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Fumonisin B; (FB4) content in corn products decreases during the heating process in foods
containing reducing sugars, mainly because of the formation of N-(carboxymethyl)fumonisin B;. In
this study, a rapid method has been developed for the determination of both compounds in corn
products using a high-speed blender, Ultra-Turrax, for solvent extraction and liquid chromatography—
tandem mass spectrometry. The kinetics of FB; degradation and the formation of the Maillard
adduct were studied in a model system constituted by corn bread spiked with FB; and heated at
160, 180, and 200 °C for 3, 6, 10, 15, and 20 min. FB; decreased from 0.96 to 0.3 mg/kg and
N-(carboxymethyl)fumonisin By increased to 0.1 mg/kg. Cytotoxicity and lipid peroxidation were
studied in monkey kidney cells (Vero cells). After 24 h exposure, FB; revealed an IC5, (median
inhibitory concentration) of 55 + 7 uM with neutral red uptake, but no IC5, was obtained after
N-(carboxymethyl)fumonisin B; exposure at the studied concentrations. Lipid peroxidation was
assessed using the thiobarbituric acid reactive substance (TBARS) method for 90 min and 24 and
48 h. FB; significantly increased the production of malondialdehyde in Vero cells exposed to 1 uM
FB, after 24 h, while malondialdehyde increased after 5 uM N-(carboxymethyl)fumonisin B,
exposure. These findings showed that the transformation products exhibit lower cytotoxicity than
fumonisin By and lipid peroxidation may be involved in the cytotoxicity induced by both toxins.
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INTRODUCTION associated with lipid peroxidation. Membrane damage caused
by lipid peroxidation may also contribute to the oxidative damage
of DNA, which has often been implicated in carcinogenesis (7).

FB, causes several animal diseases such as equine leukoence-
phalomalacia (ELEM), pulmonary edema and hepatic syndrome
in swine, and hepatic alteration in cattle (8). This toxin fed to rats
has caused chronic interstitial nephritis and hepatocellular carci-
noma (9). In addition, contaminated corn with fumonisins
intended for human consumption has been associated with a
higher incidence of primary liver and esophageal carcinoma in
South Africa and China (10, 11). Therefore, based on toxicolo-
gical evidence, the International Agency for Research on Cancer
has established that FB, is potentially carcinogenic to humans
(group 2B) (12).

Because FB; is a molecule with high toxicity, it is important to
study its stability under food processing condition and the
production of new degradation products. Most of the studies
on mycotoxin stability and structural elucidation of thermal
breakdown products are focused on model systems based on
treatments with different temperatures. Some of these studies are
degradation of ochratoxin A during coffee roasting (/3) or

*Corresponding author. Tel: +34 963543056. Fax: +34 963544954 nivalenol, T-2 toxin, and deoxynivalenol during the baking and
E-mail: monica.fernandez@uv.es. cooking process (/4—16). Some authors have reported that FB,

Fumonisins are a group of mycotoxins produced by certain
Fusarium species, which have elicited interest and concern due to
their toxicity and ubiquitous occurrence in corn and corn pro-
ducts (Z, 2). Fumonisin B; (FBy) is approximately 70% of total
fumonisins found in naturally contaminated samples, being the
most important one because of its toxicity and incidence (3).

FB, is a diester of tricarballylic acid whose backbone is a
polyhydric alcohol that is very similar to the structure of
sphinganine. This similarity led to the hypothesis that the FB,
mechanism of action is the interruption of sphingolipid biosynth-
esis. Inhibition of ceramide synthase by FB; causes an increase of
sphinganine levels and a decrease of ceramide and complex
sphingolipid levels which mediate in several cellular functions
including cell—cell communication, cell growth, differentiation,
and transformation of cells (4, 5). The interruption of sphingo-
lipid synthesis causes apoptosis in liver and kidney of rodents and
also in cultured human cell lines (6). Furthermore, fumonisins
appear to increase the rate of oxidation, induce the free radical
intermediate production, and accelerate the chain reactions
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decreases during heat treatment and long cooking periods de-
pending on temperature, exposure time, contamination level, and
reducing sugar level (/7). N-(Carboxymethyl)fumonisin B, is one
of the principal reaction products of the Maillard reaction
between FB; and glucose (through the aliphatic primary amine
of FBy) in foods containing reducing sugars after heat treat-
ment (18, 19). The Schiff base initially produced by the reaction of
FB; and p-glucose undergoes through the Amadori rearrange-
ment to the f-ketoamine which is oxidized to N-(carboxy-
methyl)fumonisin B. Other derivatives such as N-(1-deoxy-p-
fructosyl-1-yl)fumonisin B; have been described as the first stable
product of FB, with p-glucose (20).

