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ABSTRACT

Galphimia glauca is a plant species that has been used in mexican traditional
Medicinefor thetreatment of central nervoussystemdisorders. It wasdemonstrated
that the standardized extract of G. glauca, by meansof double-blind, controlled and
randomized clinical studies, possesses therapeutic effectiveness in patients with
generalized anxiety disorder. Intheactive extract, nor-secotriterpenes Gal phimines,
Galphimine-A (G-A) and Galphimine-B (G-B) are prominent for their anxiolytic
effect. Inthe present work, the oral administration of different dosesof G-A inICR
mal e mice submitted to the Elevated PlusMaze (EPM) test was capabl e of inducing
a significant anxiolytic effect, while any of the doses modified the spontaneous
motor activity of themicein the Open Field Test (OFT). Theadministration of G-A
(30 mg kg™, p.0.) in mice inhibited the anxiogenic effect of picrotoxin
(PTX, 2 mg kg™, i.p.), but not of bicuculline (BCC, 5 mg kg™, i.p.) and
pentylenetetrazole (PTZ, 10 mg kg™, i.p.) in the EPM. The combination of G-A
with these drugs was evaluated by means of in vivo extracellular recordings in
basolateral amygdala(BLA). A dose-dependent increase of the firing rate on BLA
neurons was induced by the administration (i.v.) of different doses of G-A, while
diazepam (DZP) decreased thefiring rate. The co-administration of G-A with DZP
or flumazenil (FMZ) did not modify the effect produced by thesedrugsonthefiring
rate. However, the co-administration of G-A modified the effect produced by PTX.
The G-A was able to produce an anxiolytic effect when administered at different
doses oraly in mice, without inducing an associated sedative effect.
Electrophysiological recordingsshowed that the effect produced by G-A isdifferent
of that of DZP and suggest that G-A do not interact directly with the GABAergic
system (transmission mechanism for the g-aminobutyric acid-GABA), whileit was
able to modify the effect produced by PTX, BCC and Phaclofen evidencing a
different action mechanism.

Key words: Galphimia glauca, anxiety, Galphimine-A, elevated plus-maze test,
open field test, bicuculline, picrotoxin, pentylenetetrazole
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INTRODUCTION

In the search for new drugs that could be useful for the
treatment of anxiety, medicina plants are studied as an
important source of novel bioactive molecules, Galphimia
glauca (Malpighiacese) (Tortoriello and Ortega, 1993,
Herrera-Ruiz et al., 2006a) is a Mexican medicinal species,
from which acharacteristic group of nor-secotriterpenes, now
named galphimines, has been isolated. Highlighted among
these are Galphimine-A (G-A) and Galphimine-B (G-B)
(Herrera-Ruiz et al., 2006b), to which the anxiolytic effect of
this species has been attributed. Recently, the clinica
evaluation of a phytopharmaceutical elaborated with the
standardized extract (in its gal phimine content) of Galphimia
glauca was reported. This product, administered during
4 weeks, demonstrated that it possesses therapeutic
effectiveness similar to that exerted by Lorazepam in patients
with adiagnosis of Generalized Anxiety Disorder (GAD),
however, without evidencing important adverse effects
(HerreraArellano et al., 2007). Another double-blind,
controlled clinical study demonstrated that administration of
the phytopharmaceutical for 15 weeks in patients with GAD
was safe to use and well tolerated (Herrera-Arellano et al.,
2012). Studiesin animal in vivo tests have also shown that the
extract from G. glauca, standardized initsgal phiminescontent
is capable of exerting an anxiolytic effect on the EPM test
(Herrera-Ruiz et al., 20063, b).

In an attempt to know the mechanism of action of G-B, it
has been evidenced, by means of electrophysiological
recordings, that this nor-secotriterpene is capable of
modulating serotoninergic transmission in the dorsal
hippocampus of anesthetized rats (Jimenez-Ferrer etal., 2011).
It was able to diminish the discharge frequency of
dopaminergic neurons of the Ventral Tegmental Area (VTA)
by means of a mechanism of action independent from
the GABAergic system (Tortoriello et al.,, 1998;
Prieto-Gomez et al., 2003).

Anxiety is a norma emotional response to potentia
threats or stresses and is associated with a variety of
psychological disorders when it becomes excessive
(Clement and Chapouthier, 1998; Cannistraro and Rauch,
2003). Anxiety disorders are a heterogeneous group of
psychiatric disorderswith no clear knowledge of their etiology
and pathogenesis. Several familial, biological and genetic risk
factors have been invoked for the Obsessive Compulsive
Disorder (OCD) or the Panic Disorder (PD), however to date
none has shown a main role in their etiology (Cavallini and
Bellodi, 2001). Anxiety disorders have ahigh impact on daily
life and cause a great deal of suffering for the individual
patient.

