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Abstract: Mental and neurological disorders are conditions that affect thoughts, emotions, behavior,
and relationships. Malpighia mexicana A. Juss. is a plant used in Mexican traditional medicine for the
treatment of such disorders. This work aimed to investigate the antidepressant, anxiolytic, sedative,
hypnotic, and anticonvulsant effects of the acetonic extract (MmAE) of M. mexicana and its fractions
(F3, F4-10, F14) using the forced swimming test (FST), elevated plus maze (EPM), open field test
(OFT), pentobarbital-induced sleep test (PBTt), and pentylenetetrazol-induced seizure test (PTZt).
MmAE, F3, F4-10, F14, and vehicle were administrated orally 24, 18, and 1 h prior to the evaluations.
Imipramine (15 mg/kg, p.0.) was administrated 1 h prior to the evaluations as a positive control for
the FST, while diazepam (1 mg/kg, p.0.) was administrated 1 h prior to the evaluations as a positive
control for the EPM, OFT, PBTt, and PTZt. MmAE had an anxiolytic effect; MmAE and F3, F4-10, and
F14 showed an antidepressant effect, sedative effect, hypnotic effect, and anticonvulsant effect. Using
HPLC, we identified the compounds quercetin 3-O-rutinoside (1), kaempferol 3-O-glucoside (2),
luteolin 7-O-glucoside (3), quercetin (4), and kaempferol (5) in MmAE and compounds (1), (2), and
(3) in F14. Using GC-MS, we identified x-tocopherol, phytol, and p-amyrin in F3; -tocopherol,
phytol, B-sitosterol, and p-amyrin in F4-10; and o- tocopherol, phytol, B-sitosterol, and 3-amyrin in
F4-10. The neuropharmacological effects found in this work may be due to the presence of vitamins,
phytosterols, terpenes, and flavonoids. This research requires further study to clarify the mechanisms
of action of the identified compounds.
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1. Introduction

Malpighia mexicana A. Juss. (Malpighiaceae), is distributed in Chiapas, Durango,
Mexico State, Guerrero, Jalisco, Michoacan, Morelos, Oaxaca, Puebla, and Yucatan [1,2]. Its
common name is guachocote, and it has edible fruits that have a high vitamin C content [2].
It is used in traditional medicine against stomach ailments, diabetes, and scurvy, and the
people of the communities within the Sierra de Huautla Biosphere Reserve in Morelos
(REBIOSH), Mexico, use it for the treatment of nervous disorders [3]. However, its use
is empirical, and to date, there are no scientific publications that report its effectiveness
against the ailments it is used to treat. M. mexicana A. Juss. grows wild, but rural inhabitants
also cultivate it in home gardens because of its multiple economic, food, timber, ornamental,
and medicinal benefits [1]. Several studies of plant species belonging to different genera of
the Malpighiaceae family have reported uses in traditional medicine for various nervous
disorders and found sedative, antidepressant, anxiolytic, anticonvulsant, nootropic, and
learning-enhancement effects [4,5].

Plant species are a valuable resource for large pharmaceutical companies in the de-
velopment of new drugs. They are used as a direct source of therapeutic agents (both as
phytomedicines and pure drugs), a source of raw material for the development of com-
plex semi-synthetic drugs, prototypes for the design of lead molecules, and /or taxonomic
markers for the discovery of new drugs [6].

Depression and anxiety disorders are the most frequent mental illnesses worldwide [7].
Anxiety affects more than 264 million people, with up to 33.7% of the world’s population
estimated to experience an anxiety disorder during their lifetime [8,9]. Both depressive
disorders and anxiety are among the top ten causes of disease burden worldwide, with
depression being the second leading cause and anxiety being the fifth leading cause of
lost years due to disability [10]. Furthermore, many people have both conditions [11].
Epilepsy is one of the most common neurological disorders, with more than seventy million
people suffering worldwide. Its incidence has a bimodal distribution with respect to age,
with the highest risk in children and older adults [12]. For most people with epilepsy,
anticonvulsant medications are the main treatment modality to stop seizures as soon as
possible without causing side effects [12]. There are different pharmacological treatments
for these disorders; however, some have limited efficacy, and some patients are refractory
to multiple treatments at typical doses [13]. Unfortunately, many patients present adverse
effects to pharmacotherapy; these include sedation, fatigue, cardiovascular alterations,
erectile dysfunction, anorgasmia and delayed ejaculation with tricyclic antidepressants;
insomnia, increased anxiety, irritability, and decreased libido with selective serotonin
reuptake inhibitors; and sedation, mild memory impairment, decreased alertness, and
myorelaxation with benzodiazepines [14-16].

The objective of the present research was to determine the antidepressant, anxiolytic,
hypnotic, and anticonvulsant activity of the innocuous acetonic extract and two innocuous
fractions isolated from the leaves of M. mexicana A. Juss. in CD—1 mice, using a pharma-
cological battery that consisted of the elevated plus maze (EPM), forced swimming test
(FST), open field test (OFT), pentobarbital-induced sleep test (PBTt), and pentylenetetrazol-
induced seizure test (PTZt). The MmAE extract and F14 were analyzed by HPLC, and F3
and F4-10 were analyzed by GC-MS to identify their constituents.

2. Materials and Methods
2.1. Plant Collection and Identification

Leaves of M. mexicana A. Juss. were collected in the south of the state of Morelos in
the community of Chiconcuac, municipality Xochitepec, in September 2021 (latitude N
18°47'3.9766" longitude W 99°11'42.193” Altitude: 1171 m.a.s.1.). The identification of the
plant was authenticated by M.C. Gabriel Flores, an expert in the field of plant taxonomy.
One specimen was deposited as a reference in the herbarium (HUMO) of the Biodiversity
and Conservation Research Center of the Autonomous University of the State of Morelos,
with accession number 35164.
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2.2. Preparation of MmAE Extract

The dried and ground material (150 g) was extracted with acetone by the maceration
method for 3 days/3 times. The solvent was completely removed by distillation under
a reduced-pressure distillation system with the aid of a Buchi R-215 rotary evaporator
(EQUIPAR, CDMX, Mexico) and subsequent high vacuum drying. The MmAE extract
was then stored at 4 °C until use in the pharmacological models. The MmAE extract was
dissolved with a 1% NaCl saline solution (vehicle) and was sonicated with ultrasonic
movements in an Ultrasonic Cleaner with Mechanical Timer (Cole-Parmer model 08895-21),
(SHARPER TEK, Pontiac, MI, USA).

The selection of the initial doses of MmAE was taken from a previous work carried out
with Heteropterys brachiata (L.), a plant of the same botanical family as Malpighia mexicana
(Malpighiaceae). The authors performed neuropharmacological evaluations of a methanolic
extract and evaluated doses 500, 750, 1000, and 1500 mg/kg, p.o., and found antidepressant,
anxiolytic, and anticonvulsant effects [17]. It was decided to perform an acute toxicity
evaluation of MmAE with doses of 100, 200, 400, and 600 mg/kg, p.o., (Figure S16). Based
on the results obtained in each pharmacological model, the best dose was chosen to evaluate
fractions F3, F4-10, and F14.