The aim of the present study was, first, to study the kinetic of
FB; degradation after bread processing conditions and to identify
the thermal degradation product N-(carboxymethyl)fumonisin
B, in a model heating system. For this purpose, a simple and fast
analysis method was optimized to analyze FB; and N-(carboxy-
methyl)fumonisin B; based on a solvent extraction with Ultra-
Turrax and determination with liquid chromatography/electro-
spray ionization (ESI) tandem mass spectrometry operating at
positive ion mode. Additionally, the cytotoxicity of FB; and
N-(carboxymethyl)fumonisin B; was evaluated in established
monkey kidney cells (Vero cells) by the neutral red viability assay
as well as the lipid peroxidation effect induced by both substances
using the thiobarbituric acid reactive substance (TBARS) assay.
TBARS determines the aldehydic end products, such as mal-
ondialdehyde, an end product formed from a variety of lipid
peroxides and secondary lipid oxidation products.

Studies conducted to compare the toxicity of FB; and its
derivatives from the Maillard reaction are very scarce, and to
our knowledge in vitro toxicity effects of the FB; adduct with
glucose in animal cells have not been reported before.

MATERIALS AND METHODS

General Remarks. FB; was produced from fungal culture. The strains
of Fusarium verticillioides F5845 and F5839 obtained from the fungal
culture collection of the Istituto Toxine e Micotossine de Parassiti Vegetali
(ITEM), Bari, Italy, were cultivated in a potato dextrose broth (PDB)
(Scharlau, Barcelona, Spain) at 25 °C. After 7 days, it was transferred to
500 g of autoclaved corn and incubated at 25 °C during 30 days. FB; was
extracted from corn culture using an Ultra-Turrax T18 homogenizer (IKA
Labortechnik, Staufen, Germany) with MeOH—H,O (70:30), filtrated,
evaporated to dryness using a Biichi Rotavapor R-200 (Labortechnik,
Flawil, Switzerland) at 40 °C and 80 mbar, and reconstituted to a final
volume of 10 mL with MeOH—H,0 (50:50 v/v). For isolation of FB, the
extract obtained was passed through a semipreparative column packed
with XAD-16 Amberlite (800 m?/g, 100 A) (Sigma, St. Louis, MO) and
analyzed by liquid chromatography—tandem mass spectrometry (LC-MS/
MS) to know the fraction window that contained the FB;.

These obtained fractions were pooled, concentrated under vacuum, and
applied to a semipreparative column (250 mm x 10 mm id., 5 um,
Phenomenex Gemini C,g) connected to a liquid chromatograph. Once
more, fractioned extracts obtained at different times were injected into a
LC-MS/MS to know which contained the pure FB; and then weighed after
solvent evaporation with a nitrogen stream. FB; purity was compared with
a FBy standard curve obtained from Sigma Chemical Co. (St. Louis, MO).
Purified FB, from Fusarium strains was used for degradation studies, and
FB; standards were selected for toxicity studies. Acetic acid, liquid
chromatography (LC) grade methanol, and acetonitrile were supplied
by Merck (Darmstadt, Germany). Formic acid was from Panreac
(Barcelona, Spain). Deionized water (518 MQ cm resistivity) was obtained
using a Milli-Q water purification system (Millipore, Bedford, MA).

