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Abstract Keywords

Context: The genus Urtica has been known since ancient times. It has known to be useful for the
treatment of different human ailments.

Objective: The present work evaluated the neuropharmacological effects of a hydroalcoholic
extract of Urtica circularis (Hicken) Soraru (Urticaceae).

Materials and method: The effect on central nervous system of U. circularis hydroalcoholic
extract (from leaves and stems) administered by the intraperitoneal route in mice was
evaluated by several tests: Pentobarbital- and midazolam-induced hypnosis, open field, hole
board, elevated plus-maze and forced swimming. Phytochemical analysis was performed by
high-performance liquid chromatography.

Results: A total of 300mg/kg i.p. of the extract produced a significant prolongation of
pentobarbital- (40 mg/kg i.p.; 60.1 min versus 25.4 min) and midazolam- (50 mg/kg i.v.; 53.4 min
versus 25.1 min) induced sleeping time. The extract’s administration caused a marked reduction
of the head-dipping response (DEsy: 373 mg/kg i.p.) in the hole-board test. Urtica circularis
extract (DEsq: 46 mg/kg i.p.) reduced the spontaneous locomotor activity in the open field test.
Flumazenil and atropine significantly antagonized the extract’s effect on the locomotor activity.
No motor coordination disturbance was observed in the rota rod test at any doses. In the forced
swimming test, the extract did not produce any change in the immobility time and it had no
significant effects in elevated plus maze test. The phytochemical analysis revealed the presence
of chlorogenic acid, vanillic acid, caffeic acid, vicenin-2, p-cumaric acid, ferulic acid, vitexin and
isovitexin.

Conclusion: This study revealed that U. circularis hydroalcoholic extract possesses sedative
activity, facilitating GABAergic and cholinergic transmission.
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Introduction effects such as reducing spontaneous motility, inhibiting
strychnine-induced convulsion and lowering body tempera-
ture in rodents (Badilla et al., 1999; Broncano et al., 1987,
EMEA, 2008; Toldy et al., 2009).

Urtica dioica is undoubtedly the most studied species of the
Urtica genus. On the other hand, U. circularis (Hicken) Soraru
has not been studied as much. Nonetheless, this particular
species is indeed used in popular medicine in South American
countries. This herb, even though an Argentinean native, is also
found in Brazil, Uruguay and Paraguay; it is commonly known
as ‘‘ortiga’’, ‘‘ortiga crespa’’, ‘‘caa poropé’’ and ‘‘urtiginha
miada’’. Urtica circularis is popularly used as an astringent,
diuretic, antirrheumatic and anti-inflammatory agent. It also
has gastronomic values: it is usually eaten in salads (as one
would eat spinach, lettuce and so forth; Rondina et al., 2003).
Some popular U. circularis uses have been previously
confirmed by experimental approaches such as the in vivo
antinociceptive and anti-inflammatory activities of U. circu-
laris hydroalcoholic extract, which were described by our

The genus Urtica L. (Urticaceae) has been known since
ancient times; Dioscorides (first century A.D.) and Galen
(second century A.D.) recommended the use of Urtica dioica
L. as a medicinal plant (Bombardelli & Morazzoni, 1997,
Giil¢in et al., 2004; Modarressi-Chahardehi et al., 2012).
Urtica dioica and U. urens L. were shown to be useful on
different ailments for human beings, especially for the
treatment of benign prostate hyperplasia, arthritic pain and
inflammation [European Medicines Agency (EMEA), 2008].
Not much has been said about the genus’ effect on central
nervous system (CNS). There are, though, some folk medicine
documents which describe its use for sleeplessness treatment
as well as some preclinical assays which prove other
beneficial effects: U. leptuphylla and U. dioca showed CNS
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group (Gorzalczany et al., 2011; Marrassini et al., 2011).
However, there are no data available on the extract’s
CNS activity.
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The cholinergic system plays important roles in sustaining
or modulating different aspects of the CNS activity and its
participation was involved in the U. circularis extract
analgesic activity (Gorzalczany et al., 2011). Taking into
account that the CNS plays an important role in mechanisms
that involve drugs’ analgesic activity; that U. circularis
extract has been proven to have antinociceptive activity; and
that other species from Urtica genus has been proven to have
CNS depressor effects (Chrubasika et al., 2007), the aim of
our present work was to evaluate the neuropharmacological
effects of U. circularis hydroalcoholic extract in several
experimental models in vivo, to investigate the extract’s
mechanism concerning CNS activity, and finally, to perform
a phytochemical analysis on the extract.

