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Abstract

Background: Acid-sensing ion channels (ASICs) have a significant role in the sensation of pain and constitute an
important target for the search of new antinociceptive drugs. In this work we studied the antinociceptive
properties of the BM-21 extract, obtained from the sea grass Thalassia testudinum, in chemical and thermal models
of nociception in mice. The action of the BM-21 extract and the major phenolic component isolated from this
extract, a sulphated flavone glycoside named thalassiolin B, was studied in the chemical nociception test and in
the ASIC currents of the dorsal root ganglion (DRG) neurons obtained from Wistar rats.

Results: Behavioral antinociceptive experiments were made on male OF-1 mice. Single oral administration of
BM-21 produced a significant inhibition of chemical nociception caused by acetic acid and formalin (specifically
during its second phase), and increased the reaction time in the hot plate test. Thalassiolin B reduced the licking

behavior during both the phasic and tonic phases in the formalin test. It was also found that BM-21 and thalassiolin B
selectively inhibited the fast desensitizing (t < 400 ms) ASIC currents in DRG neurons obtained from Wistar rats, with
a nonsignificant action on ASIC currents with a slow desensitizing time-course. The action of thalassiolin B shows no
pH or voltage dependence nor is it modified by steady-state ASIC desensitization or voltage. The high concentration

therapeutic application.

of thalassiolin B in the extract may account for the antinociceptive action of BM-21.

Conclusions: To our knowledge, this is the first report of an ASIC-current inhibitor derived of a marine-plant
extract, and in a phenolic compound. The antinociceptive effects of BM-21 and thalassiolin B may be partially
because of this action on the ASICs. That the active components of the extract are able to cross the blood-brain
barrier gives them an additional advantage for future uses as tools to study pain mechanisms with a potential

Background

Acid-sensing ion channels (ASICs) are a group of
sodium-selective ion channels activated by extracellular
acidosis. They are widely expressed in neurons of both
the central and the peripheral nervous system and they
have also been detected in nonneuronal tissues [1-3].
The participation of the ASICs in sensory processes,
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synaptic plasticity, learning and memory, and in the sur-
vival of neurons following global ischemia in the brain
has been demonstrated in various animal models [2,4-8].
The role of ASICs in nociception has been shown in dif-
ferent models of pain and inflammatory hyperalgesia
[9,10]. The cutaneous pain produced in humans by
moderate pH (up to 6) is largely mediated by the ASICs
[11,12] The pain sensation produced by cardiac ischemia
seems also to be mediated by ASIC activation [13].

The search for new selective pharmacological agents
with no significant side-effects is an increasing require-
ment for the development of new drugs to be used in
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the treatment of acute and chronic pain. The standar-
dized extract named BM-21 obtained from the sea grass
Thalassia testudinum, a marine plant highly abundant
along the coasts of Cuba, has been characterized and
patented [14]. This product is rich in flavonoid com-
pounds and it does not possess any known toxicity, but
has antiinflammatory and antioxidant properties and
contributes to the recovery of irradiation-damaged der-
mis and the normal properties of the epidermis [15,16].
The bioassay-guided fractionation of the plant extract
resulted in the isolation of thalassiolin B (chrysoeriol
7-B-D-glucopyranosyl-2"-sulphate), the most abundant
component of the extract. Its topical application (240 pg
cm®) markedly reduced skin UVB-caused damage. Tha-
lassiolin B scavenged the 2,2-diphenyl-2-picrylhydracyl
radical (EC50 = 100 pug mL") suggesting that it may
contribute to the protective effect on the skin of the
crude extract of T. testudinum [17].

In this study we describe the antinociceptive effects of
BM-21 and thalassiolin B on different animal models of
pain, and the inhibitory action of BM-21 and thalassiolin
B on the ASIC currents in isolated dorsal-root ganglion
(DRQG) neurons in a primary culture.

Methods

Sea Grass Collection

T. testudinum (Banks ex Konig, 1805) was collected in
March 2008 from La Concha Beach (22°05’45”N, 82°
27°15”W) and identified by Dr. J.A. Areces (Institute of
Oceanology, Havana, Cuba). A voucher sample (No. IdO
039) has been deposited in the herbarium of the Cuban
National Aquarium.

Extraction and Isolation

Whole dry and ground T. testudinum leaves (840 g) were
continuously extracted (three times) with EEOH-H20
(50:50, v:v) during 24 h at room temperature. The com-
bined extracts were filtered and concentrated under
reduced pressure and a temperature 30 to 40 °C to yield
54 g of crude extract (BM-21). The fractionation of
BM-21 was done by a bioassay-guided protocol, in which
BM-21 was dissolved in water and successively partitioned
with n-hexane, chloroform, and water-saturated #-butanol.
The bioactive n-butanol fraction was then fractionated by
size-exclusion column chromatography (Sephadex LH-20,
EtOH 97%) to give a late-eluting yellow band. This frac-
tion was further purified by semipreparative C18 reversed-
phase HPLC (Phenomenex Luna C18 column, 5 pm,
250 x 10 mm) using a linear gradient of H20:MeOH from
80:20 to 0:100 in 35 min (flow: 3 mL/min) to yield pure
thalassiolin B. The structure was confirmed by spectro-
scopic analyses (1D and 2D NMR experiments) and com-
parison with the literature data [18].
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Quantification of thalassiolin B in the crude extract
Aqueous solutions of thalassiolin B were prepared at nine
concentrations (0.1 to 3.0 mg mL™"), and 5 pL of each
was injected into the Waters HPLC instrument (Phenom-
enex Luna C18 column, 5 pm, 150 x 4.60 mm) with a
gradient of H20: methanol:trifluoroacetic acid (MeOH:
TFA) (flow 1.0 mL/min from 80:20:0.1 to 0:100:0.1) as
the eluent and with the UV detection set at 280 nm.
A standard curve relating concentration to peak area was
generated, and the retention time and absorbance spec-
trum for the compound were recorded. Four replicates of
the T. testudinum water extract were prepared as
described. Following centrifugation, drying, and weighing,
these extracts were brought up to 13 mg/mL in water
and 5 pL of each was injected in the same HPLC condi-
tions as for the standard. Peak areas corresponding to
thalassiolin B were recorded and converted to concentra-
tion by using the standard curve (R = 0.997).

Instrumental analyses

Column chromatography was done using Sephadex
LH-20 (Pharmacia, Sweden). HPLC purification and
quantification of thalassiolin B were made on a Waters
600 system equipped with a Waters 717 plus autosam-
pler, a Waters 996 photodiode array detector, and a
Sedex 55 evaporative light-scattering detector (Sedere,
France). All solvents used for HPLC were Fisher HPLC
grade. The NMR spectra were made on a Bruker Avance
500 MHz spectrometer. Chemical shifts (J in ppm) are
referenced to the carbon (6C 49.0) and residual proton
(6H 3.31) signals of CD30OD. Low resolution electrospray
ionization (ESI) mass spectra were obtained with a Bru-
ker Esquire 3000 Plus spectrometer in the negative mode.

