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f National Institute of Psichiatry, D.F, Ramón de la Fuente Muñı́z, Calzada México-Xochimilco 101,
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Abstract.
Purpose: Characterization of sedative, possible anticonvulsant, and protective effects of Acacetin-7-O-glucoside (7-ACAG).
Methods: 7-ACAG was separated and its purity was analyzed. Its sedative and anti-seizure effects (1, 10, 20, and 40 mg/kg)
were evaluated in male mice. Synaptic responses were acquired from area CA1 of hippocampal slices obtained from male Wistar
rats. Rats were subjected to stereotaxic surgeries to allow Electroencephalographic (EEG) recordings. Functional recovery was
evaluated by measuring the time rats spent in completing the motor task. Then the rats were subjected to right hemiplegia and
administered 7-ACAG (40 mg/kg) 1 h or 24 h after surgery. Brains of each group of rats were prepared for histological analysis.
Results: Effective sedative doses of 7-ACAG comprised those between 20 and 40 mg/kg. Latency and duration of the epileptiform
crisis were delayed by this flavonoid. 7-ACAG decreased the synaptic response in vitro, similar to Gamma-aminobutyric acid
(GABA) effects. The flavonoid facilitated functional recovery. This data was associated with preserved cytoarchitecture in brain
cortex and hippocampus.
Conclusions: 7-ACAG possesses anticonvulsive and sedative effects. Results suggest that GABAergic activity and neuropro-
tection are involved in the mechanism of action of 7-ACAG and support this compound’s being a potential drug for treatment
of anxiety or post-operative conditions caused by neurosurgeries.
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1. Introduction

Acacetin-7-O-glucoside (7-ACAG) is a flavone
glycoside (7-�-D-glucopyranosyloxy)-5-hydroxy-
2-(4-methoxyphenyl)-4H-1-benzopyran-4-one, syn;
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tilianin). It is isolated from Agastache mexicana
subsp. mexicana (Amm) and Agastache mexicana
subsp. xolocotziana (Amx), which are known as
“toronjil morado” and “toronjil blanco” (purple and
white hyssops; Estrada-Reyes, 2004). Both species are
employed not only as tranquilizers and sleep inducers,
but also as treatment for anxiety. They are usually
utilized alone or prepared in combination with the
following: “toronjil azul” or “toronjil extranjero”, that
is, blue hyssop or foreign hyssop, and Dracocephalum
moldavica L. (Bye & Linares, 1983; Bye et al., 1987).

Our group previously described the Central
nervous system (CNS) depressant properties of
an aqueous extract of Dracocephalum moldavica
(Dm). Recently, we described the anxiolytic-like and
sedative effects of aqueous extracts of Amm and
Amx. The chemical characterization of all of these
three aqueous extracts showed that these complex
mixtures abound in flavonoid compounds. Among
these, 7-ACAG, together with its malic ester derivate,
are the main secondary metabolites present at a
major proportion (Martı́nez-Vázquez et al., 2012;
Estrada-Reyes et al., 2014). 7-ACAG possesses
antihypertensive effects and mediates relaxation in
an endothelium-dependent manner and also through
an endothelium-independent pathway by opening
K+ channels (Hernández-Abreu et al., 2009). In
addition, 7-ACAG ameliorates atherosclerosis by
inhibiting the production of the Necrosis factor-beta
(NF-�)-dependent proinflammatory cytokines, Tumor
nuclear factor (TNF), and Interleukin 1 (IL-1) via
inhibition of IB kinase activity (Nam et al., 2005).
However, to our knowledge, no behavioral studies and
CNS effects of 7-ACAG in vivo have been reported
to date.

In this regard, it is known that hesperidin, a flavanone
glycoside isolated from citrus species, has anxiolytic-
like, sedative, and possible anticonvulsant effects, as
well as memory improvement and neuroprotection in
rodents, while the flavanone rutinoside, neoponcirin,
produces anxiolytic antinociceptive effects in mice
(Fernández et al., 2006; Spencer et al., 2009; Zhang
et al., 2013; Rueda et al., 2014; Meng et al., 2014;
Cassani et al., 2013).

Antioxidant properties have been demonstrated
in a broad spectrum of flavonoids. Therefore, they
are good candidates for the treatment of neurode-
generative diseases. In particular, baicalein (Chinese
skullcap) reduces �-amyloid plaques, an impor-
tant protein involved in the pathophysiology of

Alzheimer disease (AZ) and possessing a potent
scavenger effect (Wang et al., 2005; Yang et al.,
2011).

Additionally, it has been proposed that some
flavonoid compounds exert their CNS-depressant
effects through their direct or indirect interaction with
the Gamma-aminobutyric acid type A (GABAA) neu-
rotransmitter system. GABAA receptors are chloride
channels that mediate the major form of fast inhibitory
neurotransmission in the CNS. These receptors are
activated by GABA and by their selective agonist,
muscimol. Also, they are blocked by Bicuculline
(BIC) and modulated by benzodiazepines, barbitu-
rates, and certain other CNS depressants. Recently, it
was identified that GABA is involved in the mech-
anisms of functional recovery of seizures caused by
ischemic strokes (Kim et al., 2014). Although it is
known that flavonoids exert their functional recov-
ery effects through scavenger effects, the relationship
between flavonoids and the GABAA receptor in func-
tional recovery has, to our knowledge, not been
studied.

Ischemic stroke has been established as an exper-
imental model to understand the pathophysiology of
brain damage and to study novel, useful biomolecules
in the treatment of cerebral ischemic stroke. In recent
years, new therapies based on the free radical scav-
enger properties of drugs have attracted close attention
for the treatment of cerebral Hemiplegia (Hp) and
neuronal damage (Liu et al., 2013). Thus, antioxidant
flavonoids, free and glycosylated, have been consid-
ered novel therapeutic alternatives for traumatic brain
damage or for ischemic stroke (Yu et al., 2013; Wang
et al., 2011).

The aims of the present study were the evalua-
tion of the sedative and possible anticonvulsant effects
of 7-ACAG in mouse behavioral models, its elec-
trophysiological effects, and its ability to ameliorate
Hp-induced neuronal damage in rat. To accomplish
these aims, the following experiments were con-
ducted:

1) Sedative effects of 7-ACAG were evaluated in
Hole-board (HBT) and Open field (OFT) behav-
ioral tests in mice in comparison with those
produced by a positive standard, Diazepam (DZ),
a BDZ GABA agonist with anxiolytic sedative
and antiepileptic effects.

2) The possible anticonvulsant effect of the 7-
ACAG was evaluated in BBIC-induced seizures
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in mice in comparison with those produced
by DZ.

3) The GABAergic changes induced by 7-ACAG in
the CA1 hippocampal area were evaluated elec-
trophysiologically in brain slices by comparing
these with evoked GABA field Excitatory Post-
synaptic Potentials (fEPSP).

