) and which type of fraction (aqueous or organic) of B. procumbens
has the greatest antinociceptive effect (if any) and to identify which major metabolites are
the candidates for that effect. Knowledge of the antinociceptive properties of B. procumbens
and the candidate metabolites of this effect could form the basis for further research aimed
at describing more properties or new analgesic agents. In addition, it will allow for more
appropriate use of the species, which will contribute both to improving alternatives for
treating pain-related symptoms and to better conservation of the species.

2. Materials and Methods
2.1. Vegetal Material

We collected small mother plants of Bacopa procumbens (Mill.) to use for propagation
in the community of Huasca de Ocampo, Hidalgo, Mexico (20◦13′9.85′′ N, 98◦33′30.35′′ W).
One specimen was identified and archived at the herbarium of the Benemérita Universidad
Autónoma de Puebla with the number 8513/AMRC2. The plants were propagated asexually
by cuttings in the greenhouse of the Center for Applied Biotechnology Research at the
National Polytechnic Institute in Tepetitla de Lardizábal, Tlaxcala, Mexico. Natural light
was used in the greenhouse with a photoperiod of approximately 12 h of light and 12
h of darkness. The plants were grown in a substrate composed of local soil, peat moss,
agrolite, and perlite and watered daily with drinking-quality water. In 2024, we collected
the aerial parts (flowers, leaves, and stems) of the plant from individuals propagated in the
greenhouse for use in the experiments.

2.2. Obtaining Extracts

The fresh plant material (100 g) was dried in a dark room at 32 ◦C for five days and
then ground in a mortar. The dry, ground material obtained (50 g, <4 µm) was macerated
with 350 mL of n-hexane for 24 h. The liquid extract was filtered through filter paper
(Whatman 4, Buckinghamshire, UK), and the solvent was removed by distillation under
reduced pressure in a Heidolph®-G3 rotary evaporator (Heidolph, Schwabach, Germany)
at 40 ◦C at 90 RPM. This process was repeated three times to obtain the hexane extract
(BpH, 1.69 g). The plant material was dried at room temperature in a fume hood, then
300 mL of a water:ethanol solution (60:40) was added and it was left to stand for 24 h. The
liquid extract was filtered (Whatman 4) and the solvent was reduced by distillation under
reduced pressure in a rotary evaporator at 50 ◦C at 90 RPM. This process was carried out in
duplicate. It was then dried by freeze-drying (LyoMicron, Barcelona, Spain) to obtain the
hydroalcoholic extract (BpHa, 3.6 g), the extract obtained had a viscous consistency.
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The hydroalcoholic extract was dissolved in 100 mL of water and 150 mL of ethyl
acetate was added. This process was carried out in triplicate to obtain two fractions that
were separated using a funnel (250 mL Pyrex, Corning, New York, NY, USA) to obtain the
aqueous fraction (BpFa) and the organic fraction (BpFo). The solvent was reduced under
reduced pressure in a rotary evaporator at 50 ◦C at 90 RPM. The organic fraction (0.46 g)
was obtained, which had a viscous consistency, and the aqueous fraction (3 g) which had a
liquid consistency. The extracts and fractions were stored under refrigeration at 4 ◦C for
further studies.

2.3. Laboratory Animals

The experiments were conducted on 50 male CF1 strain mice with an average weight
of 28–30 g, purchased from the company Productora Nacional de Biológicos Veterinarios
(PRONABIVE), endorsed by Servicio Nacional de Sanidad, Inocuidad y Calidad Agroal-
imentaria (SENASICA). These animals were kept in the animal facility of the Southern
Biomedical Research Center (CIBIS-IMSS), under environmental conditions established by
Mexican law (NOM-062-ZOO-1999). The temperature of the animal facility was maintained
at 24 ± 2 ◦C, with a relative humidity of 30–40% and 12 h/12 h light (300 lumens)/dark
cycles. The mice had free access to water and standard Lab-Diet pellets. The mice were
quarantined for 5 to 7 days to allow them to adapt to their new environment and subse-
quent use. The animals were euthanized immediately after the experiment was completed
using a CO2 chamber.