Studies in vivo

Animals

Experiments were made on male OF-1 mice (25-30 g)
obtained from the National Center for Laboratory Ani-
mals (CENPALAB), Santiago de Las Vegas, La Habana,
Cuba. The animals were adapted to the laboratory con-
ditions for at least one week, with free access to food
and water, with light:dark cycle 12:12 at a constant
room temperature of 20°C and 70% relative humidity.
They were maintained in the experimental soundless
room for at least 1 day before the experiment and with
a restriction of food and water 2 h before it. All
experiments were made between 0800 and 1300. All
procedures were done according to the European Com-
mission guidelines for the use and care of laboratory
animals and approved by the Committee for Animal
Care in Research of the Center. The minimum number
of animals and duration of observation required to
obtain consistent data were used.
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Drugs and extract administration

The quantity of BM-21 to be used was daily dissolved in
distilled water. Indomethacin (IMEFA, Havana, Cuba)
was dissolved in 10% Tween 20 (Merck, Darmstadyt,
Germany), formaldehyde (Merck) in PBS (BDH Lab
Supplies, UK) and acetic acid (Merck) in water. Amilor-
ide (Sigma-Aldrich, St. Louis MO) and thalassiolin B
were dissolved in polyethylene glycol (Sigma-Aldrich) at
1.5%. Different concentrations of BM-21 and indo-
methacin were administered orally (by intragastric
canulla), whereas 0.01 mL g' body weight of acetic acid,
amiloride, and thalassiolin B were administered intraper-
itoneally or 20 pL of formaldehyde was administered
subcutaneously. Indomethacin, a well-known peripheral
antiinflammatory (cyclooxigenase-1 [COX-1] inhibitor)
and analgesic drug, was used as a positive control in all
the models. The acetic acid and formaldehyde were
used to produce different modalities of pain in the
respective tests.

To study the antinociceptive activity of BM-21, the
following groups and protocols of treatment were used;
Group 1 (control), mice were treated with distilled
water and served as normal vehicle control. Groups 2, 3,
4, 5 and 6 mice were treated with BM-21 (4, 20, 40,
400, and 1000 mg kg™'). Group 7, animals were treated
with 15 mg kg' indomethacin. Another experimental
series included the study of the effects of both
100 mmol kg™ amiloride and 100 mmol kg™ thalassiolin
B on the formalin test. Each animal was used once. The
administration of the vehicles used to dissolve the sub-
stances tested showed no significant action in the beha-
vioral tests (data not shown).

Models used for the evaluation of antinociceptive activity
Hot plate test

The hot plate temperature was kept at 54 + 1°C. The
response was considered in the form of jumping or lick-
ing of the paws. The latency (in seconds) was recorded
before (from two consecutive measurements at intervals
of 30 minutes) and after 90 min following the oral
administration of BM-21 or indomethacin. This time
was selected on the basis of preliminary experiments
using 15 mg kg' indomethacin showing that at this
time the response reached a maximum, and then tends
to decay. A cut-off time of 20 s was imposed to avoid
damage to the paw. Analgesic activity was expressed as
the increase in response time with respect to the corre-
sponding pretreatment control.

Intraperitoneal acetic acid injection “writhing test”

The BM-21 extract, indomethacin, or water were admi-
nistered 90 min before the test. After 85 min of BM-21
or indomethacin administration, mice were injected
intraperitoneally (ip) with an aqueous solution of acetic
acid (0.6%). The number of contortions and stretches in
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each mouse was counted for 20 minutes, starting 5 min
after acetic acid injection. The results were expressed as
percentage of change with respect to controls.

Formalin test

Mice were habituated for 30 min in the glass observa-
tion chambers (20 x 20 x 30 cm). After 90 min, BM-21,
thalassiolin B, amiloride, or indomethacin were adminis-
tered. All mice received 20 uL of 5% formalin injected
into the plantar surface of the right hind paw. The total
number of licking-biting of the injected paw during the
acute early phase (0-5 minutes) and the tonic, last phase
(15-30 minutes) after formalin injection were measured.
Evaluation of motor activity

The motor activity of the animals was evaluated in a
rota-rod apparatus. The animals were placed on the
rota-rod (16 and 32 rpm) and the time they remained
on the apparatus was recorded. The cut off time was
2 min. The performance time was measured for control
animals and at 40, 400, and 1000 mg kg™' BM-21.
The rota-rod test was made 90 min after BM-21
administration.

Statistical analysis

ANOVA tests and the nonparametric analysis of var-
iance (Kruskal-Wallis, and U Mann-Whitney) tests were
used to evaluate statistical significance. The software
used was SPSS (IBM) and differences between treated
and control groups were considered statistically signifi-
cant when P < 0.05.

Electrophysiological experiments in vitro

To study the effect of BM-21 and of thalassiolin B on
the ASIC current, the whole cell patch-clamp techni-
que was used. For this purpose the DRG neurons from
Wistar rats (P5 to P9) were isolated and cultured
according to the procedure described by Salceda and
coworkers [19].

Cell culture

The rats were anesthetized and killed with an overdose
of sevofluorane. The dorsal root ganglia were isolated
from the vertebral column and incubated (30 min at
37 °C) in Leibovitz L15 medium (L15) (Invitrogen,
Carlsbad, CA) containing 1.25 mg mL™ trypsin and 1.25
mg mL™" collagenase (both from Sigma-Aldrich, St.
Louis, MO, USA). After the enzyme treatment, the
ganglia were washed 3 times with sterile L15. Cells were
mechanically dissociated using a Pasteur pipette
and then plated on 12-mm x 10-mm glass coverslips
(Corning, Corning, NY) pretreated with poly-D-lysine
(Sigma-Aldrich) and placed onto 35-mm culture dishes
(Corning). Neurons were incubated 4 to 8 h in a humi-
dified atmosphere (95% air, 5% CO,, at 37 °C) using a
CO, water-jacketed incubator (Nuaire, Plymouth, MN)
to allow the isolated cells to settle and adhere to the
coverslips. The plating medium contained L15, with
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added 15.7 mM NaHCOj3; (Merck, Naucalpan, Mexico),
10% fetal bovine serum, 2.5 pg/mL fungizone (both
from Invitrogen), 100 U/mL penicillin (Lakeside, Toluca,
Mexico), and 15.8 mM HEPES (Sigma-Aldrich).
Electrophysiological recording

The DRG neurons were incubated 4 to 8 h and the cul-
ture dish with attached cells was mounted on the stage
of an inverted phase-contrast microscope (TMS, Nikon
Co. Tokyo, Japan). Cells were bathed in an external
solution shown in Table 1. Cell voltage responses were
studied at room temperature (23-25 °C) using an Axo-
patch 1D amplifier (Molecular Devices, Union City,
CA). The cells for recording were selected as not
adhered to other cells, to show no neurite outgrowth,
and to have a round soma of regular size. Only cells
showing a distinct peak-response (an initial peak fol-
lowed by sustained current) to acid perfusion were used
for recording. Command-pulse generation and data
sampling were controlled by pClamp 8.0 software
(Molecular Devices) using a 16-bit data-acquisition sys-
tem (Digidata 1320, Molecular Devices). Signals were
low-pass filtered at 5 kHz and digitized at 10 kHz. Patch
pipettes were pulled from borosilicate glass capillaries
(TW120-3; WPI, Sarasota, FL) using a Flaming-Brown
electrode puller (80-PC; Sutter Instruments, San Rafael,
CA). They typically had a resistance of 1 to 3 MQ) when
filled with the intracellular solution (see Table 1). The
series resistance was electronically compensated for by ~
80%. The digital data were stored in a PC computer for
off-line analysis.

