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Aim. The use of medicinal plants in the treatment of mental illnesses is a reality that accompanies the history of civilizations, and
the Piper genus exhibits many species with pharmacologically proven central effects. Then, this study evaluated the neuro-
pharmacological effects of the hydroalcoholic extract from Piper cernuum (HEPC) leaves to validate its uses in folk medicine.
Materials and Methods. Primarily Swiss mice (female, 25-30 g) were pretreated with HEPC (50-150 mg/kg, p.o.), vehicle, or the
positive control, and submitted to open-field test (OFT), inhibitory avoidance test (IAT), tail suspension test (TST), and forced
swim test (FST). Also, mice were exposed to pentylenetetrazol- and strychnine-induced seizure assay, pentobarbital-induced
hypnosis test, and elevated plus-maze (EPM). The GABA levels and MAO-A activity were measured in the animal’s brain after
15 days of HEPC administration (150 mg/kg, p.o.). Results. Mice pretreated with HEPC (100 and 150 mg/kg) and exposed to
pentobarbital presented decreased sleep latency and increased sleep duration (HEPC 150 mg/kg). In EPM, the HEPC (150 mg/kg)
increased the frequency of entry and the time of exploration of mice in the open arms. The antidepressant-like properties of HEPC
were demonstrated by the decrease in the mice’s immobility time when tested in FST and TST. The extract did not show
anticonvulsant activity, in addition to not improving the memory parameters of animals (IAT) or interfering with their locomotor
activity (OFT). Besides, HEPC administration decreased the MAO-A activity and increased the GABA levels in the animal’s brain.
Conclusion. HEPC induces sedative-hypnotic, anxiolytic-, and antidepressant-like effects. These neuropharmacological effects of
HEPC could be, at least in part, related to the modulation of the GABAergic system and/or MAO-A activity.

1. Introduction

Anxiety, depression, and epilepsy are neurological disorders
with significant social impacts especially nowadays [1, 2].
Associated with these diseases are also sleep disturbances
that constitute not only a symptom of such pathologies but
can also be characterized as a pathology other than [3].
Moreover, epilepsy is a severe neurological disorder with
a prevalence of 6.38 per 1000 persons worldwide [4].

Recent data estimate that about 4.4% of the world’s pop-
ulation, approximately 322 million people live with depression,
while the estimated number of patients with anxiety in the
world is about 264 million [5]. For such diseases, current
treatments vary in effectiveness considering individual difter-
ences, which can lead to cases of refractoriness [6].

It is known that from ancient times, people have used
different methods and procedures to treat psychiatric dis-
orders and have often used medicinal plants as one of these
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resources [7-9]. Indeed, medicinal plants are important
sources of biologically active substances, providing the basis
for pharmacological research and discovering new mole-
cules with antidepressant, anxiolytic, hypnotic, and anti-
convulsant effects [10, 11]. Considering this background, it is
necessary to provide scientific information about the
pharmacological profile of medicinal plants to identify their
safety and efficacy [12], collaborating to validate their uses.

One widely distributed plant in pantropical regions is
the Piper genus. Piper plants are also known under the
common name “pepper.” The presence of oil cells in the
structures of almost all Piper sp. places them in the group of
aromatic plants [13]. Besides their well-known uses as
culinary spices, the secondary metabolites isolated from
these plants, among which are terpenoids, lignans, and
alkaloids, among other classes, show wide-ranging human
health effects [10]. Regarding psychopharmacological
properties, the effects of Kava (Piper methysticum) are
already known, which has been explored as a potential
phytotherapy option for generalized anxiety disorder [14].
Furthermore, the pharmacological potential of Piper nig-
rum as a neuroprotector against epilepsy and biochemical
alterations arising from Alzheimer’s Disease is also re-
ported in the literature [15, 16].

Other Piper species are underexplored for their phar-
macological properties despite widespread uses, and an
example is Piper cernuum Vell, popularly known as “Par-
iparoba,” “Jodo-guarandi-do-grado,” and “Pimenta-de-
Morcego.” This species is considered a medicinal plant and is
used by rural communities to treat pain conditions, such as
bellyache and muscle pain (topically), besides hepatic and
renal complications [17].

There is little scientific information about the P. cernuum
leaves extract effects but are data showing its antileishmanial
[18] and cytotoxicity effects against oral squamous cell
carcinoma effects [19]. In addition, from leaves extracts the
following cinnamic acid derivatives were isolated: methyl
3,4-dimethoxy-dihydrocinnamate, 3,4-dimethoxy-
dihydrocinnamic acid, methyl 3,5-dimethoxy-4-hydroxy-
dihydrocinnamate (methyl dihydro sinapate), methyl 3,5-
dimethoxy-4-hydroxy-cinnamate (methyl sinapate), and
cubebin [20]. (-)-Bornyl p-coumarate too isolated from
leaves exhibited antitrypanosomal activity and effect on
plasma membrane permeability [21]. However, the essential
oils of this species have already been studied in relationship
to antimicrobial activity and chemical composition [22-28].
Some compounds present in oil exhibit antituberculosis [29]
and antitumor [30] effects too.

Recent results obtained in our laboratories indicated that
the hydroalcoholic extract of P. cernuum leaves showed no
toxicity when administered to male or female rats, lower
cytotoxicity, and mutagenicity [31]. Therefore, these pre-
vious reports about its safety and the neuropharmacological
potential of species of this genus led us to experimentally
investigate whether the hydroalcoholic extract of P. cernuum
leaves has psychopharmacological effects like other species
of the genus currently identified as potent natural sources
and alternatives for the treatment of human illness, espe-
cially mental illness.
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2. Material and Methods

2.1. Plant Material and Extract Procedure. P. cernuum Vell
leaves were collected (a cultivated specie) in Blumenau, a city
in the state of Santa Catarina, Brazil (latitude: 26°58'43.8"'S,
longitude: 49°03'43.0"W, and altitude: 200 m) in March in
the years of 2015. Prof. Andre Luis de Gasper, Curator of the
Dr. Roberto Miguel Klein Herbarium from the Regional
University of Blumenau, classified the material. Samples of
the specimen were deposited in this Herbarium with the
number 41606. This specie was registered on National
System for the Management of Genetic Heritage and As-
sociated Traditional Knowledge (SisGen) under registration
number A862470.

The extracting procedure was described by Wolff et al.
[31]. The Piper cernuum leaves were dried at 40°C for seven
days after the material was triturated and submitted to
agitation at Bertel agitator. The particles with diameters
between 0.31 e 0. and 57 mm were used. The procedure of
extraction was conducted under dynamic maceration at
room temperature for 4hours. Plant material (250 g) was
successively extracted with ethanol 90°GL, plant: solvent
ratio of 1:10 (w/v). The extractive solution was filtered
under vacuum filtration after it was concentrated under
reduced pressure and finally the extract was dried under
a current of air at 50°C giving a yield of 5.7% in relation to
leaves. The phytochemical profile of the hydroalcoholic
extract from Piper cernuum (HEPC) was already described
by Wollff et al. [31].

2.2. Pharmacological Tests

2.2.1. Animals and Ethics. Female Swiss mice (25-35 g) were
obtained from Central Animal Facility/UNIVALI and
maintained at 22-24°C with water and food ad libitum,
under a 12:12h light/dark cycle (lights on at 07:00h).
Female mice were employed in this study considering the
higher prevalence of depression in women, as well as the
greater availability in the vivarium. In addition, females with
a controlled estrous cycle were used to avoid interference in
the results. All procedures were conducted between 9:00 a.m.
and 04:00 p.m. and each animal was tested only once. Be-
havioral tests were performed in real-time by trained re-
searchers, taking care to minimally stress the animals. All
efforts were made to minimize animal suffering and to re-
duce the number of animals used in our experiments, and
the procedures were performed according to the Brazilian
Society of Science of Laboratory Animals’ guidelines for the
proper care and use of experimental animals. The experi-
mental procedures were approved by the Ethics Committee
of the University of Vale do Itajai, Brazil (protocol no. 037/
2019).

2.2.2. Drugs and Treatments. Several drugs used in the re-
search were obtained from Sigma Chemical Co. (St. Louis,
USA): pentylenetetrazol, strychnine, sodium pentobarbital,
and imipramine. Diazepam was obtained from Cristalia (SP,
Brazil). Each drug was dissolved in saline (0.9% NaCl) and
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administered by intraperitoneal (i.p.) route in a volume of
10 mL/kg body weight. HEPC (50, 100, 150 mg/kg), solu-
tions were prepared daily with distilled water plus 2% DMSO
before the use and administered orally (p.o.) by gavage in
a volume of 10 mL/kg. The vehicle (negative control) con-
sisted of distilled water plus 2% DMSO and was adminis-
tered orally (p.o.) by gavage in a volume of 10 mL/kg. All
treatments with HEPC and vehicle were performed 1 hour
before the experiments. The experimental N was 06-08
individuals per experimental group.