4) The possible protective effects of 7-ACAG in
rats with Hp produced by aspiration of the right
somatomotor cortex were evaluated using the
following three different and complementary
techniques: A) functional recovery was measured
behaviorally by using the Beam walking test
(BWT); B) functional recovery was quantified
electrophysiologically by recording the potency
changes of the Electroencephalogram (EEG),
and C) and histologically by analyzing the hip-
pocampal tissue of hemiplegic rats treated with
the vehicle, 7-ACAG, and the antioxidant �-
Tocopherol.

2. Materials and methods

2.1. Drugs

All drugs used in brain slices recordings were pur-
chased from Sigma Chemical Company (St. Louis,
MO, USA). Diazepam (DZ) was purchased from
Hoffmann-La Roche (Mexico City, Mexico).

Isolation and characterization of 7-ACAG was
carried out according to a previously described
method (Estrada-Reyes et al., 2004; Martı́nez-Vázquez
et al., 2012). Purity of 7-ACAG was determined
using High-performance liquid chromatography-
Electrospray-Mass Spectrometry (HPLC-ESI-MS)
(Fig. 1) (Estrada-Reyes et al., 2014).

2.2. Animals

Adult male Swiss-Webster mice (weighing 20–30 g)
and Wistar rats (weighing 150–200 g) were used for

Fig. 1. Chromatography profile and mass spectrum [M+1] of Acacetin 7-O-glucoside (7-ACAG). RT: 16.4 min, % relative area: 99.21 [M]+1;
m/z: 447.12, C22H22O10. RT: Retention time; percentage relative of area (purity), [M]+1: molecular ion plus 1, m/z mass number/charge
number ratio. High-Performance Liquid Chromatography-Electrospray-Mass Spectrometry (HPLC-ESI-MS) profile of Acacetin 7-O-glucoside
(7-ACAG).
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Fig. 2. The effect of the 7-ACAG on ambulatory activity in the Open field test (OFT). Effect of the 7-ACAG on ambulatory activity. All results
are expressed as means ± Standard error of the mean (SEM) of groups of 8–10 animals each. Comparisons were made by using a Kruskal-Wallis
one-way Analysis of variance (ANOVA) on ranks, followed by Mann-Whitney U test: ∗P ≤ 0.05; ∗∗p ≤ 0.01; ∗∗∗p ≤ 0.001.

behavioral tests and electrophysiological recording
experiments.

For histological analysis, rats weighing 250–300 g
were utilized. All rodents were housed in a
temperature-controlled (20–21◦C) room under
inverted light:dark conditions (12 h:12 h) with lights
on at 22:00 h).

Rodents were managed in agreement with general
principles of laboratory animal care (Guide for the
Care and Use of Laboratory Animals: National Insti-
tutes of Health (NIH) publication no. 85–23, revised in
1985) and the “Norma Official Mexicana” (NOM-062-
ZOO-1999). Additionally, the experimental protocol
was approved by the local Ethics Committee.

2.3. Drug administration

All drugs were intraperitoneally (i.p.) administered
in a total volume of 1 ml/kg and 2 ml/kg body weight
to mice and rats, respectively. 7-ACAG was dissolved
in 2% Dimethyl sulfoxide (DMSO) in saline and inde-
pendent groups of eight mice each were treated with
1, 10, 20, and 40 mg/kg, 60 min prior to the behavioral
test. The control group received the same volume of
the vehicle. BIC (80 mg/kg) was administered 60 min
afterward.

2.4. Behavioral tests in mice

For habituation, mice and rats received a daily i.p.
injection of saline solution (0.1 ml/10 g) for 5 days
before treatments. DZ was employed as a reference
drug in the sedative test. 7-ACAG doses and latencies
were obtained from previous pilot studies. One group
of eight animals received DZ (1 or 2 mg/kg) 30 min
before the test; this group served as a standard refer-
ence. The group receiving only the vehicle served as
negative control.

2.4.1. Hole-board test (HBT)
The Hole-board test (HBT) set-up apparatus is a

wooden box measuring 60 × 60 × 30 cm dimensions,
with four equidistant holes (2 cm in diameter) on
the floor. The number of Head-dips (HDN) into
the holes, the latencies of Head-dipping (HDL),
and Rearings number (RN) were recorded over a
5-min period. A decrease in the number of HDL
and RN compared with those of the controls were
considered to indicate a sedative effect, whereas
an increase in these explorative behaviors was con-
sidered an anxiolytic effect (Estrada-Reyes et al.,
2010).
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2.4.2. Open field test (OFT)
The Open field test (OFT) was employed to

evaluate ambulatory and exploratory activity. The
apparatus consisted of an opaque-Plexiglas® box
(40 × 30 × 20 cm) with the bottom of the box divided
into 12 equal squares. Each mouse was placed in the
center and its behavior was video-recorded during a
5-min session. An observer blinded to the pharmaco-
logical treatment administered registered the number
of times the animal crossed each square (counts/5-
min). A count was considered when a mouse crossed
a square next to the following one with 100% of its
body. An increased number of counts were considered
an anxiolytic-like effect, while a decreased number was
considered a sedative effect. The test box was carefully
cleaned after each recording (López-Rubalcava et al.,
2006; Estrada-Reyes et al., 2012).

2.4.3. Protective effects on the Bicuculline model
The presence or absence of clonic seizures, as well

as latency to myoclonic and tonic seizures and death
latency, was observed for 40 min following the admin-
istration of BIC. The percentage of mice protected from
the effects of BIC was quantified. DZ at 1 mg/kg was
utilized as control group.

2.5. Hippocampal-slice preparation

Rats were anesthetized and then perfused transcar-
dially with cold, modified artificial Cerebral spinal
fluid (CSF, pH 7.4) containing the following (concen-
trations in mM): 229 sucrose; 10 glucose; 26 NaHCO3;
1.2 6Na2HP04-7H2O; 2.0 KCl, and 1.5 MgCl2, bub-
bled with a mixture of 95% O2/5% CO2 (carbogen).
Hippocampal sagittal slices of 410 �m were incu-
bated for 45–60 min at room temperature in standard
CSF containing the following (in mM): 125 NaCl;
10 glucose; 2 KCl; 26 NaHCO3; 1.2 Na2HP04-7H2O;
3 MgCl2, and 3 CaCl2 bubbled with carbogen at a pH
of 7.4.

