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RESUMEN

Se presentan nuevos avances en el uso de células NG108-15 para la deteccion y
cuantificacion de toxinas marinas. Establecimos modificaciones en la proporcién de
ouabaina y veratridina para obtener buenas curvas dosis-respuesta, en esta linea
celular, para neurotoxinas que actlan sobre canales de sodio dependientes de
voltaje (VGSCs). Curiosamente, se observaron diferencias en la respuesta toxica de
dos toxinas activadoras de VGSCs, la brevetoxina-3 y la ciguatoxina-1 del pacifico.
Para toxinas lipofilicas que no actlan sobre VGSCs, se analizaron varios factores
qgue influyen en la deteccion y cuantificaciéon de las toxinas. Cultivos celulares de
una hora expuestos durante cuarenta y ocho horas, comparados con cultivos de
veinticuatro horas y veinticuatro horas de exposicién, incrementan la respuesta
téxica maxima de la yesotoxina (YTX) y el azaspiracido-1 (AZA-1) mientras que no
se observan cambios en la respuesta del acido okadaico (OA), la dinofisistoxina-1 y
la pectenotoxina-2 en células NG108-15. Las curvas dosis-respuesta obtenidas para
la YTX o para el AZA-1 muestran variabilidad en relacién al dia de experimentacién
mientras que hay una buena repetitividad de la respuesta para el OA. El tiempo de

evaporacion previo a la exposicidn celular, de las soluciones de toxinas podria ser
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una importante fuente de variabilidad en la evaluacién de la respuesta téxica del

AZA-1.
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New advances in the use of NG108-15 cells for marine toxins detection and quantification
are presented. We have established modifications on ouabain and veratridine proportion
to obtain good toxins dose-response curves on this cell line for neurotoxins acting on
voltage gated sodium channel (VGSC). Interesting, differences in the toxic response were
observed between two VGSC activating toxins, brevetoxin-3 and pacific ciguatoxin-1. For
non-VGSC acting lipophilic toxins, several factors that may influence toxin detection and

Is(:i :’:z;ﬂf quantification were analyzed. One hour cultures and forty-eight hours of exposure time,
Brevetoxin compared with 24 h of culture and 24 h of exposure, would increase NG108-15 cell
Ciguatoxin maximal yessotoxin (YTX) and azaspiracid-1 (AZA-1) toxic response whereas no change
Okadaic acid was observed for okadaic acid (OA), dinophysistoxin-1 and pectenotoxin-2. Dose-response
Dinophysistoxin curves obtained for YTX or AZA-1 showed variability according to the day of the experi-
Yessotoxin ment while good reproducibility was obtained for OA. Evaporation time of toxin solutions
Azaspiracid before cell exposure could be an important source of variability in AZA-1 toxic response
Pectenotoxin evaluation.

NG108-15

5 . © 2009 Elsevier Ltd. All rights reserved.
Cytotoxic evaluation

1. Introduction testing in food safety monitoring programs which currently

use for some marine toxins mouse bioassays.

Marine toxins from Harmful Algal Blooms (HAB) can
have impact on coastal resources or implicate human
health risk through food-borne intoxications (Hallegraeff,
2004; Sobel and Painter, 2005). Cell-based assays for
toxicity evaluation contribute to the understanding of the
potency of marine toxins, to the characterization of their
mechanism of action (Botana, 2000) and, as other biolog-
ical models, to identify and follow new toxic compounds
through purification steps to contribute to develop
analytical procedures for their identification. Additionally,
cell-based assays could favour the reduction of animal

* Corresponding author at: IRTA, Ctra. Poble Nou, km 5.5, 43540 Sant
Carles de la Rapita, Tarragona, Spain. Tel.: +34 977 745 427; fax: 434 977
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Previous reviews regarding the specific use of cell-based
assays for the evaluation of marine toxins illustrate their
potency as toxicological models (Garthwaite, 2000; Rossini,
2005; Cafiete and Diogéne, 2008).

