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Background and purpose: Okadaic acid (OA) and microcystins (MCs) are structurally different toxins with the same
mechanism of action, inhibition of serine/threonine protein phosphatases (PPs). Methyl okadaate (MeOk), a methyl ester
derivative of OA, was considered almost inactive due to its weak inhibition of PP1 and PP2A. Here, we have investigated the
activity and potency of MeOk in hepatic cells in comparison with that of OA and MCs.

Experimental approach: We tested the effects of MeOK, OA and microcystin-leucine and arginine (MC-LR) on the metabolic
rate, the actin cytoskeleton and glucose uptake in a rat hepatocyte cell line (Clone 9) and in primary cultured rat hepatocytes.
PP2A was assayed to compare OA and MeOk activity.

Key results: MeOk disrupted the actin cytoskeleton and depressed the metabolic rate of both types of rat hepatocytes, being
six-fold less potent than OA in Clone 9 cells but nearly six-fold more potent in primary cultured hepatocytes. However, unlike
OA, MeOk did not change glucose uptake in these cells, suggesting a weak inhibition of PP2A, as confirmed in direct assays
of PP2A activity.

Conclusions and implications: Although MeOk was originally described as a weakly bioactive molecule, it clearly depressed
the metabolic rate and disrupted the cytoskeleton in primary and immortalized rat hepatocytes. Furthermore, MeOk affected
primary hepatocytes at much lower concentrations than those affecting immortalized cells. These effects were unrelated to
PP2A inhibition. Our results suggest the risk to public health from MeOk in foodstuffs should be re-evaluated.
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Introduction structurally diverse group of compounds: polyether fatty acid

substances similar to okadaic acid (OA), cyclic peptides like

Many natural toxins such as okadaic acid (OA) potently
inhibit the catalytic activity of serine/threonine protein phos-
phatases (PPs), of which PP1 and PP2A are the most abundant
in cells. Both PPs have a wide spectrum of activity being able
to dephosphorylate a large number of substrates in vitro
(Fernandez et al., 2002). The list of PPs inhibitors includes a
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microcystins (MCs) and nodularins, terpenoids such as
cantharidin and thyrsiferyl 23-acetate and polyketides, such
as tautomycin and calyculin A (Fernandez et al., 2002).

OA is the best representative of the diarrheic shellfish poi-
soning (DSP) group of toxins. Because OA is a lipophilic
compound and inhibits PP, it has been an invaluable tool in
studies aimed at elucidating pathways modulating cellular
processes, such as glucose uptake (Haystead etal., 1990;
Corvera et al., 1991; Tanti et al., 1991; Yoo-Warren et al., 1993;
Leira et al., 2002; Louzao et al., 2003; Louzao et al., 2005).
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Methyl okadaate (MeOK) is a methyl ester derivative of the
OA, artificially produced in the laboratory, but also found
in shellfish, and even in naturally collected or cultured
dinoflagellates from the genera Prorocentrum and Dinophysis
(Hu et al., 1992; Vale and Sampayo, 1999; Suzuki et al., 2004;
Suarez-Gomez et al., 2005). Usually, MeOk has been consid-
ered as an inactive molecule because of its low activity in
inhibiting PPs (Nishiwaki et al., 1990; Takai etal., 1992).
However, recent studies indicated that MeOk induced reorga-
nization of the actin cytoskeleton of human neuroblastoma
cells (Vilarino etal.,, 2008), and although the potency of
MeOk was lower than that of OA, its mechanism of action was
unknown.

There are few toxicity studies of MeOKk, as it was considered
to be inactive, particularly in gastrointestinal cells. We have
used hepatocytes here because the liver is clearly connected to
the enteric system (Houten ef al., 2006). Studying the effect of
this toxin on hepatic cells is thus fundamental to a better
understanding of the pharmacokinetics and pharmacody-
namics of MeOk (Gomez-Lechon et al., 2004). In addition,
hepatic cells have some characteristics very appropriate to our
study, such as glucose uptake and the marked actin cytoskel-
etal structure (Oda et al., 2008).

Hepatic—enteric cell models are particularly useful in study-
ing the effect of hepatotoxins and DSP-related toxins (Louzao
et al., 2003; Ares et al., 2005; Espina et al., 2008). At this cel-
lular level, primary cultured cells isolated from rodents’ liver
are common in vitro models; also immortalized hepatocytes
offer a renewable source of hepatocytes. Differences in the
potency of toxin effects between immortalized and primary
cultured cellular models have been described recently (Stour-
naras et al.,, 1996; Jordan and Wilson, 1998; Espina etal.,
2008), and this aspect could have consequences for the regu-
lation of toxins in food or for important biomedical applica-
tions (McNabb, 2008).