2.5.1. In vitro measuring of fEPSP of area CA1 in
hippocampal slices

Slices were transferred into a recording chamber
maintained at 22 ± 2◦C and constantly superfused
(1.5–2 ml/min) with standard CSF. Slice recordings
were carried out at 22–25◦C. Synaptic responses
and pharmacological effects obtained at 32◦C are
similar to synaptic responses obtained at room tem-
perature. There is no significant difference between

experiments carried out at these two different temper-
atures. However, temperatures of 32◦C can damage
slices when the duration of experiments is long, for
this reason temperature of in vitro experiments was
set to room temperature. To evoke CA1 field Exci-
tatory Post-Synaptic Potentials (fEPSP), stimulation
pulses were applied using orthodromic stimulation
with bipolar electrodes placed into Schaffer (axon)
collaterals. Stimuli were square wave pulses (dura-
tion, 60–100 �s; 20–70 �A) delivered at 0.08 Hz for
continuous recording (Grass Stimulator Model S48).
fEPSP were recorded (AxoClamp 2B amplifier) in the
CA1 area using glass micropipettes (4–6 M�; Puller
flaming brown micropipette MOD p97). Analysis of
amplitude and the Paired-pulse (PP) test were car-
ried out with P-clamp ver. 8. To quantify changes,
SigmaPlot (ver. 10, Jandel Scientific) and Origin soft-
ware (ver. 8) were used. Identification of CA1 fEPSP
was based on the following criteria: (1) negative wave-
form; (2) latency (7 ms); (3) medium time course
(20 ms), and (4) Paired-pulse inhibition (PPi; 40–50%
at 30 ms Interstimulus interval, ISI). In previous stud-
ies, we established that exposure to the vehicle and
stimulation frequency for 120 min exerted no effect
on baseline (fEPSP) (Calixto et al., 2000). Changes
in fEPSP slope were expressed in percentages of the
mean fEPSP slope recorded during the baseline period.
PPi is the relation between the second and first fEPSP
slopes (2fEPSP/1fEPSP): if the second fEPSP is lower
than the first fEPSP, the relation between these two
responses is considered <1, this indicating powerful
recurrent inhibition (GABAergic activity) identified
within a range of 20–60 ms. In vitro recordings of
the fEPSP were performed in 10 different and inde-
pendent groups as follows: Control (n = 7); vehicle
(n = 5): GABA 3 mM (n = 9); 7-ACAG (50 mg/40 ml
or 2.8 �M (n = 9); 75 mg/40 ml or 4.1 �M (n = 9);
100 mg/40 ml or 5.6 �M (n = 7); BIC (20 �M (n = 12);
BIC+GABA (n = 9); 7-ACAG (2.8 �M)+BIC (n = 12),
and vehicle+BIC (n = 7).

2.6. Behavioral Beam balance tests (BBT) and
EEG recording in hemiplegic rats

In brief, in these experiments, rats were subjected to
a stereotaxic surgery (phase I) to allow EEG recording.
One week later, rats were tested on the Beam balance
test (BBT) for 7 days (phase II). Animals that acquired
the learning criteria were then subjected to Hp on day
8 (phase III). One h or 24 h after induction of Hp,
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rats were treated either with 7-ACAG or �-Tocopherol.
Rats were tested again in the BBT under hemiplegic
and treatment conditions (phase IV). EGG recording
was performed from phases II–IV.

2.6.1. Phase I) Stereotaxic surgery
This was performed to place epidural recording elec-

trodes (low impedance) for symmetrical acquisition of
the electric signal of the left and right somatomotor
cortex (1 mm behind bregma and 3 mm relative to the
mid-line). An indifferent electrode was placed 3 mm
anterior to bregma, according to the Paxinos and Wat-
son Atlas (1998). The active terminal of each electrode
was welded to a connector, which permitted the conti-
nuity of the bioelectric signal from the electrode to an
EEG amplifier (Grass P511). The electrode-connector
complex was attached to the skull with acrylic to permit
a stable EEG recording and X8EWB identification of
electric activity. The signal was acquired and analyzed
using PolyVIEW16 software (National Instruments).
EEG power, amplitude, and frequency were analyzed
using wavelet analysis (frequency, 0–16 Hz).

2.6.2. Phase II) Motor task on the beam
balance/beam walking test (BWT)

One week after stereotaxic surgery, rats were trained
for 7 days to walk on an elevated (30-cm), narrow, (2.5-
cm) 2-m-long wooden beam (mean time, 18 ± 4.8 s).
Motivation of rats to run through the beam was to return
to the home cage located at the end of the bar. Acqui-
sition learning was considered accomplished on day 7,
when the motor task took 9 ± 1.5 s to be performed.

2.6.3. Phase III) Induction of hemiplegia
Animals were subjected to a unilateral, right somato-

motor cortex lesion as described (Brailowsky et al.,
1995). Surgery was performed under barbituric anes-
thesia. Rats were positioned in a stereotaxic apparatus
with the skull horizontal to the platform. A craniotomy
was performed from AP +2 to –4 mm relative to bregma
and 1–5 mm lateral to midline. After removal of the
bone, a flap was made in the dura mater to expose the
underlying cortical tissue. A square (3 × 3 mm) formed
from a wire (diameter, 0.5-mm) was mounted onto a
stereotaxic holder and lowered 2 mm into the cortex.
Once inserted into the brain, the holder was moved
in the AP direction for 4 mm to excise a 3-mm × 4-
mm cortical slab from the somatomotor region of the
right cortex. The cortical slab was then weighed. In a

Sham-operated group of rats, the procedure was simi-
lar, except that craniotomy was not performed.

2.6.4. Phase IV) Test on the beam
walking/hemiplegia-walking effect

After surgically induced brain damage, indepen-
dent animal groups were treated either for 1 or 24 h
as follows: Vehicle (n = 5); 7-ACAG (20 mg/kg, 1 h:
n = 12 h, or 24 h: n = 19), or �-Tocopherol (20 mg/kg; 1
h: n = 9 h, or 24 h: n = 11). These treatments were com-
pared with the control group (n = 10). Chronic EEG
was recorded and functional motor recovery was eval-
uated by applying the Beam walking test (BWT) again
for 1 week. Performance was measured in terms of time
(s) employing mean walking time prior to (3 rounds)
and after (3 rounds) the induction of Hp.

2.7. Histological analysis

Animals were administered an overdose of pen-
tobarbital and transcardially perfused with 0.1-M
Phosphate buffered saline (PBS) solution and a 4%
paraformaldehyde solution. Brains were post-fixed for
1 week at 4◦C and processed for embedding in paraffin.
Coronal sections were then cut (12-�m thickness) with
a microtome (Leica RM2125 RT; Germany) and pro-
cessed for Nissl staining. Neurons in the somatomotor
cortex and in the CA1 area of the ipsilateral area to
Hp were counted with an optic microscope (Carl Zeiss
AxioLab) adapted to Image Pro-Plus ver. 5.1 software.
Number of neurons was quantified using the factionary
steps method (West et al., 1993), which consists of
dividing the neuron number determined in a specific
volume fraction by the number of sections.