Regarding previous comparative studies on the use of
two  established neuronal cell lines; neuro-
blastoma x glioma hybrid cells (NG108-15) and Neuro-2a
neuroblastoma cells (Cafiete and Diogéne, 2008) for the
identification and quantification of marine toxins toxic
effect, we have selected in the present study NG108-15 cells
to evaluate the capacity of this cell line to be used in
a toxicological cell-based assay for the evaluation of the
toxic potential of neurotoxins and other types of toxins. In
our previous studies, NG108-15 cells were more sensitive
to pectenotoxin-2 (PTX-2) than Neuro-2a cells and
a preliminary study with domoic acid (DA) seems to show
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a better capacity of NG108-15 than Neuro-2a cells to detect
DA toxicity. NG108-15 used for cytoxicity evaluation of PTX-
2 would represent an important reduction of the use of
expensive standard toxin, and could be used in a routinely
marine toxin detection laboratory. For okadaic acid (OA),
dinophysistoxin-1 (DTX-1) and palytoxin dose-response
curves obtained for NG108-15 cells supports this model as
a biological, suitable and sensitive tool to their toxicity
detection and quantification.

First studies on NG108-15 cells to evaluate their capacity
to detect toxicity of neurotoxins acting on VGSCs, saxitoxin
(STX) and brevetoxin-3 (PbTx-3), were carried adapting the
method used to evaluate cytotoxic response on Neuro-2a
cells (Manger et al., 1993; Dickey et al., 1999) and ouabain
and veratridine (O/V) concentrations were established
based on Neuro-2a experience (with a fixed proportional
factor of 10:1 respectively). Under these experimental
conditions NG108-15 showed a narrow range of effect
(quantitatively), with smaller differences in viability
between the control and the concentration of toxin having
the maximum effect. Preliminary results on OfV propor-
tions in NG108-15 cells showed important improvement in
offsetting O/V effect by VGSC inhibiting toxin or potentiate
VGSC acting toxins effect by incrementing veratridine
concentration in regard to ouabain.

Non-VGSC acting lipophilic toxins such as yessotoxin
(YTX) and azaspiracid-1 (AZA-1) have been demonstrated
to increase strongly their maximum toxic effect on
mammalian cell cultures in 48 h exposure time compared
with 24 h (Twiner et al., 2005; Pérez-Gomez et al., 2006). In
these studies, dose-response curves obtained after 48 h
exposure allow to estimate, in all cases, the 50% effect
concentration (EC50) which is around 20 nM for YTX
(Pérez-Gomez et al., 2006) and around 1.1-7.9 for AZA-1
(Twiner et al., 2005).

In the present study a better O/V proportion obtained for
NG108-15 cells to evaluate neurotoxins acting on VGSCs is
presented. Dose-response curves of STX, PbTx-3 under O/V
optimal conditions on NGI108-15 are presented and
compared to dose-response curves obtained under first O/V
concentrations selected. Pacific ciguatoxin-1 (P-CTX-1),
another VGSC activating toxin, was exposed under both O/V
conditions (proportion 10/1 and 1/1). Results are presented
and compared with those obtained for STX and PbTx-3.

For non-VGSC acting lipophilic toxins OA, DTX-1, PTX-2,
YTX and AZA-1, several assays are proposed in order to
optimize the experimental protocol including incubation
time and exposure time. Variability in toxic response esti-
mation in different days as well as the importance of
evaporation time of toxin solutions was evaluated for OA,
YTX and AZA-1.

2. Material & methods

In the present study, different methods used to evaluate
cytotoxic response of marine toxins on NG108-15 cells have
been developed according to previous work on Neuro-2a
cells (Manger et al., 1993; Dickey et al., 1999) and NG108-15
cells (Cafiete and Diogene, 2008). Suitability of this cellular
model to evaluate the toxic effect of toxins studied is
determined by the possibility to generate dose-response

curves. Sensitivity of the model to different marine toxins
was evaluated by the EC50s values obtained and maximal
toxic effects observed.