2.2.3. Open-Field Test (OFT). The first behavioral test used
in this study was the OFT. Depending on the protocol
adopted, many studies on drug effects usually employ the
OFT to evaluate locomotor and exploratory parameters of
animals before submitting them to tests to verify
anxiolytic-like and antidepressant effects [32]. The open-
field apparatus consisted of a 40 x 60 cm dark plastic box
with 50 cm high boundary walls, and the box was divided
into 12 equal squares. After treatments, vehicle, and HEPC
(50, 100, and 150 mg/kg, p.o.), the animals were in-
dividually placed in the center of the box for 30s for ad-
aptation and then allowed to freely explore the area for
6 min. The animal’s locomotor activity was registered as the
total number of times (counts) that the animal crossed
a square during the test. A count was considered when the
animal crossed from one square to the next. The open-field
test was performed at 30 (for intraperitoneal treatments) or
60 (for oral treatments) min after drugs or extract treat-
ments. Locomotor activity was defined as a horizontal
activity with displacement and was expressed in terms of
the total number of quadrantes crossed. In this test, the
number of rearing performed by each animal was also
recorded. Rearing was characterized by the behavior of the
animal to lift the body and keep it upright, leaning on its
hind legs to explore the apparatus. After each trial, the
apparatus was cleaned with 70% ethanol to remove the
odor clues left by the previous animal.

2.2.4. Pentylenetetrazol (PTZ) and Strychnine (STR) Induced
Seizure Test. The anticonvulsive activity of the plant extract
was evaluated through the pentylenetetrazol (PTZ) and
strychnine (STR) tests. These tests were based on the method
described by Holzmann et al. [33] with slight modifications.
In the first experiment, 60 minutes after the oral adminis-
tration of vehicle or HEPC (50, 100, and 150 mg/kg, p.o.),
PTZ (100 mg/kg, i.p.) was administered individually in mice,
and immediately the animals were transferred to the ob-
servation box. The documented parameters in this experi-
ment were latency to seizure-onset and the number of mice
not exhibiting seizures. The seizure was defined as jerky
movements of the whole body or convulsion. Each mouse
was observed for one whole hour for the occurrence of
seizure. The same procedure was performed in another set of
experiments; however, the convulsant agent utilized was
STR (4 mg/kg). Phenobarbital (30 mg/kg, i,p), the positive
control used in both experiments, was administered 30 min
before testing.

2.2.5. Pentobarbital-Induced Hypnosis. To evaluate the
hypnosis-potentiating activity of the extract, sodium pen-
tobarbital (50mg/kg, i.p.) was injected into female mice
60 min after oral administration of HEPC (50, 100, and
150 mg/kg). The latency and hypnosis time were recorded.
Hypnosis time was measured by the loss of the righting
reflex, with the recovery of this reflex being considered the
end of the hypnosis time [33]. Diazepam (2.0 mg/kg, i.p.)
was administered 30 min before the test as a reference drug.

2.2.6. Elevated Plus-Maze Test (EPM). The procedure used
to evaluate the possible anxiolytic effect was like that de-
scribed previously [32]. The wooden EPM apparatus was
shaped as a cross, with two open arms (50 x 10 cm?) with
sides of lcm in height, and two closed arms
(50 x10x 15 cm). The central area of the maze measured
10 x 10 cm®. The apparatus was elevated to a height of 70 cm.
During the test, each animal was placed at the center of the
maze facing the closed arm 60 min after administration of
VP extract (50-150 mg/kg, p.o.) or vehicle. All entries to the
open or closed arms were scored for 5 min, and the total time
spent in each arm was recorded. An entry was defined as
placing the mouse’s four paws into an arm, and no time was
recorded when the animal was in the center of the maze.
Diazepam (0.75mg/kg, ip., was administered to mice
30 min before the test) was used as a reference drug.

2.2.7. Inhibitory Avoidance Test (IA). Mice were trained in
a one-trial, stepping-down inhibitory avoidance paradigm
(TA), a highly validated learning task in which stepping down
from a platform when a context is associated with a foot
shock increases step-down latency [34]. The IA training
apparatus was a 50 cm x 25cm x 25cm Plexiglas box with
a 5cm high, 8 cm wide, and 25 cm long platform on the left
end of a series of bronze bars that constitutes the floor of the
box. During training, the animals were gently placed on the
platform facing the left rear corner of the training box. When
they stepped down and placed their four paws on the grid,
they received a 2 s, 0.4 mA scrambled foot shock. They were
then immediately withdrawn from the training box.
Memory retention was evaluated in a test session carried out
24 h after training. In the test, trained animals were placed
back in the training box platform until they eventually
stepped down to the grid. The latency to step-down during
the test session was taken as an indicator of memory re-
tention. A ceiling of 180s was imposed for the step-down
latencies during the retention test. To evaluate the possible
effect of the extract on the animal’s memory consolidation,
the treatment with HEPC (50, 100, or 150 mg/kg) or vehicle
was given 30 min after the IA training session.

2.2.8. Tail Suspension Test (TST) and Forced Swim Test (FST).
The TST and FST were used to assess the possible
antidepressant-like effect of HEPC. The forced swim test
(FST) is used to assess learned helplessness in rodents and
has often been used to examine the effect of antidepressants
in animal models of depression. The test was performed



according to Porsolt et al. [35] with minor modifications
[36]. On the day of the test, the mice were individually
introduced into a glass cylinder (height: 45 cm; diameter:
20 cm) containing water (25 + 2°C; depth: 25 cm) from which
they could not escape and had to swim or float. The fluc-
tuation time (in seconds) in the last 4 minutes of the test
session was recorded to reflect the depressive-like behavior
of the mice. The mice’s floating status means no movement
except the movement necessary to keep the mice’s heads
above the water to breathe. The tail suspension test (TST) is
also a useful behavioral tool for examining the effects of
antidepressant drugs [37]. During the test, the mice were
placed in a wooden apparatus divided into 4 compartments
to be acoustically and visually isolated. A metallic bar
suspended from the base 50 cm above the floor was adapted
to the apparatus. On this bar, the animals were suspended
with adhesive tape and kept approximately 1 cm from the tip
of the tail. As with the FST, immobility time was recorded
during the last 4 min of a 6 min session. Imipramine (30 mg/
kg, p.o), HEPC (50, 100, or 150 mg/kg, p.o.), or vehicle was
administered 1h before both tests. TST was also used to
evaluate the antidepressant-like effect of HEPC when ad-
ministered chronically. Imipramine (30 mg/kg, p.o.), HEPC
(150 mg/kg, p.o.), or vehicle was administered daily for
15 days and, on the last day of treatment, 1 h before the test.
After the experiments, the animals used in the subchronic
treatment to evaluate the antidepressant-like effects of
EHPC were euthanized and their brains were collected for
biochemical tests.

2.2.9. Time Course of the HEPC Antidepressant-Like Effect.
In another set of experiments, different groups of mice were
administered with HEPC 150 mg/kg (p.o.) or vehicle and
subjected to the TST after 1h, 2h, 3h, and 4h from the
administration. For each hour tested, a different group of
animals was used, and we were careful to avoid mice
learning [38].

2.2.10. Euthanasia and Animal Disposal. The animals were
euthanized with anesthetic overdose as decided by the
UNIVALI Animal Ethics Committee (CEUA/UNIVALI),
except for the group used for biochemical tests, which were
euthanized by cervical dislocation to avoid possible in-
terference in the results. The carcasses were collected and
sent for disposal and incineration by responsible technicians,
following laboratory and institution procedures.

2.3.  Biochemical Analysis. The levels of gamma-
aminobutyric acid (GABA) and monoamine oxidase
(MAO)- A activity in the animal’s brain subchronically
treated for 15 days with HEPC (150 mg/kg, p.o.), imipramine
(30 mg/kg, p.o.), diazepam (2 mg/kg, i.p.), or vehicle were
measured. The group that received diazepam was in-
corporated into the protocol separately. The mice were
decapitated, and the brains were quickly transferred to a cold
glass plate for dissection. The brain was quickly isolated, and
homogenized being stored at —80°C until further analysis, as
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described by Zimath et al. [38], except for samples intended
for measurement of GABA levels.

