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The present study aimed to investigate the protective effects of luteolin (L), chlorogenic acid

(ChlA) and caffeic acid (CafA) against cyto-genotoxic effects caused by OTA. Vero cells and

rat  lymphocytes were used and viability was measured by neutral red uptake, MTT  and

trypan blue dye exclusion method. L (50 and 100 �g/mL), ChlA (100 and 200 �g/mL) and CafA

(10–50  �g/mL) reduced the damage induced by OTA (10 �g/mL) on both cells type shown a

good protective effect. The comet and micronucleus tests in Balb/c mice were performed.

ChlA  (10 mg/kg bw) reduced OTA (0.85 mg/kg bw)-induced DNA damage on blood and bone

marrow cells, CafA (10 mg/kg bw) showed protective effect only in blood cells and luteolin

(2.5  mg/kg bw) failed to protect DNA integrity on cells. In conclusion, polyphenols tested
Chlorogenic acid

Caffeic acid

Ochratoxin A

Cytotoxicity

DNA damage

reduced the toxicity caused by OTA on different target cells with good protective effect,

being ChlA the compound that showed the best effects.

© 2015 Elsevier B.V. All rights reserved.
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.  Introduction

chratoxin A (OTA) is one of the most abundant mycotoxins
roduced by some fungal species of Aspergillus and Penicillium.

t contaminates food and foodstuff and widespread in cereals,
rains, coffee beans, dried grapes, juice, wine, beer and bread
ue to improper storage conditions (WHO,  2001). This myco-
oxin has nephrotoxic, hepatotoxic, immunotoxic, mutagenic
nd genotoxic properties (Pfohl-Leszkowicz and Manderville,
007; Mantle et al., 2010). OTA was shown to cause apoptosis
n kidney cells and human and mice lymphocytes (Thuvander
t al., 1996; Schwerdt et al., 1999; Petrik et al., 2003; Liu et al.,
012). Moreover, several studies have confirmed the genotox-
city of OTA both in vitro in mammalian cell lines (Rahat et al.,
011) and in vivo in rats and mice (Bouslimi et al., 2008; Abdel-
ahhab et al., 2008).
The mechanisms of OTA-induced toxic effects have not

et been clearly elucidated; however, induction of oxidative
tress seems to be one of the processes involved. Generation
f reactive oxygen species (ROS) may explain the induction
f mitochondrial dysfunction, apoptosis and DNA damage

nduced by this mycotoxin (Le Bras et al., 2005; Ringot et al.,
006). Several physical, chemical and biological methods have
een developed to suppress or reduce the toxic action of myco-
oxins, improve food safety and minimize economic losses
Zinedine et al., 2007; Battacone et al., 2010). Recently, atten-
ion has been focused on natural antioxidant constituents.
olyphenols are secondary metabolism products of plants
nd constitute one of the most numerous and widely dis-
ributed groups of natural antioxidants in the plant kingdom
Wollgast and Anklam, 2000). The most abundant are phenolic
cids and flavonoids accounting for 60% and 30%, respectively,
f total polyphenols in the diet, approximately 1 g/day. The
erivatives of the most abundant phenolic acids in plants
re hydroxybenzoic and hydroxycinnamic acids. Hydroxy-
innamic acids are more  common than hydrobenzoic acids.
ithin hydroxycinnamic acids group are cholorgenic and caf-

eic acids and they are very abundant in most fruits and
offee. Flavones as apigenin and luteolin are the most com-
on phenolics in plant-based foods (Manach et al., 2004). It

as shown that luteolin, chlorogenic and caffeic acids protect
ells from various forms of oxidant stresses through to scav-
nge reactive oxygen species (ROS) (Lin et al., 2008; Meng et al.,
013).

Considering that formation of ROS seems to be one of the
echanism involved in cell damage induced by OTA, these

atural antioxidants appear to be an effective alternative for
educing the toxic effects caused by this mycotoxin. In addi-
ion, in the consulted literature, there are no studies that
emonstrate the effect of luteolin, chlorogenic or caffeic acids
gainst OTA-induced toxicity.