2.8. Statistical analysis

Data obtained from mice on behavioral tests did not
meet normality or variance equally criteria (number of
subjects, representative traces, normal distribution and
homogeny of variance). Differences between treated
and control groups in the behavioral tests were ana-
lyzed using a Kruskal-Wallis analysis of variance on
ranks (∗P ≤ 0.05, ∗∗p ≤ 0.01, and ∗∗∗p ≤ 0.001) fol-
lowed by the Mann-Whitney Rank Sum test. Data
obtained from experiments in vitro were analyzed
using parametric analyzes. Statistical significance of
changes in the slope of fEPSP was assessed by means
of paired and unpaired Student t tests and Analy-
sis of variance (ANOVA) (relation between control,
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7-ACAG, GABA, and Bicuculline (BIC) groups). If
necessary, Bonferroni’s correction factor was applied
to avoid a combined level of >0.05. All statistical
analyses and graphics were carried out using the Sig-
maStat (ver. 3.5, Jandel Scientific) and SigmaPlot (ver.
10, Jandel Scientific) statistical software programs,
respectively.

3. Results

3.1. Purity

7-ACAG purity was 99.21%, which was determined
by High-performance liquid chromatography-Mass
spectrometry (HPLC-MS) analysis (Fig. 1).

3.2. Behavioral mouse tests

The effects of aqueous extracts of A. mexicana
subsp. mexicana and xolocotziana were characterized
as anxiolytic-like and sedative in mouse. However,
the effects of 7-ACAG, one the main secondary
metabolites of these extracts, are unknown. Table 1
depicts the effects of either DZ (2 mg/kg) or 7-ACAG
(1, 10, 20, and 40 mg/kg) on mouse performance
in the HBT. DZ was employed as positive control.
Both treatments significantly decreased the number
of head-dippings (H = 42.08, fd = 5, = 5, p ≤ 0.001)
(fd = freedom degree) and time (H = 14.40, fd = 5,
p ≤ 0.01), as well as the Rearings number (RN)
(H = 55.58, fd = 5, p ≤ 0.001). The sedative effect of
7-ACAG was confirmed in the OFT. DZ (0.5 mg/kg)

produced a significant increase in the spontaneous
locomotion activity of the mice. Doses ranging from
1–2 mg/kg significantly reduced mouse ambulatory
counts, while administration of 7-ACAG gave rise to
a decrease in spontaneous ambulatory activity in a
dose-dependent manner (H = 64.42, fd = 8, p ≤ 0.001)
(Archer et al., 1973; Walsh & Cummins, 1976) (Fig. 2).

As illustrated in Table 2, in the BIC model, nei-
ther DZ (1 mg/kg) nor 7-ACAG at the doses tested
avoided the appearance of seizures. However, 7-ACAG
at 20 and 40 mg/kg delayed the onset of BIC-induced
seizures (p ≤ 0.05), and at 40 mg/kg delayed the
appearance of both myoclonic and tonic seizures. In
contrast, DZ produced a delay in the latency of tonic
seizures, but did not modify their onset. Furthermore,
7-ACAG reduced the percentage of death up to 28%,
while DZ produced a reduction of 50%. The data shown
here suggest the involvement of the GABAergic system
in 7-ACAG effects.

3.3. Electropharmacological effects of 7-ACAG in
hippocampal slices

To determine the involvement of the GABAergic
system in 7-ACAG effects, hippocampal slices were
incubated with the flavonoid and electrophysiological
responses were registered. To avoid saturation of the
response’s maximal increase, stimulation was adjusted
from 50 to 60% of the maximal response, nearly
1.7–2.1 times the threshold value. Stimulation ampli-
tude was maintained during the whole experiment and
did not induced changes in amplitude or PPi during
any control experiment. To reduce glutamate activity,

Table 1

Effect of 7-ACAG on the performance of mice in the Hole-board test (HBT)

Treatment (mg/kg) HDT/5 min RN/5 min HDN/5 min
Mean ± SEM Mean ± SEM Mean ± SEM

Control 0.44 ± 0.12 27.7 ± 2.23 36 ± 2.39
7-ACAG 1 0.66 ± 0.04 22.25 ± 0.7∗∗ 28.44 ± 2.1∗∗
7-ACAG 10 0.32 ± 0.09∗ 14.12 ± 1.5∗∗∗ 21.11 ± 1.6∗∗∗
7-ACAG 20 0.19 ± 0.04∗∗ 9.88 ± 1.9∗∗∗ 23.00 ± 3.0∗∗∗
7-ACAG 40 0.12 ± 0.05∗∗∗ 2.77 ± 0.5∗∗∗ 17.88 ± 2.3∗∗∗

DZ 2.0 0.30 ± 0.13∗ 17.12 ± 1.7∗ 22.6 ± 1.91∗∗∗

H = 14.40, fd = 5 H = 55.58, fd = 5 H = 42.08, fd = 5
(p ≤ 0.006) (p ≤ 0.001) (p ≤ 0.001)

Effect of 7-ACAG on sedative behavior [Head-dipping time/5 min (HDT), Rearings number/5 min (RN), and Head-
dipping number/5 min (HDN)]. All results were expressed as means ± Standard error of the mean (SEM) of groups
of 8–10 animals each; fd = field distance. Comparisons were made using a Kruskal-Wallis one-way Analysis of
variance (ANOVA) on ranks, followed by the Mann-Whitney U test: ∗P ≤ 0.05; ∗∗p ≤ 0.01; ∗∗∗p ≤ 0.001.
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Table 2

Effect of 7-ACAG and Diazepam (DZ = 1 mg/kg) on seizures induced by Bicuculline (BIC) (45 mg/kg) in mice

Treatment (mg/kg) Seizure onset ± SEM (s) Death latency Percentage of mortality

Myoclonic Tonic

Control 116.5 ± 6.0 127 ± 5.5 388.1 ± 13.9 100
DZ 1 114.71 ± 9.4 201 ± 8.7∗∗ 453 ± 27.6 57.14
7-ACAG 1 101.1 ± 4.8 130.8 ± 15.0 380.5 ± 17.3 100
7-ACAG 10 121.0 ± 14.3 134.5 ± 11.2 350.4 ± 29.9 100
7-ACAG 20 138.7 ± 16.3∗ 147.7 ± 18.0 446 ± 25.5 72
7-ACAG 40 175.8 ± 5.7∗∗∗ 181.28 ± 6.1∗∗∗ 499 ± 11.5 28.5

H = 16.81, df = 5, p = 0.005 H = 15.85, df = 5, p = 0.007 H = 22.40, df = 5, p ≤ 0.001

Effect of 7-ACAG on Bicuculline (BIC)-induced seizures (45 mg/kg; intraperitoneally, i.p.). Data represent means ± Standard error of the mean
(SEM) of seven animals. Comparisons were made by using Kruskal-Wallis one-way Analysis of Variance (ANOVA) on ranks followed by the
Mann-Whitney U test: ∗P ≤ 0.05, ∗∗p ≤ 0.01, and ∗∗∗p ≤ 0.001 compared with the control group.