2.3.1. Quantification of MAO-A Enzyme Activity Levels.
First, the brain homogenate was centrifuged for 10 minutes
at 4000rpm at 4°C. The supernatant was removed and
centrifuged for 120 minutes at 10000 rpm at 4°C. The pellets
were resuspended with phosphate buffer. Protein concen-
tration was adjusted to 1 mg/ml and measured using bovine
albumin as a standard. To evaluate the MAO-A activity,
50 uL of the sample plus 30 yL of 4mM 5-HT (as a specific
substrate for MAO-A) and 100 L of phosphate buffer were
incubated for 20 minutes at 37°C. After 20 minutes, the
reaction was stopped with 50 uL of 1 M HCI. The reaction
product was extracted with 2200 yuL of butyl acetate. The
organic phase was used, and the absorbance was measured at
280 nm. To perform the blank 50 yL of the sample, plus 50 yL
of 1M HCI, and 100 4L of phosphate buffer was incubated
for 20 minutes at 37°C. Subsequently, 30 uL of 4mM 5-HT
and 2200 L of butyl acetate were added. The organic phase
was used and measured in a spectrophotometer at 280 nm.
MAO-A enzyme activity was expressed as nmol/mg of
protein [38, 39].

2.3.2. Estimation of GABA by Spectrophotometry. The
GABA content was determined from the whole brain ho-
mogenized in a tube containing 5mL of 0.01 M HCIL. Brain
homogenate was transferred to a bottle containing 8 mL of
ice-cold absolute alcohol and kept for 1 h at 0°C. The content
was centrifuged for 10 min at 16,000 rpm, the supernatant
was collected in a Petri dish. The precipitate was washed with
5mL of 75% alcohol three times and washes were combined
with supernatant. Next, samples were evaporated to dryness
at 70°C in a water bath. To the dry mass, 1 mL water, and
2mL chloroform were added and centrifuged at 2000 rpm.
The upper phase containing GABA (2.0 mL) was separated
and 10 mL of it was applied as spot on Whatman paper (N°
41). The mobile phase consisted of n-butanol (50 mL), acetic
acid (12 mL), and water (60 mL). The paper chromatogram
was developed with ascending technique. The paper was
dried in hot air and then spread with 0.5% ninhydrin so-
lution in 95% ethanol. The paper was dried for 1h at 90°C.
The blue color spot developed on the paper was cut and
heated with 2 mL of ninhydrin solution in a water bath for
5 min. Water (5.0 mL) was added to the solution and kept for
1 h. The supernatant (2.0 mL) was decanted, and absorbance
was measured at 570nm by using spectrophotometry.
GABA standard was used to extrapolate the absorbances of
the samples [40].

2.4. Statistical Analysis. Data were evaluated for normality
by the Shapiro-Wilk test and Grubbs’ test was used to detect
outliers. For parametric tests, the results were presented as
means + standard error of means (S.E.M). Statistical analysis
was performed using one-way or two-way analysis of var-
iance (ANOVA), when applicable, followed by the Bon-
ferroni post-test. The data obtained in the step-down IA task
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FiGure 1: HEPC effects in animal motor performance of mice exposed to open-field test (OFT). HEPC does not change the number of mice
(a) crossing or (b) rearing when submitted to the open-field test. Results are presented as the means + S.E.M. (n =8-10). ANOVA followed
by Bonferroni’s multiple comparisons test when compared to the vehicle group (treated with distilled water plus 2% DMSO).

were reported as median + interquartile ranges (25 and 75).
The analysis of A data was nonparametric because this
procedure involved a cutoft score, and Kruskal-Wallis’s test
was performed followed by Dunn’s test. All analyses were
performed using the GraphPad Prism 7.0 program (San
Diego, USA). Values of p < 0.05 were considered significant.

3. Results

3.1. HEPC Effects in Animal Motor Performance of Mice
Exposed to Open-Field Test (OFT). No statistical difference
among the experimental groups was obtained in the be-
havioral parameters recorded by OFT. Our data show that
the administration of treatments does not change the
number of animal passages (crossings), (F(3.36)=0.3370,
p=0.7986), as well as did not change the number

of exploratory activities (rearing), (F(3.36)=0.5570,
p = 0.6468), indicating that it probably does not change the
mobility of animals in the other behavioral tests used in this
study (Figures 1(a) and 1(b)).

3.2. HEPC Effects on Pentylenetetrazol (PTZ) and Strychnine
(STR) Induced Seizure Test in Mice. The effect of HEPC
treatment on PTZ and strychnine-induced seizure models is
shown in Figure 2. In the PTZ-induced seizure (Figure 2(a)),
HEPC at doses of 50, 100, or 150 mg/kg were not able to
increase latency time for the onset of seizures compared with
the vehicle group. As expected, phenobarbital increased the
latency time for the onset of seizures (F(4.43)=28.554,
p<0.0001). In strychnine-induced seizures (Figure 2(b)),
the treatment of animals with HEPC did not increase the
latency time for the onset of seizures compared to the vehicle
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F1GURE 2: HEPC effects on Pentylenetetrazol (PTZ) and strychnine (STR) induced seizure test in mice. Phenobarbital, but not HEPC, alters
latency for seizures induced by pentylenetetrazol (PTZ) (a) or strychnine (STR) (b) in mice. Results are presented as the means + S.E.M.

(n=8-10). One—-way ANOVA followed by Bonferroni’s multiple comparisons tests.

vehicle (treated with distilled water plus 2% DMSO).

group. Nevertheless, in this test, the typical anticonvulsant
effect of phenobarbital was verified (F(4.42)=17.94,
p<0.0001).

3.3. HEPC Effects on Pentobarbital-Induced Hypnosis (PIH) in
Mice. The effect of HEPC treatment on pentobarbital-
induced hypnosis is shown in Figure 3. The results ob-
tained demonstrate that the treatment of animals with HEPC
at 100 or 150 mg/kg decreased the sleep latency time when
compared with the vehicle group (F(4.43) = 9.501, p < 0.0001).
Diazepam, used as a positive control, also promoted a decrease
in sleep latency time when compared to the vehicle group
(p <0.001), (Figure 3(a)).

In Figure 3(b), the total sleep time was shown, which was
changed only with the treatment of HEPC at 150 mg/kg,
when compared with the vehicle group (F(4.44)=42.14,
P <0.001). The treatment of animals with diazepam showed
similar results, promoting an increase in total sleep time, and
reproducing its characteristic hypnotic effect (p <0.001).

3.4. HEPC Effects on Anxious Behavior of Mice Exposed to
Elevated Plus-Maze Test (EPM). The results presented in
Figure 4 demonstrate that the treatment of the animals with
HEPC only at 150 mg/kg increased the frequency of entry
into open arms (Figure 4(a)), and the time of mice explo-
ration in these arms (Figure 4(b)) of the apparatus, when
compared with the wvehicle group ((F(4.43)=23.64,
Pp<0.0001), (F(4.43)=74.78, p<0.0001), respectively). As
expected, during the experiment, the classic anxiolytic-like
effect of diazepam was observed, increasing such behavioral
parameters in the open arms of the EPM when compared to
the vehicle group (p <0.001).

EET]

P <0.0001 compared to the group treated with

3.5. HEPC Effects on Mice Submitted to Inhibitory Avoidance
Test (IAT). Figure 5 shows the effects of HEPC on memory
retention in animals submitted to IAT. It was observed that
the animals learned the inhibitory avoidance task, com-
paring the test and training sections for each treatment
group, with an increase in the latency of descent from the
apparatus platform. However, when the test session is
evaluated (only the dark bars in Figure 5) and compared
with the vehicle (represented by the 0 doses of HEPC), it is
verified that there was no statistically significant effect of the
treatment on the animals’ memory, demonstrating thus, that
HEPC did not exhibit effects on the memory of the animals
at the doses tested.