Based on this background, the present study aimed to
nvestigate the possible protective effects of luteolin, chloro-
enic and caffeic acids against toxics effects caused by OTA.
e employed Vero cells and rat lymphocytes as an in vitro
odel to investigate the influence of polyphenols supplement
n cytotoxic effects induced by OTA and we also evaluated
he possible protective effects of these polyphenols on OTA-
nduced DNA damage in mice.
 a c o l o g y 3 9 ( 2 0 1 5 ) 1008–1018 1009

2.  Materials  and  methods

2.1.  Cell  cultures

2.1.1.  Vero  cells
Vero cells (Cercopithecus aethiops green monkey kidney epithe-
lial cell line; ATCC CCL-81) were grown in Eagle’s minimal
essential medium (EMEM; Gibco, USA) supplemented with
10% (v/v) heat-inactivated fetal calf serum (FCS; Natocor,
Argentina), glutamine (30 �g/mL) and gentamicin (50 �g/mL)
(all from Sigma St. Louis, USA). Cell cultures were maintained
at 37 ◦C with 5% CO2 and humidity.

2.1.2.  Lymphocytes
Male Wistar rats (weighing 200 g) supplied from Bioterio
Central of Universidad Nacional de Río Cuarto were used.
Peripheral blood was drawn from the tail vein and lympho-
cytes were isolated using Hystopaque®-1077 centrifugation
(Sigma Aldrich, St. Louis, USA). Cell viability was determined
by trypan blue dye exclusion method using an optimal suspen-
sion of 1 × 106 cells/mL (Mongini and Waldner, 1996). The study
was approved by the Comité de Ética de la Investigación Cientí-
fica (COEDI), Universidad Nacional de Río Cuarto. Lymphocytes
(2 × 105/well) in a final volume of 200 �L, were cultured in ster-
ile 96-well microplate containing RPMI-1640, supplemented
with 25 mM Hepes, 2 mM L-glutamine, 5% FCS, 50 mM 2-ME,
100 �g/mL streptomycin, 100 �g/mL penicillin and 100 �g/mL
neomycin.

2.2.  Cytotoxicity  assays

2.2.1.  Cytotoxicity  on  Vero  cells
Vero cells were cultured in 96-well microplates. After incuba-
tion for 24 h at 37 ◦C, cells were exposed to OTA or polyphenols.
Different doses of OTA (BioPure Technology, UK) (0, 5, 10, 50,
75, 100 and 125 �g/mL) were tested. The selection of OTA doses
was supported by other in vitro studies in Vero cells (Ramyaa
and Padma, 2013). The polyphenols luteolin (≥98%), chloro-
genic acid (≥95%) or caffeic acid (≥ 98%) (all fom Sigma St.
Louis, USA) were also tested in different doses (0, 10, 25, 50,
100 and 200 �g/mL). OTA and polyphenols were dissolved in
DMSO/PBS (solvent concentration not exceeding 0.03%). To
assess the cytotoxicity, cells were exposed at all compounds
in independent trials. The systems were incubated at 37 ◦C
with 5% CO2 and humidity for 24 h. Monolayers incubated with
EMEM or DMSO were the cellular viability controls. Three repli-
cate wells for each exposure in four independent plates were
performed.

After that period, cell viability was evaluated by two  meth-
ods: neutral red (NR) uptake (Rajbhandari et al., 2001) and
colorimetric MTT  assay (Mosmann, 1983).

With the aim of testing the polyphenols protection
capability against OTA toxicity, cells also were exposed to com-
binations of OTA (10 �g/mL) and the polyphenols, latter in not

cytotoxic concentrations (50 and 100 �g/mL luteolin, 25 and
50 �g/mL caffeic acid and 100 and 200 �g/mL chlorogenic acid),
in two  independent assays:

dx.doi.org/10.1016/j.etap.2015.03.013
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a) Treatment (polyphenols along with OTA and incubated for
24 h).

b) Pretreatment (supplementation of polyphenols during 2 h
prior to OTA treatment and then incubated for 24 h).

The viability was evaluated by NR assay. Three replicate
wells for each exposure in four independent plates were per-
formed.

2.2.2.  Cytotoxicity  on  lymphocytes
To assess the cytotoxicity, lymphocytes were exposed to OTA
and polyphenols in independent trials at doses previously
described. The selection of OTA doses was supported by other
in vitro studies with lymphocytes (Mechoud et al., 2012). Cell
cultures with RPMI-1640 or DMSO were used as control. The
systems were incubated at 37 ◦C with 5% CO2 and humidity for
24 h. Three replicate wells for each exposure in four indepen-
dent plates were performed. After that period, cell viability
was evaluated by two methods: trypan blue dye exclusion
using Neubauer chamber (Militao et al., 2006) and colorimetric
MTT  assay (Mosmann, 1983).