2.3. MmAE Fractionation

The MmAE (8 g) was fractionated on a chromatographic column previously packed
with 40 g of silica gel 60. An n-hexane-acetone gradient system was used as the mobile
phase, starting with 100% of the lower polarity solvent, subsequently eluting with n-hexane-
acetone gradients of 95:5%-90:10%—-85:15% until reaching 50:50% n-hexane—acetone, 70:30%
acetone—n-hexane, and 100% acetone and finally washing with 100% methanol, resulting in
14 fractions of 100 mL each. The solvent was completely removed by distillation under a
reduced-pressure distillation system with the aid of a Buchi R-215 rotary evaporator and
subsequent high vacuum drying. The fractions were subsequently analyzed in thin-layer
chromatography and were grouped based on similar patterns in their chemical composition,
resulting in three sub-fractions, F3, F4-10, and F14.

2.4. HPLC and UPLC Analysis

HPLC analysis of the MmAE extract was used to detect the constituents present.
HPLC was carried out on a Waters 2695 liquid chromatograph (Waters, Milford, MA, USA)
equipped with a Waters 2996 photodiode array detector (Waters, Milford, MA, USA). The
separation was carried out using an RP C-18 Superspher (Merk) column (120 x 4 mm;
5 um) (Merck, Darmstadt, Germany). For the mobile phase, solvent A was HPLC-quality
water plus 0.5% and solvent B was acetonitrile. We used the following solvent ratios:
A:B =100:0 (0-1 min); 95:05 (2-3 min); 70:30 (4-20 min); 50:50 (21-22 min); 20:80 (24-25 min);
0:100 (26-27 min), and 100:0 (28-30 min). The injection sample volume was 10 puL with
a flow rate of 0.9 mL/min. The detection wavelength was recorded as 200—400 nm. The
commercial standards used were quercetin 3-O-rutinoside (R5143) (1), kaempferol 3-O-
glucoside (PHL89237) (2), luteolin 7-O-glucoside (1370837) (3), quercetin (Q4951) (4), and
kaempferol (K0133) (5) from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). The
sample was prepared at a concentration of 1 mg/mL using HPLC-grade methanol with
0.05% formic acid, and 5 puL was injected.

For UPLC, the equipment used was a UPLC ACQUITY instrument (Waters Corpo-
ration, Milford, MA 01757, USA). The chromatographic system consisted of a quaternary
pump (972A), a column oven with an autosampler (8126), a degasser, and a photodi-
ode array detector (436 A). The column used was an ACQUITY UPLC®BEHC18 column
(1.7 mn x 50 mm x 2.1 mm). The column was operated at a flow rate of 0.3 mL/min and
the system was thermostatted at 30 °C. The mobile phase that was used for the separation
was a gradient system using two phases: phase A (UPLC water + 0.05% trifluoroacetic
acid) and phase B (acetonitrile). The elution system was as follows: 0.0-1.0 min, 100% A;
2.0-14.0 min, 70% A; 15.0 min, 30% A, 16.0 min, 0% A, 17.0-20.0 min, 100% A.
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2.5. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The chemical composition of F3 and F4-10 was analyzed by gas chromatography-mass
spectrometry (GC-MS) following the method described by Gallegos-Garcia, et al. [18].
The equipment consisted of an Agilent 6890 plus gas chromatograph coupled to a simple
quadrupole mass spectrometry detector, model 5972N (Agilent Technology, Santa Clara,
CA, USA). The volatiles were identified by comparing their mass spectra to those of the
National Institute of Standards and Technology (NIST) 1.7 Library and data from the
literature [19].

2.6. Drugs and Chemicals

Diazepam (DZP), pentylenetetrazole (PTZ), and imipramine (IMI) were obtained from
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Sodium pentobarbital (PBT) was
purchased from Pfizer Inc. (New York, NY, USA).

2.7. Animals

Experiments with rodents were carried out in accordance with the Mexican Official
Standard (NOM-062-ZO0-1999) “Technical specifications for the production, care, and
use of laboratory animals”. The experimental protocol was approved by the institutional
research and ethics committee (R-2023-1702-008). For each pharmacological experiment,
groups of eight male CD—1 albino mice weighing 20-30 g obtained from the biotherium of
the Faculty of Medicine of the Autonomous University of the State of Morelos were used.
They were housed communally in Plexiglas boxes under laboratory conditions (23 + 1 °C,
12-h light-dark cycle, with free access to water and standard rodent chow). All animals
were acclimatized for 2 weeks prior to experimentation.

2.8. Neuropharmacological Assays
2.8.1. Forced Swimming Test (FST)

Among all animal models, the FST is one of the most widely used tools in screening
for antidepressants [20,21]. The apparatus used consisted of a transparent plastic cylinder
(17 cm high x 14 cm diameter) filled with water (25 = 1 °C) to a depth of 15 cm. Mice
received their respective treatments 24, 18, and 1 h before the trial. The treatments of
MmAE (100, 200, 400, 600 mg/kg, p.o., n = 8), F3 (100, 400 mg/kg, p.o., n = 8), F4-10 (100,
400 mg/kg, p.o., n = 8), F14 (100, 400 mg/kg, p.o., n = 8), s.s. 0.1% (vehicle, p.o., control
group, n = 8), and IMI (15 mg/kg, p.o., positive control, n = 8) were always administered
1 h prior to experimentation. All evaluation sessions were recorded with a video camera,
and the immobility time(s) during the 5 min test was quantified from the recordings.

2.8.2. Elevated Plus Maze Test (EPM)

The EPM is a widely accepted international model in the search for substances with
anxiolytic activity [22-24]. The device was constructed of Plexiglas and consisted of a
central platform (5 x 5 cm) with two open arms (30 x 15 cm) and 15-cm-high walls. The
maze had a floor elevation of 40 cm. Mice received their respective treatments 24, 18, and
1 h before the trial: MmAE (100, 200, 400, 600 mg/kg, p.o., n = 8), F3 (400 mg/kg, p.o., n = §),
F4-10 (400 mg/kg, p.o., n = 8), F14 (400 mg/kg, p.o., n = 8), s.s. 0.1% (vehicle, p.o., control
group, n = 8); DZP treatment (1 mg/kg, p.o., positive control, n = 8) was administered 1 h
prior to experimentation. Each animal was placed in the center of the device facing one of
the open arms. All evaluation sessions were recorded with a video camera. The test lasted
5 min, and the percentage of number of entries and the percentage of time spent in the
open and closed arms were quantified from the recordings.

2.8.3. Open Field Test (OFT)

This test is widely used in the evaluation of motor activity in rodents subjected to
different drugs for evidence of a sedative or stimulant effect [25-27]. The device used for this
test is a box made of Plexiglas that has a black floor and transparent walls (30 x 30 x 15 cm).
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The bottom is divided into nine squares of equal size. The mice received their respective
treatments 24, 18, and 1 h before the trial: MmAE (100, 200, 400, 600 mg/kg, p.o., n = 8),
F3 (400 mg/kg, p.o., n = 8), F4-10 (400 mg/kg, p.o., n = 8), F14 (400 mg/kg, p.o., n = 8),
s.s. 0.1% (vehicle, p.o., control group, n = 8); DZP (1 mg/kg, p.o., n = 8) was administered
1 h before experimentation. All sessions were recorded with a video camera. The total
squares crossed by all four paws (crossings) and the number of rearings during 5 min were
quantified from the recordings.