Materials and methods
Plant material

Urtica circularis was collected in Estancia ‘‘La Merced’’,
Departamento Saladas, Corrientes, Argentina (28° 09'41.87"
S; 58° 38/45.02" W; altitude: 67 m), in November 2009 and
identified by Dr. Martha Gattuso. A voucher specimen (no.
054) is deposited at Facultad de Ciencias Quimicas,
Universidad Nacional de Rosario, Argentina.

Preparation of plant extract

The dried aerial parts of U. circularis were ground into a fine
powder and extracted by maceration with 80% ethanol. Then
the extract was concentrated and lyophilized. The yield of the
extract was 11.47% (w/w).

Phytochemical analysis

The high-performance liquid chromatography (HPLC)
method was developed and validated according to Filip
et al. (2001) and performed with a Varian 9000 instrument
using a diode array detector. C18 column (Gemini 5 pm,
150 x 4.6 mm), solvent A: H,O:AcOH (98:2), solvent B:
MeOH:AcOH (98:2). Gradient: 15% B to 40% B, 30 min; 40%
B to 75% B, 10min; 75% B to 85% B, 5min. Flow rate:
1.2 ml/min. Detection: 325 nm. Rheodyne injector fitted with
a 20 pl loop.

Animals

Male Swiss mice (25-30g) maintained at a controlled
temperature (22 +1°C) with a 12h dark/light cycle with
free access to water and food were used for the experiments
taking into account international guiding principles and local
regulations concerning the care and use of laboratory animals
for biomedical research (Institute of Laboratory Animal
Resources, 1996). Ethics approval (EXP-FYB: 0738658/
2011) from The Ethical Committee for the Care and Use of
Laboratory Animals of Facultad de Farmacia y Bioquimica,
Universidad de Buenos Aires.

Drugs

Atropine, Diazepam (DZP), flumazenil, imipramine,
midazolam maleate, naloxone, pentobarbital sodium, yohim-
bine, naloxone were purchased from Sigma Chemical
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(St. Louis, MO). All compounds were dissolved in saline
except DZP, which was dissolved in polietilenglicol and
saline.

Pentobarbital-induced sleep test

Mice were randomly divided in groups of six animals and
were injected with either vehicle or the extract by intraper-
itoneal route (i.p.; 30, 100 and 300 mg/kg) 30 min before the
administration of pentobarbital sodium (40mg/kg i.p.) or
midazolam (50 mg/kg by intravenous route, i.v.). The time
between injection and loss of the righting reflex induced by
pentobarbital or midazolam was considered the latency time.
Besides, sleeping time was considered as the difference
between the time of loss and recovery of the righting reflex.
The control group was i.p. treated with the vehicle alone
(saline solution) to determine the duration of hypnosis
induced by pentobarbital or midazolam, DZP (2 mg/kg)
were used as a positive control (Ma et al., 2008).

Open field test

The spontaneous locomotor activity of mice was investigated
in the open field test. The open field area is a transparent
acrylic squared box (30 x 30 x 15cm) divided into nine
arenas of equal area. This apparatus was used to evaluate
the animals’ exploratory activity for 5Smin. The observed
parameters were as follows: number of squares crossed (with
the four paws) and number of groomings and rearings (when
the animal is on its backpaws and raising its forepaws off the
ground, extending its body vertically). The mice were divided
into groups of six animals. The different groups were treated
with saline (control), extract (30, 100 and 300 mg/kg, i.p.),
and DZP 2 mg/kg as drug reference group.

To investigate the possible mechanisms involved in the
sedative activity of the extract, animals were i.p. pre-treated
with the following antagonists: naloxone (5 mg/kg), a non-
specific antagonist of opioid receptors; yohimbine (5 mg/kg),
a non-specific a2-adrenergic agent, flumazenil (10 mg/kg) an
antagonist of GABA, receptor, and atropine (2mg/kg), an
anticholinergic agent. Doses and drug administration sched-
ules were selected based on previous reports and on pilot
experiments in our laboratory (Mendes et al., 2009).

Hole-board test

To perform the hole-board test, a 40 x 40cm, 2.2-cm thick
Ugo Basile apparatus (model 6650), with 16 spaced holes
with built-in infrared sensors was used. In brief, mice were
randomly divided into five groups of six animals. Three
groups received the extract (30, 100 and 300 mg/kg, i.p.). One
group received DZP (0.5 mg/kg, i.p.) and the remaining group
(control) received saline. Thirty minutes later and over a
period of 5min, the number of head dipping into the holes
was counted for each animal (Takeda et al., 1998).