The goal of this work was to investigate the effects triggered
by MeOk in immortalized and primary cultured rat hepato-
cytes, relative to the effects of its parent compound OA. We
also tested microcystin-leucine and arginine (MC-LR) as
another type of potent PPs inhibitor, very different structur-
ally and in origin, from the group of OA toxins. In our study,
we evaluated three cellular parameters: metabolic rate, actin
cytoskeleton and glucose uptake kinetics. Additionally, PP2A
inhibition assays were carried out to compare directly OA and
MeOKk activity on this enzyme.

Methods

Cell culture

Clone 9 rat hepatocytes. Rat hepatocytes from the cell line
Clone 9 (ECACC N° 88072203) were grown and cultured as
previously described (Louzao et al., 2008).

Isolation and culture of rat primary hepatocytes. All animal care
and experimental procedures complied with our institutional
guidelines for animal care and were approved by the Bioethi-
cal Committee of the University of Santiago de Compostela.
Rat hepatocytes were obtained from adult male Sprague-
Dawley rats. Isolation was performed by a two-step perfusion
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procedure with collagenase type IV. Viability was tested by
Trypan blue exclusion and was always =85%. Hepatocytes
were seeded on coverslips placed in 8-well sterile plates for
attachment as previously described (Barbini et al., 2006).

BE(2)-M17 neuroblastoma cells. Human neuroblastoma cells
BE(2)-M17 were routinely grown and cultured as described in
Espina et al. (2009).

F and G-actin cytoskeleton staining

After 3 h of incubation with toxins in the culture medium,
cells were washed with phosphate-buffered saline and stained
for F- and G-actin with Oregon Green 514 phalloidin and
Texas Red DNase I, respectively, as described in Espina et al.
(2008). Control cells were incubated in the same conditions
with the toxin vehicle, dimethylsulphoxide. Percentage of the
vehicle added to the cells never exceeded 0.1% (volume/
volume) of the incubation media.

Confocal microscopy for visualizing morphology and actin
cytoskeleton distribution and measuring
Confocal imaging was carried out with a 40x oil immersion
objective of a Nikon Eclipse TE2000-E inverted microscope
attached to the C1 laser confocal system (EZC1 V.2.20 soft-
ware; Nikon Instruments Europe B.V., Amstelveen, the Neth-
erlands). Fluorescent images and measurements were taken as
described in Espina et al. (2008).

Results are presented as the percentage of the mean value *
standard error of the mean (SEM) of fluorescence emitted by
cells treated with toxins, versus controls, with n = 3.

Assays of glucose uptake
Fluorescence of hepatic cells loaded with 500 uM 2-{N-[7-
nitrobenz-2-oxa-1, 3-diazol 4-yl] amino}-2-deoxyglucose
(2-NBDG) and treated with toxins (1.5 uM OA, 1.5uM
MC-LR, 1.5 uM MeOk, 15 uM MeOk) was measured for up to
30 min. The time course imaging was carried out using the
Nikon Eclipse TE2000-E inverted microscope attached to the
C1 laser confocal system described above.

Results are presented as the fluorescence mean value *
standard error of the mean (SEM) of hepatic cells treated with
toxins versus controls with n = 3.

Metabolic rate assay

Cells (40 000 per well) were seeded on to 96-well plates. After
24 h, OA, MeOk, MC-LR or vehicle were added to the cells.
Then, a 1:10 dilution of Alamar Blue was added. Fluorescence
was measured by using a microplate fluorescence reader
FL600 (Bio-Tek/Vermont, USA) after 24 h of incubation with
the toxins. Results are presented as percentage of fluorescence
versus control; mean values + SEM, with n = 3.

PP2A inhibition assay

PP2A inhibition was assayed by using the Toxiline-DSP Test
for detection of diarrheic shellfish toxins (DSP), based in the
method described by Vieytes et al. (1997).