2.8.4. Pentobarbital-Induced Sleep Test (PBTt)

This test is used in the search for drugs with the ability to potentiate the hypnotic state
of sodium pentobarbital (PBT) [28,29]. The mice received their respective treatments 24,
18, and 1 h before the trial: MmAE (100, 200, 400, 600 mg/kg, p.o., n = 8), F3 (400 mg/kg,
p.o., n =8), F4-10 (400 mg/kg, p.o., n = 8), F14 (400 mg/kg, p.o., n = 8), s.s. 0.1% (vehicle,
p.o., control group, n = 8); DZP (1 mg/kg, p.o., positive control, n = 8) was administered 1 h
before experimentation. All treatments received PBT (30 mg/kg, i.p.), and the mice were
individually placed in a clear acrylic box for evaluation for 30 min. Sleep induction time
(time elapsed between injection and loss of the righting reflex) and sleep time (time interval
between loss and recovery of the righting reflex) were recorded in seconds and minutes,
respectively.

2.8.5. Pentylenetetrazol-Induced Seizure Test (PTZt)

This assay has been used primarily to evaluate antiepileptic drugs. However, it has
been shown that most anxiolytic agents are also capable of preventing or antagonizing
PTZ-induced seizures [30,31]. The mice received their respective treatments 24, 18, and
1 h before the trial: MmAE (50, 100, 150, 200, 250 mg/kg, p.o., n = 8), F3 (400 mg/kg, p.o.,
n = 8), F4-10 (400 mg/kg, p.o., n = 8), F14 (400 mg/kg, p.o., n = 8), s.s. 0.1% (vehicle, p.o.,
control group, n = 8); DZP (1 mg/kg, p.o., positive control, n = 8) was administered 1 h
prior to experimentation. All treatments received PTZ (100 mg/kg, i.p.), and the mice were
individually placed in a clear acrylic box and observed for seizure onset for a period of
30 min. Latency (time elapsed between PTZ injection and first seizure); number of clonic
seizures, tonic seizures, and total seizures; and percentage of mortality protection in mice
were recorded.

2.9. Statistical Analysis

All data are represented as the mean =+ standard deviation (S.D.). Data were analyzed
by one-way analysis of variance (one-way ANOVA) followed by Tukey’s test for compari-
son against control. Values of p < 0.05 were considered statistically significant. All analyses
were performed with Jamovi Stats 2.3.18 (Sydney, Australia).

3. Results

A yield of 3.7% was obtained from the acetonic extract of Malpighia mexicana A. Juss.
leaves (MmAE) with respect to the dry material.

3.1. HPLC Analysis
3.1.1. HPLC of MmAE

Figure 1 shows the HPLC profile of MmAE recorded at A = 330 nm, which detected
five flavonoid-type peaks that corresponded to quercetin 3-O-rutinoside (1) with a time
of 8.89 min (Amax = 192, 265, and 354 nm), kaempferol 3-O-glucoside (2) with a time of
9.09 min (Amax = 194, 263 and 351 nm), to luteolin 7-O-glucoside (3) in 9.46 min (Amax = 192,
265 and 344 nm), quercetin (4) in 11.71 min (Apax = 194, 255 and 367 nm), and kaempferol
(5) in 14.70 min (Amax = 192, 267 and 364 nm). These compounds were identified by direct
comparison with commercial standards (Figure 1).
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Figure 1. HPLC chromatograms: commercial standards (A) quercetin 3-O-rutinoside, (B) kaempferol
3-O-glucoside, (C) luteolin 7-O-glucoside, (D) quercetin, (E) kaempferol, and (F) acetone extract of
Malpighia mexicana A. Juss. leaves (MmAE) observed at A = 330 nm. (1) Quercetin 3-O-rutinoside,
(2) kaempferol 3-O-glucoside, (3) luteolin 7-O-glucoside, (4) quercetin, (5) kaempferol, NI = not
identified.

3.1.2. UPLC-MS Analysis

UPLC-MS analysis of MmAE identified the following compounds: kaempferol 3-O-
glucoside (2), lutolin 7-O-glucoside (3), and kaempferol 3-O-rutinoside (Figure 2).
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Figure 2. UPLC-MS chromatogram of MmAE. The compounds identified were quercetin 3-O-
rutinoside (1), kaempferol 3-O-glucoside (2), and luteolin 7-O-glucoside (3).

3.1.3. HPLC of Fraction 14

The HPLC chromatogram of F14 recorded at A = 330 nm is shown in Figure 3.
The chromatographic analysis identified the same flavonoids as in the whole extract
(Figure 1): quercetin 3-O-rutinoside (1) (Rt = 8.907 min, Amax = 254, 355.3 nm), kaempferol
3-O-glucoside (2) (Rt = 9.102 min, Amax = 259, 352.9 nm) and luteolin 7-O-glucoside
(3) (Rt =9.469 min, Amax = 265.1, 347 nm). The UPLC analysis allowed a better separa-
tion, identifying five peaks corresponding to (1) (Rt =2.99), (2) (Rt = 3.09), (3) (Rt = 3.14),
(5) (Rt = 3.24), and an unidentified compound (Rt = 3.19) (Figure S1).
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Figure 3. HPLC chromatograms corresponding to the F14 of Malpighia mexicana A. Juss. leaves
observed at A = 330 nm. UV spectrum: quercetin 3-O-rutinoside (1) (Rt = 8.90 min), kaempferol
3-O-glucoside (2) (Rt = 9.10 min), and luteolin 7-O-glucoside (3) (Rt = 9.46 min).



Sci. Pharm. 2023, 91, 47

8 of 25

Abundance

~

1.5x10_ 1
1.4x10
1.3x10 1
1.2x10 4
1.1x10
1x10 3
9,000,000 1
8,000,000 1
7,000,0004
6,000,000
5,000,000 1
4,000,000 4
3,000,000
2,000,000 4
1,000,000

NN N NN

3.2. GC-MS of F3 and F4-10

Total ion current (TIC) chromatograms of F3 and F4-10 are shown in Figures 4 and 5.
The GC-MS chromatograms (TIC) of F3 allowed the identification of at least 12 compounds,
which are listed in Table 1, arranged according to their elution order. Compounds detected
for F3 were a-tocopherol (relative abundance: 26.51%), phytol (13.96%), and 3-amyrin
(12.31%). For the F4-10, GC-MS chromatograms (TIC) allowed the identification of seven
compounds (Table 2), which included «-tocopherol (27.241%), phytol (10.754%), and f3-
sitosterol (9.604%). It is worth noting that this is the first report of a GC-MS analysis of any
extract or fraction from Malpighia mexicana A. Juss.
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Figure 4. Typical gas chromatography/mass spectrometry (GC/MS) total ion current (TIC) chro-
matograms of F3 of Malpighia mexicana A. Juss.
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Figure 5. Typical gas chromatography/mass spectrometry (GC/MS) total ion current (TIC) chro-
matograms of the Fraction 4-10 of Malpighia mexicana A. Juss.
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Table 1. Compounds identified in F3 of Malpighia mexicana A. Juss.