With the aim of testing the polyphenols protection capa-
bility against OTA toxicity, lymphocytes were exposed to
combinations of OTA (10 �g/mL) and the polyphenols, latter
in not cytotoxic concentrations (50 and 100 �g/mL luteolin, 10
and 25 �g/mL caffeic acid and 100 and 200 �g/mL chlorogenic
acid), in two independent assays:

a) Treatment (polyphenols along with OTA and incubated for
24 h).

b) Pretreatment (supplementation of polyphenols during 2 h
prior to OTA treatment and then incubated for 24 h).
The viability was evaluated by trypan blue dye exclusion
method. Three replicate wells for each exposure in four
independent plates were performed.

2.3.  Genotoxicity  assays

2.3.1.  Animals  and  treatment
Male Balb/c mice aged 8–12-weeks, (weighing 20–25 g), sup-
plied from Bioterio Central of the Universidad Nacional de Río
Cuarto, were maintained in a temperature and humidity con-
trolled room, with 12 h light–dark cycles and were allowed food
and water ad libitum.  All experimental procedures were con-
ducted in accordance with recent legislation. This study was
approved by the Comité de Ética de la Investigación Científica
(COEDI), Universidad Nacional de Río Cuarto.

Mice were separated into groups of 4 animals per group and
were inoculated (i.p.) as follows:

1. With a dose of DMSO/PBS as vehicle control group.
2. With a dose of cyclophosphamide (20 mg/kg bw) as positive

control group.
3. With a dose of OTA (0.85 mg/kg bw).
4. With increasing doses of luteolin (2.5, 5 and 10 mg/kg bw).

5. With increasing doses of chlorogenic acid (2.5, 5 and

10 mg/kg bw).
6. With increasing doses of caffeic acid (2.5, 5 and 10 mg/kg

bw).
 r m a c o l o g y 3 9 ( 2 0 1 5 ) 1008–1018

7. With combination of OTA (0.85 mg/kg bw)  and luteolin
(2.5 mg/kg bw).

8. With combination of OTA (0.85 mg/kg bw)  and chlorogenic
acid (10 mg/kg bw).

9. With combination of OTA (0.85 mg/kg bw)  and caffeic acid
(10 mg/kg bw).

The selection of OTA and polyphenols doses was based on
other in vivo studies in Balb/c mice (Abraham, 1996; Bouslimi
et al., 2008). In the protective assays, animals were treated with
combination of OTA and polyphenols (injected together), latter
in not genotoxic concentrations.

After 24 h, the mice were decapitated without being anes-
thetized and the blood samples were immediately taken in
heparinized tubes for performing comet assay. In addition,
the femurs were immediately excised from the bodies and
micronucleus assays were performed.

2.3.1.1.  Comet  assay.  The heparinized blood samples were
kept in the dark at 4 ◦C and processed within 6 h. The comet
assay was performed according to the protocol proposed by
Singh et al. (1988), with slight modifications. Volumes of 50 �l
of blood from each mouse were added to 100 �l of 0.75% LMP
agarose at 37 ◦C. The mixtures were layered onto slides pre-
coated with 0.75% NMP agarose and covered with a coverslip.
The slides were immersed in a lysis solution (2.5 M NaCl,
100 mM EDTA, 10 mM Tris (pH 10), supplemented with 1% Tri-
ton X-100 and 10% DMSO just before use) for at least 1 h,
right after the slides immersed in a freshly prepared alkaline
buffer pH > 13 and electrophoresis was conducted for 30 min.
The slides were fixed in absolute ethanol, stained with ethid-
ium bromide, and scored using a fluorescent microscope. From
each treatment, images from 100 “nucleoids” were captured
with a camera attached to the fluorescent microscope and
linked to the Comet Score 1.5 software. Highly damaged cells
were not included in the scoring (clouds were not analyzed).
Tail moment (TM) was used to estimate DNA damage (arbitrary
units).