2.1. NG108-15 cell culture maintenance

NG108-15 cells (ATCC, HB12317), were cultured in 10%
FBS/Dulbecco’s Modified Eagle’s Medium (DMEM) at 37 °C
and 5.0% CO; in an incubator (Binder, Tuttlingen, Germany).
Culture medium DMEM was supplemented with 0.2%
Pyridoxine-HCL solution (2 g/L), 2% L-glutamine solution
(200 mM), 0.5% antibiotic solution (10 mg/mL streptomycin
and 1000 u/mL penicillin), 0.1 mM hypoxantine, 400 nM
aminopterin, and 0.016 mM thymidine. Cells subcultures
were made three times per week (dilution 1/4), in 75 cm?
flasks. An approximate confluence of 90% was obtained
with 30 mL of 10% FBS/DMEM in two days.

2.2. Seeding of cells into 96 well plates for cytotoxicity assays

For cell viability assays, 96 well plates (flat bottom) were
prepared with cells obtained from a 90 to 100% confluence
flask. Inocula of 200 pL cell suspension were added to each
well. Cell densities were approximately in the range of
25000-50 000 cells/well for NG108-15. For the whole
study all conditions (controls included) were tested at least
in duplicate.

2.3. Toxin preparation

Previous to toxin exposure of cells, defined aliquots of
toxin solutions were dispensed on vials and evaporated
under gentle Ny flux at 40 °C using a Turbovap (Zymark
corp., Hopkinton, Massachusetts). Evaporated extracts
were dissolved in 5% FBS culture medium (concentrated
dose) and were added to the corresponding wells. Dilutions
from the concentrated dose were prepared, and added to
a minimum of two wells (duplicates). Volume in each well
was adjusted with 5% FBS culture medium (as comple-
mentary medium) to a final volume of 230 pL.

2.4. Toxin exposure of cells and response evaluation

Toxins studied in this work included neurotoxins acting
on VGSCs (STX, PbTx-3 and P-CTX-1) and other toxins which
mechanism of action does not involve VGSCs (OA, DTX-1,
PTX-2,YTX and AZA-1). For neurotoxins acting on VGSCs cells
with or without OfV were exposed to increased concentra-
tions of commercial toxins. Ouabain and veratridine
concentrations were selected to produce mortality in
approximately 20% or 80% of the cell population depending
on whether the toxins activate (e.g., PbTx-3 and P-CTX) or
inhibit (e.g., STX) sodium channels. Two different propor-
tional factors of O/V concentration were studied. A 10:1 (O/V)
proportion was chosen based on experience on Neuro-2a
cells. A 1:1 O/V proportion was also used in this study after
a series of assays with NG108-15 to determine the optimal
O/V proportion causing the highest increment of response for
toxins acting on VGSCs. These different proportional factors
of O/V (10:1 and 1:1) were obtained using concentrations of
0O/V at 0.75/0.075 mM or 0.35/0.35 mM in VGSC inhibiting
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toxin exposures and 0.3/0.03 mM or 0.13/0.13 mM in VGSC
activating toxins. These concentrations were slightly read-
justed periodically in order to obtain the 20% or 80%
mortality. All toxin assays were tested with or without O/V in
the same 96 well plate.

For VGSC inhibiting toxins (e.g., STX) O/V concentrations
that produce about 80% mortality were used to detect the
VGSC inhibiting type effect that would counteract cell
mortality. A negative O/V control (O/V—-) (without O/V) was
used to determine the 100% viability. For VGSC activating
toxins (e.g., PbTxs and P-CTX) O/V concentration that
produce around 20% mortality (positive OfV control, O/V+)
were used to detect the VGSC activating type effect, that
would increase cell mortality. For toxin exposure, the order
in which the different solutions were used for plate prep-
aration during the cytotoxicity assay was strict: 5% FBS as
complementary medium, O/V and finally toxins. Details as
described elsewhere (Cafiete and Diogéne, 2008).