Forced swimming test

For this experiment, a 15cm diameter tank was used. The
tank had a rounded lid and contained fresh water at 25 + 1 °C.
The animals were divided into groups of six animals. The
different groups were treated with saline (control), extract
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(100 and 300 mg/kg, i.p.) and imipramine (10mg/kg, i.p.).
During the exposure, mice were placed in the tank for 5 min
and the immobility time was registered. A mouse was
considered immobile when it remained floating in the
water, without struggling, making only the movement neces-
sary to keep its head above water (Porsolt et al., 1997).

Rota-rod test

Neuromuscular coordination was measured using a rota-rod
Ugo Basile appartus. Mice were placed with the four paws on
a 2.5-cm diameter bar, 25 cm above the floor. The time during
the animals managed to remain on the rota-rod apparatus was
measured for each animal. The animals were selected 24 h
before the experiment, eliminating those mice that did not
remain on the bar for two consecutive periods of 60s.
The rotating speed was 15 rpm. Groups of six mice were used.
The animals were administered with saline (control) or
different doses of extract (30, 100 and 300 mg/kg, i.p.). Thirty
minutes later the response of each animal was measured
(Correa et al., 1996).

Elevated plus maze test

The elevated plus maze (EPM) apparatus consists of two open
arms (25 cm x 5 cm) and two enclosed arms with 15 cm walls,
elevated 50 cm from the floor. The open and enclosed arms
are connected by a central platform (5cm x 5cm).
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The enclosed arms and the open arms faced each other on
opposite sides The negative control group received saline
solution, the positive control group received DZP (0.5 mg/kg),
and the two test groups received two different doses of extract
(10 mg/kg and 30 mg/kg). Thirty minutes after treatment, the
mice were individually placed on the EPM center platform
facing a closed arm. The mouse was allowed to explore the
maze for 5 min. The number of entries and the time spent by
each animal in either open or closed arms (conventional
parameters) were recorded. The EPM was carefully wiped
with 10% ethanol after each trial to eliminate the possible bias
due to the previous animal odor. The mice were tested under
red illumination conditions (Violle et al., 2009).

Statistical analysis

All results are presented as mean £ SEM. Data were analyzed
by analysis of variance followed by Dunnett’s test or
Bonferroni’s test. Lesser than 0.05 p values were considered
as significant.

Results

In order to characterize the extract, an HPLC analysis was
performed. The corresponding fingerprint chromatogram is
shown in Figure 1. Chlorogenic acid, vanillic acid, caffeic
acid, vicenin-2, p-coumaric acid, ferulic acid, vitexin and
isovitexin were identified chromatographically comparing the
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Figure 1. Peak 1: 13.30 min retention time matches the chlorogenic acid standard, peak 2: 15.05 min retention time matches the vanillic acid standard,
peak 3: 17.10 min retention time matches the caffeic acid standard, peak 4: 22.08 min retention time was identified as vicenin-2, peak 5: 25.29 min
retention time matches the p-coumaric acid 2 standard, peak 6: 25.62 min retention time matches the ferulic acid standard, peak 7: 28.99 min retention
time matches the vitexin standard and peak 8: 34.56 min retention time matches the isovitexin standard. The chromatograms of standard compounds are

also shown in the figure.
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different peaks with the retention time and UV spectra of the
standards (Figure 1). Vicenin-2 was isolated from the extract
and identified by MS, H NMR and UV spectra (Marrassini
et al., 2011).

In a preliminary study, U. circularis extract showed no
hypnotic activity in normal mice even at a dose of 500 mg/kg
i.p. (data not shown). The pentobarbital-induced sleeping
method in mice is a classic pharmacological experiment for the
screening of sedative and hyptonic drugs. In pentobarbital
(40 mg/kg)-treated mice, U. circularis extract significantly
prolonged the sleeping time in a dose-dependent manner at
doses of 100 and 300 i.p., without having an effect on latency
time at any dose. DZP (2 mg/kg), administrated to a positive
control group, potentiated the hypnotic activity of pentobar-
bital in mice (latency time: 185.2+25.65s; sleeping time:
83.2 4+ 19.8 min). Meanwhile, only the highest tested dose
(300 mg/kg i.p.) significantly increased the duration of hypno-
sis induced by midazolam (50 mg/kg)-treated mice (Table 1).