3.6. HEPC Antidepressant-Like Effect in Mice Submitted to
Tail Suspension Test (TST) and Forced Swim Test (FST).
The antidepressant-like property of HEPC is demonstrated in
Figures 6(a) and 6(b). In Figure 6(a), it is observed that the
acute treatment of the animals with HEPC at doses of 50, 100,
and 150 mg/kg promoted a significant decrease in the im-
mobility time of the animals when submitted to FST when
compared with the control group treated with vehicle
((F(4.38) =31.71, p <0.0001)). In the TST (Figure 6(b)), only
HEPC at 50 and 100 mg/kg were effective in reducing the
animals’ immobility time (p < 0.001) when compared to the
vehicle-treated control group ((F(4.38) =4.671, p = 0.0036)).
In both tests, respectively, the classic antidepressant-like effect
of imipramine was observed (p <0.001) compared to the
vehicle-treated control group. The results observed in
Figures 7(a) and 7(b), respectively, demonstrate that after 7
and 14 days of treatment, HEPC (150 mg/kg) continues to
promote an antidepressant-like effect, evaluated by the de-
crease in the immobility time of mice when submitted to FST
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Figure 3: HEPC effects on pentobarbital-induced hypnosis (PIH) in mice. HEPC increases sleep latency (a) and total sleep time (b) in
pentobarbital sleep induction test in mice. Results are presented as the means + S.E.M. (n = 6-8), one-way ANOVA followed by Bonferroni
post-test. *** p <0.0001, ** p <0.01, and * p < 0.05 compared to the group treated with vehicle (treated with distilled water plus 2% DMSO).

DZP-diazepam.

when compared to the vehicle-treated control group
(p <0.0001). In this experiment, the antidepressant-like effect
of imipramine (30 mg/kg) was observed only on the 14th day
when compared to the vehicle-treated control group
((F(2.23)=24.84, p<0.0001); (F(2.23)=4.585, p = 0.0122),
respectively). Regarding the duration of the antidepressant-
like effect of HEPC, it was observed (Figure 7(c)) that the
treatment with HEPC (150 mg/kg, p.o.) produced a significant
effect by reducing the immobility time of the animals after 1,
2,3,and 4 hours (p < 0.05, p <0.001, p < 0.05, respectively) of
its administration when compared with the vehicle-treated
control group. The peak of the antidepressant-like effect was
observed 2h after applying HEPC ((F(6.51)=10.64,
p<0.0001)). In the experiments related to the subchronic
treatment with HEPC, as well as the time of action of the
same, the animals were also submitted to the open-field test
without any change in their motor performance (results not
shown).

3.7. HEPC Effects on MAO-A Enzyme Activity and the Esti-
mation of GABA by Spectrophotometry Measured in Mice’s
Brain. To relate a possible antidepressant mechanism of
action elicited by HEPC, the effects of treatments on the
activity of the MAO-A enzyme were analyzed. Figure 8(a)
shows that HEPC promoted a decrease in MAO-A activity
(p<0.01), when compared to the vehicle group ((F(3.20) =
6.388, p = 0.0068)). On the other hand, the effects obtained
with HEPC on the estimation of GABA revels that the
treatment with HEPC and DZP promoted a significant
increase in the levels of GABA when compared with the
vehicle (p<0.05), as demonstrated in the Figure 8(b)
((F(3.20) =16.10, p < 0.0001)).

4. Discussion

The investigation of new pharmacological strategies for the
treatment of mood disorders, sleep disorders, or anxiety
disorders is essential for the discovery of drugs with efficacy,
fewer side effects, and low toxicity which could be used in
longer treatments, and medicinal plants play an important
role in this context [11, 12, 41]. Humanity has explored
plants’ psychoactive effects for millennia, using them in their
most natural form [42, 43]. However, the pharmaceutical
market has been demanding the pharmacological validation
of extracts and/or active principles, their efficacy, and above
all, security regardless of whether the use is for nervous
system pathologies [44]. Therefore, to contribute to this field,
this research investigated the psychoactive effect of the
hydroalcoholic extract of Piper cernuum (HEPC), using
experimental tools employed to screen psychotropic drugs.

Based on the literature on the pharmacological potential
of the Piper genus on epilepsies, we investigated the effect of
HEPC in two chemical models of seizures. The pentylene-
tetrazol- and the strychnine-induced seizure model [45].
Moreover, piperine, a marker of the genus, exhibits an
antiepileptic effect detected in these models and in others
[46, 47]. Essential oils obtained from Piper’s species also
exhibit anti-convulsant properties [48]. However, neither
the treatment with the essential oil of the plant (results not
shown) nor the treatment with HEPC, at the doses used,
administered acutely, did not demonstrate an anticonvul-
sant effect in both seizure tests. To observe an effect with
subchronic treatment (15 days) at the highest dose, animals
were subjected to a pentylenetetrazol-induced seizure model
(results not shown), and even then, the effect was not
detected.
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FiGure 4: HEPC effects on anxious behavior of mice exposed to elevated plus-maze test (EPM). HEPC administration increased the mice
frequency of entries (a) and time spent (b) in the open arms of the apparatus. Results are presented as the means + S.E.M. (n=8-10). One-
way ANOVA was followed by Bonferroni’s post-test. ***p <0.001 and **** p <0.0001 compared to the group treated with vehicle (VEH).

DZP- diazepam.

Sleep disorders are frequent in neuropsychiatric and/or
neurodegenerative diseases. The use of herbs with hypnotic
characteristics in the management of insomnia is common
among people and, herbal formulations with renowned
hypnotic effects are easy to find [49, 50]. A plant with
multiple effects can be advantageous in treating neuropsy-
chiatric diseases whose patients exhibit sleep disorders [51].
In the present study, we evaluated the hypnotic effect of
HEPC, and mice treated with the extract were subjected to
the barbiturate-induced sleep test.

Substances that depress the CNS, in general, increase the
duration of sleep produced by pentobarbital, and there may
also be a reduction in the latency for the effect of the barbiturate
used, seen by the reduction in the induction time, that is, from
the application of the barbiturate until the loss of the postural
reflex by the animal [52]. Our results showed that HEPC ef-
fectively decreased sleep latency and increased the total sleep

time of animals submitted to the barbiturate-induced sleep test.
It is expected that an agent with allosteric effects on the
GABAA receptor promotes pentobarbital potentiation and,
therefore, a depressant effect on the CNS [53] and that hyp-
notic substance reduce sleep latency and increase the total sleep
time of the animals submitted to barbiturate-induced sleep test
[32]. Therefore, our results corroborate those that evidenced
the hypnotic effects of Piper sp. on sleep-related disorders,
mainly regarding their maintenance [54].

The most widespread psychoactive effect of the Piper genus
in the literature is, without a doubt, the anxiolytic effect. Many
species such as Piper nigrum and Piper sylvaticum Roxb. have
this pharmacological property very well documented and
studied [55]. However, undoubtedly, the most studied species of
the genus regarding this pharmacological property is Piper
methysticum or simply Kava Kava [14]. There are several articles
evidencing the use of Kava for generalized anxiety disorders [56].
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FiGgure 5: HEPC effects on mice submitted to inhibitory avoidance
test (IAT). HEPC does not alter the memory of animals submitted
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tained in the step-down IA task were reported as
median + interquartile ranges (25 and 75). The analysis of IA data
was nonparametric because this procedure involved a cutoff score,
and the Kruskal-Wallis test was performed followed by Man-
n-Whitney’s U test. *p <0.05 and **p <0.01.

Based on it, the anxiolytic effect of HEPC was tested in
animals subjected to the elevated plus-maze test (EPM), an
experimental tool frequently used to detect and evaluate the
anxiolytic/anxiogenic properties of drugs. The entries and
time spent in the open arms is the main indicator of fear in
the EPM, given that an open area is extremely aversive to
rodents. In addition, no thigmotaxis enhances the state of
fear and aversion in the animals in open arms [33]. Our
results with HEPC showed that only the treatment with
a dose of 150 mg/kg was effective in increasing the frequency
of entry into the open arms of the apparatus, as well as
increasing the time spent by the animals in the same arm,
suggesting a type-anxiolytic effect of this extract, making
Piper cernuum an interesting source for research to new
therapeutic option in the management of anxiety.

The effect of HEPC on memory consolidation was also
examined, and effects on the animals’ memory were not
observed in the inhibitory avoidance test. Anxiolytic and

hypnotic substances that do not promote cognitive im-
pairment are welcome from a pharmacological point of view.
BDZs are still the most used pharmacological class to
produce sedative and hypnotic activities, but they have
a propensity effect to cause cognitive impairment [57].

Mice acutely administered with HEPC presented a re-
duction in the immobility time when exposed to the FST and
TST, both predictive behavioral paradigms to evaluate the
antidepressant-like effect of substances in rodents
[35, 37, 58]. Additionally, we verified that the
antidepressant-like effect of HEPC also occurs with sub-
chronic treatment since the immobility time of the animals
in the FST at 7 and 14days of treatment was reduced.
Noteworthy, HEPC exerted an antidepressant-like effect for
4 hours from the administration, without compromising the
locomotor activity of mice when exposed to the OFT.
Crossings number in the OFT was registered as a parameter
to investigate possible effects triggered by the treatments on
the motor activity of mice, to discard a false positive or
negative result from TST and FST, as well as in other be-
havioral tests performed here that require the integrity of the
animals’ motor system [33, 38].