The study was conducted in accordance with Mexican law (NOM-062-ZOO-1999) and
CIBIS-IMSS regulations for the care and use of laboratory animals. The entire protocol
was approved by the CIBIS-IMSS Internal Committee for the Care and Use of Laboratory
Animals (approval number R-CICUAL-2025-02).

2.3.1. Drugs and Reagents

The following were used in the formalin test: formaldehyde, Tween 20, and diclofenac,
which were purchased from Sigma-Aldrich (Toluca, Mexico).

2.3.2. Experimental Design

To determine the antinociceptive effect of the compounds, we performed the formalin
test in mice, using 10 groups (n = 5) assigned to the groups as follows: negative control
(Tween-20 at 3%), positive control (diclofenac 30 mg/kg, i.p.), BpH (100 mg/kg, p.o.), BpH
(200 mg/kg, p.o.), BpHa (100 mg/kg, p.o.), BpHa (200 mg/kg, p.o.), BpFa (10 mg/kg, p.o.),
BpFa (20 mg/kg, p.o.), BpFo (10 mg/kg, p.o.) and BpFo (20 mg/kg, p.o.). The animals
were administered the corresponding treatment 30 min before the formalin injection.

2.3.3. Formalin Test

Each mouse was placed in an open transparent acrylic cylinder (20 cm in diameter ×
30 cm in height) with side mirrors, which served as an observation chamber. The animals
were administered the corresponding treatment thirty minutes before the formalin injection
and returned to the chamber to acclimatize. After the acclimatization period, 20 µL of a
2.5% formalin solution was administered subcutaneously to the dorsal part of the right
hind paw using a 30 G needle. The mouse was placed back in the observation chamber and
the licking time of the affected paw was recorded for 40 min. The nociceptive response in
mice is biphasic: the first phase (from 0 to 5 min after the stimulus) results from the direct
stimulation of the nociceptors, has a rapid onset and high intensity, while the second phase
has been recorded with optimal onset times starting at 15 min [43], ending at 40 min [44].
The 40-min observation period thus encompassed both phases, and we quantified licking
time separately for these two phases (hereafter, phase 1 for minutes 0–5 and Phase 2 for
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minutes 15–40). A significantly lower licking time in any treatment relative to the negative
control was interpreted as antinociception.

2.4. Gas Chromatography–Mass Spectrometry (GC-MSD)

We used a gas chromatograph (Agilent 7890B, Santa Clara, CA, USA) coupled to a
triple quadrupole mass selective detector (Agilent 7000D, Santa Clara, CA, USA) with data
acquisition via a Mass Hunter Workstation (version 12.1, Agilent Technologies, Santa Clara,
CA, USA) operating in electron ionization (EI) mode. We used a 30 m long × 250 µm ×
0.25 µm thick HP-5 MS column coated with 5% diphenyl methylsiloxane. Helium (99.9%)
was the carrier gas with a constant flow rate of 1 mL min−1. The injector temperature was
300 ◦C, and the transfer line temperature was 310 ◦C. The oven temperature was held at
50 ◦C for 1 min and then increased to 300 ◦C, where it was held for 1 min. Finally, the
temperature was increased by 10 ◦C per min until reaching 310 ◦C and was maintained
at this temperature for 20 min. The resulting spectrograms were obtained as a function of
retention time (RT) in min and relative absorbance (100%). The run time for each sample was
49.78 min. Interpretation of the mass spectra was performed by computerized comparison
with spectral mass spectra in the National Institute of Standards and Technology (NIST)
database, version 14.0 [45].