The amygdala plays an essential role in mediating
emotions such as anxiety (Daviset al., 1994; LeDoux, 2003).
The primate amygdala is located in the anteromedial part of
the temporal lobe, where it liesventromedial to the striatum
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and anterior to the ventral portion of the hippocampal
formation. It hasasimilar position in non-primates, such asrat
and cat (McDonald, 1998). The basolateral amygdala (BLA)
has been widely studied as one of the critical componentsin
the neural circuitry, mediating anxiety-related states and
behaviors (Davis, 1998), it is a cortical-like structure
consisting of glutamatergic principal neurons and local
GABAergic inhibitory neurons (Pape and Pare, 2010). The
role of GABAergic cdlls is particularly important as their
inhibitory action provides constant silencing of the main
glutamatergic neuronsof the BLA (Gaudreau and Pare, 1996).
Suppression of inhibition can increase the firing rate and
synchronization of glutamatergic neurons during fear
(Pare and Callins, 2000).

From the active extract of Galphimia glauca, other
galphimines have been isolated and identified, for example,
G-E, which is found at a greater concentration in the plant
however that doesnot exhibit activity inanxiety tests. Through
asimple chemical reaction, G-E (inactive) istransformed into
G-A (active), thus, in this manner it is possible to possess a
greater amount of the anxiolytic compound. In the present
study, it was evaluated (by means of the EPM test in mice as
well as by unitary extracellular recordings in BLA of mae
rats) the effect produced by different doses of G-A on anxiety
and its interaction with potent excitatory substances of the
CNS that act on the GABA receptor.

MATERIALSAND METHODS

Plant material: Galphimia glauca was collected from a
controlled crop in Morelos state, Mexico. Taxonomic
identification was performed by Abigail Aguilar-Contreras,
M.Sc., the Herbarium head. A voucher sample was deposited
in the Mexican Ingtitute of Social Security Herbarium with
code number IMSSM-8646. Plant material was dried under
dark conditions at room temperature for 2 weeks. Afterward,
in order to obtain particles 3-5 mm in size, the plant material
was submitted to an electric grinder mill.

Extract preparation: For obtaining the galphimines, the
ground plant material (aerial parts) (7.26 kg) was macerated
with n-hexane (16.8 L, 3 times) for its degreasing and later
was submitted to extraction with amixture of ethyl acetateand
methanol (50:50, 3 times) (Gonzalez-Cortazar et al., 2005).
The extract obtained (310.8 g, 4.27%) was resuspended in
solvents with ascending polarity as follows. n-hexane
(600 mL, Merck), chloroform (500 mL, Merck), ethyl acetate
(500 mL, Merck) and methanol (500 mL, Merck). The solvent
waseliminated under conditionsof distillation by low pressure
in a Heidolph-Laborota 4000 rotary evaporator (Germany),
finaly obtaining fractions of n-hexane (8 g, 0.01%), ethyl
acetate (51.7 g, 0.71%), chloroform (57.4 g, 0.79%) and
methanol (189.2 g, 2.6%).
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Extraction of galphimine-A (1): The methanolic fraction
(150 @), in which the content was mainly the mixture of
galphimines was passed through a gravitational
chromatographic column (400x90 mm) previously packed
with silica gel 60 (600 g, 40-63 um, Merck). It employed a
chloroform-acetone-methanol gradient system as mobile
phase, beginning with 100% of the solvent of least polarity and
endingwith 100% of methanol. Thisprocesswasmonitored by
Thin Layer Chromatography (TLC) until obtaining afraction
with the mixture of triterpenes (galphimines). It obtained
45 fractions that, based on the similarity of their content
were regrouped into the following eight groups. GgF-A (1-3,
100:0:0), GgF-B (4-19, 100:0:0), GgF-C (20-24, 90:10:0%),
GgF-D (25-27, 90:10:0), GgF-E (28-32, 80:20:0), GgF-F
(33-36, 70:30:0), GgF-G (37-44, 50:50:0) and GgF-H
(45, 0:0:100). The GgF-B fraction (100 g, 66.6%) contains a
mixture of galphimines, thus, it was submitted to chemical
separation through a gravitational chromatographic column
(500 x 50 mm). The solvent systemin this case was agradient
composed of n-hexane-ethylacetate-methanol with a gradual
increasein polarity, obtaining 48 fractionsthat wereregrouped
into the following four groups. GgFB-I (1-8, 70:30:0),
GgFB-Il (9-11, 70:30:0), GgFB-lll (12-16, 50:50:0) and
GgFB-1V (17-48, 50:50:10). The GgFB-I1V fraction (7.9 g,
7.9%) contained a high amount of Galphimine-E (G-E) and a
low concentration of G-A (0.2 g, 1). Due to the high yield of
G-E (7.9 g) inthisfraction, it was utilized for obtaining G-A
by means of a previously reported chemical reaction
(Gonzalez-Cortazar et al., 2005) of transformation by
hydrolysis. At the end of the reaction, the sample was
concentrated at reduced pressure and afterward was taken to
compl ete drynessthrough lyophilization. Thereaction product
was obtained (6.55 g, 82.91%), which was separated by
gravitational column chromatography (300x20 mm) with
silica ge (300 g, 70-230 mesh, Merck). Utilizing a
chloroform-acetone-methanol gradient as mobile phase,
50 fractions were obtained, which were regrouped into the
following five groups. GARx-1 (1-15, 100:0:0), GARx-2
(16-28,90:10:0), GARX-3 (29-34, 80:20:0%), GARXx-4 (35-49,
70:30:0) and GARX-5 (50, 0:0:100). The GARx-2fractionwas
recrystallized with acetone-methanol (7:3 v/v), obtaining
crystals (2.8 g, 42.74%) that were identified by NMR of *H
and °C as Galphimine-A (G-A) (1).