N-(Carboxymethyl)fumonisin B; Production. The production of
N-(carboxymethyl)fumonisin B, was generated according to Howard et
al. (19). Briefly, N-(carboxymethyl)fumonisin B; was produced at 78 °C in
20 mL containing 2 mM FBy, 50 mM potassium phosphate, pH 7.5, and
150 mM glucose. The tubes were incubated at 74—78 °C in a block heater
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overnight (12 h). The solutions obtained were adjusted to approximately
pH 4, then 3 mL was added to a Cg cartridge, and N-(carboxymethyl)-
fumonisin B, was eluted with 2 mL of acetonitrile—25 mM HCOOH (1:1
v/v) and evaporated to dryness. The residue was reconstituted to a final
volume of 1 mL with methanol—water (50:50 v/v). The N-(carboxy-
methyl)fumonisin B, structure was confirmed using the LC-MS/MS and
contained 10% of FB,.

Analysis of FB; and N-(Carboxymethyl)fumonisin B;. For the
kinetic study, 3 g of corn flour was mixed with 0.6 mL of water, kneading
to make circular bread, spiked at 1 mg/kg of FBy, and then left during
15 min at room temperature. No fermentation was done; thus the toast
obtained was very thin. After that, the resulting toast was treated at 160,
180, and 200 °C for 3, 6, 10, 15, and 20 min. For the extraction of FB; and
N-(carboxymethyl)fumonisin B;, samples were homogenized for a few
minutes with 20 mL of methanol—water (70:30 v/v) using an Ultra-Turrax
T18. The homogenate was decanted into centrifuge tubes and spun at
2500g for 5 min, and the obtained extracts were transferred into a 50 mL
round-bottomed flask and concentrated using a Biichi Rotavapor R-200
to about 5 mL. Then, the extract was transferred to a 15 mL conical tube
and evaporated to dryness at 55 °C with a gentle stream of nitrogen using a
multisample Turbovap LV evaporator (Zymark, Hopkinton, MA). The
residue was reconstituted to a final volume of 1 mL with methanol—water
(50:50 v/v) and filtered through a 25 mm/0.45 um nylon filter purchased
from Andlisis Vinicos (Tomelloso, Spain) before their injection into the
LC-MS/MS system.

LC-MS/MS. LC separation was carried out on a 150 mm x 4.6 mm
i.d., 5 um Luna Cg analytical column preceded by a 4 mm x 2 mm i.d.,
5 um guard column of the same material, both from Phenomenex (Madrid,
Spain). FB’s separation was performed using gradient elution with water
and methanol, both containing 0.5% formic acid.

A TQ mass spectrometer Quattro LC from Micromass (Manchester,
U.K.) equipped with an LC Alliance 2695 system (Waters, Milford, MA)
was used. Triple quadrupole conditions used for FB; analysis were
described by Silva et al. (27). The triple mass spectrometer was operated
in selected monitoring mode (SRM), choosing as precursor ion for FB; the
mfz722[M + H] " and m/z 352 and m/z 334 as product ions. For N-(carbo-
xymethyl)fumonisin B; analysis, the precursor ion was n1/z 780 [M + HJ",
and the product ion was m/z 410. Optimized cone voltage and collision
energy were 50 V and 40 eV, respectively.

Experimental Solutions and Cell Culture. The reagent grade
chemicals and cell culture components used, Dulbecco’s modified Eagle’s
medium (DMEM), antibiotics, trypsin—EDTA solution, HEPES, neutral
red (NR) dye, thiobarbituric acid (TBA), deferoxamine mesylate salt
(DFA), di-tert-butylmethylphenol (BHT), potassium phosphate, glucose,
and dimethyl sulfoxide were Sigma products (Sigma Chemical Co., St.
Louis, MO). Fetal calf serum (FCS) was from Cambrex Co. (Belgium).

Vero cells (ATCC CCL-81), kidney epithelial cells derived from the
African green monkey Cercopithecus aethiops, were cultured in the
monolayer in 9 cm’ polystyrene tissue culture dishes with DMEM
supplemented with 25 mM HEPES buffer (pH 7.4), 10% heat inactivated
FCS, 100 units/mL penicillin, and 100 mg/mL streptomycin. Incubation
conditions were 37 °C, 5% CO,, and 95% relative humidity atmosphere.