Experimental protocols and data analysis

The ASIC currents were generated by a fast (about 100 ms)
pH change from 7.4 to 6.1 for 5 seconds, by shifting one of
the three outlets of a fast change perfusion system (SF-77B,
Warner Inst., Hamden, CT) while keeping the cell at a
holding potential (V},) of -60 mV. The time between the
pH step changes was 1 minute to guarantee that the ASIC

Table 1 Solutions used for voltage clamp recording

Extracellular (mM) pH 6.1 Intracellular (mM)
Extracellular (mM)

NaCl 140 140 10
KCl 54 54 140
CaCl, 18 1.8 0.134
MgCl, 12 12
HEPES 10 - 5
MES - 10
EGTA - - 10
MgATP - - 2
Na- 1
GTP

pH 7.4 adjusted
with NaOH

pH 6.1 adjusted
with NaOH

pH 7.2 adjusted
with KOH
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current was completely recovered from desensitization.
The transient receptor potential V1 (TRPV1) antagonist
capsazepine (10 pM) (Sigma Chemical Co., St Louis MO)
was added to the extracellular solution (pH 6.1) to avoid
potential activation of the TRPV1 receptor by a drop in
pH. The variables measured to characterize the ASIC cur-
rents were a) maximum peak amplitude, b) current desen-
sitization time-constant (determined by fitting the decay
phase of the current with a single exponential function:
Tqes), €) the amplitude at the end of the acid pH pulse
(it was considered a measure of the steady-state current
and normalized in relation to peak current). The BM-21
was coapplied with the pH change to 6.1 whereas the tha-
lassiolin B was preapplied 20 seconds before the pH change
to 6.1 and during the whole pH pulse [20]. The reason for
this difference in application protocol was because thalas-
siolin B produced highly variable results when coapplied
but a consistent effect when it was preapplied. The pH of
the perfusion solution was checked after adding BM-21 or
thalassiolin B so we can discard the possibility of pH
changes caused by them. To characterize the DRG acid-
gated currents, amiloride (10, 30, and 100 uM), Gd**
(100 pM), Na sulfate, and choline chloride were used.

The concentration-response relationship was obtained
comparing the effect of BM21 and of thalassiolin B with
its control. The data were fitted with the function Y =
min + (max-min)/(1+(x/ECsp)™), where Y is the pharma-
cological effect of the substance under study, «x is the
substance concentration, max and min are the maxi-
mum and the minimum effects, ECs, is the concentra-
tion at which 50% of the effect is obtained and H is the
Hill slope constant. To define the statistical significance
a paired Student’s ¢-test was used and P < 0.05 was con-
sidered as significant. Experimental data are presented
as the mean + standard error.

Results

Concentration of thalassiolin B in the crude extract of
Thalassia testudinum

The concentration of thalassiolin B in the crude
extract BM-21 obtained from Thalassia testudinum was
determined. Because thalassiolin B is water soluble and
difficult to isolate quantitatively, it was necessary to
evaluate its concentration by using analytical-scale
HPLC peak integration. Using this method, the concen-
tration of thalassiolin B was equivalent to 5.8 + 0.3%
(weight) of the crude extract. The HPLC traces of this
compound (standard) and of the crude extract are
shown in Figure 1. The absorbance spectra for the stan-
dard and the corresponding 21-min peak in the extract
were identical, confirming that the compound being
quantified was thalassiolin B. This was also confirmed
by LC-ESIMS analysis which showed the characteristic
ion at m/z 541 ([M-HJ]").
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Figure 1 Chromatographic profile of BM-21 and structure of the bioactive flavone glycoside. A) Chemical structure of thalassiolin B
(chrysoeriol 78-D-glucopyranosyl-2"-sulphate) isolated from T. testudinum. B) HPLC traces of the standard of thalassiolin B. C) HPLC profile of BM-
21. The HPLC conditions to obtain B and C were similar (see ‘Material and Methods’).
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Effects of BM-21 and thalassiolin B in vivo

Hot plate test

The BM-21 was used in concentrations ranging from 4 to
1000 mg kg* in the diverse models of nociception. In the
hot plate test, the administration of 4 and 20 mg kg™
BM-21 (n = 6 each) produced no significant effect. How-
ever BM-21 (40, 100, 400, and 1000 mg kg'; n = 12
each) and indomethacin (15 mg kg™'; # = 16) produced a
significant increase in the response latency tested 90 min
after its administration (P < 0.05; Figure 2A), although
the action of 400 and 1000 mg.kg™" BM-21 had a lower
amplitude than that produced with 40 mg kg™.

Writhing test

The ip injection of acetic acid in control mice produced
51.4 * 4.1 contortions and stretches (n = 19). The action
of BM-21 and indomethacin were studied 90 min after
their administration. The use of 4 and 20 mg kg™

BM-21 (n = 8 each) apparently reduced the number of
contortions and stretches but this reduction was not sig-
nificant (P > 0.05). The use of a higher concentration of
BM-21 (40 mg kg™) significantly reduced the number of
contortions and stretches to 26.8 + 5.7 (47% protection,
n =12; P = 0.018), and 400 mg kg' BM-21 produced
the maximum reduction in the number of contortions
and stretches; 21.9 + 3.9 (57% protection; n = 19; P <
0.001), whereas at 1000 mg kg' the reduction was 31 +
3.5 (39% protection; n = 10; P = 0.004) (Figure 2B). In
the experimental group in which 15 mg kg™ indometha-
cin was used (# = 12) the number of contortions and
stretches was 8.7 + 2.1 (83% protection; P < 0.001 com-
pared to control). The action of indomethacin was
apparently greater than the maximum effect of 400 mg
kg BM-21 but the difference was not significant
(P = 0.19).
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Figure 2 Effects of BM-21 on the thermal nociception and acetic acid writhing test. A) In the hot plate test the use of BM-21 (40 -
1000 mg kg') and 15 mg kg™ indomethacin increased the latency of response measured 90 min after drug administration. Control = 3.3 s
(dotted line). * P < 0.05, ** P < 0.001. In this and following graphs each bar represents mean + SE, marks * and ** indicate significantly different
from control (P < 0.05, P < 0.001) (one-way ANOVA and Student’s t-tests). B) Number of contortions and stretches generated by the
intraperitoneal injection of acetic acid measured in control and after 90 min of BM-21 or indomethacin administration.

Because the maximum reduction of contortions and
stretches was obtained with 400 mg kg™' BM-21, this
dose was used to study the temporal dependence of the
BM 21 effect in the acetic acid-generated contortions
and stretches. The effect of 400 mg kg™' BM-21 was sig-
nificant after 60 minutes (34% reduction; P = 0.03) and
a greater reduction of contortions and stretches was
reached after 90 minutes (57% reduction; P = 0.001) of
BM-21 administration (data not shown).