NMR spectraanalysis: The spectra of NMR*H and **C of
G-A, dissolved in CD,OD, were obtained in NMR Avance
DMX500° Bruker 500 MHz equipment. The chemical
displacements were reported in Parts per Million (ppm) and
Tetramethylsilane (TM S) was employed asinternal reference.

Animals: Male albino ICR mice weighing around 35 g were
used (Harlan, Mexico City) for the Elevated plusMaze (EPM)
test. Male Sprague-Dawley rats (Harlan, Mexico City)
weighing 250-350 gwereused for extracellular recordings. All
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animal swere maintai ned under standard |aboratory conditions
at 25°C with 12 hlight/12 h dark cycles, with lightsturned on
at 07:00 am. and with free access to water and standard food
pellets (Harlan rodent diet). Theanimalswere allowed at least
3 weeks to adapt to the laboratory environment prior to
initiating the experiments. All experimental procedures were
carried out according to a protocol approved by the
Institutional Research Committee in compliance with the
Official Mexican Regulation that dates from 1999
(NOM-062-Z0O0-1999). Minimal number of animals (n = 8)
and duration of observation required to obtain consistent data
were employed. The experimental protocol was approved by
the Local Ethics Committee and was assigned control number
R-2010-1701-23.

Drugs: In the experiments, it utilized the following
substances: Tween 20 (0.5%) was used as negative control
group, G-A (7.5, 15, 30 and 45 mg kg™, dissolved in Tween
20, 0.5%), GABAergic system modulators, Diazepam
(DZP, 1.0mg kg™, Pfizer) was employed as an anxiolytic and
sedative drug and it is an alosteric modulator of the
GABA-A receptor, bicuculline methiodide (BCC, 5mg kg™,
asGABA-A receptor antagonist, picrotoxin (PTX, 2 mgkg™),
as GABA-A receptor antagonist, binds to the GABA
receptor-linked chloride (Cl) channel andisan anxiety inducer
and pentylenetetrazole (PTZ, 10 mg kg™) with non-specific
actionisaCNSstimulant andinducesanxiety. All GABAergic
drugs were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Urethane was used as anesthetic drug for the
electrophysiological recordings.

Phar macological design: For invivo behavioral tests, groups
of 8 mice were organized. In order to build dose response
curves, different doses (1.0, 1.5, 3.25, 7.5, 15, 30 and
45 mg kg™?) of G-A were administered orally 1 h prior to the
initiation of each test (EPM, OFT). For co-administration
experiments, all animals were pretreated with 30 mg kg~ of
G-A orally (p.o.) and 30 min later with one of the different
GABAergic drugs by intraperitoneal via (i.p.). The doses
utilized for each case were as follows: BCC 5 mg kg™, PTX
2.0 mg kg™ and PTZ 10 mg kg™*. Finally, 30 min later,
each mouse was evaluated in the EPM or OFT tests. The DZP
(1.0 mg kg~ i.p.) and Tween 20 solution (p.o.) were used as
a positive (anxiolytic) and negative control group,
respectively. For electrophysiological recordings, treatments
were administered with increasing and cumulative doses
intravenoudly (i.v.). With the aim to obtain dose-response
curves, the following different doses were used: 0.125, 0.25,
0.75, 1.5, 3.0 and 6.0 mg kg* for PHC, BCC and PTX; 0.125,
0.25, 0.5, 1.0 and 10 mg kg~ for DZP and 0.125, 0.75, 1.25,
2.5, 5.0 and 10 mg kg~ for PTZ. In order to explore the
interaction of G-A with different drugs, G-A wasadministered
a 0.125 mg kg™ and later, the cumulative doses of
GABAergic drugs.
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Elevated Plus Maze (EPM) test: The EPM test is the most
frequently used model for assessment of theanxiolytic activity
of anew substance, including herbal remedies (Zhang, 2004)
in rodents (Pellow et al., 1985; Lister, 1987). The apparatus
was constructed of Plexiglas and consisted of two open arms
(30x5 cm) and two closed arms (30x5 cm) with 25 cm walls.
The arms extended from a central platform (5x5cm) and the
maze was elevated 38.5 cm from the floor of the room. Each
animal was placed in the center of the maze, facing one of the
closed arms. Number of entries and time on closed and open
armswererecorded during a5 mintest. Entry onto an armwas
defined as the animal placing all four paws on the arm. All
testsweretaped with avideo camera. After each test, the maze
was carefully cleaned with wet tissue paper (10% ethanol
solution). Conventional spatial-temporal measurements
comprised number of entries (all four paws on open or closed
armsand expressed as percentage of total entrieson openarms
(EOA%) and time on open or closed arms (expressed as
percentage of time on open arms (TOA%)).