The relationship between Piper and depression is little
explored in the literature, compared to insomnia [59], ep-
ilepsy [54], and anxiety [41]. The articles are more related to
piperine and its role as an antidepressant agent [60]. In
recent times we have studied the pharmacological potential
of Piper amplum, Piper aduncum L, and Piper molluscum as
psychotherapeutic agents and we are having positive results
regarding antidepressant-like effects (work in progress).
Thus, the focus of the present study was to investigate the
antidepressant-like effect of HEPC.

The mechanisms by which HEPC could be acting were
partially investigated in this study. However, further studies
are needed to clarify better the pharmacodynamic mecha-
nism of action of the plant extract, which may be one of the
limitations of the present study that can be remedied in later
studies. On the other hand, we tried through the biochemical
assays available in our laboratories to study two systems
related to anxiety and depression.

The antidepressant and anxiolytic-like effects of the
extract were observed in behavioral trials with acute and
subchronic treatments (mainly regarding the antidepressant
effect). Thus, animals treated with repeated doses of the
extract had decreased depressive-like compounds and they
were used in biochemical tests. So, the participation of the
GABAergic system in the extract’s mechanism of action was
investigated in the animals’ brains. The mechanisms un-
derlying the pathophysiology and treatment of depression
and stress-related disorders remain unclear, but studies in
depressed patients and rodent models are beginning to yield
promising insights [61]. The implication of GABA is based
mainly on animal models, whereas clinical studies in de-
pressed patients show alterations in GABA levels in plasma
and cerebrospinal fluid. Neuroimaging studies using spec-
troscopy also indicate decreased GABA levels in different
brain areas, which may normalize after antidepressant
therapy, and these findings translate into clinical response
[62, 63]. On the other hand, the literature is rich on the



10

Immobility Swimming Climbing

R

S OB T
150 —
100

Immobility time (s)

Treatments (mg/Kg, p.o.)

I Control
=] HEPC
[ Imipramine

(a)

Immobility time (s)

Evidence-Based Complementary and Alternative Medicine

150 —

100 —

50

Vehicle 50

Treatments (mg/Kg, p.o.)

(®)

Figure 6: HEPC antidepressant-like effect in mice submitted to tail suspension test (TST) and forced swim test (FST). HEPC elicited an
antidepressant-like effect in mice submitted to the forced (a) swimming test and in the tail (b) suspension test. Results are presented as the
means + S.E.M. (n=8-10). One-way ANOVA was followed by Bonferroni’s post-test. ***p < 0.0001 and * p < 0.05 compared to the group

treated with vehicle (VEH).

relationship between stress and depression [64], showing
this relationship in rodents and humans [65]. The period of
stress can result in the chronicity of depression, and the
literature has shown that even in rodents, subchronic stress
induces similar behavioral effects in male and female mice
despite sex-specific molecular adaptations in the nucleus
accumbens [66]. In addition, some studies have shown that
the use of the depression model induced by chronic or
subchronic stress increases oxidative stress or changes
neurotransmitter levels in important mesolimbic structures
in the brains of animals treated with the vehicle when
compared to the naive group and that the treatment of
animals with antidepressants, especially inhibitors selective
serotonin and norepinephrine reuptake or substances of
natural origin, ameliorates stress-induced behavioral as well
as oxidative alterations [67, 68]. Our results demonstrated
that the stress generated by the subchronic administrations
and daily handling of animals can promote in the groups
treated with vehicle an increase in MAOQ activity and a de-
crease in the levels of GABA in the brain of the animals,
different from that observed in naive animals. The results

showed that there is a significant increase in GABA levels in
the groups treated with HEPC, supporting the idea that
HEPC interacts with the GABAergic system in terms of
increasing its neurotransmission. GABA is the most
abundant inhibitory neurotransmitter in the CNS [69],
exerting its effects on GABAA, GABAB, and GABAC re-
ceptors [70-73]. Given that the GABAergic system is closely
linked with the regulation of sleep [74], anxiety [75], and
epilepsy [76], it is possible to infer that, at least in part, the
anxiolytic and hypnotic properties of the extract involve this
system.

The relationship between the GABAergic system with
depression is not yet well investigated in the literature, al-
though it exists [61], perhaps because there are no antide-
pressant drugs that act directly on the GABAergic system.
However, it is known that the glutamatergic system, which is
controlled by the GABAergic system, is involved with the
pathogenesis of depression. The glutamatergic hypothesis of
depression is an exacerbation of the glutamatergic system that
is observed in depressive patients [77], suggesting an indirect
involvement of this system with depressive episodes [78].
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FiGgure 8: HEPC effects on MAO-A enzyme activity and the estimation of GABA by spectrophotometry measured in mice’s brain. HEPC
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In addition, studies have been demonstrating that de-
pression and chronic stress exposure cause atrophy of
neurons in cortical and limbic brain regions implicated in
depression, and brain imaging studies have been demon-
strating altered connectivity and network function in the
brains of depressed patients. Studies of the neurobiological
basis of these alterations have focused on an excitatory
glutamate neuron together with an inhibitory GABA in-
terneuron. They demonstrate structural, functional, and
neurochemical deficits in both major neuronal types that
could lead to signal integrity degradation in cortical and
hippocampal regions [61]. Therefore, our results regarding
the extract’s antidepressant-like properties may also be re-
lated to the increase in GABA levels in the brain of the
treated animals.

Antidepressants may act by modulating the MAO en-
zyme, and this mechanism has already been detected in
secondary metabolites from plants [79]. The MAO enzyme
metabolizes xenobiotics and endogenous amines and neu-
rotransmitters, including 5-hydroxytryptamine (5-HT, se-
rotonin), dopamine (DA), noradrenaline (NA), tyramine,
and tryptamine [80]. It occurs as two isoenzymes, MAO-B is
involved in neurodegenerative diseases and MAO-A in
psychiatric conditions such as MDD [81]. Here, the pre-
treatment with HEPC promoted the MAO-A inhibition in
the brain, maybe in structures that are closely related to the
limbic system and mood modulation. Together, these results
indicate that MAO-A inhibition may be involved in the
HEPC antidepressant and anxiolytic effects. Inhibition of
MAO-A by the extract would consequently promote an
increase in the brain concentration of important neuro-
transmitters, such as serotonin, whose alterations in its levels
are involved in both diseases, depression, and anxiety.

The relationship between the pharmacological effects
detected in this study and the phytochemical profile of the
extract used can be analyzed. As reported previously,
P. cernuum leaves are used in folk medicine as an infusion or
a macerate with alcohol, and therefore the alcoholic extract
was chosen to access the psychopharmacology properties of
this plant in this study. Wolft and collaborators [31] de-
scribed that this same extract did not present significant
toxicity when administered to male or female rats and
presented a high-performance liquid chromatography
profile for this extract. In the leaves of P. cernuum were
found cinnamic acids derivatives, lignans as cubebin and
hinokinin [18, 20], which are extracted more efficiently with
ethanol and can be present in HEPC. Some of these phy-
toconstituents exhibit psychopharmacological properties
already reported in the literature and may be contributing to
the psychoactive effects found in P. cernuum. For cinnamic
acid, antidepressant effects have been recently reported
[82, 83], as well as the anticonvulsant potential of this
compound and its derivatives [84]. GABA transporters serve
as a target for anxiolytic, antidepressant, and antiepileptic
therapies. Interaction with important neurotransmitter
transporters has been characterized for a lignan derivative
(=)-cubebin, and (-)-hinokinin, and the results obtained to
date suggest that hinokinin can serve as a tool to develop new
therapeutic anxiety drugs that target dopamine,
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norepinephrine, and GABA transporters [85]. Another in-
teresting class in Piperaceae was alkaloids. This class of
compounds has psychoactive characteristics that are also
interesting and may be directly or indirectly involved in
many of its effects. In the extract used, the alkaloids were not
individually characterized, however, these phytoconstituents
have already been identified in several species of pipers being
responsible for their various effects [86, 87].