Formalin test

In the formalin-generated licking behavior the adminis-
tration of 4 t01000 mg kg™' BM-21 (n = 12 for each
group) had no significant effect on the number of lick-
ings in the 1st-phase (0-5 min) after formalin injection
(Figure 3A). However, in the 2nd phase (15-30 min),
the BM-21 produced a significant effect at concentra-
tions ranging from 20 to 1000 mg kg' The maximum
reduction of 49% in the licking behavior was attained
with the use of 40 mg kg™' BM-21. In comparison with
the control group, a one-way ANOVA analysis revealed
a significant effect of the extract in the late phase at
doses of BM-21 from 20 to 1000 mg kg (Figure 3B).
The use of 15 mg kg* indomethacin produced a signifi-
cant reduction in both the 1st- and 2nd-phase of the
formalin test. The licking behavior during the 1st-phase
was unaffected by 100 mmol kg™' amiloride (# = 6),

whereas 100 mmol kg™ thalassiolin B (1 = 6) decreased
the licking behavior 34% (Figure 3A). Both compounds
reduced the 2nd-phase licking behavior similarly (13 +
2.2 for amiloride and 11.6 + 1.4 for thalassiolin B;
Figure 3B).

The actions of BM-21 in the nociception tests used
did not show typical dose response relationships, which
may have been caused by the nonspecific actions of
BM-21. In the work with natural extracts it is common
to find this type of dose relationship. This extract is a
mixture of flavonoids, terpenes, saponins, and other
constituents that could contribute differently to the bio-
logical activity. The antinocioceptive effect of BM-21
results from the combined action of all the pharmacolo-
gically active components of the extract. It would be
possible that the pharmacological action of one or more
compounds could produce opposite effects (pronocicep-
tive action) and at higher concentrations this contribu-
tion could have become more evident in comparison
with other compounds that can reach a plateau at this
concentration, resulting in a decrease of the action of
the BM-21. Considerable mechanistic evidence indicates
that U-shaped dose-response curves are common and
have been designated as hormetic effects, mediated by
agonist concentration gradients with different affinities
for stimulatory and inhibitory regulatory pathways [21].
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Figure 3 The effect of BM-21 and thalassiolin B on nociception caused by formalin injection into the hind paw. A) No significant effect
of BM-21 or amiloride was observed during the 1st-phase nociception, although indomethacin and thalassiolin B produced a significant
reduction in the number of lickings. B) In the 2nd-phase, except for the lowest dose of the BM-21 (4 mg kg™, all the drugs used produced a
significant reduction in the number of lickings. The magnitude of the thalassiolin B action was similar to that of amiloride and apparently larger
than that produced by 15 mg kg™ indomethacin, but the difference was not significant (P = 0.302).

Motor activity

To discard the possibility that the BM-21 would exert a
sedative action, explaining the effect observed in pre-
vious behavioral tests, studies of the motor activity of
the animals after BM-21 (40, 400, and 1000 mg kg™)
were made using the rota-rod test. According to the
data shown in Table 2 (n = 12), BM-21 did not alter the
time that mice spent in the rota-rod apparatus, indicat-
ing that potential changes in the motor activity could
not account for the effects observed in previous

Table 2 Rota-Rod motor performance under the influence
of BM-21

Latency

8 rom 16 rpom 32 rpm
Control 120 120 120
40 mg kg 120 117 £23 117 +18
400 mg kg’ 120 120 + 0.1 117 £ 21
1000 mg kg™ 120 120 108 + 7.2

Table shows the latency of the time that mice spent in the rota-rod apparatus in
control and with the use of various BM-21 concentrations (cut-off time was 120 s).



Garateix et al. Molecular Pain 2011, 7:10
http://www.molecularpain.com/content/7/1/10

behavioral tests, thus supporting that BM-21 action is
caused by an antinociceptive effect.

Effects of BM-21 and thalassiolin B in vitro

DRG acid-gated currents

The whole-cell voltage-clamp recordings of acid-gated
currents were obtained on 114 DRG neurons. The mean
membrane-capacitance of the cells was 59 + 1.3 pF, cor-
responding to an estimated neuron diameter of 43 +
5 pm. The cells used for the recordings constitute a
relatively restricted population primarily from large-
diameter DRG neurons. The current activated by
acidic-solution perfusion in DRG neurons showed char-
acteristics indicating the participation of diverse ASIC
subunits in the macroscopic current. The acidic-gated
current characteristics found in DRG neurons varied
from a fast transient current with little steady-state cur-
rent, to a current with a clear steady-state, and finally to
a slowly desensitizing current with a large steady-state
component. To demonstrate that the acid-gated currents
that were recorded from the DRG neurons in our
experimental conditions were indeed caused by the acti-
vation of the ASICs, the use of 10, 30, and 100 uM
amiloride produced a concentration dependent 39 +
3.8% (1 = 3), 67 + 4.5% (n = 7), and 85 + 2.3% (1 = 6)
reversible inhibition of the proton-gated peak current
(Figure 4A, B, C). Also, the use of 100 uM Gd>* (1 = 4)
produced a significant inhibition of 90 + 1.3% of the
acid-gated current (Figures 4D). The acid-gated currents
were also studied with the use of an external solution in
which 140 mM NacCl was substituted by 140 mM choline
chloride (n = 5). In this condition the inward current
produced by a pH 6.1 acid solution perfusion was
reduced 96 + 1% compared to the control, showing that
the proton-gated current was an Na" current (Figure 4E).
The curve for the current amplitude versus pH showed
that half of the maximum current (pHs,) was attained
at pH 6.12 + 0.1 (n = 7; Figure 4F). These results
demonstrate that the proton-gated current we are
recording had the typical properties of the ASIC cur-
rents; a proton-gated Na® current inhibited by amiloride
and Gd** (both in the pM range).

Based on the pH sensitivity of the ASIC currents we
decided to use a pH of 6.1 to activate the ASIC currents
in the experiments designed to characterize the action
of the BM-21 and thalassiolin B on the ASIC currents
in the DRG neurons. It was possible to distinguish two
main types of acid-gated currents; a fast transient cur-
rent with a complete desensitization or with a small
steady-state current (less than 10% of the peak current),
and a slowly desensitizing current (t greater than 400 ms).
From their kinetics and desensitization profiles, it was
possible to establish an analogy between the first type
and the respective cloned ASIC1- and ASIC3-like and
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the second type as the ASIC2-like [9] (Figure 5A). It was
not possible to find any significant correlation between
the ASIC current characteristics and cell capacitance,
perhaps because other authors used acutely dissociated
instead of cultured cells [9]. The ASIC2-like current was
clearly distinguishable and its incidence was low (about
25% in frequency). However, it was not possible to sepa-
rate ASIC1- and ASIC3-like currents, because the pro-
portion of different channel populations within the same
cell generates a wide range of possible current wave-
forms. So, for practical purposes we classified the ASIC
currents as fast (with a t < 400 ms) and slowly desensitiz-
ing (with a T > 400 ms).

None of the substances used in this work produced
any electrophysiological action or any changes in the
holding current by their perfusion alone. This excludes
the possibility that their actions were caused by altera-
tions of the many other ionic currents present in DRG
neurons at -60 mV.