Open Field Test (OFT): The OFT was employed to evaluate
the exploratory activity of the animals (Archer, 1973).
Ambulatory behavior was assessed in an Open-Field Test
(OFT). The apparatus consisted of transparent acrylic walls
and ablack floor box measuring 30x30%x15 cmin height. The
floor of the arenawas divided into nine squares equal in area.
At the start of each trial, a mouse was placed in the central
square and was allowed to explore the arena freely. Number
of sguares crossed (with al four paws) and number of
rearings (R) were counted in a5 min session. The equipment
was cleaned with a solution of 10% ethanol between testsin
order to mask animal clues.

In situ extracellular recording in basolateral amygdala
(BLA): Rats were anesthetized (i.p.) with urethane
(1.5 g kg™ and were subsequently placed in a stereotaxic
device(Stoelting, IL, USA). Body temperature was maintained
at 37°C throughout the experiment and prior to recording, a
femoral vein was catheterized for i.v. administration of drugs.
A midline skin incision was made on the head and burr holes
were drilled into the skull overlying the basolateral amygdala
(BLA, the recording site). Coordinates for this area were
determined utilizing the stereotaxic atlas of (Paxinos and
Watson, 1986). The coordinates used for amygdala centered
on 4.8-5.5 mm lateral from midline, 2.5-3.8 mm caudal from
bregma. The recording electrodes (single-barrel glass) were
constructed from borosilicate glass capillary tubing
(2 mm outer diameter, World Precision Instruments, Inc.,
Sarasota, FI, USA) by using a horizontal flaming Brown
micropipette puller (Sutter Instrument Co., CA, USA). The
electrode was then filled with 2 M NaCl solution containing
Fast green by employing a non-metallic microfill syringe
needle (World Precision Instruments, Inc.). Recording began
no earlier than 30 min after surgery. Signals from the
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recording electrode were amplified by a headstage connected
to the preamplifier prior to being fed into a window
discriminator/amplifier (1000X gain, 100-4000-Hz band pass,
GrassPS, Series AC Pre-Amplifier) with low cutoff of 200 Hz
and a high cutoff of 16 kHz. Signals were displayed on an
oscilloscope (Tektronix, Inc., Beaverton, OR, USA) for red
time monitoring, as well as on a custom-designed digital
acquisition system (Axon). At the beginning of each
experimental trial, we conducted a5 min baseline recording,
after which the appropriate treatments were administered.
For the G-A dose-response curve, increasing and cumulative
doses were administered; the effect on the neuronal firing
frequency of each dose was recorded for 3 min. At the
end of recording, a positive current through the recording
electrode was applied in order to stain the recording area.
Finally, the animals were killed by decapitation and the brain
was obtained to verify the recording area. Records concerning
the basolateral amygdala (BLA) were considered for
pharmacological analysis.

Statistical analysis: Statistical analysiswasperformedwithan
SPSS ver. 11.0 software program and based on Analysis of
variance (ANOVA) followed by the post-hoc Dunnett test for
behavioral tests) and a Student t test was used to analyze the
results of the electrophysiological recordings. A significant
difference was established with respect to the control group
when the p-value was <0.05.

RESULTSAND DISCUSSION

Isolation and identification of Galphimine-A (1): The
G-A (1) was obtained in its natural form and by G-E
transformation, which also was purified from the Galphimia
glauca extract. Corroboration of the structure of G-A was
carried out by comparison of the spectroscopic data of the
Nuclear Magnetic Resonance (NMR) of *H and **C described
intheliterature (Gonzalez-Cortazar et al., 2005) in addition to
comparison with a standard sample of G-A isolated from the
plant (Fig. 1).