2.5. High-Performance Liquid Chromatography (HPLC) Analysis and Triple Quadrupole
Mass Spectrometer

HPLC chromatograms were obtained using an HPLC separation module (2695, Wa-
ters Corp., Milford, MA, USA) coupled with a photodiode array detector (2996, Wa-
ters Corp., Milford, MA, USA). We used a Discovery C18 column with dimensions of
4.6 mm × 250 mm (internal diameter) and a Licrosphere 100 RP-l8 column of 250 × 4 mm
with a particle size of 5 (504971, Sigma-Aldrich, Saint Louis, MO, USA). We used a binary
mobile phase system, which consisted of (A) an aqueous solution (AT0110-07, Tecsiquim,
Toluca de Lerdo, Mexico) acidified with 0.5% trifluoroacetic acid (TFA) (302031, Sigma-
Aldrich, Saint Louis, MO, USA) and (B) acetonitrile (AT0090-7, Tecsiquim, Toluca de Lerdo,
Mexico). The method used for chemical separation was as follows: 100% A, 0–2 min; 95%
A, 2 min; 85% A, 4 min; 70% A, 8–20 min; 50% A, 21–23 min; and returning to 0% A in
26–27 min and 100% A, 28–30 min. During the analysis, the flow rate was maintained
at 5 mL/min and the injection volume of the samples was 10 µL. The photodiode array
detector (PDA) monitored the absorbance in a wavelength range of 190 to 600 nm; the
standards, the hydroalcoholic extract, the aqueous fraction, and the organic fraction were
analyzed at 260 nm and 340 nm.

The photodiode array detector (PDA) monitored the absorbance in a wavelength range
of 190–600 nm, and the standards, hydroalcoholic extract, aqueous fraction, and organic
fraction were analyzed at 260 and 340 nm.

Triple quadrupole mass spectrometer (Waters Corporation, Milford, MA, USA)
equipped with an electrospray ionization (ESI, Zspray) source (Waters Corporation, Mil-
ford, MA, USA) heated at 150 ◦C. Argon was used as a collision gas at a flow rate of
0.10 mL/min (Thermo Fisher Scientific, Bremen, Germany).

2.6. Statistical Analysis

Values are presented as mean ± standard error of the mean (SEM). Groups were
compared using one-way analysis of variance (ANOVA) and Dunnett’s post hoc test. p-
values less than 0.05 (* p < 0.05; ** p < 0.01) were considered significant. GraphPad Prism 8
software was used for statistical analysis (GraphPad Software Inc., San Diego, CA, USA).
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3. Results
3.1. Yield of the Extract, Aqueous Fraction and Organic Fraction

Maceration of 50 g of dry matter from the aerial parts of B. procumbens yielded 3.38%
(1.69 g) of hexane extract (BpH) and 7.2% (3.6 g) of hydroalcoholic extract (BpHa). Biparti-
tion of BpHa provided 83.33% (3 g) of the aqueous fraction (BpHFa) and 13% (0.46 g) of the
ethyl acetate fraction (BpFo).

3.2. Antinociceptive Effect

Figure 1 shows the results of the antinociceptive effect of B. procumbens extracts com-
pared to the vehicle (Tween 20, 3%) during nociception phases 1 and 2. The hydroalcoholic
extract had a greater effect, showing a dose-dependent response, evidenced by a signifi-
cant reduction in licking time compared to the negative control during both phases. The
hydroalcoholic extract had its strongest antinociceptive effect at the highest concentration
(200 mg/kg p.o.), with 43.4 (41.4%) seconds and 152.5 (46%) seconds lower licking time
in phases 1 and 2, respectively, compared to the negative control group (104.8 s and 328 s,
respectively). The results indicate that the hydroalcoholic extract has a dose-dependent
antinociceptive effect and that it was the only extract that had antinociceptive properties in
both phases.

Figure 1. Antinociceptive effect of B. procumbens extracts in both phases of the formalin test. Vehicle
(V), diclofenac (D), hexane extract (BpH), and hydroalcoholic extract (BpHa) of B. procumbens. Data
are expressed as the mean (n = 5) ± SEM (standard error of the mean). Asterisks indicate significant
differences (* p < 0.05, ** p < 0.01) compared to the vehicle group in a Dunnett test.