Effect of BM-21 on the ASIC currents

The coapplication of BM-21 with pH 6.1 reduced the
peak amplitude of the rapid desensitizing ASIC currents
in the doses assayed in a concentration-dependent man-
ner. The BM-21 had no significant effect on the ASIC
currents with a slowly desensitizing time-course (1 >
400 ms). At the highest concentration used (10 mg mL™?)
the amplitude of the of rapid desensitizing (1t < 400 ms)
ASIC current was reduced 56% from 8.1 + 2.2 nA in the
control to 3.7 + 1.1 nA (Figure 5B). The concentration
response relationship had an ICs, of 0.72 + 0.16 mg mL™
(n = 4; Figure 5C).There was a no significant tendency to
increase the amplitude of the sustained component by
increasing the BM-21 concentration. The current desen-
sitization rate was not significantly affected (control t =
231.7 + 23.3 ms versus T = 319.6 + 56.6 ms, P > 0.05 Stu-
dent’s ¢ test, with 10 mg mL™?! BM-21), and its action was
fully reversible after washing the preparation (between
the first and the second minute) at concentrations below
10 mg mL™". However, the maximum current inhibition
of 56% was attained with 10 mg mL™' BM-21 and the
reversibility at this dose was 84%.

Effect of thalassiolin B on the ASIC currents

The use of thalassiolin B also produced a significant
reduction of the ASIC-current peak amplitude in those
cells with a fast desensitizing current (t < 400 ms), with
no significant change in the kinetic characteristics of the
current (Figure 6A). No action was exerted by this com-
pound on the slowly (t > 400 ms) desensitizing ASIC
currents (n = 8; Figure 6B). The maximum inhibitory
action of thalassiolin B was 30%, from 5.6 + 1.6 nA
under control conditions to 3.9 + 1.0 nA in the presence
of 1 mM thalassiolin B. The concentration-effect rela-
tionship for the thalassiolin B-sensitive currents showed
a dose-dependent inhibitory action on the peak-current
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normalized as a function of the current obtained with pH 4.

Figure 4 The effect of amiloride, Gd3*, and Na*-free extracellular solution on the proton-gated current in DRG neurons. A-C) The use of
amiloride produced a concentration-dependent and reversible inhibition of the proton-gated peak current without significantly modifying the
steady-state current. In this and following graphs the black traces represent the control and the drug effect, the gray trace is after washout. The
dotted line shown in this and following current recordings indicates the zero current, and the gray bar the time of pH 6.1 + drug application.
The graphs display the first 3 seconds after the 5-s pH 6.1 perfusion. D) The use of Gd** also produced a reversible inhibition of the proton-
gated current. E) The use of a Na*-free extracellular solution significantly decreased the current (to 4% of control current) reversibly. F) The
normalized current amplitude versus pH relationship shows a sigmoidal dependence on the pH with a pHsg of 6.12 + 0.1. Currents were

J

amplitude with an ICs of 27 + 2.6 uM (n = 5; Figure 6C).
The effect was fully reversible at all the concentrations
used and the maximum current inhibition of about 30%
was attained with 0.1 mM thalassiolin B. The current
desensitization time-constant was not significantly
affected (control T = 207 + 11 ms versus T = 192 +
14 ms, P > 0.05, Student’s ¢ test, with 1 mM thalassiolin B).
Also, the sustained component of the ASIC current was
unaffected.

Because thalassiolin B is a sulfate flavone glycoside, for
a control of the potential effect of sulfate the perfusion
of 0.1 mM sodium sulfate was also studied. No signifi-
cant effect of sodium sulfate on the ASIC current was
found (n = 4; data not shown), indicating that the
observed effects were specifically caused by the molecule
of thalassiolin B.

To study the influence of thalassiolin B on the gating
of the ASIC current, the pH dependence of the current
amplitude was studied in the control and with the use
of 100 uM thalassiolin B. The pH50 in the control was
6.12 + 0.1 (z = 7) and with the use of thalassiolin B was
6.15 £ 0.1 (n = 7; P > 0.05; Figure 7A). This result indi-
cates no interaction with the proton gating of the chan-
nel. To further characterize the potential influence of
the occupation of proton-binding sites on the actions of
thalassiolin B, the effects of the drug were studied while
the pH of the bath solution was varied between 7.0 and
8.0 with 0.2 pH increments (steady-state desensitization
curves). The pH of the preconditioning bath produced a
significant effect over the current produced by perfusion
at pH 6.1. The preconditioning pH-effect relationships
were constructed in control (pHso = 7.19 + 0.04, n = 5)



Garateix et al. Molecular Pain 2011, 7:10
http://www.molecularpain.com/content/7/1/10

Page 10 of 15

ICso was 0.72 + 0.16 mg mL™.

Figure 5 ASIC-current type and effect of BM-21 on the ASIC currents. A) Typical pH-gated currents recorded in DRG cells (pH 6.1, 5 ).
B) The use of 10 mg mL"' BM-21 reduced the peak amplitude of the pH-gated current in a reversible form. C) The dose-response relationship of
the BM-21 inhibitory effect on the ASIC currents in the DRG neurons was constructed pulling together cells with a desensitizing t < 400 ms. The

and in the presence of 30 uM thalassiolin B (pHsq =
7.27 + 0.03, n = 7; Figure 7B), indicating that its action
is not dependent on the state, closed or inactivated, of
the ASICs. The relationship between the effect of
100 uM thalassiolin B and the pH used to activate the

ASIC current showed no significant pH dependence (pH
4n=22pH5n=8pH6.11n=8 pH65N1n=29;
Figure 7C). The interaction of amiloride and thalassiolin B
was also studied. We found that the effect of 100 uM tha-
lassiolin B on the ASIC current activated by pH 6.1
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Figure 6 The effect of thalassiolin B on the ASIC currents. A) Inhibitory action of 0.03 mM thalassiolin B on the ASIC current in a cell with a
T = 283.3 ms was 23% and fully reversible. B) No significant action of 0.03 mM thalassiolin B was observed in slowly desensitizing ASIC currents.
Current shown has a T = 984 ms. C) Concentration-response relationship of thalassiolin B inhibitory action on the ASIC currents in DRG neurons.
The continuous line shows a dose-response curve adjustment to the data with an ICsy of 27 + 2.6 uM.

was occluded by the use of 30 uM amiloride (n = 5;
Figure 7D). Finally, no significant influence of holding
voltage (-20 mV versus -60 mV) on the thalassiolin B
action was observed (# = 4; data not shown).

Discussion

This study demonstrates the antinociceptive action of
BM-21 in the classical pharmacological models of ther-
mal- (hot plate test) and chemical-caused (acetic acid
and formalin tests) pain in mice and of thalassiolin B in
the formalin test. The inhibition of the nociceptive
behavior does not seem to result from a nonspecific
muscle-relaxant or sedative effect because the BM-21
extract did not show any motor performance alterations
in the rota-rod test.