Cytotoxicity Tests. Lysosomal function was estimated according to
the relative uptake of NR by measuring the incorporation of the water-
soluble dye into lysosomes. Vero cells were cultured into 96-well tissue
culture plates by adding 0.2 mL/well of a suspension of 2 x 10* cells/mL.
After the cells reached 65% confluence, the medium was replaced with
fresh medium containing toxins at different concentrations (1—100 uM)
and incubated for 24 h at 37 °C. NR assays were performed as previously
described (22). Briefly, culture medium was replaced by 200 uL of fresh
culture medium at 50 ug/mL NR, and the microplate was returned to the
incubator for another 3 h to allow the uptake of NR into the lysosomes of
viable cells. After that, medium was removed, and cells were fixed for 1 min
with a formaldehyde—CaCl, solution. The NR absorbed by the cells was
extracted after adding 0.2 mL of acetic acid—ethanol solution to the wells,
and absorbance was measured at 540 nm with an automatic ELISA reader
(Multiscan Labsystems, Helsinki, Finland).

Lipid Peroxidation Assay. Lipid peroxidation was performed by
measuring malondialdehyde as described by Ferrer et al. (23). Cells were
grown to 65% confluence in six-well plates, then the culture medium was
replaced, and cells were treated with each compound (1, 5, and 10 uM)
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individually for 90 min and 24 and 48 h of incubation. After that, the
medium was removed, and cells were washed twice with phosphate-
buffered saline (PBS), homogenized in 0.5 mL of 20 mM Tris and 0.1%
Triton, then transferred to glass centrifuge tubes, and boiled (100 °C water
bath for 30 min) under acid conditions in the presence of 0.5 mL of 0.5%
TBA, 5uL of 1.5mM DFA, and 5 uL of 3.75% BHT. Samples were cooled
and centrifuged (1287¢g, 15 min), and the absorbance was measured at
532 nm. Results were expressed as nanograms of malondialdehyde per
milligram of protein. Determinations were made in quadruplicate.

The total protein content (ug/mL) was determined by the Bradford
method (24) using the Bio-Rad DC protein assay at 690 nm.

Statistical Analysis. Statistical analysis of data was carried out using
the SPSS version 13 (SPSS, Chicago, IL) statistical software package. Data
were expressed as mean £ SD of four independent experiments. The
statistical analysis of the results was performed by Student’s t-test for
paired samples. Differences between groups were analyzed statistically
with one-way ANOVA followed by the Tukey HSD posthoc test for
multiple comparisons. Different levels of signification (P = 0.05 to P =
0.0001) in the MDA assay were considered statistically significant.

RESULTS AND DISCUSSION

Analytical Quality of the Method. Many of the FB; analysis
methods reported use fluorescence detectors (27). As fumonisins
do not have any suitable chromophores, they must be derivatized
for their fluorescence detection with precolumn derivatives such
as o-phthalaldehyde (OPA) or naphthalene-2,3-dicarboxalde-
hyde (NDA). However, the Maillard reaction product formed
with a primary amine of FB; and reducing sugars does not react
with OPA or NDA, so they cannot be analyzed with fluorescence
detectors (19). Figure 1 illustrates the structures of FB; and
N-(carboxymethyl)fumonisin B;. The two-stage mass spectro-
metry process (MS/MS) provides sensitivity and selectivity in
fumonisin quantification. Triple quadrupole (QqQ) MS was
selected as it is the most widely employed analyzer because it
provides a good precision and accuracy when working in
SRM (21).

After heating the dough obtained with corn flour spiked with
FB; and water, a nonenzymatic browning reaction product was
obtained with signals at m/z 428, m/z 392, and m/z 410 in PI mode,
which corresponds to the N-(carboxymethyl)fumonisin By spec-
trum (25). This fact was confirmed after analysis of N-(carboxy-
methyl)fumonisin B, synthesized as previously described. For the
analysis of FBy and its adduct, protonated molecules (1m/z 722)
for FBy and (m/z 780) for N-(carboxymethyl)fumonisin B; were
mass-selected by the first quadrupole and fragmented after
collision-induced dissociation (CID). These transition ions are
generated by the loss of water and tricarballylic acid (TCA) side
chains from the alkyl backbone. For acquisition in SRM mode,
the ions selected were m/z 352 — [M + H — 2TCA — H,0]" and
m/z 334 — [M + H — 2TCA — 2H,0]" for FB, and m/z 410 —
[M + H — 2TCA — H,0]" for N-(carboxymethyl)fumonisin B;.