Figure 2 shows the antinociceptive effect of the hydroalcoholic extract and its two
fractions compared to the vehicle (Tween 20 at 3%) in phases 1 and 2. Between the two
fractions, the organic fraction had the stronger antinociceptive effect, which was dose-
dependent in both phases. In phase 1, the organic fraction (10 mg/kg p.o.) had 27.2 s
(25.9%) less licking time than the negative control, while in phase 2, the organic fraction
(20 mg/kg p.o.) had 159 (51.5%) seconds less licking time than the negative control.
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Figure 2. Antinociceptive effect of fractions derived from the hydroalcoholic extract in both phases of
the formalin test. Vehicle (V), diclofenac (D), hydroalcoholic extract (BpHa), aqueous fraction (BpFa)
and organic fraction (BpFo) of B. procumbens. Data are expressed as the mean (n = 5) ± SEM. Asterisks
indicate significant differences (* p < 0.05 and ** p < 0.01) compared to the vehicle group (Tween 20,
3%) in a Dunnett test.

3.3. Gas Chromatography Coupled to Mass Spectrometry (GC-MS)

Table 1 presents the chemical composition of the n-hexane extract. It contains chemical
groups of alcohols, hydrocarbons, ketones, phthalates, and, in higher concentrations, esters.
2-Pentadecanone was identified at 11.70%, 6,10,14-trimethyl-, dibutyl phthalate at 34.71%,
and hexanedioic acid bis(2-ethylhexyl) ester at 45.15%. The antinociceptive effect of the
hexane extract may be due to the compounds 2-pentadecanone, 6,10,14-trimethyl-, dibutyl
phthalate, hexanedioic acid, and bis(2-ethylhexyl) ester.

Table 1. Gas chromatography coupled to mass spectrometry (GC-MS) of the n-hexane extract.

Peak Retention Time
(min) Area (%) Compound Name Molecular

Weight (g/mol)
Chemical

Group

1 13.46 0.68 2-Hexyl-1-decanol 242.44 Alcohols
2 18.199 11.70 2-Pentadecanona, 6,10,14-trimetil- 268.47 Ketones
3 18.943 3.45 1-Dodecanol, 3,7,11-trimetil- 228.41 Alcohols
4 19.397 34.71 Dibutyl phthalate 278.34 Phthalates
5 19.894 1.21 1,54-Dibromotetrapentacontano 917.2 Hydrocarbons
6 20.484 0.32 Fen-1,4-diol, 2,3-dimetil-5-trifluorometil- 206.16 Hydrocarbons
7 20.706 0.24 Tetrapentacontane, 1,54-dibromo 917.2 Hydrocarbons
8 22.217 1.39 Heptacosano 380.7 Hydrocarbons
9 23.12 45.15 Hexanedioic acid, bis(2-ethylhexyl) ester 370.56 Esters

10 32.53 1.17
Octasiloxane,
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl

577.2 Siloxane

3.4. High-Performance Liquid Chromatography (HPLC)

Figure 3 shows the HPLC chromatograms obtained from the hydroalcoholic extract
(BpHa), the aqueous fraction (BpFa), and the organic fraction (BpFo) at 260 nm. The major
compounds are found in the medium polarity region at 6–12 min. Procumgastrodin A (3)

https://doi.org/10.3390/futurepharmacol6010016

https://doi.org/10.3390/futurepharmacol6010016


Future Pharmacol. 2026, 6, 16 8 of 16

was identified in all three treatments, while 5-(p-hidroxibenzoil) shikímic acid (2) and arbutin
(1) were found only in the organic fraction. The concentration of compound 3 in BpHa
is 90.52 µg/gram of extract, in aqueous fraction 3 it is 21.42 µg/g of extract, and in BpFo
compound 1 is 32.70, 2 is 63.72 and 3 is 159.83 µg/g of extract. In the positive ion ESI-MS for
the hydroalcoholic extract, quasimolecular peaks were observed at m/z 295 [M + Na + H]+

and 273 [M + H]+ for the molecular formula C12H16O7 (m/z = 272.08) for arbutin (1). Similarly
for compound 2, ions were observed at m/z 295 [M + H]+ for molecular formula C14H14O7