Statistical analysis
Results were analysed using the Students’s t-test for paired
data where appropriate. A probability level of =0.05 was set to



indicate statistical significance. Drug/molecular
nomenclature follows Alexander et al. (2008).

target

Materials

OA was from LC Laboratories (Woburn, MA, USA). MeOk was
kindly donated by Dr Takeshi Yasumoto and MC-LR was from
Sigma (Madrid-Spain). The fluorescent dye Oregon Green 514
phalloidin for F-actin labeling and Texas Red DNase I for
G-actin labelling were from Molecular Probes (Leiden, The
Netherlands). Alamar Blue was purchased from Biosource
(Madrid, Spain). The fluorescent D-glucose derivative,
2-NBDG was from Molecular Probes (Leiden, Netherlands).
All other chemicals were reagent grade and purchased
from Sigma-Aldrich (Madrid, Spain) or Panreac (Barcelona,
Spain).

Results

Effects on cell lines

Our first goal was to study possible toxin-induced changes in
the metabolic rate of Clone 9 cells by assays with Alamar Blue
(Figure 1). OA and MeOk had a dose-dependent effect with
ICsy values as shown in Figure 1A and C respectively.
However, no metabolic effects were observed with MC-LR, a
PPs inhibitor structurally different from OA and MeOk
(Figure 1B). The effect of OA and MeOk was also compared in
another cellular model; a human non-epithelial and excitable
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Figure 1 Effects of OA (A), MC-LR (B) and MeOk (C) on metabolic

rate in Clone 9 hepatocytes after 24 h incubation. 1D shows the
effect of 1.5 uM OA or 15 uM MeOk on the metabolic rate of BE(2)-
M17 human neuroblastoma cells after 24 h of treatment. Results are
presented as percentage of Alamar Blue fluorescence relative to
control cells (100%); mean values = SEM, with n = 3. *P < 0.05; **P
< 0.01, significantly different from control; Student’s t-test. MC-LR,
microcystin-leucine and arginine; MeOk, methyl okadaate; OA,
okadaic acid.
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cell line: BE (2)-M17 neuroblastoma cells. The metabolic rate
of neuroblastoma cells after 24 h of incubation with 1.5 uM
OA was depressed to the same extent as incubation with
15 uM MeOXK, in relation with the controls (Figure 1D).

We found that MeOk was an active compound decreasing
metabolic rate in Clone 9 cells, but it was almost 10 times less
potent than OA. Therefore, we chose 15uM MeOk and
1.5uM OA in order to compare their effect on the actin
cytoskeleton. Cells incubated with 1.5 uM OA showed a clear
modification in cell morphology. They changed from well-
extended to rounded shapes with marked blebbing effects,
and many of the cells detached from the substrate. F-actin
disappeared from the projections and concentrated in the
periphery of the cells, showing a different actin cytoskeleton
distribution (Figure 2C and D). No effect was found with
1.5 uM MC-LR (Figure 2E and F). Unlike OA, 1.5 uM MeOk
was unable to clearly modify the cell shape or actin distribu-
tion;; only a slight rounding effect could be observed in few
Clone 9 cells (Figure 2G and H). Nevertheless, 15 uM MeOk
induced changes in cell morphology and actin cytoskeleton
distribution that were very similar to those triggered by
1.5 uM OA (Figure 21 and J).

OA and related compounds are known to be involved in the
regulation of cellular processes such as glucose transport in
hepatic cells. Assays of the glucose uptake kinetics showed an
increased 2-NBDG uptake of about 25-30% in cells incubated
with OA (Figure 3A). However, neither 1.5 uM nor 15 puM
MeOk (Figure 3C and D), nor 1.5 uM MC-LR affected glucose
uptake (Figure 3B).

Effects on primary cultures of hepatocytes. In order to compare
the effects of these drugs between immortalized and primary
cultured hepatocytes, the same kind of experiments were
carried out with primary cultured rat hepatocytes. Assays
revealed a dose-dependent decrease of metabolic rate,
induced by all the three toxins tested: OA, MeOk and MC-LR.
However, the calculated ICs, with these cells for OA was about
six-fold higher than that for MeOk (Figure 4A and C respec-
tively). Moreover, although 150 nM MC-LR did not affect the
metabolic rate of primary hepatocytes, higher concentrations
(1 uM) were inhibitory (Figure 4B).