Retention Relative Area Correlation Mass .
Peak Compound Time (min) (%) (%) (g/mol) Chemical Structure
6,10,14-
1 trimethylpentadecan- 17.692 0.5 2.0 268
2-one
2 phytol 20.346 13.9 52.6 296
4,8,12,16-
3 tetramethylheptadecan- 22.467 0.7 3.0 324
4-olide
4 squalene oxide 30.304 22 8.4 426
O.
5 [3-tocopherol 31.591 1.6 6.2 416
HO
HO.
6 a-tocopherol 32.747 26.5 100 430
)
7 B-sitosterol 35.664 27 103 414 M
HO’
8 B-amyrin 36.301 12.3 46.6 426
HO’
9 a-amyrin 37.148 3.6 13.7 426
HO
Table 2. Compounds identified in the F4-10 of Malpighia mexicana A. Juss.
Retention Relative Correlation Mass .
Peak Compound Time (min) Area (%) %) (g/mol) Chemical Structure
NN
1 phytol 20313 10.7 39.4 296 VWW
O
4,8,12,16- 0
2 tetramethylheptadecan-  22.467 1.2 47 324
4-olide
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Table 2. Cont.

Retention Relative Correlation Mass .
Peak Compound Time (min) Area (%) (%) (g/mol) Chemical Structure
HO.
3 a-tocopherol 32.635 27.2 100 430
&)
4 [3-sitosterol 35.591 9.6 35.2 414
HO
5 B-amyrin 36.169 2.9 10.4 426

3.3. Pharmacological Assays
3.3.1. FST

Mice treated with MmAE 100 mg/kg differed in their immobility time compared to the
control group (Veh) (p < 0.05), and the 200, 400, and 600 mg/kg doses differed strongly from
the control group (Veh) (p < 0.001), indicating that these treatments had an antidepressant
effect during the FST. This result is similar to that yielded by IMI (15 mg/kg) (Figure 6). F3
(100 mg/kg) markedly and significantly reduced the immobility time of mice compared
to Veh (p < 0.001); F3 (400 mg/kg) also decreased the immobility time (p < 0.05), but the
greatest effect was obtained with the smallest dose. F4-10 reduced immobility time in a
dose-dependent manner (100 mg/kg, p < 0.05; 400 mg/kg, p < 0.001), and the 400 mg/kg
dose reduced immobility time even more than IMI. F14 (100, 400 mg/kg) significantly
decreased immobility time compared to Veh (p < 0.001); this effect was better than that of
IMLI. These results indicated that the fractions had an antidepressant effect (Figure 7).

300
a
250 E3
b
= 200
oy
= C
s 150 C c
o
£
E 100
50
0
Veh MmAE MmAE MmAE MmAE
(100) (200) (400) (600)
Treatment (mg/kg)

Figure 6. Effect of oral administration of acetonic extract of M. mexicana A. Juss. (MmAE) on the
immobility time of CD—1 mice exposed to the FST. a = p > 0.05; b = p < 0.05; ¢ = p < 0.001 with
ANOVA followed by Tukey’s test (mean £ S.D.) with n = 8. IMI, imipramine hydrochloride; Veh,
vehicle (100 uL/10 g); MmAE acetonic extract of M. mexicana A. Juss.
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Figure 7. Effect of oral administration of three fractions of acetonic extract of M. mexicana A. Juss.
(MmAE) on the immobility time of CD—1 mice exposed to the FST. Note: Compared with the Veh
group, a =p >0.05;b =p <0.05; ¢, d = p <0.001 with ANOVA followed by Tukey’s test (mean & S.D.)
with n = 8. IMI, imipramine hydrochloride; Veh, vehicle (100 uL/10 g).

3.3.2. EPM

The anxiolytic DZP induced a significant increase in the percentage of the number of
entries into the open arms (EOA) (p < 0.001) and the percentage of time spent in open arms
(TOA) (p <0.001) in the EPM relative to control mice. MmAE (100 mg/kg) only significantly
increased %EOA compared to Veh, MmAE (200 mg/kg) significantly increased %EOA and
%TOA (p < 0.05), and MmAE (400 mg/kg) presented the best result, significantly increasing
%EOA and %TOA compared to Veh (p < 0.001). These results are similar to those obtained
with DZP. MmAE increased both parameters %EOA (p < 0.05) and %TOA (p < 0.001). These
results indicate that MmAE extract presented a dose-dependent anxiolytic effect (Figure 8).
The three chemically simpler fractions of F3 (400 mg/kg), F4-10 (400 mg/kg), and F14
(400 mg/kg) did not affect the EOA or TOA parameters with respect to the control group
(Veh) (Figure 9).

100
90
80
70
60
50
40
30
20
10

0

B EOA

Time/entries into open arms (%)

DZP Veh MmAE  MmAE  MmAE  MmAE
(1) (100) (200) (400) (600)

Treatment (mg/kg)

Figure 8. Effect of oral administration of acetonic extract of M. mexicana A. Juss. (MmAE) on the
percentage of time spent in open arms (TOA) and percentage of entries into open arms (EOA) by
CD—1 mice exposed to the EPM. Note: Compared with the Veh group, a =p > 0.05; b = p < 0.05;
¢ =p < 0.001 with ANOVA followed by Tukey’s test (mean + S.D.) with n = 8. DZP, diazepam; Veh,
vehicle (100 uL/10 g); MmAE, acetonic extract of M. mexicana A. Juss.
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Figure 9. Effect of oral administration of three fractions of acetonic extract of M. mexicana A. Juss.
(MmAE) on the percentage of time spent in open arms (TOA) and percentage of entries into open
arms (EOA) by CD—1 mice exposed to the EPM. Note: Compared with the Veh group, a =p > 0.05;
b =p < 0.001 with ANOVA followed by Tukey’s test (mean + S.D.) with n= 8. DZP, diazepam; Veh,
vehicle (100 nL/10 g).

3.3.3. OFT

DZP (1 mg/kg) did not change the number of total crossings compared to the control
group (Veh) (p > 0.05), nor did it induce differences in the number of rearings compared
to Veh (p > 0.05). Mice treated with 100, 200, 400, and 600 mg/kg of MmAE exhibited
a decreased in the number of total crossings (p < 0.001) but no difference in the number
of rearings when compared to the control (Veh) mice (Figure 10). Similarly, when the
chemically simpler fractions F3 (400 mg/kg), F4-10 (400 mg/kg), and F14 (400 mg/kg)
were evaluated, they exhibited a decrease in the number of total crossings (p < 0.001) but
no difference in the number of rearings when compared to the control (Veh) (Figure 11).

100 OCrossings
0 M Rearings
80
n a
2 70 a
S
3 60
[T
© 50
o
2 40 b b b
£ a b a a
Z a a a
20
0
Dzp Veh MmAE MmAE MmAE MmAE
(1) (100) (200) (400) (600)
Treatment (mg/kg)

Figure 10. Effect of oral administration of acetonic extract of M. mexicana A. Juss. (MmAE) on the
total number of crossings and rearings of CD—1 mice exposed to the OFT. Note: Compared with the
Veh group, a =p > 0.05; b = p < 0.001 with ANOVA followed by Tukey’s test (mean + S.D.) with n = 8.
DZP, diazepam; Veh, vehicle (100 pL/10 g); MmAE, acetonic extract of M. mexicana A. Juss.
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Figure 11. Effect of oral administration of the fractions F3, F4-10, and F14 on the total number of
total crossings and rearings of CD—1 mice exposed to OFT. Note: Compared with the Veh group,
a=p>0.05 b =p<0.001 with ANOVA followed by Tukey’s test (mean + S.D.) with n = 8. DZP,
diazepam; Veh, vehicle (100 uL/10 g).