(294.25) and for compound 3, the ions observed were m/z 585 [M + Na]+ and 562 [M]+ for
molecular formula C27H30O13 (562.16). See Figures S1–S3. In the organic fraction, arbutin
(1), 5-(p-hydroxybenzoyl) shikimic acid (2), and procumgastrodin A (3) were identified as
the major components and potential candidates for the antinociceptive effect. In the negative
ion ESI-MS for the organic fraction (BpFo), quasimolecular peaks were observed at m/z 271
[M − H]− for the molecular formula C12H16O7 (m/z = 272.08) for arbutin. For compound 2,
ions were observed at m/z 293 [M − H]− for molecular formula C14H14O7 (294.25) and for
compound 3, the ions observed were m/z 561 [M − H]− for molecular formula C27H30O13

(562.16). See Figures S4–S6. Their chemical structures are shown in Figure 4.

 

Figure 3. HPLC chromatograms at 260 standards: (A) arbutin (1), (B) 5-(p-hydroxybenzoyl) shikimic
acid (2), (C) procumgastrodin A (3) and B. procumbens extract (D) hydroalcoholic (BpHa), (E) aqueous
fraction (BpFa) and (F) organic fraction (BpFo).
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Figure 4. Chemical structures identified in B. procumbens: arbutin (1), 5-(p-hydroxybenzoyl)shikimic
acid (2) and procumgastrodin A (3).

4. Discussion
According to the results obtained in this research, our findings show that the hydroal-

coholic extract has a stronger antinociceptive effect than the hexane extract and that that
effect is dose-dependent. It is also the only extract that has antinociceptive properties in
both phases of the formalin model. When considering the fractions of this extract, the
organic fraction has a greater antinociceptive effect than the aqueous fraction in both phases
of the formalin model. The major compounds present in that fraction, and therefore pos-
sible candidates for its antinociceptive effect, are arbutin, 5-(p-hydroxybenzoyl) shikimic
acid, and procumgastrodin A.

Analgesic properties have been identified in extracts or fractions of medicinal
plants [10]. Hydroalcoholic extracts from species such as Borago officinalis [46] and Dalbergia
ecastophyllum [47] have been reported to have an antinociceptive effect that reduces acute
inflammatory pain. In the species B. monnieri, both nonpolar and polar extracts (i.e., hex-
ane [30] and hydroalcoholic [33]) have been shown to help reduce acute pain symptoms.
The findings of our research coincide with theory, since both the hexane and hydroalcoholic
extracts showed antinociceptive properties, but only the hydroalcoholic extract showed an
effect in both phases, this effect being dose-dependent.

The effect of the hydroalcoholic extract of B. procumbens was stronger in the second
phase of the formalin model. This effect was similar to that of diclofenac, which both in
the current study and in previous reports in the literature [47], had an antinociceptive
effect only in the second phase of the formalin model. The second phase is associated with
inflammatory pain processes through the release of serotonin, histamine [48], bradykinin,
and prostaglandins from the injured tissue [45,49]. The stronger effect of the hydroalcoholic
extract compared to the hexane extract may be that it contained higher concentrations
of phenolic compounds and flavonoids [50], while the hexane extract had higher concen-
trations of nonpolar compounds such as terpenoids [51]. The hydroalcoholic extract of
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B. procumbens has an antinociceptive effect in both phases, showing that it reduces both
neurogenic pain and inflammatory pain.