Cell viability was estimated using the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium] method as
described elsewhere for Neuro-2a cells (Manger et al.,
1993). Absorbances were read on an automated multiwell
scanning spectrophotometer (Biotek, Synergy HT,
Winooski, Vermont, USA) at 570 nm. Statistical analyses
were developed with the software Prism 4 (GraphPad, San
Diego, California, USA). For the establishment of dose-
response curves, that allowed the determination of EC50,
cell viability for each toxin concentration was measured at
least in duplicate (n = 2). Non-linear regression for curve fit
was applied using sigmoidal dose-response curve (variable
slope) of the LogX, X being toxin concentration. Curve
fitness was described according to r2. For each toxin and
each experimental condition, EC50 was calculated from the
absolute viability values dose-response curves and for STX
according to relative viability values. Graphic ordinate axis
consists of viability estimations using percentage of MTT
reduction, using the corresponding controls for each
experience and the negative O/V control (O/V-) for O/V
treatment experience to estimate absolute values of
viability. Significant differences between means were
evaluated using unpaired t-test (p < 0.05 was considered
statistically significant).

2.5. Toxin exposure time

For neurotoxins acting on VGSCs, cells were grown
without any treatment during 24 h, and after this time,
cells were treated for additional 24 h to toxins at different
concentrations (1/2 dilution between concentrations) with
or without O/V. Absorbance plate reading was performed
after 24 h of toxin exposure. Forty-eight hours were needed
from the time plates were prepared to final result reading.

For OA, DTX-1, YTX, AZA-1 and PTX-2 two experimental
conditions regarding growth time previous to toxin expo-
sure and exposure time were studied:

2.5.1. Experimental condition 1

In this experimental condition, cells were grown
without any treatment during 24 h, and after this time,
cells were treated for additional 24 h with the toxins at
different concentrations. Absorbance plate reading was

performed after 24 h of toxin exposure. Forty-eight hours
were needed from the time plates were prepared to result
reading.

2.5.2. Experimental condition 2

In this experimental condition, cells were grown
without any treatment during 1 h, and after this time, cells
were treated for additional 48 h with the toxins at different
concentrations. Absorbance reading was performed after
48 h of toxin exposure. Forty-nine hours were needed from
the time plates were prepared to result reading.

These two conditions were selected considering that
both conditions resulted in approximately a 50 h (including
MTT assay) toxin-evaluation assay.

2.6. Toxins

All the experiments of this study have been performed
using commercially available, purified toxins: STX, YTX,
AZA-1, PTX-2, (National Research Council of Canada); PbTx-
3 (Calbiochem); OA (Sigma); DTX-1 (Wako); P-CTX-1 (Dr. R.
Lewis, Univ. Queensland).

2.7. Additional parameter evaluation for OA, YTX and AZA-1

For assay optimization, further analysis regarding
evaporation time of samples and reproducibility of toxin
standard curves was assessed with OA, YTX and AZA-1. In
order to estimate the reproducibility of the toxin effect
evaluation in NG108-15 cells, between 7 and 9 dose-
response curves for each of the toxins OA, YTX and AZA-1
obtained in different days were compared in experimental
condition 1 (24 h cell growth previous to 24 h toxin expo-
sure) and experimental condition 2 (1h cell growth
previous to 48 h toxin exposure) according to the estima-
tion of 2. In order to study evaporation time, we evaluated
the possible variability induced by toxin handling previous
to cell exposure. Two different evaporation times for
standard toxin solutions were evaluated for the prepara-
tion of OA, YTX and AZA-1 treatments: Toxin evaporation
time between 2 and 15 min versus 1 h (The range 2-15 min
was considered the minimum evaporation time depending
on the volume of standard solution to be evaporated).

3. Results

3.1. NG108-15 cell exposure to STX, PbTx-3 and P-CTX at
different O/V proportions

Saxitoxin, PbTx-3 and P-CTX were tested with and
without O/V treatment. No response to STX, PbTx-3 or
P-CTX in cells without O/V treatment was observed at the
concentrations tested (data not shown). In Fig. 1, dose-
responses curves obtained with O/V treatment at different
O/V proportions are presented for each toxin.