2.3.1.2.  Micronucleus  assay.  This trial was carried out as
described by Schmid (1975), with modifications. Bone mar-
row samples from femoral bone obtained with FCS were fixed
with ethanol and stained with May-Grünwald and Giemsa. In
order to evaluate the protective effects of polyphenols on DNA
damage induced by OTA, the presence of erythrocytes with
micronuclei (MN) was observed in a total of 2000 polychro-
matic erythrocytes (PCE) per animal. Furthermore, to obtain
a toxicity grade of compounds on bone marrow, the toxicity
index (TI) was calculated by the PCE/NCE ratio in 1000 cells.

2.4.  Statistical  analysis

All the values obtained in the assays were expressed as
averages with standard deviations. The data obtained from
cytotoxicity assays and Micronucleus test were evaluated
using GraphPad Prism version 5.00.288 (San Diego, USA, 2007)

and compared with one way analysis of variance (ANOVA)
and the Tukey multiple comparison test. The differences
were considered to be statistically significant at p < 0.05. The
data obtained from Comet assay were also evaluated using

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 1 – Viability of Vero cells exposed to different
concentrations of ochratoxin A (OTA) for 24 h. Cell viability
was evaluated by Neutral Red intake (NR) and MTT
m

G
c
p

3

3

3
C
m
t
n
c

1
b
(
o
d
a
m
(
V
p

3
C
a
a
a
c
i

1
b
o
t
b
v
c

Fig. 2 – Viability of Vero cells exposed to different
concentrations of polyphenols for 24 h. Cell viability was
evaluated by (A) Neutral Red (NR) intake and (B) MTT

cant differences (p < 0.001 for luteolin, p < 0.001 and p < 0.0001
for chlorogenic acid and p < 0.0001 for caffeic acid respect to
OTA treatment). Viability values similar to control cells were

Fig. 3 – Viability of lymphocytes from Wistar rats (n = 4)
ethods. Each value represents means ± SD.

raphPad Prism version 5.00.288 (San Diego, USA, 2007) and
ompared with Kruskal Wallis test and Dunns multiple com-
arisons.

.  Results

.1.  Cytotoxicity  assays

.1.1.  Cytotoxicity  on  Vero  cells
ytotoxic effects of OTA on Vero cells after 24 h incubation as
easured by the MTT  and NR assays are shown in Fig. 1. OTA

reatment caused toxic effect in a not dose-dependent man-
er decreasing cell viability over 50–60% (p < 0.0001 respect to
ontrol) as measured by both viability methods.

Regarding the polyphenols tested, luteolin (from
00 �g/mL) caused a significant toxic effect as measured
y MTT  and RN assays decreasing cell viability over 20%
p < 0.05 respect to control). Caffeic acid caused toxicity
n these cells (from 100 �g/mL) as measured by NR assay
ecreasing cell viability over 40% (p < 0.0001 respect to control)
nd also caused a significant toxic effect at 200 �g/mL as
easured by MTT  assay decreasing cell viability over 25%

p < 0.001 respect to control). Chlorogenic acid did not affect
ero cell viability regardless the concentration tested or assay
erformed (Fig. 2A and B).

.1.2.  Cytotoxicity  on  lymphocytes
ytotoxic effects of OTA on lymphocytes after 24 h incubation
s measured by trypan blue dye exclusion and MTT methods
re shown in Fig. 3. OTA exerted toxic effect on lymphocytes in

 not dose-dependent manner causing the death over 50–75%
ells (p < 0.0001 respect to control) as measured by both viabil-
ty methods.

Regarding the polyphenols tested, luteolin (from
00 �g/mL) caused a significant toxic effect as measured
y trypan blue dye exclusion assay decreasing cell viability
ver 20% (p < 0.05 respect to control). Caffeic acid also caused
oxic effects on lymphocytes (from 50 �g/mL) as measured

y trypan blue dye exclusion assay decreasing sharply cell
iability over 75% (p < 0.0001 respect to control) and also
aused a significant toxic effect at 200 �g/mL as measured by
method. Each value represents means ± SD.

MTT  assay decreasing cell viability over 20% (p < 0.05 respect
to control). Chlorogenic acid did not affect lymphocytes via-
bility regardless the concentration tested or assay performed
(Fig. 4A and B).

3.1.3.  Protective  effects  of  polyphenols  on  OTA-induced
cytotoxicity
Treatment and pretreatment with three polyphenols reduced
the OTA cytotoxicity on Vero cells with statistically signifi-
exposed to different concentrations of ochratoxin A (OTA)
for 24 h. Cell viability was evaluated by trypan blue dye
exclusion and MTT  methods. Each value represents
means ± SD.