3.3.4. PBTt

The control group (Veh) did not lose the righting reflex with pentobarbital admin-
istration (30 mg/kg, i.p.), and thus did not exhibit latency (0.0 & 0.0) or sleep time du-
ration (0.0 £ 0.0). The DZP group (1 mg/kg) potentiated the hypnotic effect of pento-
barbital and presented a latency time of 189.37 & 53.53 s (p < 0.001) and a sleep dura-
tion of 1610.625 £ 53.53 s (p < 0.001). MmAE (100 mg/kg) presented a latency time of
489.80 4+ 19.37 s (p < 0.001) and a sleep duration of 1055.20 & 32.94 s (p < 0.001). MmAE
(200 mg/kg) presented a latency time of 398.40 £ 23.98 s (p < 0.001) and a sleep dura-
tion of 1208.80 & 33.89 s (p < 0.001). MmAE (400 mg/kg) presented a latency time of
399.20 4 85.94 s (p < 0.001) and a sleep duration of 1169.60 + 44.38 s (p < 0.001). MmAE
(600 mg/kg) presented a latency time of 494.20 & 64.13 s (p < 0.001) and a sleep duration of
1138.00 £ 55.95 s (p < 0.001) (Figure 12). The chemically simpler fractions F3 (400 mg/kg),
F4-10 (400 mg/kg), and F14 (400 mg/kg) were evaluated and induced the loss of the right-
ing reflex, significantly affecting the latency and duration of pentobarbital sodium-induced
sleep compared to the control (Veh) (p < 0.001). F3 (400 mg/kg) presented a latency time
of 173.83 £ 25.63 s (p < 0.001) and a sleep duration of 1626.16 & 25.63 s (p < 0.001). F4-10
(400 mg/kg) presented a latency time of 206.50 & 20.00 s (p < 0.001) and a sleep duration of
1593.50 £ 50.78 s (p < 0.001). F14 (400 mg/kg) presented a latency time of 214.50 & 26.37 s
(p <0.001) and a sleep duration of 1585.50 =+ 26.37 s (p < 0.001) (Figure 13).

3.3.5. PTZt

Doses of 50 and 100 mg/kg MmAE induced a significant reduction in the number of
clonic seizures (p < 0.001) compared with Veh; this result is similar to the effect produced
by DZP (1 mg/kg). MmAE (150, 200, and 250 mg/kg) also significantly decreased the
number of clonic seizures (p < 0.05) (Figure 14). DZP (1 mg/kg) increased seizure latency
time (131.75 £ 7.68 s) compared with Veh (p < 0.05). MmAE (50, 100, 150, 200, 250 mg/kg)
did not modify the latency time compared with Veh (p > 0.05). The control group (Veh) was
not able to protect the mice from death; in comparison, DZP protected 100% of the mice,
MmAE (50 mg/kg) had 50% mortality protection, MmAE (100 mg/kg) had 75% mortality
protection, MmAE (150 mg/kg) had 37.5% mortality protection, MmAE (200 mg/kg) had
87.5% mortality protection, and MmAE (250 mg/kg) had 50% mortality protection (Table 3).
Figure 15 shows that DZP (1 mg/kg) significantly reduced the number of tonic seizures,
clonic seizures, and total seizures induced by PTZ compared to Veh (p < 0.05). Similarly, F3
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(100 mg/kg), F4-10 (100 mg/kg) and F14 (100 mg/kg) significantly reduced the number
of tonic seizures, clonic seizures, and total seizures induced by PTZ compared to Veh
(p <0.05). DZP (1 mg/kg) increased seizure latency time compared to Veh (p < 0.05). F3
(100 mg/kg), F4-10 (100 mg/kg), and F14 (100 mg/kg) did not modify seizure latency time
compared to Veh (p > 0.05). The control group (Veh) was not able to protect the mice from
death; in comparison DZP protected 100% of the mice, F3 (100 mg/kg) had 100% mortality
protection, F4-10 (100 mg/kg) had 83.33% mortality protection, and F14 (10 mg/kg) had
100% mortality protection (Table 4).

1800 d Olatency M Duration
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< 1000
o
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400
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DZP MmAE MmAE MmAE MmAE
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Figure 12. Effect of oral administration of the acetonic extract of M. mexicana A. Juss. (MmAE)
on the latency and pentobarbital-induced sleep time of CD—1 mice exposed to the PBTt. Note:
Compared with the Veh group, a =p > 0.05; b, ¢, d = p < 0.001 with ANOVA followed by Tukey’s
test (mean + S.D.) with n = 8. DZP, diazepam; Veh, vehicle (100 pL/10 g); MmAE, acetonic extract of
M. mexicana A. Juss.
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Figure 13. Effect of oral administration of three fractions of acetonic extract of M. mexicana A. Juss.
(MmAE) on the latency and the pentobarbital-induced sleep time of CD—1 mice exposed to the PBTt.
Note: Compared with the Veh group, a = p > 0.05; b = p < 0.001 with ANOVA followed by Tukey’s
test (mean £ S.D.) with n = 8. DZP, diazepam; Veh, vehicle (100 uL/10 g).
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Figure 14. Effect of oral administration of acetonic extract of M. mexicana A. Juss. (MmAE) on the

number of clonic seizures in CD—1 mice exposed to PTZt. Note: Compared with the Veh group,
a=p>0.05b=p<0.05 c=p <0.001 with ANOVA followed by Tukey’s test (mean + S.D.) with
n = 8. DZP, diazepam; Veh, vehicle (100 pL/10 g); MmAE, acetonic extract of M. mexicana A. Juss.

Table 3. Anticonvulsant effect of acetonic extract of M. mexicana A. Juss. on PTZ-induced seizures in

CD—1 mice.

Treatment (mg/kg)

Latency of Convulsions (s)

Mortality Protection (%)

Veh (100 uL/10 g) 54.00 + 6,222 0.00
DZP (1.0) 131.75 + 7.68 P 100.00
MmAE (50) 55.00 + 2.83 @ 50.00
MmAE (100) 5450 +3.39 75.00
MmAE (150) 49.60 = 5.55 2 37.50
MmAE (200) 5320 + 5452 87.50
MmAE (250) 52.50 + 6.45 2 50.00

Data presented as the mean + S. D. withn =8. a=p > 0.05,b = p < 0.001 compared to vehicle using ANOVA and
post hoc Tukey’s test. Veh, vehicle, DZP, diazepam; MmAE, acetonic extract of M. mexicana A. Juss.

Table 4. Anticonvulsant effect of three fractions of acetonic extract of M. mexicana A. Juss. on
PTZ-induced seizures in CD—1 mice.

Treatment (mg/kg)

Latency of Convulsions (s)

Mortality Protection (%)

DZP (1.0)
Veh (100 nL/10 g)
F3 (100)
F4-10 (100)
F14 (100)

131.75 4+ 7.68 P
55.00 & 05.45 3
64.00 4+ 10.84 2
66.16 + 03.252
71.66 + 11.46 2

100.00
0
100.00
83.33
100.00

Data presented as the mean + S. D. withn =8. a=p > 0.05,b = p < 0.001 compared to vehicle using ANOVA and
post hoc Tukey’s test. Veh, vehicle, DZP, diazepam; MmAE, acetonic extract of M. mexicana A. Juss.
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Figure 15. Effect of oral administration of three fractions of acetonic extract of M. mexicana A. Juss.
(MmAE) on the number of clonic seizures in CD—1 mice exposed to PTZt. Note: Compared with
the Veh group, a, *, + = p > 0.05; b, **, ++ = p < 0.001 with ANOVA followed by Tukey’s post hoc test
(mean =+ S.D.). DZP, diazepam; Veh, vehicle (100 uL/10 g).