The hot plate test is one of the most commonly used
for nociception studies [22]. The increase in tempera-
ture produces two behavioral components (paw licking
and jumping) that can be measured by their reaction
times. In this model, BM-21 significantly increased the
latency for jumping or licking suggesting that the extract
exerts an acute antinociceptive action [23]. The acetic

acid-generated writhing test has been used for the
assessment of analgesic or antiinflammatory properties
of several drugs. Oral administration of BM-21 reduced
contortions and stretches thus indicating it is exerting
an antinociceptive action in persistent tonic pain.
Nociceptive behavior in the formalin test has been
divided into two phases [22,24]. The initial 1st-phase
(nociceptive pain) is considered to be caused predomi-
nantly by activation of C fibers, whereas the 2nd-phase is
associated with inflammatory components with release of
different pain mediators (22,23,24). Reactive oxygen spe-
cies (ROS) have been documented to contribute to and
maintain conditions of chronic pain [25]. Both phases are
sensitive to centrally acting drugs such as opioids [26],
but the 2nd-phase is also sensitive to corticosteroids and
nonsteroidal antiinflammatory drugs (NSAIDs), especially
when the formalin is injected in high concentrations
[26-29]. Antioxidants attenuate both phases of the
responses in mice [25]. It has been established that
COX-1 is involved in the 2nd-phase response in the for-
malin test and in the writhing test in mice [30]. A pre-
vious report has demonstrated the inhibition in vitro of
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Figure 7 The effect of thalassiolin B on the pH versus amplitude and steady state desensitization curve of the ASIC current. A) No
significant influence of 100 uM thalassiolin B on the pH dependence of the ASIC current amplitude was found. B) The use of thalassiolin B also
did not significantly modify the steady-state desensitization of ASIC currents. C) Analysis of the thalassiolin B effect as function of pH used to
activate the current shows no significant correlation (P > 0.05). Line shows the linear regression (slope = 0.27); dotted lines show confidence
intervals at P < 0.05. D) Amiloride (30 uM) decreased the current 64 + 4%. The coapplication of 30 uM amiloride and 100 pM thalassiolin B
produced an additional nonsignificant 10.8 + 3.8% decrease of the current (P > 0.05 Student's t-test; thalassiolin B preapplied 20 s before
coapplication of amiloride and thalassiolin B). Effects were fully reversible.

the activity of both phospholipase A2 and COX-1 by
BM-21[31]. Thus, the dual effect exerted by BM-21 on
the arachidonic acid pathway could account for its effect
in the 2nd-phase of the formalin test and in the writhing
test. The BM-21 and thalassiolin B also have ROS
scavenging properties. These could contribute to the anti-
nociceptive effects observed in vivo, however in the DRG
experiments in vitro this effect could be minor or absent.
The contribution of ASIC channels in the formalin test
has been documented and consistently both amiloride
and thalassiolin B attenuated painful behavior in the late
phase. For amiloride our data show similarities with
those reported in the literature [32]. Albeit it has been
found that amiloride use in the formalin test attenuated
the 2nd-phase in female, but not in male, CD 1 mice
(except at a toxic dose) [33]. The effect of BM-21 on

both the formalin and writhing tests support that its pro-
file is consistent with antiinflammatory analgesic drugs,
however a phasic-antinociceptive action is also produced,
particularly bearing in mind the antinociceptive effects of
BM-21 on the hot plate model and the effect of thalassio-
lin B on the first phase of the formalin test.

Regalado and coworkers determined that the phenolic
content in BM-21 was 18 + 1.5% [17]. Consistent with
this, the separation procedure of the plant extract
resulted in the isolation of thalassiolin B as the major
phenolic constituent of the extract. Phenolic com-
pounds, and particularly flavonoids, have a wide variety
of biological activities in mammals [34,35]. Our results
indicate that flavonoids, in particular thalassiolin B, may
contribute in a significant degree to the biological action
of BM-21. In fact, the studies in vivo using the formalin
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test in mice support that thalassiolin B per se has an
antinociceptive action.

Some mechanisms of nociception are known to
involve ASICs [2]. Previous results have documented
that they sense extracellular acidifications occurring dur-
ing inflammation and their expression is increased in rat
sensory neurons (particularly ASIC3) in this pathological
condition [10]. Thus, in an attempt to characterize the
mechanism through which the BM-21 exerts its antino-
ciceptive action we evaluated BM-21 and thalassiolin B
on ASIC currents.

We found that both BM-21 and thalassiolin B were
able to decrease the peak amplitude of ASIC currents;
indicating that, most probably, the effect of BM-21 on
ASIC currents may be because of the presence of thalas-
siolin B. The maximum effect of BM-21 and thalassiolin
B on ASICs currents was about 56% and 30%. Therefore
the activity of thalassiolin B could not account for the
overall activity of the extract, which suggests that other
components are also able to act on the ASIC currents.
The presence of other molecules in the extract and in
particular of thalassiolins A and C could contribute to
this synergic effect [18].

The thalassiolin B inhibitory action on ASIC currents
in DRG neurons was selective, acting only in those neu-
rons with a fast desensitization time-course, without
significant effect on those currents with a slow desensi-
tizing time-course, the so-called “ASIC2-like” in DRG
neurons [9], indicating that its effect could be specific.
However, because H'-gated currents in DRG neurons
are likely to be caused by the combination of two or
more ASIC subunits coassembled as heteromultimers,
with a coexistence of multiple channel populations
within the same cell [36,37], it is not possible to ascer-
tain its selectivity.

Thalassiolin B acts in the same range of potency in
DRG neurons (IC50 = 27.3 + 2.6 uM) as A-317567 and
amiloride. Both produce a concentration-dependent
inhibition of ASIC currents with an ICs, ranging
between 2 and 29 pM and 30 and 51 uM in acutely dis-
sociated DRG neurons [9]. Their inhibitory action is
similar to that of streptomycin (32 + 2.7 uM), neomycin
(44 + 2.6 pM) [20], amiloride (30 to 51 uM), and
A-317567 (2 to 29 uM) [9]. In contrast, APETx-2 (from
the sea anemone Anthopleura elegantissima) in primary-
cultured sensory neurons inhibits ASIC3-like currents
with an ICs5y of 216 nM [38], whereas psalmotoxin 1
(PcTx1, from the tarantula Psalmopoeus cambridgei)
seems to be the most potent and inhibits a subpopula-
tion of H-gated currents (ASICla-like) in DRG neurons
with an IC5y = 0.7 nM [39]. Similar to PcTx1 and
APETx2 and in contrast with low-molecular-weight
compounds of nonpeptidic nature, amiloride and
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A-317467 [9], thalassiolin B shows an effect that
depends on the application schedule, and it needs to be
applied a few seconds before the pH change, suggesting
a complex interaction with the ASICs.

For its mechanism of action, thalassiolin B has a selec-
tive action among the different ASIC channel subunits
sparing those currents with a T > 400 ms. The pH cur-
rent curve shows that thalassiolin B did not modify the
proton gating of the ASICs in DRG neurons. The
steady-state desensitization curves also indicate that its
action is not modified by channel desensitization. The
effect of thalassiolin B shows no dependence on the pH
used to activate the ASIC current, thus indicating that
no conformational changes of the molecule as a func-
tion of pH are taking place. Interestingly, the coapplica-
tion of amiloride occluded the effect of thalassiolin B
thus suggesting that they act through a similar mechan-
ism or that the action of amiloride is downstream from
thalassiolin B. Our data shows no voltage dependence of
its effect indicating that most probably it is not entering
into the membrane field potential. It requires preappli-
cation to have a consistent inhibitory effect and it is
able only to partially block the ASIC currents (about
30% at its highest concentrations), thus suggesting that
thalassiolin B is not an ASIC-pore blocker. Future stu-
dies using heterologous expression of ASIC subunits
would contribute to define the selectivity and action
mechanism of thalassiolin B on the ASICs.