Fig. 1: Corroboration of structure of Galphimine-A
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Fig. 2(a-b): Effect produced by the oral administration of different dosesof Galphimine-A (G-A) (a) Onthe percentage of entries
to open arms (EOA%) and Time spent on open arms (TOA%) of micein the EPM test and (b) Dose-response curve
of A of activity of G-A respect to vehicle (G-Agos-Vehg,). One-way analysis of variance (ANOVA) post-hoc
Dunnett test (n = 8, MeantStandard Deviation (SD)), *p<0.05 (in comparison with the Vehicle (Veh))

I'n vivo behavioral tests

Elevated PlusM aze (EPM) test: Micethat received different
doses of G-A by oral pathway (1.0, 1.5, 3.25, 7.5, 15, 30 and
45mg kg™ presented asignificant (* p<0.05) increment inthe
percentage of Entries on Open Arms (EOA %) and percentage
of time spent on open arms (TOA%) in the EPM test, when
compared with the control group (Fig. 2). This effect was
dose-dependent and observed even at the lowest dose, the
values of EOA and TOA for 1.0 mg kg~* were 36.48 and
38.25%, while for 45 mg kg™ were 60.09 and 63.55%,
respectively. The Effective dose 50 (EDy,) of G-A for the
percentage of TOA was 0.44 mg kg and maximal Effect
(Emax) was 55.84%, while for percentage of EOA, the
ED,,was0.51 mg kg™ with Emax = 55.98%. The DZP at
1.0 mg kg™ induced a significant increment in both
parameters (* p<0.05).

In Fig. 3 are shown the results of the administration of
GABAergic drugs alone and in combination with G-A.
Intraperitoneal (i.p.) administration of PTX (2 mg kg™) or
PTZ (10 mg kg™ induced significant diminution of
percentage of EOA and TOA in comparison with the Vehicle
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(Veh) (*p<0.05), athough BICC (5 mg kg™) also induced a
decrement of these parameters, however, this effect was
not different to Veh (p>0.05). The combination of G-A
(30 mg kg™ with BICC or PTZ did not induce any
difference respect to the drugs alone and the co-administration
of G-A with PTX provoked an increment of percentage of
EOA and TOA in comparison with PTX alone (p<0.05) and it
was also similar to Veh, although different to the G-A group
(p<0.05).

Open Field Test (OFT): The animals treated with DZP
showed a diminution in total number of crossings (TC) and
rearings (R) during the OFT test, an effect that was
significantly different from that of the negative control group
(*p<0.05, Veh). Different doses of G-A did not provoke any
change of these parameters, in comparison with Veh control
group (p>0.05). The GABAergic antagonists PTX and PTZ
produced a significant decrement (*p<0.05) of these
parameters, however BCC did not induce any change, when
they were compared with the negative control group (p>0.05)
(Table 1).
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Table 1: Effect produced by oral administration of different doses of
Galphimine-A (G-A) and different GABAergic drugs on Total
number of Crossings (TC) and on number of vertical Rearings (R) of
ICR mice exposed to the open field paradigm

Treatment (mg kg ™) Total crossings Rearings
Vehicle (Veh), 100 uL/10 g 86.8+7.0 36.615.2
G-A 10 98.8+19.3 36.8+12.1
G-A 15 97.2+20.7 40.2+7.2
G-A 3.25 91.6+15.2 32.9+8.9
G-A75 81.4+3.2 32.2+6.6
G-A 15 83.2+10.7 31.4+6.5
G-A 30 87.4+4.7 30.6+5.5
G-A 45 87.8+7.4 34.6+5.8
DZP15 59.2+4.8* 15.6+3.3*
BCC5.0 91.4+5.7 32.6+3.8
PTX 2.0 39.6£15.4* 16.4+8.1*
PTZ 10 60.4+12.5* 15.4+3.3*
BCC5.0+G-A 30 82.6x7.7 27.2+7.7
PTX 2.0+G-A 30 37.6£11.3* 10.445.9*
PTZ 10.0+G-A 30 63.0+12.3* 36.6+5.2

Values represent the MeantStandard Deviation of the mean. *p<0.05,
compared with the Vehicle (Veh): One-way Analysis of variance (ANOVA)
post hoc Dunnett test (n = 8), G-A: Gaphimine A, DZP: Diazepam,
BCC: Bicuculline, PTX: Picrotoxin, PTZ: Pentylenetetrazole

Groups of animalsthat were administered withaGABA ,
antagonist (BCC, PTX or PTZ) plus G-A (30 mg kg™
evidenced that G-A (30 mg kg—%) was unable to modify the
effect produced by this drugs upon the TC and R parameters,
which was similar to that obtained by the administration of
these drugs alone (p>0.05) (Table 1).