Fig. 3. 7-ACAG and its possible GABAergic activity in hippocampal slices. Temporal course of evoked field Excitatory Post-synaptic Potentials
(fEPSP) amplitude during 2 h of recording. Data group (mean ± Standard error of the mean [SEM]) of the fEPSP slope before, during, and after
drug exposure. Horizontal bars indicate time of drug superfusion (30 min), while the log bar indicates that all experiments were carried out
in the presence of MK801 (5 mM) (Representative traces; calibration: 0.5 mV: 10 ms). A) Gamma-Aminobutyric acid (GABA) (3 mM; black
circles) reduces the synaptic response; this effect is reversible. Bicuculline (BIC) (20 �M; black stars) induces long-lasting hyperexcitability.
B) Application of 7-ACAG at two different concentrations (2.8 �M; black rhombus, and 4.1 �M; white rhombus) exerts a reversible decreasing
effect on the synaptic response slope of the CA1 area. C) GABA administration decreases the hyperexcitability effect induced by BIC (black
circles). Moreover, application of 7-ACAG blocked this same hyperexcitability effect.

all experiments were carried out in the presence of MK-
801 (5 mM), an inhibitor of the N-methyl-D-aspartate
(NMDA) receptor. GABA incubation at 3 mM induced

a transitory decrease of the synaptic response (Fig. 3A.
black circles; reduction of the slope 31%) and dis-
placed the Input/Output (I/O) curve to the right,
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Fig. 4. 7-ACAG increases Paired-pulse (PP) inhibition and reduces the Bicuculline (BIC) hyperexcitability effect. A) The control Input/Output
curve (I/O; white squares) illustrates that the increase of the synaptic responses (field Excitatory Post-synaptic Potentials, fEPSP) of the CAI
area is proportional to the increase of the synaptic stimulation. Threshold is defined as the initial response from which negative amplitude is
obtained and that increases by 100%, five times the initial threshold value. Exposure to 7-ACAG (black rhombus) displaces the I/O curve to the
right; similar results are obtained from application of GABA (black circles). BIC displaces the I/O curve to the left (black star). Application
of GABA (white/black circles) or 7-ACAG (white/black rhombus) reduces the increase of hyperexcitability induced by BIC. The vehicle has
no effect (white triangles). B) The delivery of two pulses with identical intensity and with Inter-stimuli intervals (ISI) <60 ms (ISI) causes the
decrease in the amplitude of the second fEPSP. The relation between control slopes (fEPSP2/fEPSP1) (mean ± Standard error of the mean
[SEM]) is depicted in white squares. 7-ACAG increases Paired-pulse inhibition (PPi) (black rhombus). The GABA effect (3 mM) is illustrated in
black circles. The vehicle does not modify the PPi. Bicuculline (BIC) facilitates Paired-pulse (PP) in CA1 area (black stars); however, 7-ACAG
significantly blocks the powerful hyperexcitability effect of BIC (white/black rhombus; p ≤ 0.001). C) Representative synaptic responses at
ISI 20 ms with increased slope induced by BIC and overlying fEPSP that depict the effects of the application of 7-ACAG (upper panel) and
BIC+7-ACAG (lower panel). Calibration: 0.5 mV; 10 ms.

indicating a decrease in the sensitivity of the tissue
to electric stimulation (Fig. 4A; black circles) and an
increase of the PPi in 20% (Fig. 4B; black circles).
In contrast, the use of an antagonist of the GABAA
receptor, such as BIC, increases excitability (Fig. 3A;
increase of the slope in 46%), displaces the Input-
Output (I/O) curve to the left (Fig. 4A; black stars), and
induces PP facilitation 1.4 ± 0.05 at ISI 20 ms (Fig. 4B
and C; black stars). The effects of 7-ACAG on the
CA1 hippocampus-area synaptic response were tested
at 2.8, 4.1, and 5.6 �M in independent groups of brain
slices.

In the presence of 2.8 �M of 7-ACAG superfu-
sion, the fEPSP slope in the CA1 hippocampal area

decreased by 35% (Fig. 3B; black rhombus at 30 min
of incubation; p ≤ 0.01). This effect was transitory
because, during the washing period, the synaptic
responses recovered baseline values. Brain slices incu-
bated with increased 7-ACAG concentrations (4.1 �M)
exhibited a 34% decrease in the slope of the synap-
tic response (Fig. 3B; white rhombus). Similar results
were obtained at a higher 7-ACAG concentration
(5.6 �M): the fEPSP slope decreased by 28% (data not
shown). These effects were transitory. The 7-ACAG
concentration utilized in subsequent experiments was
set at 2.8 �M.

After 30 min of 7-ACAG incubation, the I/O curve
test was applied. The curve demonstrated displacement
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to the right (a similar effect is produced by admin-
istration of GABA), this meaning a decrease of
synaptic excitability produced by a possible increase
of inhibitory activity (Fig. 4A; black rhombus;
p ≤ 0.01 between 2–5 threshold). To identify the
involvement of GABAergic neurotransmission in the
7-ACAG effect at synaptic level in hippocampal area
CA1, a Paired-pulse (PP) stimulation protocol was
elaborated. Under these conditions, the PP protocol
showed that 7-ACAG induced powerful inhibition
in the slope of the second fEPSP between 20 and
70 ms. This electropharmacological effect on the
increase in recurrent inhibition is similar to that
induced by GABA (Fig. 4A and B; black circles;
p ≤ 0.01).

To characterize the effect of 7-ACAG on GABAer-
gic responses in hippocampal area CA1, 7-ACAG
was administered after BIC (20 �M). Administra-
tion of BIC increased the slope of the synaptic
response by 146% (Fig. 3A), while 7-ACAG at
2.8 �M after BIC application significantly reduced
the slope by 87% with regard to baseline values
(Fig. 3C; black rhombus; p ≤ 0.01). The data showed
that 7-ACAG significantly reduced the BIC excita-
tory process, similarly to GABA, which decreased
the synaptic response (Fig. 3C; black circles). The
data suggest that 7-ACAG increases the GABAergic
response.

3.4. 7-ACAG positive effect on rats with neuronal
damage induced by hemiplegia

GABAA plays an important role in stroke motor
recovery (Kim et al., 2014). To study the protective
effects of 7-ACAG on Hp, functional recovery was
measured by using the Beam walking test (BWT).
All rats (n = 61) learned the motor task (Fig. 5; white
squares; mean time of day 1:19.3 ± 1.3 s compared
with mean time of day 7:7.9 ± 0.73 s; descendant
slope). Time spent on the motor task was not reduced
after day 7. Hp rats spent 15.8 ± 0.57 s with an 83%
deficit (Fig. 5; group Hp; n = 9; p ≤ 0.01) on the BWT
and with slight recovery during the following days.
Three days after Hp induction, rats spent 13.2 ± 0.6 s
on the beam. Seven days after this, the rats spent
11.6 ± 0.18 s, that is, a 41% deficit with respect to their
own execution.