Antinociceptive properties have been demonstrated in different types of fractions,
both aqueous and organic. In aqueous fractions, antinociceptive properties have been
reported in species such as Cucumis ficifolius [52]. In other species, ethyl acetate fractions
have been shown to have stronger antinociceptive properties than the aqueous fraction, as
is the case in Agrimonia eupatoria [53], Combretum fragrans F. [54], and Siolmatra brasiliensis
Bail [55], among others. Our findings coincide with the latter since, of the two fractions, it
was the organic fraction (ethyl acetate) that had the stronger antinociceptive effect during
both phases in the formalin model.

The variation in effect among fractions is because complete extracts from a medicinal
plant contain many secondary metabolites and compounds. For the initial separation of
these compounds, fractions or bipartitions are used to identify fractions with greater activity
which are subsequently isolated and purified to obtain active secondary metabolites [56].
Our results suggest that the metabolites involved in the antinociceptive effect are likely
to be mainly flavonoids or phenolic acids, as they are usually extracted with semi-polar
solvents such as ethyl acetate [57].

In the tested model, the nociceptive response in the formalin test allows the evaluation
of an animal’s behavior in response to continuous moderate pain generated by injured
tissue [15]. This method produces a biphasic nociceptive response to the injection of
formalin into the mouse’s paw [58]. In the early phase, formalin activates afferent nerves,
which in turn activate local neurogenic systems (such as peptide release); this causes edema
and plasma extravasation [59]. This causes neurogenic pain, which lasts up to five minutes
after the formalin injection, due to direct activation of the nociceptors. Fifteen minutes
after the formalin injection, the late phase occurs, which is associated with inflammatory
pain [58] due to the release of different pain-mediating substances [45]. Based on the results
of this study, we can deduce that the candidate metabolites of the antinociceptive effect
are mainly found in the organic fraction. Although we did not evaluate the mechanism
of action, it is already known that the effect in both phases suggests that there is an
antinociceptive effect on neurogenic pain and inflammatory pain. Such an effect could
be mediated by different mechanisms of central action (phase 1) and peripheral action
(phase 2) involving effects on cholinergic pathways and stimulation of GABA receptors,
with the peripheral antinociceptive mechanism inhibiting the synthesis and release of
arachidonic acid, phospholipase, or nitric oxide [60].

Our results demonstrate that the secondary metabolites contained in the organic frac-
tion of the hydroalcoholic extract of B. procumbens have stronger antinociceptive properties
than those in the aqueous fraction. Therefore, considering that the first phase involves direct
chemical stimulation of nociceptors, with central action, and that the second phase depends
on peripheral inflammation, we demonstrate that the organic fraction has anti-nociceptive
properties that reduce nociceptive pain and inflammatory pain.

Even though the n-hexane extract was not very effective as an antinociceptive, it
contains ketones and esters, which have been shown to have antinociceptive properties
in other medicinal species. For example, in Mentha spicata, an antinociceptive effect was
attributed to carvone, a ketone-type compound [61], while in Choisya ternata, the effect was
attributed to isopropyl N-methylanthranilate (ternantranine), which is an ester [62]. We
therefore propose that the main compounds present in the hexane extract of Bacopa procum-
bens, which are 2-pentadecanone and bis(2-ethylhexyl) hexanedioic acid, could exert some
antinociceptive effect. Although there are currently no studies reporting antinociceptive
properties for the compound 2-pentadecanone, there are studies reporting such properties
for the compound bis(2-ethylhexyl) [63].
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The antinociceptive properties of species such as Agrimonia eupatoria L. [54] and Sideritis
ozturki [64] have been attributed to phenolic compounds. Various studies have shown
that phenolic compounds are found in bioactive ethyl acetate fractions, as is the case with
Agrimonia eupatoria [53], Anacardium occidentale L. [65], and Amaranthus spinosus [66]. Our
findings are consistent with those, since the organic fraction (ethyl acetate) had the strongest
antinociceptive effect and was identified as containing 5-(p-hydroxybenzoyl) shikimic acid
and procumgastrodin A as the major components. These secondary metabolites are derived
from phenolic acids.