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 4 – Viability of lymphocytes from Wistar rats (n = 4) exposed to different concentrations of polyphenols for 24 h. Cell
) ass
viability was evaluated by (A) trypan blue dye exclusion (TB

reached. No statistically significant differences between treat-
ment and pretreatment were observed (Fig. 5A, B and C).

On the other hand, treatment and pretreatment with
three polyphenols also reduced the OTA cytotoxicity on lym-
phocytes with statistically significant differences (p < 0.0001
for luteolin, chlorogenic and caffeic acids respect to OTA
treatment). However, the protective effect was less than the
observed on Vero cells. Viability values of 70–80%, 70–75%
and 45–55% in cells supplemented with luteolin, chlorogenic
acid or caffeic acid respectively, were reached. No statistically
significant differences between treatment and pretreatment
were observed (Fig. 6A, B and C).

3.2.  Genotoxicity  assays

3.2.1.  General  observations  and  behavior
None clinical signs of behavioral toxicity or mortality were
observed in the animals treated with OTA or polyphenols 24 h
post-injection.

3.3.  Comet  assay
Results of comet assay are shown in Fig. 7. OTA exposure
(0.85 mg/kg bw)  caused a significant increase in tail moment
of blood cells respect to negative control group (p < 0.0001
ay and (B) MTT  method. Each value represents means ± SD.

Kruskal–Wallis and Dunns Test). The DNA integrity of these
cells was not affected by treatment with polyphenols.

3.4.  Micronucleus  test

Table 1 summarizes the micronucleus assay results obtained
from Balb/c mice treated with OTA and polyphenols. A signif-
icant increases in the incidence of MN in PCE in animal group
treated with OTA was observed (p < 0.001 respect to control
group). The mean of MNPCE in bone marrow was not affected
by treatment with chlorogenic or caffeic acids. However, a sig-
nificant increases of MNPCE in luteolin group at higher doses
tested was observed (p < 0.01 respect to control group). No sig-
nificant difference in the PCE/NCE ratio in all treatments was
observed.

3.4.1.  Protective  effects  of  polyphenols  on  OTA-induced
DNA damage
Tail moment increases in blood cells observed in animal group
treated with OTA were significantly reduced in the animal

group treated with OTA + chlorogenic acid (10 mg/kg bw)  and
OTA + caffeic acid (10 mg/kg bw) (p < 0.05 respect to OTA group).
Treatment with these two polyphenols reduced the increase of
tail moment in 40% (Fig. 8A). Luteolin did not show protective

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 5 – Protective effects of polyphenols on OTA-induced Vero cells toxicity. (A) treatment and pretreatment with luteolin (50
and 100 �g/mL); (B) treatment and pretreatment with chlorogenic acid (100 and 200 �g/mL); (C) treatment and pretreatment
with caffeic acid (25 and 50 �g/mL). Cell viability was evaluated by Neutral Red intake (NR). Each value represents
means ± SD.
lut: luteolin; ChlA: chlorogenic acid; CafA: caffeic acid. **p < 0.001, ***p < 0.0001 respect to OTA (ANOVA and Tukey Test).

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 6 – Protective effects of polyphenols on OTA-induced lymphocytes toxicity. (A) treatment and pretreatment with luteolin
(50 and 100 �g/mL); (B) treatment and pretreatment with chlorogenic acid (100 and 200 �g/mL); (C) treatment and
pretreatment with caffeic acid (10 and 25 �g/mL). Cell viability was evaluated by trypan blue dye exclusion method. Each
value represents means ± SD.
lut: luteolin; ChlA: chlorogenic acid; CafA: caffeic acid. ***p < 0.0001 respect to OTA (ANOVA and Tukey Test).

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 7 – DNA damage (tail moment) of blood cells from Balb/c mice (n = 4) treated with OTA or polyphenols for 24 h. Each
value represents means ± SD. ***p < 0.0001 respect to control group (Kruskal–Wallis and Dunns Test).

Table 1 – Genotoxicity and toxicity indexes determined in bone marrow erythrocytes from Balb/c mice treated with OTA
or polyphenols and combinations of OTA and polyphenols.