For STX, the use of OfV in a 10:1 proportion resulted in
no more than 20% viability increase (with regard to control
0/V-) at the highest STX concentration (Fig. 1a), whereas
using a 1:1 O/V proportion resulted in a maximum viability
increase of about 40%.
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Fig. 1. Dose-response curves (r* ranged between 0.899 and 0.989) of a)
saxitoxin (STX), b) brevetoxin-3 (PbTx-3) and c) pacific ciguatoxin-1 (P-CTX-1)
on neuroblastoma x glioma hybrid cells (NG108-15). In every graph two
curves corresponding to two treatments with different ouabain and veratri-
dine (O/V) proportions: 10:1 O/V preportion (black) and 1:1 O/V proportion
(grey). The ordinate axis represents viability estimations using percentage of
MTT reduction. Three repetitions were performed per dose in 96 wells plates,
at a cell density between 25 000 and 50 000 cells/well on NG108-15 cells. Cells
were placed in plates 24 h previous to 24 h of toxin exposure.

For PbTx-3, the use of O/V in a 10:1 proportion resulted
in a maximum mortality increase of about 50% (with regard
to control O/V+) (Fig. 1b), whereas for a 1:1 O/V proportion,
PbTx-3 caused a maximum mortality increase of 75% at the
same concentration.
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For P-CTX-1, the use of O/V in a 1:1 proportion did not
increase maximum toxic effect in respect to the 10:1 OfV
proportion (Fig. 1c).

Selecting the 1:1 O/V proportion dose-responses curves
obtained, resulted in EC50s about 4.5, 6.6 and 0.006 nM for
STX, PbTx-3 and P-CTX-1, respectively.

3.2. NG108-15 cell exposure to OA, DTX-1, PTX-2, YTX and
AZA-1

In order to detect and quantify non-VGSC acting lipo-
philic toxins, five standard toxins were selected to evaluate
NG108-15 response.

3.2.1. Importance of exposure time

Two experimental conditions (1 and 2) were designed
in order to compare NG108-15 toxins response to different
exposure times. Dose-response curves for OA, DTX-1, PTX-
2, YTX and AZA-1 were obtained in both experimental
conditions (Fig. 2).

For OA, dose-response curves showed a maximum toxic
effect about 100% mortality in both experimental condi-
tions and EC50s about 15.6 and 19.3 nM were obtained in
experimental condition 1 and 2 respectively (Fig. 2a).

Dinophysistoxin-1 showed in both experimental
conditions a maximum response about 100% mortality, and
EC50s were about 113 and 12.5nM at experimental
condition 1 and 2, respectively (Fig. 2b).

Pectenotoxin-2 in experimental condition 1 and 2
showed a maximum response of about 90% mortality, with
EC50s about 1.3 and 1 nM, respectively (Fig. 2c).

For YTX, dose-response curves in experimental condi-
tion 1 showed a maximum response of about 50% mortality
whereas mortality close to 100% was obtained in experi-
mental condition 2 at the same concentration (Fig. 2d). The
EC50s were about 15, 2 and 5.4 nM in experimental
condition 1 and 2 respectively.

For AZA-1, dose-response curves in experimental
condition 1 showed a maximum response of about 40%
mortality whereas mortality close to 100% was obtained in
experimental condition 2 at the same concentration
(Fig. 2e). The EC50 at 48 h of toxin exposure was 2.1 nM. A
good dose-response curve was also obtained at 24 h with
an intermediate effect (in this case, the EC80) obtained at
a concentration of 4,1 nM,

3.2.2. OA, YIX and AZA-1 toxic effect quantification
Variability in the toxic response estimation of OA, YTX

and AZA-1 were evaluated in different days and according

to different evaporation times of standard toxin solution.

3.2.2.1. Dose-response curves fitness according to experimental
day. For OA, YTX and AZA-1 dose-response curves in
experimental condition 1 and 2 obtained in different days
were analyzed (Fig. 3).