The morphological effects in primary hepatocytes showed,
surprisingly, that 15 pM MeOk was more potent in disrupting
the actin cytoskeleton and morphology than 1.5 uM OA
(Figure 5C, D, I and J). Many primary hepatocytes detached
from substrate when they were treated with 15 pM MeOk. But
even more unexpected was the fact that 1.5 uM MeOKk trig-
gered the same or even more effects than those induced by
the identical concentration of OA (Figure 5C, D, G and H).
Most hepatocytes detached from the coverslips, and cells that
remained attached were rounded and their prolongations
retracted. MC-LR (1.5 uM) also induced detachment and
rounding of hepatocytes (Figure SE and F). F- and G-actin
showed a changed distribution in cells treated with all the
three toxins. In cells treated with any of the three toxins, the
great majority of the F-actin remained in the cell periphery,
but the thick F-actin borders of the control hepatocytes
(Figure 5A) became thinner. Furthermore, many protrusions
rich in G-actin appeared as a part of the blebbing effect
(Figure 5C, E, G and I).

British Journal of Pharmacology (2010) 159 337-344
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Figure 2 Confocal imaging of F- and G-actin double-staining of Clone 9 rat hepatocytes showing fluorescence (upper row). Transmission
pictures of the same cells are presented in the lower row. F and G-actin were labelled with Oregon Green 514 phalloidin and Texas Red DNase
| respectively. Figure 2A and B show photographs from control cells, while Figure 2C and D are from cells treated with 1.5 uM OA, Figure 2E and
F with 1.5 uM MC-LR, Figure 2G and H with 1.5 uM MeOk and (I) and (J) with 15 uM MeOk. Images are representative of 3 independent
experiments. Images are 2x zoom magnifications. Scale bar = 50 um. MC-LR, microcystin-leucine and arginine; MeOk, methyl okadaate; OA,
okadaic acid.
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Figure 3 Time course of the effect of OA, MC-LR and MeOk on glucose uptake in Clone 9 hepatocytes. 2-NBDG was added to cells at a final
concentration of 500 uM, and fluorescence inside the cells was measured for 30 min, every 5 s. Effect of 1.5 uM OA (A), 1.5 uM MC-LR (B),
1.5 uM MeOk (C), 15 uM MeOk (D) or vehicle (control) was evaluated. Results are presented as mean * SEM of n =4 experiments. *P < 0.05;
**P < 0.01, significantly different from control; Student’s t-test. 2-NBDG, 2-{N-[7-nitrobenz-2-oxa-1, 3-diazol 4-yl] amino}-2-deoxyglucose;
A.U., arbitrary units; MC-LR, microcystin-leucine and arginine; MeOk, methyl okadaate; OA, okadaic acid.

Assay of glucose uptake showed that 1.5 uM OA, as well as
MC-LR, were able to increase sugar uptake by about 20-30%
in primary cultured hepatocytes (Figure 6A and B). However,
the pattern of glucose uptake did not change with 1.5 uM
MeOk (Figure 6C). Increasing the MeOk concentration up to
15 uM caused the primary hepatocytes to detach from sub-
strate after the first minutes of the experiment, preventing a
reliable response (data not shown).

Finally, PP2A inhibition assays were performed in the pres-
ence of increasing concentrations of OA or MeOKk. The results
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showed that MeOk was a poor inhibitor of PP2A, requiring
about 500-fold higher concentrations than that of OA to
show the same percentage of PP2A inhibition (Figure 7).

Discussion and conclusions
Micromolar concentrations of OA induce cell retraction and

rounding due to the strong reorganization of the F-actin
network in IEC-6 cells, a transformed cell line from the small
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Figure 4 Effects of OA (A), MC-LR (B) and MeOk (C) on metabolic
rate in primary cultured rat hepatocytes after 24 h incubation. Results
are presented as percentage of Alamar Blue fluorescence relative to
control cells (100%); mean values = SEM, with n= 3. *P < 0.05; **P
< 0.01, significantly different from control; Student’s t-test. MC-LR,
microcystin-leucine and arginine; MeOk, methyl okadaate; OA,
okadaic acid.

intestine (Fiorentini et al., 1996). Other studies described alter-
ations of cell microfilaments and even depolymerization
(Kreienbuhl et al., 1992; Berven et al., 2001; Strnad et al., 2001;
Baba et al., 2003; Cabado et al., 2004). In our study, structure
and organization of cell morphology and the actin cytoskel-
eton of Clone 9 cells and primary cultured rat hepatocytes were
affected by OA. Downey etal. (1993), who described
OA-induced actin assembly in neutrophils, observed similar
alterations. In accordance with the previous work of Vilarino
et al. (2008) in neuroblastoma cells, an almost 10-fold higher
concentration of MeOk than of OA was needed to induce a
similar disruption in the actin cytoskeleton and morphology
of Clone 9 hepatocytes. However, primary hepatocytes were
even more affected by MeOk than by OA. Previously, Arteche
etal. (1997) had reported that MeOk presented the same
activity as the free acid, OA, in inducing a transient contraction
in the oestrogen-primed rat uterus.