It has been reported that G-A is one of the characteristic
triterpenes of the secondary metabolism of the plant
species Galphimia glauca and it has been demonstrated
(in pharmacological tests in vivo) that it exerts an anxiolytic
effect when administered at a 15 mg kg™ dose i.p.
(Herrera-Ruiz et al., 2006a). In the present work, the
anxiolytic effect of thiscompound was corroborated however,
in this case, G-A was administered by the ora route. This
allowed affirmation that thissubstance, highly liposoluble, acts
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directly on the CNS. It isimportant to highlight that there are
reports of other natural compounds isolated from medicinal
plants, such as some flavonoids (quercetin and kaempferal),
which exert an anxiolytic effect only when administered orally
tomice, although whenthei.p. routewas used, the effect isnot
observed. Thus, it is proposed that they act as pro-drugs
(Vissiennon et al., 2012). Inthis case, theresponse of themice
tooral administration of G-A wasvery similar to that produced
when it was administered i.p., which was reported by
Herrera-Ruiz et al. (2006b). Inthisreport, it wasindicated that
i.p. administration of G-A at a dose of 15 mg kg™ caused a
significantincreasein EOA (48%) and TOA (53%) parameters
while, inthe present work, the oral administration (at the same
dose) achieved an increase in EOA of 61% and in TOA of
52%. It can be appreciated that Time spent on open arms
(TOA) hasremained practically the same; thisparameter isthe
main oneemployedin EPM validation, intermsof considering
a substance as an anxiolytic. During the assay, it was also
observed that the effect on the EOA and TOA parameters
produced by G-A was dose-dependent. The latter,
demonstratesthat the margin of activity of G-A on the anxiety
disorder (analyzed in micewiththe EPM test) isbroad and that
this range of action did not induce a sedative effect as can be
appreciated in the case of the benzodiazepines. The BDZ, in
restricted dose ranges, give rise to an anxiolytic effect and
even to a sedative and hypnotic effect. These substances are
employed experimentally to validate proceduresthat permit the
evaluation of new drugs with potential anxiolytic effect, such
as the EPM. This test has sensitivity in the exploration of
anxiolytic and anxiogenic drugs (Pellow et al., 1985), whose
mechanism of action is utilizing benzodiazepinic receptors.
However, the EPM test is also sensitive to substances that
possess a hon-benzodiazepinic mechanism of action
(Pellow and File, 1986). The DZP exerts different biological
effects, which are dose-dependent and which range from
sedation to anxiolytic and hypnosis (Bousono et al., 2009).
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In the present study, the 1.0 mg kg™ dose of DZP
administered i.p. produced an increase in the number of EOA
and TOA in the EPM model, results that have been widely
documented in the literature for this drug.

In order to assess whether the anxiolytic triterpene, G-A,
is capable of produce its activity by an interaction of
GABAergic system, we decided to measure the behavioral
results of mice that received a 30 mg kg™ dose of G-A
co-administered with different substances that represents a
useful tool because it induced effects on the CNS by
modulating GABA-A receptor, for example BCC (5 mgkg™2),
a competitive antagonist; PTX (20 mg kg™), a
non-competitive antagonist of GABA-A receptor chloride
channels that blocks the anxiolytic-like effects of diazepam;
and PTZ (10 mg kg™*), a product with a mechanism of action
that isnot yet well understood however that representsauseful
tool because it induces effects on CNS by modulating
GABA-A receptor. All of these compounds have a
pro-convulsivant effect and, at low doses, are anxiogenic. In
this study was observed the anxiogenic activity of each drug,
because all caused adiminutionin EOA and TOA parameters
in mice submitted to the EPM test. There exist in the literature
data that indicate that PTX (0.03-0.5 mg kg™ and BCC
(1-8 mg kg™ do not possess an anxiogenic effect in the EPM
test when administeredi.p. (Clenet et al., 2005), it is probable,
at least for the case of PTX, that the lack of effect that these
authors report is due to the low doses in comparison with that
used in the present work (2.0 mg kg™).

Co-administration of an oral dose of 30 mg kg~ of G-A
with BCC and PTZ did not cause any change of the behavior
of mice in comparison with those animals that received these
drugs alone. When G-A was in combination with PTX, a
diminution of the anxiogenic effect of thisdrug was observed.
At thismoment, apparently, G-A seems-not act on binding site
of GABA, athough it could be capable of interact with the
chloride ion channels of GABA-A receptor.