The concentration of phenolic compounds varies depending on the plant as well as the
solvent used, as the latter influences the extraction yield. Solvents such as water, acetone,
ethyl acetate, alcohols, and mixtures thereof can increase the concentrations of phenolic
compounds depending on their solubility [67]. In this study, pro-cumgastrodin A was
identified in the hydroalcoholic extract, in accordance with previous reports [37]. After
bipartitioning the extract, procumgastrodin A was detected in the aqueous fraction, but
at a much lower concentration. This finding is due to the polarity of the compounds and
the fact that the aqueous fraction contains mainly carbohydrates, such as glucose and
sucrose [42]. Arbutin was identified in the organic fraction, in lower concentrations. This
compound was only found in this fraction but not in the original extract, possibly because
it was present at low concentrations, which is consistent with previous reports [37,42].
Procumgastrodin A is present in higher concentrations. 5-(p-hydroxybenzoyl) shikimic
acid was recently identified in the organic fraction [37]; however, despite being present
in higher concentrations, it could not be identified in the hydroalcoholic extract. This
could be because it was obscured by a higher concentration of carbohydrates in this extract.
Phenolic compounds have been reported among the secondary metabolites with analgesic
properties [23]; therefore, procumgastrodin A and 5-(p-hydroxybenzoyl) shikimic acid are
candidates for antinociceptive effects.

One limitation of this study with Bacopa procumbens is that the model only applies
to acute pain and does not allow for differentiation between mechanisms of action. We
therefore recommended that future research use different models of analgesia to elucidate
these mechanisms with greater precision.

Over the years, there have been numerous studies of plant species with analgesic
properties. Research into the antinociceptive properties of the Bacopa genus began 25 years
ago. Initially, research focused on identifying bioactive extracts. This helped to suggest
some of the mechanisms behind this effect, ruling out opioid pathways and highlighting
different pathways, such as COX2 blockade. Another contribution of previous work has
been the identification of saponin-derived compounds, bacosides, as responsible for the
antinociceptive effect. Although the genus includes 59 species, only B. monnieri had been
confirmed to have antinociceptive properties. Thanks to our research, it is now known that
B. procumbens also has antinociceptive properties and that the secondary metabolites most
likely associated with the antinociceptive effect are phenolic in nature and are specific to
this species.

This study provides valuable knowledge in the fields of phytochemistry and phar-
macology, thus contributing to the identification of new analgesics. In addition to their
technical relevance, these findings reaffirm and support traditional knowledge of medicinal
plants. Therefore, in addition to contributing to scientific knowledge about alternatives for
pain treatment, the research validates and supports the traditional use of B. procumbens in
different pain-related conditions.
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5. Conclusions
This study is the first scientific evidence of the antinociceptive effect in Bacopa procum-

bens. We demonstrated that the hydroalcoholic extract and its organic and aqueous fractions
possess antinociceptive properties in both phases of the formalin model, with a greater
effect in the organic fraction. The candidate secondary metabolites responsible for the
antinociceptive effect are likely procumgastrodin A and 5-(p-hydroxybenzoyl) shikimic
acid. Future research should focus on isolating these candidate compounds and evaluating
their antinociceptive activity.
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BpFo Bacopa procumbens organic fraction
BpH Bacopa procumbens hexane
BpHa Bacopa procumbens hydroalcoholic
GC–MS Gas chromatography–mass spectrometry
CO2 Carbon dioxide
D Diclofenac
SEM Standard error of the mean
g Grams
HPLC High-performance liquid chromatography
i.p. Intraperitoneal
p.o. Oral route
PDA Photodiode Array Detector
PRONABIVE National producer of veterinary biologicals
RPM Revolutions per minute
V Vehicle
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