4. Discussion

Although there are reports in traditional Mexican medicine that M. mexicana A. Juss.
is used by people of the REBIOSH to treat nervous disorders, this species had not been
evaluated for its activity in the central nervous system (CNS). In this work, we investigated
for the first time the effects on the CNS of an extract (MmAE) of the leaves of this plant and
three fractions (F3, F4-10, and F14) in CD—1 mice using different neuropharmacological
models. We also performed the first phytochemical profile of this plant species. Several
studies have been conducted with polar extracts and compounds isolated from plants of
the Malpighiaceae family and have shown CNS-level anxiolytic, antidepressant, hypnotic,
anticonvulsant, and antischizophrenic effects in several pharmacological tests [4,17,32-37].
Some chemical compounds have been proposed to be responsible for these pharmacologi-
cal effects.

Phytochemical profile of M. mexicana A. Juss. There are no previous reports on the phy-
tochemistry of M. mexicana. However, there are some phytochemical studies of Malpighia
emarginata DC. That report the presence of ascorbic acid, carotenoids ([3-carotene), antho-
cyanins and flavonoids (rutin, quercetin, kaempferol, and their glycosylated versions) [38],
polyphenols, anthocyanins, hydroxycinnamoyl derivatives (caffeoyl hexoside, dihydrocaf-
feoylquinic acid, and coumaroyl hexoside) [39], and norfriedelins [40].

In the present study, MmAE and F-14 were analyzed by HPLC, which showed evi-
dence of compounds of the flavonoid group; comparison with standards allowed these
compounds to be identified as quercetin 3-O-rutinoside (1), kaempferol 3-O-glucoside (2),
luteolin 7-O-glucoside (3), quercetin (4), and kaempferol (5) in MmAE, while compounds
(1), (2), and (3) were also identified in F14. In the present study, F3 and F4-10 were analyzed
by GC-MS. In F3, x-tocopherol (26.5%) was identified, which is an antioxidant compound
that is essential to prevent the establishment of several neurodegenerative diseases [41].
Phytol is also present (13.9%), which has been found in several reports to have neurophar-
macological effects [42]. GC-MS analysis of F4-10 identified 3-tocopherol (27.2%), which
is an antioxidant and anti-inflammatory compound [43], phytol (10.7%), and {3-sitosterol
(10.7%), which is a compound that prevents several neurodegenerative diseases [44]. Some
of the compounds identified in the MmAE extract and fractions F3, F4-10, and F14 have
already been reported to have effects on the CNS, and even the mechanism of action is
already known to exert some of the effects found here, such as antidepressant, anxiolytic,
sedative, hypnotic, and anticonvulsant effects. We propose that the pharmacological effect
found in MmAE, F3, F4-10, and F-14 in the different neuropharmacological models is due
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to the presence of these compounds, and the mechanism of action may be similar to those
reported by other working groups.

Neuropharmacological assays. Antidepressant effect. In the present work, MmAE, F3,
F4-10, and F14 showed an antidepressant effect in the FST by reducing immobility time. A
study of a plant of the same family, Byrsonima crassifolia, showed that a methanolic extract
that was standardized in flavonoid concentration presented an antidepressant effect in the
FST and determined that the compounds responsible for the antidepressant effect were
quercetin, quercetin 3-O-xyloside, and rutin [34]. On the other hand, a methanolic extract of
Heteropterys cotinifolia (Malpighiaceae) was shown to have a dose-dependent antidepressant
effect without reduction of spontaneous motor activity; the main compounds in this ex-
tract to which this pharmacological effect is attributed were chlorogenic acid and rutin [4].
A polyphenol-rich fraction of Origanum majorana L. containing luteolin-7-O-glucoside,
kaempferol-3-O-glucuronic acid, kaempferol-3-O-pentose, quercetin, and rutin presented
an antidepressant effect in the forced swimming test and tail suspension test [45]. A study
by Foudah et al., 2022, showed that rutine administration (80 mg/kg) to rats induced an
antidepressant effect, and this effect was mediated by increased serotonin, norepinephrine,
and dopamine levels in the cortical and hippocampal regions [46]. Likewise, a methanolic
extract of Heteropterys brachiata (Malpighiaceae) induced an antidepressant effect in the FST,
and the main compounds identified in this extract were chlorogenic acid and chlorogenic
acid methyl ester [17]. A recent study reported that kaempferol produces an antidepressant
effect by increasing the expression of Sirt3 in the hippocampus, the main mitochondrial
deacetylase, and causing the subsequent activation of mitochondrial antioxidants [47]. An-
other study reported that phytol has an antidepressant effect [48]. The possible mechanism
of action of MmAE and F3, F4-10, and F14 may be by regulating the concentration of sero-
tonin and the monoamines norepinephrine and dopamine. In F3, the best effect occurred
with the lowest dose, and the effect decreased with higher doses. Some drugs may present
a pharmacological effect that does not correspond to a dose-dependent response (sigmoidal
profile), called a dose-response relationship of biphasic nature, where the response is plot-
ted as an inverted U, with low doses induce a favorable pharmacological effect and with
increasing doses, the effect is lower and even the opposite effect may occur. This type
of response is called a paradoxical response [49-51]. In F3 we identified the presence of
phytol, a compound with antidepressant activity and which has also been reported to have
a biphasic pharmacological behavior; this is why the best effect was observed at the lowest
dose [48,52].

Anxiolytic effect. Here, MmAE exerted a dose-dependent anxiolytic effect in the EPM,
but the F3, F4-10, and F14 fractions did not. When obtaining the three fractions that are
chemically simpler, the compounds were separated according to their polarity and the anx-
iolytic effect is lost, which indicates that the anxiolytic effect of MmAE in EPM is due to a
pharmacological synergy of the compounds present in it. In a previous study, the methano-
lic extract of Galphimia glauca (Malpighiaceae) leaves contained nor-friedelanes [33,37,53]
and flavonoids, compounds which have been shown to have an anxiolytic effect in the
EPM [36,54]. A methanolic extract of Heteropterys brachiata (Malpighiaceae) leaves had
anxiolytic effect in the EPM and the chemical compounds identified were hydroxycin-
namic acids and triterpenes [17]. A standardized fraction of flavonoids from Tilia americana
was evaluated for anxiolytic activity with serotonergic drugs; the fraction contained the
flavonols tyliroside, quercetin glycoside, quercitrin, rutin, and kaempferol [55]. In a recent
study, kaempferol-3-O-f3-D-glucoside, an anxiolytic flavonoid present in Brassica oleracea
L., was isolated, characterized, and quantified [56]. Of the flavonoids identified in this
study, quercetin-3-O-rutinoside (rutin) is reported to exert an anxiolytic effect on the ba-
solateral amygdala, and this effect is mediated through modulation of GABA receptor
conductance [57]. Furthermore, Perez-Ortega et al., 2017, reported that quercetin-3-O-
rutoside (rutin) and kaempferol 3-O-glucoside exert an anxiolytic and sedative effect
through the modulation of 5-HT 41 receptors [58]. A study was recently published showing
that quercetin induces anxiolytic effects through interaction with GABA receptors with
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their o2, 31, and (2 subunits [59]. Grundmann et al., 2009, reported that kaempferol
isolated from Apocynum venetum leaves showed an anxiolytic effect in the EPM model
through GABAergic modulation [60]. Phytol presented an anxiolytic effect in the EPM
model, light-dark test, and marble-burying model through modulation of GABAergic
neurotransmission [61].