5. Conclusion

Together, the results suggest that HEPC has therapeutic
potential as an antidepressant, anxiolytic, and sedative-
hypnotic agent. Preliminarily, is possible to suggest that
the neuropharmacological effects of HEPC could be, at least
in part, related to the modulation of the GABAergic system
and/or MAO-A activity. However, studies are needed to
evaluate the chronic effects of HEPC on anxiety to verify if
the increase in GABA levels could also be related to its
anxiolytic effect. We also suggest that further experiments be
conducted with male mice to verify possible variations in the
pharmacological effects of the extract according to sex.

Data Availability

The data that support the findings of this study are available
from the corresponding author, MMS, upon reasonable
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

MMS conceived and designed the research; AM and JDJ
were responsible for collecting the plant material and pre-
paring the extracts; MAM, CAC, CES, and NS contributed to
the data collection of the experiment; LMS, MMS, and MB
analyzed and interpreted the data; MMS and LMS wrote the
article; APD, MMS, and LMS modified the manuscript. All
authors have read and approved the final manuscript.

Acknowledgments

This study was funded by Coordination for the Improve-
ment of Higher Education Personnel-Brazil (CAPES). To
carry out this study, the authors also have the assistance of
the National Council for Scientific and Technological De-
velopment (CNPq), the University of Itajai Valley (UNI-
VALI), and the Federal University of Santa Catarina.

References

[1] C. M. Doran and I. Kinchin, “A review of the economic
impact of mental illness,” Australian Health Review, vol. 43,
no. 1, p. 43, 2019.

[2] M. Tashakori-Miyanroudi, A. Souresrafil, P. Hashemi, S. Jafar
Ehsanzadeh, M. Farrahizadeh, and Z. Behroozi, “Prevalence
of depression, anxiety, and psychological distress in patients



Evidence-Based Complementary and Alternative Medicine

with epilepsy during COVID-19: a systematic review,” Epi-
lepsy and Behavior, vol. 125, Article ID 108410, 2021.

[3] J. Deng, F. Zhou, W. Hou et al., “The prevalence of depression,
anxiety, and sleep disturbances in COVID-19 patients:
a meta-analysis,” Annals of the New York Academy of Sciences,
vol. 1486, no. 1, pp. 90-111, 2021.

[4] W. Loscher, H. Potschka, S. M. Sisodiya, and A. Vezzani,
“Drug resistance in epilepsy: clinical impact, potential
mechanisms, and new innovative treatment options,” Phar-
macological Reviews, vol. 72, no. 3, pp. 606-638, 2020.

[5] Who, “Mental health,” 2019, https://ourworldindata.org/
mental-health.

[6] T. Williams, D. J. Stein, and J. Ipser, “A systematic review of

network meta-analyses for pharmacological treatment of

common mental disorders,” Evidence-Based Mental Health,

vol. 21, no. 1, pp. 7-11, 2018.

K. S. Yeung, M. Hernandez, J. J. Mao, 1. Haviland, and

J. Gubili, “Herbal medicine for depression and anxiety:

a systematic review with assessment of potential psycho-

oncologic relevance,” Phytotherapy Research, vol. 32, no. 5,

pp. 865-891, 2018.

D. Glabska, D. Guzek, B. Groele, and K. Gutkowska, “Fruit

and vegetable intake and mental health in adults: a systematic

review,” Nutrients, vol. 12, no. 1, p. 115, 2020.

Z. Breijyeh, B. Jubeh, S. A. Bufo, R. Karaman, and L. Scrano,

“Cannabis: a toxin-producing plant with potential therapeutic

uses,” Toxins, vol. 13, no. 2, p. 117, 2021.

B. Salehi, Z. A. Zakaria, R. Gyawali et al., “Piper species:

a comprehensive review on their phytochemistry, biological

activities and applications,” Molecules, vol. 24, no. 7, p. 1364,

2019.

[11] M. S. Garcia-Gutiérrez, F. Navarrete, A. Gasparyan,
A. Austrich-Olivares, F. Sala, and J. Manzanares, “Cannabi-
diol: a potential new alternative for the treatment of anxiety,
depression, and psychotic disorders,” Biomolecules, vol. 10,
no. 11, p. 1575, 2020.

[12] J. Sarris, “Herbal medicines in the treatment of psychiatric
disorders: 10-year updated review,” Phytotherapy Research,
vol. 32, no. 7, pp. 1147-1162, 2018.

[13] J. L. Ballesteros, M. Tacchini, A. Spagnoletti et al., “Redis-
covering medicinal amazonian aromatic plants: piper car-
punya (piperaceae) essential oil as paradigmatic study,” Evid
Based Complement Alternat Med, vol. 2019, Article ID
6194640, 2019.

[14] J. Sarris, G. J. Byrne, C. A. Bousman et al., “Kava for gen-

eralised anxiety disorder: a 16-weekdouble-blind, rando-

mised, placebo-controlled  study,”  Australian  and

New Zealand Journal of Psychiatry, vol. 54, no. 3, pp. 288-297,

2020.

M. Rashedinia, M. Mojarad, F. Khodaei, A. Sahragard,

M. J. Khoshnoud, and M. M. Zarshenas, “The effect of

a traditional preparation containing Piper nigrum L. And

Bunium persicum (boiss.) B. Fedtsch. On immobility stress-

induced memory loss in mice,” BioMed Research In-

ternational, vol. 2021, Article ID 5577594, 8 pages, 2021.

D. Fernandez-Lazaro, J. Mielgo-Ayuso, A. Cérdova Martinez,

and J. Seco-Calvo, “Iron and physical activity: bioavailability

enhancers, properties of black pepper (Bioperine®) and po-

tential applications,” Nutrients, vol. 12, no. 6, p. 1886, 2020.

[17] L. C. Di Stasi, G. P. Oliveira, M. A. Carvalhaes et al., “Me-
dicinal plants popularly used in the Brazilian tropical atlantic
forest,” Fitoterapia, vol. 73, no. 1, pp. 69-91, 2002.

[18] T. M. Capello, E. G. A. Martins, C. F. de Farias et al,,
“Chemical composition and in vitro cytotoxic and

[7

[8

—
X

[10

(15

(16

13

antileishmanial activities of extract and essential oil from
leaves of Piper cernuum,” Natural Product Communications,
vol. 10, no. 2, pp. 1934578X1501000-8, 2015.

[19] A. L. Macedo, D. P. D. da Silva, D. L. Moreira et al., “Cy-
totoxicity and selectiveness of Brazilian Piper species towards
oral carcinoma cells,” Biomedicine and Pharmacotherapy,
vol. 110, pp. 342-352, 2019.

[20] A. P. Danellute, M. B. Constantin, G. E. Delgado, R. Braz-
Filho, and M. J. Kato, “Divergence os secondary metabolismo
in cell suspension cultures and differentiated plants of Piper
cernuum and P. crassinervium,” Journal of the Brazilian
Chemical Society, vol. 16, no. 6, 2005.

[21] T. R. Morais, T. A. Costa-Silva, D. D. Ferreira et al., “Anti-
trypanosomal activity and effect in plasma membrane per-
meability of (-)-bornyl p-coumarate isolated from Piper
cernuum (Piperaceae),” Bioorganic Chemistry, vol. 89, Article
ID 103001, 2019.

[22] M. B. Costantin, P. Sartorelli, R. Limberger et al., “Essential
oils from Piper cernuum and Piper regnellii: antimicrobial
activities and analysis by GC/MS and 13C-NMR,” Planta
Medica, vol. 67, no. 8, pp. 771-773, 2001.

[23] M. J. P. Ferreira, M. B. Costantin, P. Sartorelli et al.,
“Computer-aided method for identification of components in
essential oils by 13C NMR spectroscopy,” Analytica Chimica
Acta, vol. 447, no. 1-2, pp. 125-134, 2001.

[24] J. M. Kato, V. P. Emerenciano, M. T. Ohara et al., “Essential
oils fron piper cernuum and piper regnellii: antimicrobial
activies and analysis by GC/MS and 13C-nmr,” Planta Me-
dicinal, vol. 67, pp. 771-774, 2001.

[25] A. Gasparetto, A. Bella Cruz, T. M. Wagner, T. J. Bonomini,
R. Correa, and A. Malheiros, “Seasonal variation in the
chemical composition, antimicrobial and mutagenic potential
of essential oils from Piper cernuum,” Industrial Crops and
Products, vol. 95, pp. 256-263, 2017.

[26] J. K. da Silva, R. da Trindade, N. S. Alves, P. L. Figueiredo,
J. G. S. Maia, and W. N. Setzer, “Essential oils from neo-
tropical piper species and their biological activities,” In-
ternational Journal of Molecular Sciences, vol. 18, no. 12,
p. 2571, 2017.