In our study, OA decreased the metabolic rate of Clone 9 rat
hepatocytes and human neuroblastoma cells. MeOk also
depressed the metabolism but with a lesser potency, as the
ICso for OA was more than sixfold lower than that for MeOk
in Clone 9 cells. This potency difference is similar to that
reported for MeOk-triggered apoptotic death in GH3 pituitary
cells and its inhibition of secretion in rat mucosal mast cells,
in each case being less potent than OA (Ritz etal., 1997;
Ludowyke et al., 1998). On the other hand, we found that
MeOk was more potent than OA in decreasing the metabolic
activity of primary hepatocytes, which would not support the
simple proposition that MeOk could be de-esterified in the
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cells and thus be converted into OA. Esterification is a
common strategy to obtain cell-permeable compounds that
are de-esterified intracellularly by esterases. Primary hepato-
cytes were therefore more sensitive to MeOK itself, and this
high potency of MeOk was clearly not due to the weak inhi-
bition of PP2A that we found.

OA and MC-LR are potent inhibitors of Ser/Thr protein
phosphatases (PPs). Structural differences in these toxins
determine that after oral consumption, MC-LR is specifically
hepatotoxic, while OA triggers diarrheic shellfish poisoning
(DSP). MC-LR is a peptidic, and thus hydrophilic, molecule
requiring an active transport to enter the cell. Previous studies
demonstrated that MC-LR enters cells using the bile acid
transporters only expressed in a few types of cells, but espe-
cially in liver (Runnegar et al., 1991; Dawson, 1998). In our
experiments, Clone 9 cells seemed to be insensitive to MC-LR.
Clone 9 hepatocytes are an epithelial cell type that grows in
monolayer with contact inhibition, as do hepatocytes in liver,
and they are undifferentiated and unpolarized (Weinstein
et al., 1975). So, Clone 9 hepatocytes may also lack some of
the characteristics of mature hepatocytes, such as specialized
membrane transporters. This is probably the reason why
MC-LR was unable to trigger any effect on this cell type.
Furthermore, hepatocytes lose the ability to express bile acid
transporters in long-term cultures (Torchia et al., 1996). So we
used 24 h primary cultures of rat hepatocytes to avoid the loss
of relevant characteristics. In fact, primary hepatocytes
appeared rounded and retracted, their F-actin distribution
changed, and the metabolic rate fell after the treatment with
MC-LR, contrary to what happened with Clone 9 cells.

The PP1 and PP2A are closely involved in D-glucose metabo-
lism (Hubbard and Cohen, 1989; Ugi et al., 2004), and OA and
MC-LR have been used to modify the uptake and accumula-
tion of D-glucose inside cells (Corvera et al., 1991; Leira et al.,
2002; Louzao et al., 2003; Louzao et al., 2005). Assay of the
effects on glucose uptake exerted by OA, MeOk and MC-LR
was a measure of their different inhibition of PPs in Clone 9
cells and primary hepatocytes. The lack of effect of MC-LR on
glucose uptake in Clone 9 cells could be explained by the fact
that this toxin was unable to enter the cells. Unlike OA, MeOk
induced no change in glucose uptake, implying a weak inhi-
bition of PP1 or PP2A in both cellular models. However, MeOk
was a potent disruptor of the actin cytoskeleton of Clone 9 and
primary hepatocytes, indicating that this toxin might inhibit
another PP, not involved in glucose intake. This is a serious
possibility, because OA was reported not only to inhibit PP1
and PP2A, but also PP4, and less efficiently, PPS (Honkanen
et al., 1994; Hastie and Cohen, 1998; Fernandez et al., 2002;
McCluskey et al., 2002). This hypothesis agrees with previous
reports that MeOk inhibited PP3 more efficiently than PP1 and
PP2A (Honkanen et al., 1994). Another explanation could be
that OA and MeOk have targets other than PPs, for their effect
on the actin cytoskeleton. In this context, it has been reported
that smooth muscle contraction caused by OA is due to a
direct effect on the ATP-dependent interaction between actin
and myosin, and this latter effect is independent of the inhi-
bition of PPs (Hayakawa et al., 1991).