Motor task results of rats administered with the vehi-
cle are presented in Fig. 5. Vehicle treatment (white

Fig. 5. Application of 7-ACAG increases the functional recovery of
rats with motor deficit induced by hemiplegia. Temporal evolution
of time spent on the Beam walking test (BWT). Results are the
mean ± Standard error of the mean (SEM). Rats learned the task
in 7 days. On day 8, rats were submitted to Hemiplegia (Hp) and
a significant motor deficit was observed. Recovery slope is shown
in white squares. 7-ACAG administered either 1 h (black squares)
or 24 h (black rhombus) after Hp induction significantly decreases
motor deficit. �-Tocopherol applied 1 h after Hp induction exhibits
similar results to those induced by 7-ACAG. The vehicle had
no positive effects on the motor deficit caused by Hp (white
triangles).

triangles) had null impact on the motor task perfor-
mance caused by Hp. A slight recovery was quantified
and no significant differences were observed in Hp rats
(ANOVA; p ≤ 0.1). Rats demonstrated a 33% deficit in
the motor task at 1 week of Hp induction.

Protective effects of 7-ACAG were evaluated by
measuring beam walking performance under Hp con-
ditions. Rats administered with 7-ACAG 1 h after
Hp induction demonstrated fast and stable recovery
(Fig. 5; black square; Hp+7-ACAG 1 h) and rapid,
significant reacquisition of mean time spent on the
beam prior to HP-associated neural damage (p ≤ 0.01):
1 day after administration of 7-ACAG, rats spent
7.16 ± 1.6 s on the task; in comparison, 1 week after
brain damage, rats spent 4.38 ± 0.9 s on the beam
(p ≤ 0.05).

To explore the effects of late treatment initiation, an
independent group of rats was administered 7-ACAG
24 h after Hp (Fig. 5; black rhombus; Hp+ 7-ACAG
24 h). This group of animals exhibited recovery of
mean time for performing the BWT (Fig. 5; black
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rhombus); rats spent 10.4 ± 1 s on performing the task
1 day after 7-ACAG administration. In contrast, 1 week
after 7-ACAG treatment, rats spent 6.9 ± 1.1 s on the
beam. Significant differences were found in compari-
son with the control group (p ≤ 0.05).

�-Tocopherol administered 24 h after Hp induction
increased functional recovery (Fig. 5; black triangles;
Hp+�-Tocopherol), similar to the effects produced by
7-ACAG. Time lapse on the beam was not signifi-
cantly different (8.1 ± 0.5 s at 24 h after Hp in relation
to 7.7 ± 0.8 s 7 days after Hp). These data are signifi-
cant compared with the control group (p ≤ 0.05), while
no significance was found between �-Tocopherol and
7-ACAG treatments (p ≤ 0.5).

3.5. Electrophysiological changes induced by
hemiplegia and 7-ACAG effects

To complement data of the Hp-induced behav-
ioral changes, the relationship between the effects of
functional recovery with EEG activity was analyzed.
Normal EEG activity is commonly analyzed in the
spectrum ranging from 1–12 Hz. However, hyperex-
citability occuring in the range increases from 1–20 Hz.

The power of the EEG activity of the wounded right
brain cortex of rats subjected to Hp was not modi-
fied. Values obtained prior to Hp had a mean power
of 358 ± 48 �V2/Hz (Fig. 6B, lower panel; Right
cortex; white squares). In contrast, the hemisphere

Fig. 6. 7-ACAG applications increase the Electroencephalographic (EEG) power of the brain hemisphere contralateral to the damage. A) Wavelet
analysis (0–40 Hz; 30 min). The presence of red color indicates an increase of EEG amplitude and frequency. Below the panels, representative
EEG recordings are shown. Analysis and recordings were obtained 24 h after Hp induction. 7-ACAG applied 1 h after Hemiplegia (Hp) induction
significantly increased EEG power in the contralateral hemisphere (p ≤ 0.001). Similar results were obtained from the group administered 7-
ACAG 24 h after Hp induction. �-Tocopherol administered 1 h after Hp also increased EEG activity in the left hemisphere. B) Temporal evolution
before and after Hp. Each point represents the 30-min mean power of the EEG (�V2/Hz) ± Standard error of the mean [SEM]) 2 days prior to
and 10 days after Hp. Information in the inferior panel shows that the damaged hemisphere does not modify its EEG activity in the course of
10 days. (Analyses of the contralateral hemisphere exhibit a gradual and constant increase of activity; upper panel). These data are significant
3 days after Hp induction. Activity reaches its maximal potency 5 days after Hp induction (white squares). Treatment either with 7-ACAG 1 h
after Hp (black squares) or 24 h after Hp (black rhombus) or �-Tocopherol (applied 24 h after Hp; black triangles) speed the left-hemisphere
activation process. The vehicle does not induce changes (white triangles).
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contralateral to the damage had a mean power of
437 ± 35 �V2/Hz. A gradual increase was recorded
after Hp and was significant at day 2. After brain dam-
age, EEG power increased from 624 ± 35 �V2/Hz (day
2) to 1,144 ± 46 �V2/Hz (day 7) in the 1–20-Hz spec-
trum. This implies that Hp did not induce changes
in the EEG power of the wounded hemisphere, but
significantly increased contralateral activity by 261%
(Fig. 6A; p ≤ 0.01).

7-ACAG administered 1 h after Hp induction
decreased activation latency in the contralateral
hemisphere. The left brain hemisphere exhibited a sig-
nificant increase of activity after 1 day of brain damage
and the potency amplitude was 789 ± 45 �V2/Hz in a
range of 1–20 Hz (from a gain of 180 to 260% at day
3). This value was maintained for 1 week (Fig. 6B;
black squares). In contrast, the right hemisphere did not
demonstrate either immediate or long-term changes
as a consequence of 7-ACAG application. Similar
results were obtained with the administration of either
7-ACAG 24 h after Hp or of �-Tocopherol, which
induced high activity in the left hemisphere 1 day
after Hp induction. The left hemisphere exhibited an
increase of 159% in EEG power: 689 ± 45 �V2/Hz
(Fig. 6B; black rhombus for 7-ACAG/24 h and black
triangles for �-Tocopherol). No changes were appre-
ciated in right hemisphere power. Application of the
vehicle did not produce immediate effects in the
contralateral hemisphere. Temporal evolution of the
activity did not change compared with the control
activity.

3.6. Protective effects of 7-ACAG

To explore whether 7-ACAG protected brain cytoar-
chitecture against the damage caused by Hp, neuron
counting was assessed in the CA1 hippocampal region
and right somatomotor cortex of rats treated with either
the vehicle or with 7-ACAG.