Table 1. Pentobarbital- or midazolam-induced sleep in mice.
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The sedative activity of U. circularis extract was
investigated by recording the spontaneous locomotor activity
of mice in the open field test. In this test, sedative compounds
produce a decrease in the number of movements, which is
interpreted as a decrease in the curiosity of the animals to the
new environment. Urtica circularis extract significantly
decreased spontaneous locomotor activity (DEsq: 46 mg/kg
i.p.) and the number of rearings but reduced grooming activity
only at doses of 30 and 100 mg/kg (Figure 2). The reference
drug, DZP (2mg/kg), reduced the spontaneous locomotor
activity (5lines/5 min). Furthermore, in order to investigate
the possible mechanism involved in the U. circularis extract-
induced sedation, mice were pre-treated with different
antagonists. The contribution of the a,-adrenergic pathway
and opioid system was assessed by treating the animals with
yohimbine (5mg/kg) and naloxone (5mg/kg), respectively.
Pre-treatment with both drugs did not alter the effect induced
by U. circularis (extract 100mg/kg). The GABAergic

Pentobarbital (40 mg/kg i.p.)

Midazolam (50 mg/kg i.v.)

Treatment Latency time (s) Sleeping time (min) Latency time (s) Sleeping time (min)
Saline solution 392.3+69.6 2544+1.0 19.8+5.2 69+19

U. circularis 30 mg/kg i.p. 315.8+23.9 26.7+£6.0 27.2+6.0 12.8+3.3

U. circularis 100 mg/kg i.p. 223.0+£34.5 60.11 £6.9% 22.0+£2.0 13.1+£34

U. circularis 300 mg/kg i.p. 251.0£21.5 534+2.1% 18.2+£4.7 35.0+ 1.8%*

Effects of U. circularis on latency time and the duration of the pentobarbital- or midazolam-induced hypnosis. U. circularis was
injected i.p. 30 min before pentobarbital or midazolam. Each value represents the mean 4+ SEM of results from six mice.
Statistical differences were determined by Bonferroni test *p <0.01, **p <0.001 versus control group.
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Figure 2. Effects of the ethanolic extract of U. circularis on crossed lines (A), grooming activity (B), and number of rearing (D) on the open field
paradigm and the head dipping in hole-board test (C). Each value represents the mean == SEM of results from six mice. Statistical differences were
determined by Dunnett’s test *p <0.05, **p <0.01 versus control group and #p <0.05 versus 100 mg/kg U. circularis.
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Figure 3. Effects of the ethanolic extract of U. circularis on EPM test
(A), forced swimming test (B) and rota-rod test (C). DZP (0.5 mg/kg)
and imipramine (10 mg/kg) were used as reference drugs in EPM and
forced swimming test, respectively. Each value represents the
mean £ SEM of results from six mice. Statistical differences were
determined by Dunnett’s test *p <0.05 versus control group.

pathway was evaluated pre-treating mice with flumazenil
(10 mg/kg, i.p.), which significantly antagonized the extract’s
effect on the locomotor activity and the number of rearings
without any effect on grooming activity. The same effect
was observed when the mice were pre-treated with atropine
(2mg/kg), a non-selective cholinergic muscarinic antagonist
(Figure 2).

The hole-board test is a well-established method to assay
potential anxiolytic and/or sedative effects in drugs. The
extract’s administration (100 mg/kg and 300 mg/kg) caused a
marked reduction of the head-dipping response (DEs:
373mg/kg i.p.), in the same way as DZP (2mg/kg), the
reference drug (Figure 2).

A single administration of the tricyclic antidepressant
imipramine, as expected, reduced significantly the immobility
time of normal mice in the forced swimming test (p <0.05).
Nevertheless, U. circularis extract at doses of 100 mg/kg and
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300 mg/kg did not produce any change in the immobile time
compared to the control group (saline solution; Figure 3).

Following the same train of thought, as is shown in
Figure 3, the extract at doses of 30, 100 and 300 mg/kg did not
exhibit profound effect on motor coordination as determined
by the rota-rod performance in mice.

Finally, in the EPM test, the most popular paradigm for
the study of anxiety-related behaviors in rodents, DZP, the
reference drug, significantly prolonged the time spent in the
open arms by the animals, but at doses of 10 and 30 mg/kg
without impairing motor function, the extract had no signifi-
cant effects in any of the parameters measured by this test
(Figure 3).

Discussion

In the present work, the effects on CNS of U. circularis
hydroalcoholic extract were analyzed in several behavioral
models. We have demonstrated that the extract potentiated
pentobarbital-induced sleep behavior in mice. This has proven
that U. circularis extract possesses inhibitory effects on CNS,
since the increase or decrease of the pentobarbital-induced
sleep time is a useful tool for examining the stimulatory or
inhibitory activity on CNS, respectively. This prolonged
pentobarbital hypnosis is an indicator of the extract’s
depressant activity on CNS.