For OA good dose-response curves were obtained in all
experiments in both experimental conditions, 2 of this
curves ranging between 0.969 and 0.998 (Fig. 3a and b).

For YTX, in experimental condition 1 it was not possible
to obtain good dose-response curves in all the experiences,
? obtained ranging between 0.433 and 0.985 (Fig. 3c). In
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Fig. 2. Dose-response curves (r* ranged between 0.934 and 0.999) of a) okadaic acid (OA), b) dinophysistoxin-1 (DTX-1), ¢) pectenotoxin-2 (PTX-2), d) yessotoxin
(YTX) and e) azaspiracid-1 (AZA-1) on neuroblastoma x glioma hybrid cells (NG108-15). In every graph two curves corresponding to two experimental conditions
performed in the same experimental day are represented: 24 h of cell growth in plates previous to 24 h of toxin exposure (black) and 1 h of cell growth in plates
previous to 48 h of toxin exposure (grey). The ordinate axis represents viability estimations using percentage of MTT reduction. Two repetitions at least were
performed per dose in 96 wells plates, at a cell density between 25000 and 50 000 cells/well on NG108-15 cells.

experimental condition 2, in all experiments a good dose-
response curve was obtained, r* ranging between 0,957 and
0.998 (Fig. 3d).

For AZA-1, in experimental condition 1, a dose-response
was obtained for every experiment but 12 of theses curves
ranged between 0.250 and 0.985 (Fig. 3e). In experimental
condition 272 in all curves has ranged between 0.927 and
0.997 (Fig. 3f).

3222. Simple and pooled dose-response curves. For OA,
a good overlap of curves in both experimental conditions
was obtained, with the exception of two curves on exper-
imental condition 1 (Fig. 3a and b). All values were analysed
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in a unique dose-response curve, the “pooled D-R” (pooled
data from different experiments performed in different
days) curve, in order to obtain a theoretical curve of all
experiences. In both experimental conditions acceptable 12
were obtained (0.876 and 0.906 in experimental condition
1 and 2 respectively). Regarding comparison of responses
in the two experimental conditions, the combined pooled
D-R curve for OA, with all data from both experimental
conditions, presented an 2 of 0.879 with an EC50 around
17.5 nM.

For YTX, no good overlap of dose-response curves was
obtained (Fig. 3c and d). The pooled D-R curve for YTX
obtained with all the experiences presented an r? about
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Fig. 3. Dose-response curves of a) & b) okadaic acid (OA), ¢) & d) yessotoxin and e) & f) azaspiracid-1 (AZA-1) on neuroblastoma x glioma hybrid cells (NG108-15)
at two different experimental conditions: a), ¢) & e) 24 h of cell growth in plates previous to 24 h of toxin exposure and b), d) & f) 1 h of cell growth in plates
previous to 48 h of toxin exposure. In every graph several curves corresponding to different experimental days in the same conditions. The ordinate axis
represents viability estimations using percentage of MTT reduction. Two repetitions at least were performed per dose in 96 wells plates, at a cell density between

25000 and 50 000 cells/well on NG108-15 cells.

0.567 and 0.568 in experimental condition 1 and 2
respectively. In most dose-response curves obtained in
experimental condition 1 an EC50 could not be calcu-
lated. However in experimental condition 1 when an
EC50 could be calculated this was in the similar range as
the EC50s obtained in experimental condition 2, from 5
to 17 nM.

For AZA-1, no good overlap of dose-response was
obtained (Fig. 3e and f). The pooled D-R curve for AZA-1
obtained with all the experiences presented an r* of
about 0.710 and 0.640 in experimental condition 1 and 2
respectively. In most dose-response curves obtained in
experimental condition 1 an EC50 could not be calcu-
lated. However in experimental condition 1 when an
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EC50 could be calculated this was in the similar range as
the EC50s obtained in experimental condition 2, from 2
to 10.6 nM.