[27] A. L. Alves Borges Leal, C. Fonseca Bezerra, J. Esmeraldo
Rocha et al., “Piper cernuum Vell.: chemical profile and
antimicrobial potential evaluation,” Industrial Crops and
Products, vol. 140, Article ID 111577, 2019.

[28] A. L. Alves Borges Leal, C. Fonseca Bezerra, A. K. Ferreira e
Silva et al., “Seasonal variation of the composition of essential
oils from Piper cernuum Vell and Piper rivinoides Kunth,
ADMET study, DFT calculations, molecular docking and
dynamics studies of major components as potent inhibitors of
the heterodimer methyltransferase complex NSP16-NSP10
SARS COV-2 protein,” Journal of Biomolecular Structure and
Dynamics, vol. 9, pp. 1-19, 2022.

[29] K. Z. Bernuci, C. C. Iwanaga, C. Fernandez-Andrade et al,,
“Evaluation of chemical composition and antileishmanial and
antituberculosis activities of essential oils of piper species,”
Molecules, vol. 21, no. 12, p. 1698, 2016.

[30] N. Girola, C. R. Figueiredo, C. F. Farias et al., “Camphene
isolated from essential oil of Piper cernuum (Piperaceae)
induces intrinsic apoptosis in melanoma cells and displays
antitumor activity in vivo,” Biochemical and Biophysical Re-
search Communications, vol. 467, no. 4, pp. 928-934, 2015.

[31] F. R. Wolff, M. F. Broering, J. D. Jurcevic et al., “Safety as-
sessment of Piper cernuum Vell. (Piperaceae) leaves extract:
acute, sub-acute toxicity and genotoxicity studies,” Journal of
Ethnopharmacology, vol. 230, pp. 109-116, 2019.


https://ourworldindata.org/mental-health
https://ourworldindata.org/mental-health

14

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(43]

(44]

(45]

(46]

R. Tolardo, L. Zetterman, D. R. Bitencourtt et al., “Evaluation
of behavioral and pharmacological effects of Hedyosmum
brasiliense and isolated sesquiterpene lactones in rodents,”
Journal of Ethnopharmacology, vol. 128, no. 1, pp. 63-70, 2010.
1. Holzmann, V. Cechinel-Filho, T. C. Mora et al., “Evaluation
of behavioral and pharmacological effects of hydroalcoholic
extract of valeriana prionophylla standl. From Guatemala,”
Evid Based Complement Alternat Med, vol. 2011, Article ID
312320, 9 pages, 2011.

L. D. S Vargas, D. Sevenster, K. R. Lima, I Izquierdo,
R. D’Hooge, and P. B. Mello-Carpes, “Novelty exposure
hinders aversive memory generalization and depends on
hippocampal protein synthesis,” Behavioural Brain Research,
vol. 359, pp. 89-94, 2019.

R. D. Porsolt, M. Le Pichon, and M. Jalfre, “Depression: a new
animal model sensitive to antidepressant treatments,” Nature,
vol. 266, no. 5604, pp. 730-732, 1977.

I. Holzmann, L. M. da Silva, J. A. Corréa da Silva,
V. M. B. Steimbach, and M. M. de Souza, “Antidepressant-like
effect of quercetin in bulbectomized mice and involvement of
the antioxidant defenses, and the glutamatergic and oxido-
nitrergic pathways,” Pharmacology Biochemistry and Behav-
ior, vol. 136, pp. 55-63, 2015.

L. Steru, R. Chermat, B. Thierry, and P. Simon, “The tail
suspension test: a new method for screening antidepressants
in mice,” Psychopharmacology, vol. 85, no. 3, pp. 367-370,
1985.

P. L. Zimath, A. P. Dalmagro, T. C. Ribeiro et al,
“Antidepressant-like effect of hydroalcoholic extract from
barks of Rapanea ferruginea: role of monoaminergic system
and effect of its isolated compounds myrsinoic acid A and B,”
Behavioural Brain Research, vol. 389, Article ID 112601, 2020.
G. Huang, F. Zhu, Y. Chen et al.,, “A spectrophotometric assay
for =~ monoamine oxidase activity =~ with 2, 4-
dinitrophenylhydrazine as a derivatized reagent,” Analytical
Biochemistry, vol. 512, pp. 18-25, 2016.

O. Herrera-Calderon, R. Santivafiez-Acosta, B. Pari-Olarte,
E. Enciso-Roca, V. M. Campos Montes, and J. Luis Arroyo
Acevedo, “Anticonvulsant effect of ethanolic extract of
Cyperus articulatus L. leaves on pentylenetetrazol induced
seizure in mice,” J Tradit Complement Med, vol. 8, no. 1,
pp. 95-99, 2018.

A. Khan, M. Akram, M. Thiruvengadam et al., “Anti-anxiety
properties of selected medicinal plants,” Curr pharm bio-
technol, vol. 23, no. 8, pp. 1041-1060, 2022.

R. E. Doblin, M. Christiansen, L. Jerome, and B. Burge, “The
past and future of psychedelic science: an introduction to this
issue,” Journal of Psychoactive Drugs, vol. 51, no. 2, pp. 93-97,
2019.

P. Talin and E. Sanabria, “Ayahuasca’s entwined efficacy: an
ethnographic study of ritual healing from ’addiction,” In-
ternational Journal of Drug Policy, vol. 44, pp. 23-30, 2017.
H. T. Phu, D. T. B. Thuan, T. H. D. Nguyen, A. M. Posadino,
A. H. Eid, and G. Pintus, “Herbal medicine for slowing aging
and aging-associated conditions: efficacy, mechanisms and
safety,” Current Vascular Pharmacology, vol. 18, pp. 369-393,
2020.

W. Loscher, “Animal models of seizures and epilepsy: past,
present, and future role for the discovery of antiseizure
drugs,” Neurochemical Research, vol. 42, no. 7, pp. 1873-1888,
2017.

D. Anissian, M. Ghasemi-Kasman, M. Khalili-Fomeshi et al.,
“Piperine-loadedchitosan-STPP nanoparticles reduce neuro-
nal loss and astrocytes activation in chemical kindling model

Evidence-Based Complementary and Alternative Medicine

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

of epilepsy,” International Journal of Biological Macromole-
cules, vol. 107, pp. 973-983, 2018.

G. M. P. da Cruz, C. F. B. Felipe, F. A. Scorza et al., “Piperine
decreases pilocarpine-induced convulsions by GABAergic
mechanisms,” Pharmacology Biochemistry and Behavior,
vol. 104, pp. 144-153, 2013.

M. Ayaz, A. Sadig, M. Junaid, F. Ullah, F. Subhan, and
J. Ahmed, “Neuroprotective and anti-aging potentials of es-
sential oils from aromatic and medicinal plants,” Frontiers in
Aging Neuroscience, vol. 9, p. 168, 2017.

M. Akram, M. Daniyal, N. Munir, E. Mohiuddin, and
S. Sultana, “Medicinal plants combating against insomnia:
a green anti-insomnia approach,” The Journal of Nervous and
Mental Disease, vol. 207, no. 11, pp. 927-935, 2019.

J. Lee, H. Y. Jung, S. I. Lee, J. H. Choi, and S. G. Kim, “Effects
of Passiflora incarnata Linnaeus on polysomnographic sleep
parameters in subjects with insomnia disorder: a double-blind
randomized placebo-controlled study,” International Clinical
Psychopharmacology, vol. 35, no. 1, pp. 29-35, 2020.

S. Borrids, 1. Martinez-Solis, and J. L. Rios, “Medicinal plants
for insomnia related to anxiety: an updated review,” Planta
Medica, vol. 87, no. 10/11, pp. 738-753, 2021.

Q. Ain and H. Khan, “Pharmacological basis for sedative and
hypnotic like effects of Pyrus pashia using in vivo experi-
mental models,” International Journal of Geriatric Psychiatry,
vol. 34, no. 9, pp. 1345-1350, 2019.

S. Masiulis, R. Desai, T. Uchanski et al., “GABAA receptor
signalling mechanisms revealed by structural pharmacology,”
Nature, vol. 565, no. 7740, pp. 454-459, 2019.

V. Yadav, A. Krishnan, and D. Vohora, “A systematic review
on Piper longum L.: bridging traditional knowledge and
pharmacological evidence for future translational research,”
Journal of Ethnopharmacology, vol. 247, Article ID 112255,
2020.