Sedative effect. The open field test is able to evaluate the locomotor effects and the
exploratory activity of drugs in mice. The animal, in a new environment, has a tendency to
explore it, despite stress and conflict. The test of spontaneous locomotor activity is used
as a general parameter to study the central action of a drug [62]. A decrease in locomotor
activity means that the drug has a depressant effect on the CNS in the animal under study,
i.e., a motor change occurs that may interfere with other behavioral tests performed on the
same animal [27]. In the present work, DZP (1 mg/kg) did not modify the parameters of
total crossings and rearings compared to Veh. It is known that benzodiazepines induce a
sedative effect, which is dose-dependent; many studies have reported that DZP (2 mg/kg)
significantly decreases the number of total OFT crossovers and the number of rearings
compared to the control group [63-65]. MmAE, F3, F4-10, and F14 showed a sedative effect
in the OFT by reducing the total crossings, but without modifying the rearings. It has been
shown that plants belonging to the Malpighiaceae family have compounds that induce a
sedative effect similar to the one found in the present work; from the methanolic extract of
Galphimia glauca (Malpighiaceae), several nor-seco-triterpenes with sedative effects were
isolated [54]. The ethanolic extract of Heteropterys glabra, a species that also belongs to
Malpighiaceae, induced a sedative effect at a dose of 350 mg/kg in DBA /2] mice [35]. Jeon
et al., 2015, reported that the administration of $-amyrin induced a sedative effect in the
OFT model by decreasing locomotor activity; this effect was due to the modulation of
GABAergic neurotransmission [66]. 3-Sitosterol significantly upregulated the amount of
protein-level expression of Glu decarboxylase-65 (GAD65) and the «1-subunit of GABAp
receptors in the hypothalamus of mice, not affecting GAD67 or y2 subunits [67]. Phytol
(75 mg/kg) altered the rotational performance of mice in the motor activity test. The
authors suggest that phytol interacts with the GABA receptor, probably with receptor
subtypes that mediate the effects of benzodiazepines [61]. These results are related to the
results found in the present study, where MmAE extract and fractions F3, F4-10, and F14
decreased motor activity by decreasing the number of total crossings in the OFT model
compared to the vehicle group; this result may be due to the presence, at least in part,
of B-amyrin, 3-sitosterol, and phytol. And the mechanism of action is by regulating
GABAergic neurotransmission. In addition, a study found that quercetin-3-O-rutoside
(rutin) and kaempferol 3-O-glucoside exert a sedative effect through the modulation of
5-HTa; receptors [58], which may be an alternate mechanism for the MmAE extract to
induce the sedative effect.

Hypnotic effect. In the present work, MmAE, F3, F4-10, and F14 induced a hypnotic
effect by increasing the pentobarbital-induced sleep time. A methanolic extract of Galphimia
glauca (Malpighiaceae) showed a hypnotic effect in the PBTt [32], and nor-friedelanes,
which have a hypnotic effect [33], were isolated. One study indicated that administration
of 3-amyrin was able to significantly decrease sleep latency and increase sleep duration in
the pentobarbital-induced sleep model compared to the control group. This effect is due
to the fact that f-amyrin is able to activate the GABAergic neurotransmitter system [66].
It was determined that (3-sitosterol induces a hypnotic effect through modulation of the
GABAergic system, as (3-sitosterol significantly upregulated the amount of protein-level
expression of Glu decarboxylase-65 (GAD65) and o1 subunits of GABAA receptors in
the hypothalamus of mice, not affecting GAD67 or y2 subunits [67]. In another study,
the oral administration of 3-sitosterol to mice for 7 days induced a reduction in sleep
latency time and increased the duration of sleep time significantly compared to the control
group in the pentobarbital-induced sleep model. In addition, administration of 3-sitosterol
increased the expression of melatonin receptor MT1 and MT2 mRNA in the brain cortex
(1.5- and 3.8-fold, respectively) [68]. In the same study, it was observed that (3-sitosterol
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significantly increased the number of alpha waves (450%) in an electroencephalographic
recording, which was related to a reduction in the sleep latency period. Phytol (75 mg/kg)
impaired the rota-rod performance of mice in motor activity test. The authors suppose
that phytol interacts with GABA 4 receptor, probably at the receptor subtypes that mediate
benzodiazepines effects [61].

Anticonvulsant effect. In the present study, MmAE (50, 100, 150, 200, 250 mg/kg) had
different percentages of protection against mortality compared to Veh. MmAE (50 and
100 mg/kg) significantly decreased the number of clonic seizures (p < 0.001), and MmAE
(150, 200 and 250 mg/kg) also decreased the number of clonic seizures with a significance
of p < 0.05. The fact that lower doses showed a better effect than higher doses in decreasing
the number of clonic seizures may be due to a biphasic pharmacological behavior [49,52].
F3 (100 mg/kg), F4-10 (100 mg/kg), and F14 (100 mg/kg) were able to decrease the number
of tonic seizures, clonic seizures, and total seizures significantly compared to Veh, and
these results were statistically similar to those obtained with DZP (1 mg/kg), evidencing
that the fractions, despite having compounds of different chemical nature, induced an
anticonvulsant effect in the PTZt. The protective effect against mortality obtained with F3
(100 mg/kg) was 100%; F4-10 (100 mg/kg) had a mortality protection of 83.33% and F4-10
(100 mg/kg) had a mortality protection of 100%. The anticonvulsant results obtained with
the fractions were better than those obtained with the MmAE extract.