3.2.2.3. Importance of toxin evaporation time. Responses of
five toxin concentrations in experimental condition 2 for
OA, YTX and AZA-1 were analysed in the two different
evaporation times selected (2-15 min and 1 h) (Fig. 4).

For OA and YTX, no significant differences were
observed at different dilutions prepared with the two
different evaporation times of toxin standard solution
(Fig. 4a and b).

For AZA-1, significant loss of toxicity of the extract was
observed in the serial dilutions of the toxin evaporated at
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a 4. Discussion
120
NG108-15 cells (ATCC, HB12317) proved to be a suitable
e 100 ~ and stable model for routine culture with no handling
-g difficulties. According to our results, this model is reliable
‘=’ 80 - and as it will be discussed further, stable responses for
3 60 - toxin evaluation are obtained for different toxins. The
o sensitivity of NG108-15 to the different toxins reported in
E 40 - our study demonstrates that this model is sensitive enough
ED as compared to other cell models (Fernandez et al., 1991;
204 Bottein Dechraoui et al., 2005; Twiner et al., 2005; Pérez-
i Gomez et al., 2006; Bottein Dechraoui et al., 2007; Cafiete
0- T T T T and Diogéne, 2008). The suitability of the assay for each
2.7 54 10.8 21.6 43.2 specific toxin, as reported here, will have to be modulated
nMm according to important variables such as exposure time, O/
V proportion or processing of samples.
120 4
4.1. NG108-15 cell-based assay for VGSC acting toxins
= 100 4
.g In this study STX and PbTx-3 caused an increment of
S 80 4 maximal response about 20% approximately by incre-
b 80 menting by 10 fold the veratridine proportion with the O/V
14 treatment (the use of a 1:1 O/V proportion compared to
'.: 40 - a 10:1 O/V proportion). For both toxins this improvement
= supposes an increase on the response range obtained and
ES 20 consequently a refinement of the toxin effect quantifica-
tion. No increment of P-CTX-1 response was observed by
0- T T T S B e incrementing the veratridine proportion.
2.27 4.50 9.09 20.00 40.00
nM 4.1.1. Why the O/V proportions tested did not affect the P-CTX-1
c response as it was observed on STX or PbTx-3?
1204 . Saxitoxin, PbTx-3 and P-CTX-1 target on VGSCs at
. * receptor site 1 (STX) and receptor site 5 (PbTxs and CTXs)
< 1004 b (Catterall, 1980; Wang and Wang, 2003). Saxitoxin acts
o from the extracellular side of the membrane and block
T 804 sodium conductance (Cestéle and Catterall, 2000). Lipid-
-3 soluble brevetoxins and ciguatoxins enhance sodium
§ 60 + channel activity by binding to receptor site 5 and cause “a
': 40 - shift in activation to more negative membrane potentials
s " and a block of inactivation” (Cestéle and Catterall, 2000)
X 20 4 I with differences on their binding affinity (Lombet et al.,
1987; Bottein Dechraoui et al., 1999; Bottein Dechraoui and
0 - t 1 v L Ramsdell, 2003). Moreover, ciguatoxins have been sug-

1.40 3.20 4.40 6.20 12.40
nM

Fig. 4. Dose-response bar graphs of a) okadaic acid (OA), b) yessotoxin (YTX)
and ¢) azaspiracid-1 (AZA-1) on neuroblastoma x glioma hybrid cells
(NG108-15). In every toxin concentration two bars corresponding to two
treatments with different toxin evaporation time under gentle N, flux at
40 °C: 2-15 min (black) and 1 h (grey) evaporation time. The ordinate axis
represents viability estimations using percentage of MTT reduction. Two
repetitions at least were performed per dose in 96 wells plates, at a cell
density between 25000 and 50 000 cells/well on NG108-15 cells. Cells were
placed in plates 1 h previous to 48 h of toxin exposure. Significant differ-
ences between means were evaluated using unpaired t-test (p < 0.05 was
considered statistically significant *).