L. Hritcu, J. A. Noumedem, O. Cioanca, M. Hancianu,
P. Postu, and M. Mihasan, “Anxiolytic and antidepressant
profile of the methanolic extract of Piper nigrum fruits in
beta-amyloid (1-42) rat model of Alzheimer’s disease,” Be-
havioral and Brain Functions, vol. 11, no. 1, 13 pages, 2015.
S. L. Ooi, P. Henderson, and S. C. Pak, “Kava for generalized
anxiety disorder: a review of current evidence,” Journal of
Alternative and Complementary Medicine, vol. 24, no. 8,
pp. 770-780, 2018.

M. Lapeyre-Mestre, “Benzodiazepines, cognitive decline and
dementia: a review of causality criteria from published ob-
servational studies,” Therapie, vol. 74, no. 3, pp. 407-419,
2019.

Y. Hao, H. Ge, M. Sun, and Y. Gao, “Selecting an appropriate
animal model of depression,” International Journal of Mo-
lecular Sciences, vol. 20, no. 19, p. 4827, 2019.

D. Wheatley, “Medicinal plants for insomnia: a review of their
pharmacology, efficacy, and tolerability,” Journal of Psycho-
pharmacology, vol. 19, no. 4, pp. 414-421, 2005.

M. Imran, M. Samal, A. Qadir, A. Ali, and S. R. Mir, “A critical
review on the extraction and pharmacotherapeutic activity of
piperine,” Polimery w Medycynie, vol. 52, 2022.

R. S. Duman, G. Sanacora, and J. H. Krystal, “Altered con-
nectivity in depression: GABA and glutamate neurotrans-
mitter deficits and reversal by novel treatments,” Neuron,
vol. 102, pp. 75-90, 2019.

Z. Qiuxia, M. A. xinlong, Y. yilong et al., “Jieyuanshen de-
coction exerts antidepressant effects on depressive rat model
via regulating HPA axis and the level of amino acids



Evidence-Based Complementary and Alternative Medicine

neurotransmitter,” African Journal of Traditional, Comple-
mentary and Alternative Medicines, vol. 14, no. 2, pp. 33-46,
2017.

[63] M. Flores-Ramos, M. Salinas, A. Carvajal-Lohr, and
L. Rodriguez-Bores, “The role of gamma-aminobutyric acid in
female depression,” Gaceta Médica de México, vol. 153, no. 4,
pp. 486-495, Article ID 20153, 2017.

[64] A. Torres-Berrio, O. Issler, E. M. Parise, and E. J. Nestler,

“Unraveling the epigenetic landscape of depression: focus on

early life stress,” Dialogues in Clinical Neuroscience, vol. 21,

no. 4, pp. 341-357, 2019.

C. Ménard, G. E. Hodes, and S. J. Russo, “Pathogenesis of

depression: insights from human and rodent studies,” Neu-

roscience, vol. 321, pp. 138-162, 2016.

[66] B.]J. Baugher, K. Buckhaults, J. Case, A. Sullivan, S. N. Hug,
and B. D. Sachs, “Sub-chronic stress induces similar behav-
ioral effects in male and female mice despite sex-specific
molecular adaptations in the nucleus accumbens,” Behav-
ioural Brain Research, vol. 425, no. 425, Article ID 113811,
2022.

[67] A. Kumar, R. Garg, V. Gaur, and P. Kumar, “Venlafaxine
involves nitric oxide modulatory mechanism in experimental
model of chronic behavior despair in mice” Brain Res,” vol.
22, no. 1311, pp. 73-78, 2010.

[68] V. Singh, G. Chauhan, and R. Shri, “Anti-depressant like
effects of quercetin 4’-O-glucoside from Allium cepa via
regulation of brain oxidative stress and monoamine levels in
mice subjected to unpredictable chronic mild stress,” Nu-
tritional Neuroscience, vol. 24, no. 1, pp. 35-44, 2021.

[69] D. H. Ngo and T. S. Vo, “An updated review on pharma-
ceutical properties of gamma-aminobutyric acid,” Molecules,
vol. 24, no. 15, p. 2678, 2019.

[70] A. Frangaj and Q. R. Fan, “Structural biology of GABA(B)
receptor,” Neuropharmacology, vol. 136, pp. 68-79, 2018.

[71] J. J. Kim and R. E. Hibbs, “Direct structural insights into
GABAA receptor pharmacology,” Trends in Biochemical
Sciences, vol. 46, no. 6, pp. 502-517, 2021.

[72] J. S. Barker and R. M. Hines, “Regulation of GABA(A) re-
ceptor subunit expression in substance use disorders,” In-
ternational Journal of Molecular Sciences, vol. 21, no. 12,
p. 4445, 2020.

[73] J. R. Hanrahan, M. Chebib, and G. A. R. Johnston, “Flavonoid
modulation of GABA(A) receptors,” British Journal of
Pharmacology, vol. 163, no. 2, pp. 234-245, 2011.

[74] C. Gottesmann, “GABA mechanisms and sleep,” Neurosci-
ence, vol. 111, no. 2, pp. 231-239, 2002.

[75] T. Hinton and G. A. R. Johnston, “GABA-enriched teas as
neuro-nutraceuticals,” Neurochemistry International, vol. 141,
Article ID 104895, 2020.

[76] G. L. Sarlo and K. F. Holton, “Brain concentrations of glu-
tamate and GABA in human epilepsy: a review,” Seizure,
vol. 91, pp. 213-227, 2021.

[77] J. Wang, L. Jing, J. C. Toledo-Salas, and L. Xu, “Rapid-onset
antidepressant efficacy of glutamatergic system modulators:
the neural plasticity hypothesis of depression,” Neuroscience
Bulletin, vol. 31, no. 1, pp. 75-86, 2015.

[78] S. M. Thompson, A. J. Kallarackal, M. D. Kvarta,
A. M. Van Dyke, T. A. LeGates, and X. Cai, “An excitatory
synapse hypothesis of depression,” Trends in Neurosciences,
vol. 38, no. 5, pp. 279-294, 2015.

[79] J. Wang, C. Cheng, C. Xin, and Z. Wang, “The antidepressant-
like effect of flavonoids from Trigonella foenum-Graecum
seeds in chronic restraint stress mice via modulation of

(65]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

15

monoamine regulatory pathways,” Molecules, vol. 24, no. 6,
Article ID E1105, 2019.

T. Herraiz, D. Gonzélez, C. Ancin-Azpilicueta, V. J. Ardn, and
H. Guillén, “B-Carboline alkaloids in Peganum harmala and
inhibition of human monoamine oxidase (MAQ),” Food and
Chemical Toxicology, vol. 48, no. 3, pp. 839-845, 2010.

M. B. H. Youdim, D. Edmondson, and K. F. Tipton, “The
therapeutic potential of monoamine oxidase inhibitors,”
Nature Reviews Neuroscience, vol. 7, no. 4, pp. 295-309, 2006.
R. Zhuo, X. Cheng, L. Luo et al., “Cinnamic acid improved
lipopolysaccharide-induceddepressive-like ~ behaviors by
inhibiting neuroinflammation and oxidative stress in mice,”
Pharmacology, vol. 107, no. 5-6, pp. 281-289, 2022.

L. R. L Diniz, M. T. d. S. Souza, J. N. Barboza,
R. N. d. Almeida, and D. P. d. Sousa, “Antidepressant po-
tential of cinnamic acids: mechanisms of action and per-
spectives in drug development,” Molecules, vol. 24, no. 24,
p. 4469, 2019.

Y. Cuan, X. He, Y. Zhao et al.,, “Anticonvulsant activity of
halogen-substituted cinnamic acid derivatives and their ef-
fects on glycosylation of PTZ-induced chronic epilepsy in
mice,” Molecules, vol. 23, no. 1, p. 76, 2017.

J. M. V. Timple, L. G. Magalhdes, K. C. Souza Rezende et al.,
“The lignan (-)-Hinokinin displays modulatory effects on
human monoamine and GABA transporter activities,” Jour-
nal of Natural Products, vol. 76, no. 10, pp. 1889-1895, 2013.
R. Martha Perez Gutierrez, A. Maria Neira Gonzalez, and
C. Hoyo-Vadillo, “Alkaloids from piper: a review of its
phytochemistry and pharmacology,” Mini-Reviews in Me-
dicinal Chemistry, vol. 13, no. 2, pp. 163-193, 2013.

1. U. Hag, M. Imran, M. Nadeem, T. Tufail, T. A. Gondal, and
M. S. Mubarak, “Piperine: a review of its biological effects,”
Phytotherapy Research, vol. 35, no. 2, pp. 680-700, 2021.