In the control group (intact rats), left and right hip-
pocampal area CA1 demonstrated a mean neuronal
density of 7,325 ± 152 mm3, while in the Hp group, a
61% decrease in neuron number in the CA1 hippocam-
pal area (ipsilateral to the hemiplegic hemisphere) was
observed (2,821 ± 87 neurons/mm3). Similarly, hemi-
plegic rats treated with the vehicle showed a decreased
number of neurons (2,795 ± 198) (Fig. 7A and B).
Rats treated with 7-ACAG 1 h after induction of Hp
demonstrated a mean of 4,547 ± 79 neurons/mm3, sug-
gesting that damage was reduced by 38% compared

with rats of the control group (p ≤ 0.01). Also, histo-
logical analysis of brains of rats administered 7-ACAG
24 h after Hp demonstrated reduced loss of neu-
rons (5,010 ± 110 neurons/mm3). Similar effects were
obtained in the CA1 region with the application of
�-Tocopherol: 4,685 ± 114 neurons/mm3.

In the somatomotor cortex, neuronal density in the
Hp group treated with 7-ACAG was similar to that
quantified in the control (intact) group (Fig. 7C and
D), which showed, in left somatomotor cortex, a neu-
ronal density of 6,950 ± 121 neurons/mm3, while Hp
rats exhibited a decrease of 54% in neuronal density
in right brain cortex (3,190 ± 95 neurons/mm3). Neu-
ronal density in somatomotor cortex of rats treated
with7-ACAG for either 1 h or 24 h after induction of
Hp was 6,150 ± 88 and 6,225 ± 109 neurons/mm3,
respectively. The decrease in neuronal number was 12
and 10%, respectively, and was significantly different
from that observed in Hp rats (p < 0.05). Application
of �-Tocopherol 1 h after Hp induction also reduced
the decrease in neuronal number in somatomotor left
cortex (6,387 ± 114 neurons/mm3) caused by Hp,
while in vehicle-treated Hp rats, neuronal density was
3,279 ± 126 neurons/mm3.

4. Discussion

In this study, we isolated 7-ACAG from Agastache
mexicana subsp. mexicana and xolocotziana, plants
commonly used as sedatives, hypnotics, and anxiolyt-
ics and for their tranquilizing properties in traditional
Mexican medicine. In previous studies, the aqueous
extracts of these plants were characterized by their
CNS-depressant effects (Estrada-Reyes et al., 2014).
In this study, we isolated one of the main constituent of
these extracts, 7-ACAG, and characterized its sedative
and ambulatory activity effects on behavioral models
and on BIC-induced seizures in mice and, in addi-
tion, the functional protection of 7-ACAG effects on
the Hp stroke rat model in the BWT in rats and, in
vitro, hippocampal slices to explore the involvement
of the GABAergic system in its actions. The results
showed that administration of 7-ACAG to mice pro-
duced a clear sedative effect. In addition, 7-ACAG
at 20–40 mg/kg exerted sedative effects similar to
those induced by DZ at 12 mg/kg evaluated on the
HBT and OFT. The CNS inhibitory effect of 7-ACAG
was demonstrated because a single administration of
this compound exhibited partial protection against
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Fig. 7. 7-ACAG decreases neural damage in rat brain cortex and hippocampus caused by hemiplegia. Quantitative analysis in neuronal density
caused by Hemiplegia (Hp) induction is shown in the ipsilateral hippocampus and brain cortex (Panels A and C). Slices of hippocampus and
brain cortex stained by means of the Nissl method are shown in Panels B and D, respectively. Brain cortex damage reduces neuronal density
in the hippocampal CA1 area. 7-ACAG treatments applied either 1 h or 1 day after Hp reduces neural loss. Similar effects are produced by
administration of �-Tocopherol. The vehicle did not produce this effect. Scale bars: 15 �m.

convulsions induced by BIC, a competitive antago-
nist of GABAA receptors. 7-ACAG also increased
the threshold of BIC-induced myoclonic seizures and
delayed progression to tonic convulsion. Furthermore,
at doses of 20 and 40 mg/kg, 7-ACAG reduced the inci-
dence of death by up to 72%, while DZ only reduced
this up to 50%. Moreover, in brain slices, 7-ACAG
exerted an inhibitory effect on the synaptic response
in the hippocampal CA1 area. It increased GABAer-
gic activity and decreased the hyperexcitability effect
induced by BIC. Increased doses of 7-ACAG had a
similar response both in vitro and in vivo; thus, data
suggest the participation of GABAergic activity in
these responses. In vivo, the behavioral and possible
anticonvulsant effects of 7-ACAG are similar to those

of DZ, while in vitro, changes induced in the PP proto-
col, that is, reduction of fEPSP slope and blockade of
BIC effects, resemble GABAA receptor modulation.

Data obtained from 7-ACAG treatment in Hp rats
suggest that this compound exerts a protective effect,
because it does not induce changes on in vivo basal
synaptic activity (EEG). However, it contributes to
increasing contralateral hemisphere activity during the
recovery process. Moreover, histological analysis of
brains from Hp rats treated with 7-ACAG showed that
neuronal density did not decrease, even under Hp con-
ditions. Therefore, taken together, electrophysiological
and histological results support that 7-ACAG protects
brain tissue against damage caused by Hp and suggest
that it also acts as a neuroplasticity inducer.
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Previously, it was shown that some flavonoid gly-
cosides, such as rutin, neohesperidin, and linarin,
possess sedative effects in rodents (Raines et al., 2009;
Fernández et al., 2006). In this paper, we found that
7-ACAG decreases exploratory behavior and loco-
motion activity in mice in a dose-response manner,
indicating its sedative effects. In addition, 7-ACAG
exerted sedative effects similar to those induced by DZ
at 1–2 mg/kg. Thus, and because DZ acts on GABA
receptors, the activity of 7-ACAG can be related with
positive modulation of GABAergic neurotransmission.
In this regard, it has been described that some flavone
glycosides, such as hesperidin, show direct activity
on the GABAA receptors expressed in oocytes, which
possess pentameric structures made up of �1�2�2 sub-
units. In addition, some aglycone flavonoids, such as
chrysin, can potentiate Cl− currents by 490% (Yang
et al., 2011; Rueda et al., 2014) and induce powerful
hyperpolarizations in cultured neurons (Jin et al., 2013;
Jones et al., 2009; Cho et al., 2011). Therefore, the
interaction of 7-ACAG and the GABA receptor is plau-
sible. Thus, we suggest that 7-ACAG modulates the
GABAA receptor and potentiates Cl– entry into cells
(Lopes et al., 2004). In support of this notion in vitro,
we identified that 7-ACAG is capable of decreasing the
hyperexcitability effect produced by BIC and increas-
ing the PPi, similarly to GABA. It is also known that
dihydroxyflavone binds to the BDZ binding site in the
GABAA receptor (Wang et al., 2002). This evidence,
together with the results obtained in this study, sug-
gests that the antiepileptic effects of 7-ACAG in mice
could be caused by the interaction of this compound
with the GABAA receptor.