Conclusions

The results of this study demonstrate the antinocicep-
tive action of the T. testudinum extract, BM-21, after a
single oral administration in classical thermal- and che-
mical caused pain in mice. The antinociceptive effects of
BM-21 may be partially caused by its antagonism to
ASIC channels. Thalassiolin B, the major phenolic con-
stituent isolated from BM-21 also had an antinociceptive
behavior in the formalin test and inhibited ASIC cur-
rents in DRG neurons indicating that this sulphated fla-
vone glycoside may be responsible, at least in part, for
the effects found with BM-21.

To our knowledge, this is the first report of the pre-
sence of an ASIC inhibitor in a marine-plant extract
and associated to an identified phenolic compound. In
comparison with other natural substances of peptidic
nature with antinociceptive action such as PcTx1 and
APETx2, the nonpeptidic nature of thalassiolin B may
have an advantage for future therapeutic applications in
the control of pain. However, further studies are still
required to ascertain its selectivity within ASIC subu-
nits, and to determine its potency, the time required to
attain therapeutic levels in vivo, and its mechanism of
action.



Garateix et al. Molecular Pain 2011, 7:10
http://www.molecularpain.com/content/7/1/10

Abbreviations

APETx-2: peptide from the sea anemone Anthopleura elegantissima; ASIC:
acid sensing ionic channels; COX-1: cyclooxigenase-1; DRG: dorsal root
ganglion; EGTA: ethylene glycol tetraacetic acid; ESI: electrospray ionization;
HEPES: 4-(2 hydroxyethyl)-1-piperazineethanesulfonic acid; HPLC: high
performance liquid chromatography; IP: intraperitoneal; LC: liquid
chromatography; MES: 2-(N morpholino)ethanesulfonic acid; MS: mass
spectrometry; NMR: nuclear magnetic resonance; NO: nitric oxide; NSAID:
nonsteroidal antiinflammatory drugs; PcTx1: psalmotoxin 1 from the
tarantula Psalmopoeus cambridgei; ROS: reactive oxygen species.

Acknowledgements

The authors are grateful to EMBO (European Molecular Biology Organization)
for financial support provided by a fellowship to Erik L. Regalado (Ref: ASTF
50.00-2010) and to the National Council of Science and Technology of
México (CONACYT) grant 10110/127/08 to E Soto. We also thank Adys
Palmero Colmenares for technical support. Thanks to Dr. Ellis Glazier for
editing this English-language text.

Author details

'Centro de Bioproductos Marinos, Agencia de Medio Ambiente, Ministerio
de Ciencia, Tecnologia y Medio Ambiente, Loma y 37, Alturas del Vedado, C.
P. 10600, La Habana, Cuba. “Instituto de Fisiologia, Benemérita Universidad
Auténoma de Puebla, 14 sur 6301, CU, San Manuel, Puebla, Pue, CP 72570,
México. *Université de Nice-Sophia Antipolis, Laboratoire de Chimie des
Molécules Bioactives et des Ardbmes, UMR 6001 CNRS, Institut de Chimie de
Nice, Faculté des Science, Parc Valrose, Nice, France.

Authors’ contributions

AG, RM, TG, RAM made the behavioral studies on mice. AG, ES, OL and
ESoto made the voltage clamp experiments including processing of the
data. AL, OPT, ELR did the isolation and characterization of BM-21 and of
thalassiolin B. AG and Esoto coordinated and helped with the writing of
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 13 August 2010 Accepted: 24 January 2011
Published: 24 January 2011

References

1. Krishtal O: The ASICs: Signaling molecules? Modulators? Trends Neurosci
2003, 26:477-483.

2. Lingueglia E: Acid sensing ion channels in sensory perception. J Biol
Chem 2007, 282:17325-17329.

3. Wemmie JA, Price MP, Welsh MJ: Acid-sensing ion channels: advances,
questions, and therapeutic opportunities. Trends Neurosci 2006,
29:578-586.

4. Wemmie JA, Chen J, Askwith CC, Hruska-Hageman M, Price MP, Nolan BC,
Yoder PG, Lamani E, Hoshi T, Freeman HJ Jr, Welsh MJ: The Acid-activated
ion channel ASIC contributes to synaptic plasticity, learning and
memory. Neuron 2002, 34:463-477.

5. Zhi-Gang Xiong ZG, Zhu XM, Chu XP, Minami M, Hey J, Wei WL,
MacDonald JF, Wemmie JA, Price MP, Welsh MJ, Simon RP:
Neuroprotection in ischemia: blocking calcium-permeable acid-sensing
ion channels. Cell 2004, 118:687-698.

6. Gao J, Duan B, Wang DG, Deng XH, Zhang GY, Xu L, Xu TL: Coupling
between NMDA receptor and acid-sensing ion channel contributes to
ischemic neuronal death. Neuron 2005, 48:635-646.

7. Mercado F, Vega R, Soto E: Canales iénicos sensibles a la concentracion
extracelular de protones: estructura, funcion, farmacologia y
fisiopatologia. Rev Neurol 2005, 41:667-675.

8. Vega R, Rodriguez U, Soto E: Acid-sensing ionic-channel functional
expression in the vestibular endorgans. Neurosci Lett 2009,
463:199-202.

9. Dubé GR, Lehto SG, Breese NM, Baker SJ, Wang X, Matulenko MA,

Honoré P, Stewart AO, Moreland RB, Brioni JD: Electrophysiological and in
vivo characterization of A-317567 a novel blocker of acid sensing ion
channels. Pain 2005, 117:88-96.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 14 of 15

Deval E, Noél J, Lay N, Alloui A, Diochot S, Friend V, Jodar M, Lazdunski M,
Lingueglia E: ASIC3, a sensor of acidic and primary inflammatory pain.
EMBO J 2008, 27:3047-3055.

Ugawa S, Ueda T, Ishida |, Nishigaki M, Shibata Y, Shimada S: Amiloride-
blockable acid-sensing ion channels are leading acid sensors expressed
in human nociceptors. J Clin Investgati 2002, 110:1185-1190.

Jones NG, Slater R, Cadiou H, Mc Naughton P, McMahom SB: Acid-induced
pain and its modulation in humans. J Neurosci 2004, 24:10974-10979.
Yagi J, Wenk HN, Naves LA, McCleskey EW: Sustained currents through
ASIC3 ion channels at the modest pH changes that occur during
myocardial ischemia. Circ Res 2006, 99:501-509.

Aneiros A, Concepcion AR, Arteaga F, Ferndndez MD, Llanio M, Fundora S,
Mata A, Valdés O, Rodriguez M: Extracto de la planta marina Thalassia
testudinum con actividad antienvejecimiento, antiinflamatoria y
analgésica, su obtencién y formulaciones que lo contienen., Patent No.
22931. Resolucion No. 2600.

Rodriguez Garcia M, Valdés O, Concepcion AR, Herndndez |, Rodriguez J:
Extracto de alga evaluado para uso cosmetoldgico. Rev Cub Farm 2002,
36:109-111.

Nufez R, Garateix A, Laguna A, Ferndndez MD, Ortiz E, LLanio M, Valdés O,
Rodriguez A, Menéndez R: Caribbean marine biodiversity as a source of
new compounds of biomedical and others industrial applications.
Pharmacologyonline 2006, 3:111-119.