A calibration curve was constructed for FB; and N-(carboxy-
methyl)fumonisin B; in a concentration range between 5 and
5000 ug/L with correlation coefficients higher than 0.9997.
Precision was assayed by analyzing five spiked samples on the
same day and on five different days. Relative standard deviations
(RSDs) of FB; and N-(carboxymethyl)fumonisin B; were 4 and 6
for run-to-run precision and 10 and 12 for day-to-day precision,
respectively.

The simultaneous determination of FB; and N-(carboxy-
methyl)fumonisin B; on corn flour and corn products was studied
by means of an analytical method using an Ultra-Turrax homo-
genizer and LC-MS/MS with a triple quadrupole (QqQ) analyzer.
Mean recovery obtained from cornbread-spiked samples at four
levels ranged 70—87% for FB; and 67—86% for N-(carboxy-
methyl)fumonisin B;, and RSDs were below 10% and 13%,
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Figure 1. Structure of (A) FB, and (B) N-(carboxymethyl)fumonisin B;.

respectively. Under the experimental conditions, the limits of
detection (LODs) were 4 ug/kg for FB; and 10 ug/kg for
N-(carboxymethyl)fumonisin By, and the limits of quantification
(LOQs) were 12 ug/kg for FBy and 30 ug/kg for N-(carboxy-
methyl)fumonisin B;. LODs correspond to the lowest concentra-
tion that gives a signal-to-noise ratio (S/N) of 3, and LOQs were
calculated based on a signal-to-noise ratio (S/N) of 10. For
quantification purpose, standards prepared in matrix samples
were used since matrix effects cause enhancement or suppression
of fumonisin response in LC-MS/MS (217). A LC-MS/MS chro-
matogram of a cornbread sample spiked at 0.1 mg/kg of FB; and
0.1 mg/kg of N-(carboxymethyl)fumonisin By is illustrated in
Figure 2.

Kinetic Studies. In an attempt to study the kinetics of degrada-
tion of FB; and the formation of the Maillard adduct
N-(carboxymethyl)fumonisin B; under food processing condi-
tions such as baking, different cornbreads spiked at 1 mg/kg of
FB, were made at the laboratory. The analysis of the samples by
LC-MS/MS revealed a degradation product among FB; and a
reducing sugar. The experimental process was performed without
adding glucose reproducing the cornmeal baking process. As no
glucose was added, the product formed is considering that 0.5%
of free glucose present in corn flour has reacted with the
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Figure 2. LC-MS/MS chromatogram of cornbread sample spiked at 0.1 mg/kg FB4 and 0.1 mg/kg N-(carboxymethyl)fumonisin B;.

fumonisin. The parameters varied were temperature (160, 180,
and 200 °C) and time (3, 6, 10, 15, and 20 min). The reduction of
FB, and formation of N-(carboxymethyl)fumonisin B; are pro-
portional to the increment of temperature and time. Graphs with
the results obtained are shown in Figure 3. The strongest
degradation was found at 200 °C after 20 min with only 8% of
the FB; left and the formation of 88 ug/kg of N-(carboxy-
methyl)fumonisin B;. After 20 min at 160 °C, FB; decreased
53% and also was detected 52 ug/kg of N-(carboxymethyl)-
fumonisin B;. Previous reports that evaluated the production of
N-(carboxymethyl)fumonisin By in raw corn samples spiked with
FB, treated under industrial conditions have shown that the
addition of glucose and fructose increased the formation of the
adduct whereas sucrose (nonreducing sugar) addition showed no
reaction product (19, 25). Castelo et al. (26) studied the effect of
added sugars on FB; stability in extruded corn grits to produce
breakfast cereals and snack food. The addition of glucose resulted
in an important reduction of fumonisins (45—92%) in certain
temperature, shear, and pressure conditions.