It has been demonstrated that GABAergic drugs, such as
the benzodiazepines, exert their depressor effect on the CNS
in adose-dependent manner and that activation of this system
gives rise to effects such as anxiolytic, sedation and even
hypnosisand death (Bousono et al., 2009). The DZP can exert
an anxiolytic plus a sedative effect, considering this as one of
itsundesirable side effects and onethat justifiesits use mainly
at night. Experimentally, the anxiolytic effect of DZP at
different dosesi.p. aswell asits effect on motor activity have
been described and both activities are related according to the
dosageincreaseinthemice (for example, 2.5and 10mgkg™).
They also exert an anxiolytic effect, measured as an increase
in number of EOA and TOA in the EPM test and a sedative
effect, observed as a diminution in locomotion in the OFT
(Klodzinskaet al., 2004; Clenet et al ., 2005). | n another assay,
administration of 0.05, 0.2, 0.8 and 1.5 mg kg~ i.p. of DZPto
Wistar rats caused diminution of motor activity in OFT
(Siemiatkowski et al., 2000). In agreement with these data, in
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the present work, we observed that the 1.0 mg kg~ dose of
DZP caused an anxiolytic effect accompanied by diminution
in spontaneous motor activity inthe OFT, which ismanifested
as a parameter of sedation (Aitkenhead et al., 2007). In this
test, the animals were placed in a novel environment and,
locomotion, number of rearings (R) and number of groomings
(G) among other parameters, were measured, which serve to
determine the side or non-specific effects of drugs
demonstrating anxiolytic activity in the EPM (Choleriset al.,
2001). In contrast with DZP, administration of different doses
of G-A did not induce changesin locomotor activity neither in
the number of R, indicating, at least in the dose evaluated that
this triterpene does not provoke the sedative effects observed
with the benzodiazepines. Among the GABAergic drugs, PTX
and PTZ caused diminution of motor activity in the OFT, an
affect that has been observed in other investigations, for
example, administration of subcutaneous doses of 0.6 and
1.0 mg kg~ to Swiss albino mice induced a diminution of
locomotion parametersin thistest (Stankevicius et al., 2008).
When 30 mg kg™ of G-A was administered together with the
GABAergic antagonists on the OFT, it could be observed that
motor activity (TC and R) was not modified respect toanimals
that received the antagonist drugsalone, whichisindicative of
no- interaction of G-A with these substances. Thistest allows
us to exclude possible non-specific locomotor effects, of all
treatments.

Electrophysiological recordings

Extracellular recordingin basolateral amygdala (BLA): A
slight dose-dependent increment on the relative index of the
firing rate from BLA neurons was induced by the
administration (i.v.) of different doses (0.125, 0.25, 0.75, 1.5,
3 and 6 mg kg™) of G-A (Fig. 4-6) with an Emax = 1.1432
and an ED4,= 0.0150 mg kg™.

This effect demonstrates that BLA is sensitive to the
effectsproduced by G-A. Whichisabrain areainvolved inthe
adjustment of mood conditions with a high concentration of
glutamatergic neurons and with animportant presence of local
GABAergic inhibitory neurons (Pape and Pare, 2010). Thus,
the increase of firing frequency induced by G-A in BLA
could be due to a direct or indirect modulation of the
neurotransmission of these endogen messengers. Some
experiments for evaluating electrophysiological activity have
shown that the chemical and electrical stimulation of neurons
in this brain structure is able to alter situations of fear or
anxiety. It has been widely observed that the presence of
anxiety states is correlated with an increase of neuronal
activity at BLA and consequently, higher excitability of BLA
has a tendency to be anxiogenic, while lower excitability of
this structure will be anxiolytic (Davis et al., 1994). The
anxiolytic drug, DZP, produced an inhibition of relative index
of firing ratein BLA (Fig. 4a, b) in adose-dependent manner,
which agreeswith theanxiolytic activity (Hodgeset al ., 1987).
Theeffect produced by G-A onthisstructurewas different to

| Volume 11 | Issue 8 | 2015 |



Int. J. Pharmacol., 11 (8): 944-955, 2015

—— GA
5|0 DpzP
51— G-A+DZP

2.0

154

1.0

0.5

Firing frequency of BLA (relative index)

e

0.0 T T T

—— G-A
—{0— FMZ

251 _pr GA+FMZ

2.0

1.5

Ll

Firing frequency of BLA (relative index)

0.5

10- %_L -

0.0 T T

T
0 1 2 3

T T T 1
4 5 6 7

Dose (mg kg™)

Fig. 4(a-b): Effect produced by the co-administration of Galphimine-A (G-A) plus Diazepam (DZP) or Flumazenil (FMZ) on the
relativized index of BLA bursting (a) DZP cumulative doses (0.125, 0.25, 0.5, 1.0, 10 mg kg™), co-administration
of G-A (0.125 mg kg™) plus DZP (0.125, 0.25, 0.5, 1.0 and 10 mg kg™) and (b) FMZ cumulative doses
(0.125, 0.25, 0.75, 1.5, 3, 6 mg kg™), co-administration of G-A (0.125 mg kg~?) plus FMZ (0.125, 0.25, 0.75, 1.5,

3 and 6 mg kg™, Student t-test, * p<0.05

that of DZP when the higher doses were used (Hodges et al.,
1987). In this case, G-A produced a dlight dose
dependent increase of firing rate of BLA. When G-A was
co-administered with DZP, therel ativeindex of firing ratewas
statistically similar to that of the group treated only with DZP
(p>0.05). The results indicated that although both substances
areableto exert an anxiolytic effect in behavioral testssuch as
EPM, there could be a difference on the action mechanism.
In an attempt to investigate a possible interaction with
benzodiazepinic receptor, it was tested the combination of
G-A with Flumazenil (FMZ) (a benzodiazepine receptor
antagonist). This drug was administered at increasing doses,
exhibiting a slight increase in the neurona excitability of
BLA. Although this effect was not significantly different with
G-A group, the results are in agreement with reportsin which
substances that block GABAergic transmission induce an
anxiogenic effect and decrease neuronal firing rate in this
structure (Fig. 4b). When G-A wasco-administered withFM Z,
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the firing rate of the dose response curve was increased in
comparison with the group treated with FMZ alone (Fig. 4b)
and with G-A aone. But, again the effect was no different
between these groups (p>0.05). This finding indicates that
there is no pharmacological interaction between G-A and
drugs that modify neurotransmission with the GABA-A
receptor, specificaly on the benzodiazepine receptor.