Treatment Animalsa TIb

(PCE/NCE ± SD)
24 h

GIc

MNPCEd (‰)
24 h

Negative control (DMSO/PBS) 4 0.99 ± 0.15 4.70 ± 1.20
OTA
(0.85 mg/kg bw) 4 1.27 ± 0.05 18.50 ± 3.54**

Luteolin
(2.5 mg/kg bw) 4 0.99 ± 0.04 6.00 ± 2.00
(5 mg/kg bw) 4 0.99 ± 0.15 13.00 ± 2.65*

(10 mg/kg bw) 4 0.83 ± 0.60 16.00 ± 6.00*

Chlorogenic acid
(2.5 mg/kg bw) 4 1.01 ± 0.20 2.00 ± 1.00
(5 mg/kg bw) 4 0.82 ± 0.10 1.33 ± 0.58
(10 mg/kg bw) 4 0.82 ± 0.15 2.33 ± 1.52

Caffeic acid
(2.5 mg/kg bw) 4 0.79 ± 0.09 1.66 ± 1.16
(5 mg/kg bw) 4 0.63 ± 0.06 2.33 ± 1.53
(10 mg/kg bw) 4 0.82 ± 0.15 3.67 ± 2.89

Luteolin (2.5 mg/kg bw)
+
OTA (0.85 mg/kg bw)

4  0.99 ± 0.17 19.5 ± 6.36**

Chlorogenic acid (10 mg/kg bw)
+
OTA (0.85 mg/kg bw)

4  0.79 ± 0.001 7.50 ± 4.95

Caffeic acid (10 mg/kg bw)
+
OTA (0.85 mg/kg bw)

4  1.09 ± 0.07 14.5 ± 6.36*

Positive control (cyclophosphamide 20 mg/kg bw) 4 1.20 ± 0.60 26.50 ± 8.02***

a Four mice were used per experimental group.
b Toxicity Index.
c Genotoxicity Index.
d Micronucleated polychromatic erythrocytes. In all cases 2000 polychromatic erythrocytes (PCE) per animal were analyzed.
∗ p < 0.05 statistically significant difference from negative control group (ANOVA and Tukey test).

∗∗ p < 0.01 statistically significant difference from negative control group (ANOVA and Tukey test).
∗∗∗ p < 0.001 statistically significant difference from negative control group (ANOVA and Tukey test).

dx.doi.org/10.1016/j.etap.2015.03.013
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Fig. 8 – (A) Protective effects of polyphenols on OTA-induced DNA damage (tail moment) in blood cells from Balb/c mice
(n = 4) after 24 h of treatment. Each value represents the means ± SD.
Lut: luteolin; ChlA: chlorogenic acid; CafA: caffeic acid. *p < 0.05, respect to OTA (Kruskal–Wallis and Dunns Test).
(B) Photomicrographs of nucleus of blood cells from Balb/c mice, analyzed by comet assay. (A) Negative control (PBS); (B) OTA
(0.85 mg/kg bw); (C) OTA (0.85 mg/kg bw)  + chlorogenic acid (10 mg/kg bw); (D) OTA(0.85 mg/kg bw) + caffeic acid (10 mg/kg

bw); (E) Positive control (cyclophosphamide 20 mg/kg bw).

effects on OTA-induced DNA damage. Fig. 8B exhibit cells with
and without DNA damage.

The increase in the incidence of MN  in PCE in animal
group treated with OTA was significantly reduced in the ani-
mals group treated with OTA + chlorogenic acid (10 mg/kg bw)
(p < 0.05 respect to OTA group). Treatment with this polyphenol
decreased the frequencies of MNPCE in 60%. Treatment with
luteolin and caffeic acid failed to diminish the frequency of
MN in PCE. No significant difference in the PCE/NCE ratio in
all treatments was observed (Table 1).

4.  Discussion

In the present study, we evaluated whether polyphenols lute-
olin, chlorogenic acid and caffeic acid could protect cells
against toxic damage caused by OTA. In the in vitro assays
we confirmed that OTA (0–125 �g/mL) exert cytotoxic effects
on Vero cells by altering the lysosomal and mitochondrial

function (measured by NR and MTT  methods) as previously
reported by several authors (Creppy et al., 2004; Bouslimi et al.,
2008; Ramya and Padma, 2013). Moreover, OTA induced cyto-
toxic effects on rat lymphocytes. In agree with our results,
some authors have reported a decrease in the percentage
of splenic and thymic lymphocytes in murine models after
in vivo treatment with OTA (250–500 �g/kg bw)  (Thuvander
et al., 1995, 1996; Dortant et al., 2001). We  observed that OTA
caused more  damage in the cell membrane of lymphocytes
than in the mitochondrial respiratory chain. Odhav et al.
(2008) also reported cell membrane disruption and damage to
cytoplasmic organelles on human leukocytes exposed to OTA
(50 �g/mL).