Howard et al. (/9) indicated that the formation of
N-(carboxymethyl)fumonisin B; is favored by alkaline conditions
(pH > 7), requires molecular oxygen, and is catalyzed with several
sugars whose ability to induce adduct formation is associated to
the tendency to undergo nucleophilic attack on the carbonyl
carbon. In a survey of corn products from German markets, six
out of nine samples were contaminated with N-(carboxymethyl)-
fumonisin By (9.6—76 ng/g) (25).

Cytotoxicity Studies. In order to compare the cytotoxicity and
peroxidation potential of FB; and N-(carboxymethyl)fumonisin
By, neutral red and lipid peroxidation assays were performed
simultaneously at the same conditions. Figure 4 shows the
concentration—response curves of Vero cells after 24 h exposure
of FB; and N-(carboxymethyl)fumonisin B;. The median con-
centration required for inhibition of cell growth by 50% (ICs)
was 55 £ 7 uM for FBy, and no ICsy was detected for
N-(carboxymethyl)fumonisin By after 24 h exposure at the con-
centrations assayed. These results indicate that N-(carboxy-
methyl)fumonisin By is less cytotoxic than FB;. The presence in
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Figure 3. Effect of heat treatment on the degradation of FB; and production of N-(carboxymethyl)fumonisin B, in corn bread.
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Figure 4. Inhibition of cell viability on Vero cells after 24 h exposure with FB; and N-(carboxymethyl)fumonisin B4 by neutral red assay. Data expressed as
percentage of the unexposed controls using six replicates per concentration. An asterisk indicates a significant difference from control values (P < 0.05).

FB, of the amino group and the position of the hydroxyl group on initiating activities of FB;. Moreover, the amino group facilitates
C14/C15 have an important role in both the toxic and cancer the conjugation of FB, to protein carriers. The reaction of FB;
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with the reducing sugar p-glucose to form N-(carboxymethyl)-
fumonisin B, can block the primary amine group of FB; and may
detoxify this mycotoxin (/8). In previous studies, FB; decreased
cell viability of rabbit kidney cells (27), human esophageal
epithelial cell (28), GT1—7 hypothalamic cells (4), and keratino-
cytes, but in other studies only incubations with high concentra-
tions of FB, for 24 h induced a small decrease in the viability of C6
glioma cells and SHSY-5Y neuroblastoma (4). No cytotoxicity
effects have been observed in the cerebral cell aggregate culture, in
rat astrocytes, or in human fibroblast after FB; exposure (4).

FB; toxicity mechanism is based in the disruption of
sphingolipid biosynthesis by the inhibition of ceramide syn-
thase. Riley et al. (5) observed that the accumulation of sphinga-
nine levels in the cell culture after FB; exposure at low levels
was noncytotoxic due to their elimination, but prolonged
exposure at high levels caused an increased cell death, being
the disruption of sphingolipid metabolism a specific cytotoxic
response.

In vivo studies of FB; acute toxicity are very scarce; generally,
FB; is considered not acutely toxic through the oral route.
McKean reported that male F344 rats by gavage with <46.4
mg/kg bw did not result in mortality; however, apparent toxic
symptoms were noted (29). Howard et al. reported that FB, is a
renal carcinogen in male F244/N rats and a hepatocarcinogen in
female B6C3F1 mice when fed a concentration higher than
70 umol/ kg; these effects were not observed after N-(carboxy-
methyl)fumonisin B; administration (30).

Several in vivo studies of acute and subacute effects of FB, and
FB;—glucose reaction products in swine and rats demonstrated
that FB;—glucose reaction products reduce FB; toxicity (30—32).
In another study, a single screw extrusion of corn contaminated
with FB; and glucose resulted in a significant reduction on FB,
toxicity when fed to rats (33). There are no in vitro studies of
N-(carboxymethyl)fumonisin B; cytotoxicity so it is difficult to
compare our results with previous data, as only a short-term
bioassay using brine shrimp (Artemia salina) showed a 100-fold
reduced toxicity compared to FB; (34).