The hole-board test offers a method for measuring the
response of the animal to an unfamiliar environment. The
head-dipping behavior is sensitive to changes in their
emotional state, suggesting that an increase in the head-
dipping activity reflects an anxiolytic state; meanwhile,
a decrease of this activity reflects a depressor behavior
(Takeda et al., 1998). In this test, U. circularis extract
produced a decrease in the number of head-dippings revealing
its sedative effect.

Further evidence of the extract’s sedative activity was
observed in the open field test, a popular procedure to
measure not only anxiety-like behaviors but also sedation
(Prut & Belzung, 2003).

The striatum is the main input processing unit of the basal
ganglia, extremely rich in acetylcholine and cholinergic
receptors, receiving inputs from virtually all areas of the
cerebral cortex and playing a key role in voluntary movement.
It is possible that the extract’s sedative profile is mediated by
the cholinergic system since this effect was prevented by the
non-selective muscarinic antagonist atropine. Besides taking
into account that the key for proper striatal functioning is a
novel microcircuit in the striatum in which the cholinergic
interneurons are connected and communicate to one another
through GABAergic interneurons (Havekes et al., 2011), the
participation of the GABAergic system was evaluated using
flumazenil, a classical GABA’s antagonist. Since it is known
that GABA mimetics decrease the grooming activity, which is
a specific rodent behavior in response to stressful situations
(Barros et al., 1994), the extract’s effect reinforced the
demonstration that GABA system participates in the its effect
on CNS.

The participation of both systems in the extract’s activity
was also confirmed by a rearing behavior decrease produced
by U. circularis extract. Rearing activity is considered an
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indication of exploratory behavior and is correlated with
hippocampal electrical activity, decreasing the number of
rearings with less hippocampal activity (Alves et al., 2005),
where cholinergic and GABAergic systems act synergistically
to modulate its activity (Smythe et al., 1992).

The ability of the extract to potentiate midazolam-induced
hypnosis also suggests GABAergic system participation in the
extract’s activity, since it is well known that benzodiazepines
bind to their specific site (Lancel et al., 1996) on the GABA 5
receptor complex and potentiate GABA-mediated hyperpo-
larization of post-synaptic neurons.

It is important to point out that the Rota-rod test results
showed that the observed extract’s activity on CNS is not
related to a motor coordination disturbance. Taking into
consideration the mechanism underlying the extract’s effect,
we decided, in addition, to investigate its role in depressant
and anxiolytic animal models. Therefore, the forced swim-
ming test, a useful experimental model for screening drugs’
antidepressant activity, was used (Porsolt et al., 1997).
Although imipramine, the reference drug, reduced the
immobility time of mice, the extract did not affect it.
Besides, the extract was not able to increase the number of
head dips in the hole-board test and did not modify the tested
parameters in the EPM assay, which is one of the most widely
validated test for the benzodiazepine-like anxiolytic agents
assay. Therefore, the extract’s potential antidepressant or
anxiolytic activity could not be demonstrated.

The antinociceptive activity of U. circularis extract has
been previously demonstrated by our group (Gorzalczany
et al.,, 2011). If we connect both activities (sedative and
antinociceptive), it is important to point out that a sedative
activity may be useful in the pain treatment in some clinical
situations and especially in acute states (Blanco-Tarrio, 2010).
The cholinergic system seems largely to account for its
sedative and antinociceptive activities. Since this system
offers a number of possible targets for pain transmission and
nervous system activity modulation, U. circularis extract or
some of its active compounds could become potential
therapeutic agents for the development of new drugs for
central disorders and other conditions associated with acute
and chronic pain.

The chemical components responsible for the extract’s
central activity are still unknown. Nevertheless, interestingly
some of its components were found to have related activities:
it was described that ferulic acid reduced the locomotor
activity, potentiated pentobarbital-induce sleep in normal
mice and improved the cerebral blood circulation, enhancing
the cholinergic activity (Hsieh et al., 2002; Tu et al., 2012).
Besides, vitexin showed a neuroprotective activity on
pentylebetrazol seizure and this effect was related to the
GABAergic system (Abbasi et al., 2012). On the other hand,
vicenin-2, a major component identified in U. circularis
hydroalcoholic extract has no CNS related reports, neverthe-
less, apigenin, a flavonoid with structural relation to vicenin-
2, showed a depressor activity on locomotor activity without
anxiolytic effect (Avallone et al., 2000). Since apigenin’s
pharmacological profile is similar to the extract’s and taking
into account vitexin and ferulic acid’s activities, it could be
possible that these compounds were responsible, at least in
part, for the extract’s observed activity on CNS in this
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investigation. However, future studies should be undertaken to
address this possibility.

Conclusion

The present study reveals for the first time that U. circularis
hydroalcoholic extract possesses sedative activity facilitating
GABAergic and cholinergic transmission.
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