Regarding the cytotoxicity of three polyphenols tested,
chlorogenic acid (0–200 �g/mL) was the only compound that
not affects the viability of Vero cells or lymphocytes. Luteolin
caused toxicity from100 �g/mL by altering organelles function
in Vero cells and cytoplasmic membrane in lymphocytes. Oth-
ers studies have also demonstrated lack of cytotoxic effect of
chlorogenic acid and toxicity of luteolin on lymphocytes, Vero
cells and kidney cells (Fujimoto et al., 2009; López-Posadas
et al., 2008; Kang et al., 2011; Kanlayavattanakul et al., 2013).

Caffeic acid was the more  toxic compound. We observed that
this compound altered principally the cytoplasmic membrane
in lymphocytes and lysosomal function in Vero cells, without
affect the mitochondrial respiratory chain in both cells type.

dx.doi.org/10.1016/j.etap.2015.03.013
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e n v i r o n m e n t a l t o x i c o l o g y a n d p h

In the in vivo assays we confirmed the genotoxic effects
f OTA (0.85 mg/kg bw)  on blood cells and bone marrow
ells as previously reported by several authors (Creppy et al.,
985; Bouslimi et al., 2008; Abdel-Wahhab et al., 2008). Fur-
hermore, of the three polyphenols tested, we observed
y micronucleus test that only luteolin (5 and 10 mg/kg
w) showed a significant genotoxic effect on bone mar-
ow cells, but by high sensitive comet assay, did not alter
he DNA integrity of blood cells. None of polyphenols alter
he PCE/NCE ratio, demonstrating absence of cytotoxicity on
one marrow erythrocytes. The results of the in vitro and

n vivo assays demonstrated that polyphenols acted differ-
ntly depending on the cell type, the concentration and
he type of assay performed as described by Resende et al.
2012).

To our knowledge, this work is the first study to report the
bility of luteolin, chlorogenic and caffeic acids to reduce the
oxic effects of OTA which could contribute to the prevention
f ochratoxicosis. The polyphenols supplement in Vero cells
r lymphocytes cultures treated with OTA reduced the toxic
ffects caused by this mycotoxin, demonstrating a good pro-
ective effect. Regarding the protective effects of polyphenols
n OTA-induced DNA damage, only chlorogenic acid (10 mg/kg
w) were able to reduce OTA-induced DNA damage on both
lood cells as bone marrow cells. Caffeic acid (10 mg/kg bw)
educed the DNA damage caused by OTA only in blood cells
nd luteolin failed to protect DNA integrity on both cells type.
s described above, the polyphenols may exhibit different
ffects on the same cells, depending of the type assay carried
ut.

Although the mechanisms of OTA-induced toxic effects
ave not yet been clearly elucidated several studies have
emonstrated that after cell treatment with OTA there are
n increase of ROS levels and a reduction of antioxidant
nzymes (SOD, GSH) which leads to induce a wide range of
esions in cell membranes, proteins and DNA (Baudrimont
t al., 1997; Abdel-Wahhab, 2000; Abdel-Wahhab et al., 2005;
iu et al., 2012). Luteolin, chlorogenic and caffeic acids are nat-
ral antioxidant compounds and different in vitro and in vivo
tudies have reported their ability as ROS scavengers (Lin
t al., 2008; Sato et al., 2011; Xu et al., 2014). It could be
hat these polyphenols have exerted their protective effect
f damage induced by OTA on cells through an antioxidant
echanism.
In conclusion, luteolin, chlorogenic and caffeic acids

educed the toxicity caused by OTA on different target cells
ith good protective effect, being chlorogenic acid the com-
ound that showed the best effects. Given that similar
ffects may even occur in the dietary administration of these
ompounds to animal species susceptible to OTA, further
tudies are needed to deepen the protective effects of these
olyphenols and the mechanism of action on OTA toxic-

ty.
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