In panel A of Fig. 5, the neuronal firing rate of BLA by
administration of PTX (non-competitive GABA-A receptor
antagonist) is shown. An increase of firing rate is observed,
which is not significantly different from that of animals that
received G-A alone. However, co-administration of G-A+PTX
produced a significant increase in firing rate, but only at the
highest doses (p<0.05). This result produced by G-A, of
modifying the effect produced by PTX was aso observed
in the EPM test, in which the combination of G-A and PTX
was able to increase significantly the percentage of TOA and
EOA.
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Fig. 5(a-b): Effect produced by co-administration of Galphimine-A (G-A) plus picrotoxin (PTX) or pentylenetetrazole (PTZ)
on the relativized index of BLA bursting (a) PTX cumulative doses (0.125, 0.25, 0.75, 1.5, 3, 6 mg kg™),
co-administration of G-A (0.125 mg kg™) plus PTX (0.125, 0.25, 0.75, 1.5, 3, 6 mg kg™) and (b) PTZ cumulative
doses (0.75, 1.25, 2.5, 5.0, 10 and 15 mg kg™), co-administration of G-A (0.125 mgkg™) plusPTZ (0.75, 1.25, 2.5,

5.0, 10, 15 mg kg™, Student t-test, *p<0.05

Panel B of the same figure illustrates that administration
of increasing doses of PTZ did not modify the frequency of
neuronal firing and although the co-administration of G-A with
PTX provoked adecrement of firing frequency, there was not
asignificantly difference (p>0.05).

Panel A of Fig. 6 shows that BCC (a competitive
antagonist of GABA receptors) did not modify the frequency
of neurona firing, while the co-administration of G-A+BCC
significantly increased this parameter in a dose-dependent
manner. Moreover, these curve values were also higher than
those of the effect of G-A when it was administered alone
(p<0.005).

Phaclofen (PHC, an antagonist of the GABA-B receptor)
induced a significant increase of firing rate in the BLA ina
dose-dependent manner. This effect could be considered
similar to that produced by G-A, however when both
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substances were co-administered (G-A+PHC), this produced
a consistent and dose dependent diminution of the firing rate
(Panel B Fig. 6).

Data presented here suggest that the effect produced by
G-A in BLA neuronsisdifferent of that of DZP and does not
interact directly with GABAergic system. The possible
interaction between G-A and PTX, that it was observed in the
present work, probably do not involvethe GABAergic system.
It iswell known that PTX isalso able to inhibit the Cl-influx
in Glycineand Glu receptors; aswell asto block receptorsthat
are Cation selective, asitisthe case of the 5-HT3A (Daset al.,
2003). The PTX isalso ableto antagonize the excitatory effect
of DOI (an agonist of the 5-HT2A/2C receptor) in BLA
(Sunet al., 2013) in which, the activation produces anxiolytic
effect. With these facts and due to the structural similarity
between G-A and G-B (the other anxiolytic triterpene isolated
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Fig. 6(a-b): Effect produced by the co-administration of Galphimine-A (G-A) plus bicuculline (BCC) or phaclofen (PHC)
under the relativized index of BLA bursting (a) Cumulative increasing doses of BCC (0.125, 0.25, 0.75, 1.5, 3 and
6 mg kg™?, n), co-administration of G-A (0.125 mg kg™ plus increasing doses of BCC (p) and (b) Cumulative
increasing doses of PHC (0.125, 0.25, 0.75, 1.5, 3 and 6 mg kg ™), co-administration of G-A (0.125 mg kg™ plus

increasing doses of PHC (p), Student t-test, * p<0.05

from G. glauca, that has shown an interaction with the
serotoninergic system in hippocampus), it is possible to
suggest that the in vivo anxiolytic activity of G-A could
involvetheinteraction with other neurotransmission systemas
could be the serotoninergic.

CONCLUSION

It was demonstrated that the oral administration of the
triterpene G-A, isolated from the medicinal plant species
Galphimia glauca, possesses a dose dependent anxiolytic
effect, which does not produce an associated sedative effect.
Also, it was observed that G-A did not interact with PTZ and
BICCintheEPM, athoughitisinteracting with PTX. Results
obtained from el ectrophysiol ogical recordingsshowed that the
effect produced by G-A isdifferent to that of DZP and suggest
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that G-A do not interact directly with the GABAergic system,
whileit was able to modify the effect produced by PTX, BCC
and PHC, evidencing a different action mechanism.
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