The effects of OA, MeOk and MC-LR on the actin cytoskel-
eton of rat hepatocytes are closer than their activities as
inhibitors of PPs. These three toxins induced a marked

British Journal of Pharmacology (2010) 159 337-344
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Figure 5 Confocal imaging of F- and G-actin double staining of primary cultured rat hepatocytes showing fluorescence (upper row).
Transmission pictures of the same cells are presented in the lower row. F and G-actin were labelled with Oregon Green 514 phalloidin and Texas
Red DNase | respectively. Figure 5A and B show photographs from control cells, while Figure 5C and D are from cells treated with 1.5 uM OA,
Figure 5E and F with 1.5 uM MC-LR, Figure 5G and H with 1.5 uM MeOk, and Figure 51 and ] with 15 pM MeOk. Images are representative
of three independent experiments. Scale bar = 50 pm. MC-LR, microcystin-leucine and arginine; MeOk, methyl okadaate; OA, okadaic acid.
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Figure 6 Time course of the effect of OA, MC-LR and MeOk on glucose uptake in primary cultured rat hepatocytes. 2-NBDG was added to
cells at a final concentration of 500 uM, and fluorescence in the cells was measured for 30 min every 5 s. Effect of 1.5 uM OA (A), 1.5 uM
MC-LR (B), 1.5 uM MeOk (C) or vehicle (control) was evaluated. Results are presented as mean * SEM of n = 3 experiments. *P < 0.05; **P
< 0.01, significantly different from control; Student’s t-test. 2-NBDG, 2-{N-[7-nitrobenz-2-oxa-1, 3-diazol 4-yl] amino}-2-deoxyglucose; A.U.,
arbitrary units; MC-LR, microcystin-leucine and arginine; MeOk, methyl okadaate; OA, okadaic acid.

redistribution of the F-actin network concomitant with cell et al., 2007; Espina and Rubiolo, 2008; Espina et al., 2008). It

detachment, as described by Kim efal. (2003) in SH-EP
human neuroblastoma cells treated with OA. However, the
cells did not show the characteristic F-actin punctuated dis-
tribution, consequence of the treatment with other natural
compounds that disorganize the actin cytoskeleton, for
instance, pectenotoxins. These toxins disrupt the actin
cytoskeleton of many kinds of cells, depolymerizing F-actin
and preventing its polymerization (Ares et al., 2005; Ares
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is not clear yet if the extensive reorganization of the actin
cytoskeleton induced by OA is a direct consequence of its
activity or if it is an indirect consequence of the normal
apoptotic process. Rounding, detaching and blebbing effects
were observed in rat hepatocytes in addition to the actin
network reorganization when treated with OA, MeOk or
MC-LR. These morphological changes are typical of apoptosis
in mammalian cells (Boe et al., 1991).
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In summary, this is the first study that provides evidence of
MeOk-induced damage in hepatocytes. In addition, the most
important and new findings in our work are as follows. Unlike
OA, MeOk did not induce any change in glucose uptake
kinetics in normal or in immortalized rat hepatocytes, indi-
cating a weak inhibition of PP2A, as later confirmed by direct
assay of PP activity. Also, MeOk disrupted the actin cytoskel-
eton and decreased the metabolic rate of normal and immor-
talized rat hepatocytes. The potency of MeOKk in causing these
effects depended on the cell type, with greater potency in
normal than in immortalized cells. Lastly, although OA was
sixfold more potent than MeOk in immortalized hepatocytes,
MeOk was nearly sixfold more potent than OA towards
normal hepatocytes.

Therefore, MeOKk activity against the actin cytoskeleton and
the metabolic rate of rat hepatocytes was similar to that of OA
and MC-LR, which are potent PP inhibitors. However, all
these effects of MeOk were independent of inhibition of PP1
and PP2A. Interestingly, differences in the sensitivity and
potency of various toxins between immortalized and primary
cultured cell models have been described recently (Stournaras
et al., 1996; Jordan and Wilson, 1998; Espina et al., 2008). This
fact could have biomedical applications, for instance in devel-
oping new chemotherapeutic drugs, and consequences for the
regulation of toxins in foodstuffs.
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