Regalado EL, Rodriguez M, Menéndez R, Concepcion AA, Nogueiras C,
Laguna A, Rodriguez AA, Williams DE, Lorenzo-Luaces P, Valdés O,
Hernandez V: Repair of UVB-damaged skin by the antioxidant sulphated
flavone glycoside thalassiolin B isolated from the marine plant Thalassia
testudinum Banks ex Koénig. Mar Biotechnol 2009, 11:74-80.

Rowley DC, Hansen MS, Rhodes D, Sotrifer CA, Ni H, Mccammon JA,
Bushman FD, Fenical W: Thalassiolins A-C: new marine derived inhibitors
of HIV cDNA integrase. Biorgan Med Chem 2002, 10:3619-3625.

Salceda E, Garateix A, Soto E: The sea anemone toxins Bgll and Bglll
prolong the inactivation time course of the tetrodotoxin-sensitive
sodium current in rat dorsal root ganglion neurons. J Pharmacol Exp Ther
2002, 303:1067-1074.

Garza A, Lopez-Ramirez O, Vega R, Soto E: The aminoglycosides modulate
the acid-sensing ionic-channel (ASIC) currents in dorsal-root ganglion
neurons from the rat. J Pharmacol Exp Ther 2010, 332:489-499.

Calabrese EJ, Baldwin LA: Hormesis: U-shaped dose responses and their
centrality in toxicology. Trends Pharmacol Sci 2001, 22:285-291.

Jeong Y, Holden JE: Commonly used preclinical models of pain. West J
Nurs Res 2008, 30:350-364.

Tjelsen A, Hole K: Animal models of analgesia. In The Pharmacology of Pain.
Edited by: Dickenson AH, Besson J-M. Berlin: Springer-Verlag; 1997:1-20.
Wheeler-Aceto H, Porreca F, Cowan A: The rat paw formalin test:
comparison of noxious agents. Pain 1990, 40:229-238.

Hacimuftuoglu A, Handy CR, Goettl VM, Lin CG, Dane S, Stephens RL Jr:
Antioxidants attenuate multiple phases of formalin-induced nociceptors
response in mice. Behav Brain Res 2006, 173:211-216.

Shibata M, Ohkubo T, Takahashi H, Inoki : Modified formalin test:
Characteristic biphasic pain response. Pain 1989, 38:347-352.

Hunskaar S, Hole K: The formalin test in mice: dissociation between
inflammatory and non-inflammatory pain. Pain 1987, 30:103-104.
Malmberg AB, Yaksh TL: Antinociceptive actions of spinal nonsteroidal
anti-inflammatory agents on the formalin test in the rat. J Pharmacol Exp
Ther 1992, 263:136-146.

Yashpal K, Coderre TJ: Influence of formalin concentration on the
antinociceptive effects of anti-inflammatory drugs in the formalin test in
rats: separate mechanisms underlying the nociceptive effects of low-
and high-concentration formalin. Eur J Pain 1998, 2:63-68.

Ochi T, Motoyama Y, Goto T: The analgesic effect profile of FR 122047 a
selective cyclooxigenase-1 inhibitor in chemical nocicepive models. Eur J
Pharmacol 2000, 391:49-54.

Ferndndez MD, Llanio M, Arteaga F, Dajas F, Echeverri C, Ferreira M,
Hernandez |, Cabrera B, Rodriguez M, Aneiros A: Propiedades
antiinflamatorias, analgésicas y antioxidantes de una planta marina.
Avicenia 2003, 16:31-35.

Ferreira J, Santos AR, Calixto JB: Antinociception produced by systemic,
spinal and supraspinal administration of amiloride in mice. Life Sci 1999,
65:1059-1066.


http://www.ncbi.nlm.nih.gov/pubmed/12948658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17430882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15369669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15369669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16301179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16317636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16317636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16317636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19660522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19660522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15574747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15574747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16873722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16873722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16873722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12438529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12438529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12438529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19864615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19864615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19864615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11395156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11395156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18029542?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2308768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2308768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2478947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2478947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3614974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3614974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1403779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1403779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10720634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10720634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10499873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10499873?dopt=Abstract

Garateix et al. Molecular Pain 2011, 7:10
http://www.molecularpain.com/content/7/1/10

33.

34.

35.

36.

37.

38.

39.

Chanda ML, Mogil JS: Sex differences in the effects of amiloride on
formalin test nociception in mice. Am J Physiol Regul Integr Comp Physiol
2006, 291:R335-342.

Rajnarayana K, Reddy MS, Chaluvadi MR, Krishna DR: Bioflavonoids
classification, pharmacological, biochemical effects and therapeutic
potential. Indian J Pharmacol 2001, 33:2-16.

Spencer JP: Flavonoids and brain health: multiple effects underpinned
by common mechanisms. Genes Nutr 2009, 4:243-250.

Benson CJ, Xie J, Wemmie JA, Price MP, Henss JM, Welsh MJ, Snyder PM:
Heteromultimers of DEG/ENaC subunits form H*-gated channels in
mouse sensory neurons. Proc Natl Acad Sci 2002, 99:2338-2343.
Hesselager M, Timmermann DH, Ahring PK: pH dependency and
desensitization kinetics of heterologously expressed combinations of
acid-sensing ion channels subunits. J Biol Chem 2004, 279:11006-11015.
Diochot S, Baron A, Rash LD, Deval E, Escoubas P, Scarzello S, Salinas M,
Lazdunski M: A new sea anemone peptide, APETx2, inhibits ASIC3, a
major acid-sensitive channel in sensory neurons. EMBO J 2004,
23:1516-25.

Escoubas P, De Weille JR, Lecoq A, Diochot S, Waldmann R, Champigny G,
Moinier D, Ménez A, Lazdunski M: Isolation of a tarantula toxin specific
for a class of proton-gated Na* channels. J Biol Chem 2000,
275:25116-25121.

doi:10.1186/1744-8069-7-10

Cite this article as: Garateix et al: Antinociception produced by
Thalassia testudinum extract BM-21 is mediated by the inhibition of
acid sensing ionic channels by the phenolic compound thalassiolin B.
Molecular Pain 2011 7:10.

Page 15 of 15

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/16601256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16601256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19685255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19685255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11854527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11854527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11854527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14701823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14701823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14701823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10829030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10829030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10829030?dopt=Abstract

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Sea Grass Collection
	Extraction and Isolation
	Quantification of thalassiolin B in the crude extract
	Instrumental analyses
	Studies in vivo
	Animals
	Drugs and extract administration

	Models used for the evaluation of antinociceptive activity
	Hot plate test
	Intraperitoneal acetic acid injection “writhing test”
	Formalin test
	Evaluation of motor activity
	Statistical analysis

	Electrophysiological experiments in vitro
	Cell culture
	Electrophysiological recording
	Experimental protocols and data analysis


	Results
	Concentration of thalassiolin B in the crude extract of Thalassia testudinum
	Effects of BM-21 and thalassiolin B in vivo
	Hot plate test
	Writhing test
	Formalin test
	Motor activity

	Effects of BM-21 and thalassiolin B in vitro
	DRG acid-gated currents
	Effect of BM-21 on the ASIC currents
	Effect of thalassiolin B on the ASIC currents


	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