The flavonoids quercetin and quercetin glycoside are known to have neuroprotec-
tive effects against a wide range of neurological disorders including Alzheimer’s disease,
Parkinson’s disease, traumatic brain injury, and epilepsy [69]. Likewise, a methanolic
extract of Galphimia glauca (Malpighiaceae) showed anticonvulsant effect in the strychnine-
induced convulsions model and PTZt [32]. A methanolic extract of Heteropterys brachiata
(Malpighiaceae) leaves had an anticonvulsant effect in the PTZt, and the chemical com-
pounds identified were hydroxycinnamic acids and triterpenes [17]. Another study showed
that the methanolic extract of Tilia americana var. mexicana had an anticonvulsant effect in
the PTZt; the pharmacological effect was attributed to the presence in the extract of the
flavonoids quercetin, rutin, and isoquercetin [70]. A study evaluated the anticonvulsant
effects of quercetin and rutin in different models of induced seizures and found that they
had a short-term anticonvulsant potential at low doses, and when used in combination with
anticonvulsant drugs, they did not modify the action of these drugs and did not present
additional side effects [71]. On the other hand, a recent study evaluated the anticonvulsant
effect of chronic quercetin administration in the penicillin-induced seizure model found
that low doses of quercetin had a better anticonvulsant effect by increasing the latency
time [72]. In a recent study evaluating the anticonvulsant effect of quercetin administration
to mice in the PTZ-induced seizure model, quercetin was found to increase the seizure
threshold by reducing the inflammatory response and oxidative stress in the prefrontal
cortex [73]. One study showed that phytol pretreatment (25, 50, and 75 mg/kg) was able
to increase the latency of the first seizure and decrease the percentage of seizures; phytol
protected animals against pilocarpine-induced status epilepticus and decreased the mor-
tality rate [42]. It has been proposed that the mechanism of action for the anticonvulsant
effect of phytol is through the elevation of GABA levels in the CNS, and one way to achieve
this is to inhibit GABA-degrading enzymes. In this sense, a study showed evidence that
phytol acts as an irreversible inhibitor of the enzyme succinic semialdehyde dehydrogenase
(SSADH). GABA degradation is achieved in a two-step reaction; GABA is transaminated by
GABA-transaminase (GABA-T) to succinic semialdehyde (SSA), which is then converted to
succinate by the enzyme succinic semialdehyde dehydrogenase (SSADH). Succinate thus
enters the tricarboxylic acid cycle [74]. It has been reported that x-amyrin and 3-amyrin
triterpenes induce a dose-dependent anticonvulsant effect in the PTZt model, the mecha-
nism of action being through elevation of the concentration of excitatory and inhibitory
amino acid neurotransmitters in the basal ganglia and hippocampus [75]. In a recent
study, it was confirmed that quercetin increased the seizure threshold and total antioxidant
capacity; quercetin decreased levels of malondialdehyde as well as gene expression of TNF-
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o, NLRP3, IL-1$3, and iNOS in the prefrontal cortex at the time of seizure induction. It was
suggested that the anticonvulsant effect of quercetin in PTZ-induced seizures in mice may
be due to the reduction of inflammatory responses and oxidative stress in the prefrontal
cortex [73].

GC-MS analysis of F3 identified a-tocopherol (26.5%), which has been reported to be
the most important lipophilic radical scavenging antioxidant [41]. It has also been shown
that oxidative stress is one of the causes of the establishment of several neurodegenerative
diseases such as Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, and
amyotrophic lateral sclerosis, among others, because the proper and normal functioning
of the central nervous system depends entirely on the integrity of the nerve cells [76].
Phytol was another compound detected in F3 (13.9%). Several studies show that phytol
is capable of presenting neuropharmacological effects. For example, a study carried out
by Costa, Ferreira, De Sousa, Jordan, and Freitas [42] found that different doses of phytol
(25,50, 75 mg/kg, i.p.) delayed the latency of the first seizure and decrease the percentage
of seizures, in addition to protecting mice from death in the pilocarpine-induced seizure
model. These results are similar to those found in the present work, since the MmAE
extract and its fractions decrease the number of seizures. In another study, it was found
that phytol (25, 50, 100, 200 mg/kg, i.p.) was able to induce an antinociceptive effect or
an antioxidant effect in three different models [77]. It was reported that phytol is used
in anxiolytic and antidepressant formulations [78]; these results strengthen the proposal
that the anxiolytic and antidepressant effects of MmAE extract may be due to the presence
of phytol. Similarly, Costa, et al. [61], reported anxiolytic and sedative activity of phytol
(25, 50, 75 mg/kg, i.p.) and proposed a GABAergic type mechanism of action. We also
detected -amyrin in F3 (12.3%), which is a triterpene for which neurological effects have
been reported, such as sleep regulation. Other studies suggest that 3-amyrin could enhance
the total sleeping behavior in a pentobarbital-induced sleeping model via the activation
of GABAergic neurotransmitter system through GABA content in the brain [66], improve
memory [79], have and antinociceptive effect [80], and improve object recognition in
animals with Alzheimer’s disease while ameliorating (3-amyloid-induced neurogenesis
impairment [81]. In the present work, MmAE extract and its fractions also modified sleep by
inducing a hypnotic effect, and it is highly probable that 3-amyrin is one of the compounds
contributing to this pharmacological effect.

GC-MS analysis detected 3-tocopherol (27.2%) in F4-10, which has been reported to
have important antioxidant and anti-inflammatory effects [82]. Many American physicians
prescribe the use of tocopherol for the treatment of Alzheimer’s disease, as recommended
by the American Academy of Neurology and the American Psychiatric Association [83].
Other compounds determined in this fraction include phytol (10.7%), whose involvement
in the nervous system has already been mentioned, and (3-sitosterol (9.6%), which is part
of the group of phytosterols that (unlike cholesterol) have been reported to cross the
blood-brain barrier and accumulate in the brain [84]. This leads to the replacement of
brain cholesterol, resulting in improvements in several neurodegenerative diseases such as
Alzheimer’s disease [85]. In a recent study, 3-sitosterol was found to reduce anxiety, the
effects of restraint stress, contextual fear memory, and c-Fos activation in the prefrontal
cortex and dentate gyrus. In addition, synergistic anxiolysis is observed when sub-effective
doses of 3-sitosterol are combined with the SSRI fluoxetine [86]. Also present in F4-10 is
-amyrin (2.9%), whose effects on the nervous system have already been mentioned. In
the future, it would be desirable to evaluate the pharmacological effects of the isolated
chemical compounds individually and establish their possible mechanisms of action.

In the present work, it was evidenced that an acetonic extract of leaves of Malpighia
mexicana A. Juss. and its fractions have antidepressant, anxiolytic, sedative, hypnotic, and
anticonvulsant effects. This allows us to propose this species as a good source of active
compounds, some of which could represent alternatives for the treatment of some mental
and neurological disorders. M. mexicana A. Juss. is a viable plant for cultivation. The plant
is drought-tolerant and can grow in nutrient-deficient soil. The species produces fruits



Sci. Pharm. 2023, 91, 47

21 of 25

References

with highly viable seeds (90% viability) [87]. The main propagation method is by seeds, but
vegetative propagation by cuttings (which retains the parental genotype) has been achieved
with great success (97.5% survival) [88]. Because of this, Malpighia mexicana A. Juss. is as a
sustainable source of active compounds with effects on the central nervous system.

5. Conclusions

This study represents the first report of the phytochemical and pharmacological effect
of M. mexicana A. Juss. on the central nervous system in CD—1 mice. HPLC analysis of the
acetonic extract of M. mexicana A. Juss leaves (MmAE) and F14 allowed the identification of
flavonoid-type compounds such as quercetin 3-O-rutinoside (1), kaempferol 3-O-glucoside
(2), luteolin 7-O-glucoside (3), quercetin (4), and kaempferol (5). GC-MS analysis of F3 and
F4-10 determined the presence of vitamins such as tocopherol, diterpenes such as phytol,
phytosterols such as (3-sitosterol, and triterpenes such as «- amyrin and $-amyrin. MmAE
showed an antidepressant effect in the FST, an anxiolytic effect in the EPM, a sedative effect
in the OFT, a hypnotic effect in the PBTt, and an anticonvulsant effect in the PTZt. The
fractions F3, F4-10, and F14 showed an antidepressant effect in FST; F3, F4-10, and F14
presented a sedative effect in the OFT, a hypnotic effect in the PBTt, and an anticonvul-
sant effect in the PTZt, but F3, F4-10, and F14 did not present an anxiolytic effect in the
EPM. MmAE and its fractions contain several compounds such as vitamins, phytosterols,
terpenes, and flavonoids, which may be responsible for the neuropharmacological effects
found in this study. This research requires further studies to clarify the mechanism of action
of the compounds identified.
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