1 hinrelation to the toxicity values detected with 2-15 min
evaporation times. At the highest concentration studied
(12.4 nM), a higher toxic effect was observed with the
longest evaporation time (Fig. 4c).

gested to have more differences with brevetoxin according
to their mode of action than according to their affinity for
the sodium channel (Hogg et al., 2002; Bottein Dechraoui
et al., 2005; Sauviat et al., 2005). The different results
obtained between PbTx-3 and P-CTX-1, regarding OV
proportion, could be explained by a difference in the mode
of action between PbTx-3 and P-CTX-1. The toxic effect of
PbTx-3 in NG108-15 cells would be more dependent of
veratridine VGSC activation than that of P-CTX-1.

4.2. NG108-15 cell-based assay for non-VGSC acting lipophilic
toxins

4.2.1. Importance of exposure time

Implementing NG108-15 cells for toxic effect evaluation
of the non VGSC acting lipophilic toxins OA, DTX-1, PTX-2,
YTX and AZA-1 proved to be suitable according to the
results obtained, taking into account that assay conditions
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had to be carefully selected for some of these toxins. For
YTX and AZA-1, in our study, 1 h incubation time followed
by a 48 h exposure resulted in a higher toxicity in relation
to 24 h incubation followed by a 24 h exposure as was
expected in regard to differences on YTX and AZA-1 toxic
response related to 24 or 48 h time exposure (Twiner et al.,
2005; Pérez-Gomez et al., 2006). Differences between 24
and 48 h exposure for OA, DTX-1 or PTX-2 toxic response at
established cell lines, to our best knowledge have not been
reported previously and were not observed in our study.
Nevertheless, using primary cultures of rat cerebellar
neurons and sensitive techniques for toxicity evaluation,
differences between 24 and 48 h exposure for OA were
observed (increasing effect after 48 h exposure with
respect to 24 h exposure) at low concentrations (1-5 nM)
(Fernandez et al., 1991; Fernandez et al., 1993). However,
higher concentrations (5-50nM) of OA, at the same
sensitive CBA, have been demonstrated to act more quickly
(Fernandez-Sanchez et al., 1996; Ferrero-Gutiérrez et al.,
2008). All these results suggest that OA time depending
response, as for other toxins, probably, could be related to
CBA sensitivity and in that context differences between
time exposure have to be related to the experimental
system used.

4.2.2. 0A, YTX and AZA-1 toxic effect quantification

4.2.2.1. Simple and pooled dose-response curves. The repro-
ducibility of the assays was studied by analysis of multiple
dose-response curves for OA, YTX and AZA-1 obtained at
different days. Several studies of NG108-15 cells exposure
at the two experimental conditions of incubation and
exposure time revealed that for OA exposures, toxic
responses was reproducible in different assays.

These results favour the use of a theoretical dose-
response curve (pooled dose-response curve) obtained
from several experiments to conduct OA equivalent esti-
mations and therefore reduce the number of OA control
concentrations used in every experiment.

4.2.2.2. Importance of toxin evaporation time. For YTX and
AZA-1, the toxic response estimation varied in different
days. The possible physiological status or density of cells
may be relevant in the quantification of their toxic effect. As
a consequence our recommendation is to evaluate YTX or
AZA-1 toxicity with control curves with standards obtained
the same day of the experiment.

Toxin evaporation time has been proved by our results
to be important on toxicity determination for AZA-1 but no
so important for OA and YTX evaluation. This factor could
be a source of variability of the dose-response curves
between different experiments for AZA-1 toxicity evalua-
tion. For AZA-1 toxic effect evaluation it will be advisable to
control evaporation time.

4.3. Future prospects of NG108-15 cell-based assay for the
toxic effect evaluation of marine toxins

The different experimental approaches presented
herein regarding the use of NG108-15 cells for the
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evaluation of different toxin standards will presumably
strengthen the use of this model in toxicity evaluation
strategies of marine toxins. Within the possible application
of the assay, future work will contemplate its’ applicability
to natural samples including shellfish.
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