Lipid Peroxidation. Lipid peroxidation affects plasma mem-
brane integrity as well as the nucleus and other cellular organelle
membranes. FB; and N-(carboxymethyl)fumonisin By lipid per-
oxidation was measured as malondialdehyde-production in Vero
cells exposed to 1, 5, and 10 uM of each compound after 90 min
and 24 and 48 h (Figure 5). Lipid peroxidation was increased in a
concentration- and time-dependent manner after FB; exposure
but slightly increased after N-(carboxymethyl)fumonisin B; expo-
sure. After culture times of 90 min, increased malondialdehyde
levels ranging from 47% to 153% of the control were observed in
cells treated at dose levels of 5 and 10 uM FBy, respectively (P <
0.000). However, increased malondialdehyde levels were ob-
served at the three levels assayed, after 24 h from 24% to 197%
(P =0.000) and after 48 h from 106% to 329% of the control (P <
0.000). N-(Carboxymethyl)fumonisin B; induced lipid peroxida-
tion at the three periods tested but only with two levels. At 5 uM,
malondialdehyde levels increased from 20% (P < 0.05) to 38%
(P =< 0.000) of control and at 10 uM increased from 49% (P <
0.000) to 66% (P =< 0.000) of control.

Tukey post hoc comparison indicates that the malondialde-
hyde production was statistically significant with FB; from
concentrations of 1 uM up at 48 h exposure, whereas this effect
was observed in N-(carboxymethyl)fumonisin B; only from
5 uM. The data clearly showed that the most effective in malon-
dialdehyde production was FB; compared to N-(carboxy-
methyl)fumonisin B;. In previous studies, increased malondial-
dehyde concentrations were obtained in SHSY-5Y cells after 24 h
incubation with 100 uM FBy or after 72 h with 10 uM FBy, as well
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Figure 5. Malondialdehyde production by Vero cells exposed to 1, 5, and
10 uM (a) FB; and (b) N-(carboxymethyl)fumonisin B, during 90 min and
24 and 48 h. Results are expressed as the mean £ SD in ng of
malondialdehyde/mg of protein measured by the Bradford method. Sig-
nificantly different from the control: P < 0.05 (*), P < 0.001 (**),and P <
0.000 (**).

as in GT1—7 and C6 cells exposed to 100 uM FB, for 144 h (¢)
and in Vero cells exposed to 0.14 uM FB, after 24 h (7).

FB, induces lipid peroxidation in Vero cells to an extent that
could alter the structure and function of the cellular membrane and
block cellular metabolism leading to cytotoxicity. Lipid peroxida-
tion may also be related to the disturbance of cell signaling
processes, genotoxicity, mutagenicity, and tumor promotion
caused by FBy, since it has been shown that the diene conjugates
formed during lipid peroxidation can interact with DNA (7).
Mobio et al. (35) found that FB; could reduce C6 glioblastoma
cell viability after 24 h, but cell death could be prevented by lipid-
soluble antioxidant (vit E). These experiments confirmed the
involvement of FBy lipid peroxidation on the cytotoxicity process
that is also caused by sphingolipid accumulation. In other studies,
in vitro findings in which FB; induced peroxidation in primary
hepatocytes supported the increased level of TBARS in the liver of
rats fed with different dietary levels of FB; (36). After simulating
baking conditions in a spiked corn flour, the degradation of FB;
and the formation of N-(carboxymethyl)fumonisin B; were de-
monstrated at different times and temperatures. The present results
showed that FB; increased lipid peroxidation on Vero cells as well
as decreased cell viability. However, N-(carboxymethyl)fumonisin
B, is significantly less cytotoxic, and higher doses are required to
induce lipid peroxidation compared to FBy. These results corro-
borate previous studies concluding that the reaction of FB;
and Dp-glucose produces a less toxic product N-(carboxymethyl)-
fumonisin By, so heat treatment might be considered as a possible
way for the detoxification of fumonisin-contaminated corn.
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