In this work, we showed that 7-ACAG caused
a reversible decrease in hippocampal CA1 synaptic
activity, and decreased epileptiform activity in the pres-
ence of BIC was observed with 7-ACAG. Together,
these data strongly suggest that 7-ACAG directly stim-
ulates the GABAergic receptor (Calixto et al., 2003).
Moreover, PP stimulation supports that this effect is
modulated by GABAergic interneurons activation and
discards the participation of glutamatergic activity or
low voltage-dependent Cl– channels (Calixto et al.,
2000). Furthermore, 7-ACAG can comprise a selective
postsynaptic modulator of GABAergic neurotransmis-
sion because of its reversible dose-dependent effect:
the increase in PPi and the decrease of the hyper-
excitability effect induced by BIC. Data suggest that
GABA modulates its ionotropic receptor for long peri-
ods of time, similarly to BDZ.

In this paper, we studied 7-ACAG effects on the
hippocampus, because GABAA receptor activity is
involved in the processes of learning and memory.
Also, in vitro studies show that bioactive molecules
with a similar structure to flavonoids can be either par-
tial or direct agonists of the GABAA receptor (Wang
et al., 2007). Thus, taken together, these data support
that 7-ACAG binds to GABAA receptor and that this
interaction may displace the binding of BIC from the
GABA site. This would grant an inhibitory and anti-
convulsant effect to 7-ACAG (Fig. 8).

In this study, we demonstrated that �-Tocopherol
induces similar effects to those of 7-ACAG; there-
fore, we are unable to discard that Free radical (FR)
scavenger activity, in addition to GABA modulation,
may account for 7-ACAG protective effects. Applica-
tion of �-Tocopherol, an FR scavenger and antioxidant
(Osakada et al., 2003), induced Hp recovery similar to
7-ACAG. Some flavonoids are capable of scavenging
FR of oxygen generated by inflammatory processes
and injuries responsible for tissular damage (Chen
et al., 1990; Dong et al., 2013). Therefore, it is possible
that 7-ACAG induces functional recovery of Hp rats
by capturing Reactive oxygen species (ROS) treated
with 7-ACAG because they significantly recovered
their motor activity and neuronal loss caused by Hp
in the CA1 hippocampal region and somatomotor cor-
tex. These results are similar to those obtained by
the application of �-Tocopherol. Thus, in our find-
ings, we identified that both compounds (7-ACAG and
�-Tocopherol) produced protection for neuronal net-
works of brain cortex (Lebeau et al., 2001; Meng et
al., 2014). In this regard, 7-ACAG reduced brain cortex
damage by 80%, while reduction of damage in the hip-
pocampus CA1 area was about 60%. These variations
can originate from the difference in neuronal commu-
nication between these two areas and by the difference
in their glial cell density. According to this, some
flavonoids protect cells from traumatic brain damage
(Leonardo et al., 2013). Thus, all of these data suggest
that 7-ACAG induces positive neuronal plasticity by
decreasing oxygen-dependent FR.

Together, this evidence indicates that 7-ACAG is
a flavone glucoside that belongs to the neuroactive
family of flavonoids with therapeutic, possible anticon-
vulsant, anxiolytic, and hypnotic effects (Wang et al.,
2005; Tsang & Xue, 2004).

After an important brain damage, functional
recovery depends on the activity of contralateral hemi-
spheres (Axelson et al., 2013). In this study, we showed
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Fig. 8. Possible mechanisms of action of 7-ACAG. A) GABA increases Cl− entry, hyperpolarizing the cell membrane. B) Bicuculline (BIC)
blocks the GABA binding site, inducing hyperexcitability. C) 7-ACAG displaces BIC from the GABA binding site reversing the blockade
effect induced by BIC. Moreover, it is possible that 7-ACAG can be involved in the modulation of other neurotransmissions and produce
other effects.

that EEG activity is increased in the contralateral hemi-
sphere 48 h after Hp injury as previously described
(Goldstein & Bullman, 1999) and in functional recov-
ery after ischemic stroke in humans (Kim et al., 2014).
Therefore, the data presented here establish the impor-
tance of the left hemisphere and its communication
with the injured side. Furthermore, systemic applica-
tion of 7-ACAG either 1 h or 24 h after induction of
Hp significantly increases the activity of the contralat-
eral brain hemisphere, supporting this concept. Also,
the mechanisms by which the contralateral hemisphere
is overactivated are related with a decrease of GABAA
receptor availability (Kim et al., 2014). Thus, evidence
allows suggesting that the effect of 7-ACAG on func-
tional recovery can be related with initial phases with
GABAergic modulation and in maintenance phases
with antioxidant, anti-inflammatory or FR scavenger
effects. However, it is important to consider that some
works related with stroke show that effect of the con-
tralateral hemisphere appears to ameliorate recovery
(Assenza et al., 2013; Sun et al., 2012). Future works
must be focused on comparing the role of the hemi-
spheres on ischemia and stroke models.

Our results indicate that injuries caused by aspira-
tion of the right somatomotor cortex have negative

repercussions on the motor behavior of old rats, as
previously shown (Brailowsky et al., 1995; Zepeda et
al., 1999) In this study, we also found that young rats
recover faster (in 1 week). Brain damage induced in one
of the hemispheres can generate a selective increase
in the electrical activity of the contralateral anatomic
structures during the recovery process. This has been
especially reported in brain injury in striatum, substan-
tia nigra, and contralateral thalamus and is related with
changes in GABAergic activity (Jones & Schallert,
1992). Also, the contralateral hemisphere of a brain
injury presents an increment in dendritic arborization
of pyramidal cells from layer V (Jones & Schallert,
1994), which can be related with the increase in the left-
hemisphere’s electric signal. In this respect, we showed
in our study an increased power by Wavelet analysis.
In addition, hesperidin, a well-characterized flavonoid
(Oztanir et al., 2014), increased both Brain-derived
neurotrophic factor (BDNF) expression and the recov-
ery process during traumatic damage (Spencer et al.,
2009). Therefore, data suggest that 7-ACAG may
increase BDNF synthesis and release. Finally, the role
of the contralateral hemisphere in functional recov-
ery has been partially studied. Brain hemispheres were
separated by performing a callosotomy 20 days after
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induction of brain damage, and no interference with
the maintenance mechanisms of the chronic recov-
ery was appreciated (Zepeda et al., 1999). In contrast,
our data showed the importance of the contralat-
eral hemisphere in functional recovery. Our analysis
indicates that the activation process of contralateral-
hemisphere brain damage occurs immediately within
a critical window of 48 h and is enhanced by 7-
ACAG.

5. Conclusions

Results obtained from behavioral tests, histological
analyses, and in vivo and in vitro recordings support
that 7-ACAG can modulate GABAergic activity and
confer neuroprotection that contributes to functional
recovery after brain damage. The future development
and use of flavonoids with sedative and neuroprotective
effects should be explored. Finally, the results suggest
the use of 7-ACAG as an alternative pharmacological
treatment for traumatic brain damage, strokes, and for
post-operative conditions caused by neurosurgeries or
diseases such as Alzheimer disease.
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of the Instituto Nacional de Psiquiatrı́a Ramón de la
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