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Abstract: Inorganic arsenic is an ubiquitous environmental contaminant able to cause 
severe pathologies in humans, including kidney disorders. The possible protective 
effects of Mangifera indica L., Anacardiaceae, stem bark extract (MSBE) and some 
mango phenols on the cytotoxicity of arsenite (AsIII) in the proximal tubule cell line 
HK-2 was investigated. In cells cultured for 24 h in presence of AsIII, a dose-dependent 
loss of cell viability occurred that was signifi cantly alleviated by MSBE, followed by 
gallic acid, catechin and mangiferin. Mangiferin complexed with Fe+++ proved more 
effi cacious than mangiferin alone. MSBE and pure phenols increased signifi cantly the 
cell surviving fraction in clonogenic assays. In cells pretreated with MSBE or phenols 
for 72 h the protection afforded by MSBE resulted decreased in comparison with the 
shorter experiments. Cells pretreated with a subcytotoxic amount of AsIII or cultured in 
continuous presence of low concentration of mangiferin proved to be more resistant to 
AsIII, while cells cultured in presence of albumin resulted more sensitive. Because all 
the above conditions share changes in expression/activity of P-glycoprotein (P-gp), a 
transporter potentially involved in arsenic resistance, the capability of M. indica phenols 
in modulating AsIII-induced cytotoxicity would be at least in part dependent on their 
interactions with P-gp.
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Introduction
 
 Arsenic (As) is a natural element, which behaves 
like a metal, and largely diffused throughout the world 
(Jones, 2007). Arsenic concentration as a pollutant is 
signifi cantly high in certain countries, including India 
(Brammer & Ravenscroft, 2009), Bangladesh (Caussy 
& Priest, 2008), China (Sun et al., 2006), Argentina 
(O’Reilly et al, 2010), Chile (Ferreccio & Sancha, 2006) 
and Central Europe (Lindberg et al., 2006).
 Contamination by As poses severe problems for 
human health (Singh et al., 2007). In fact, acute poisoning 
may be fatal, whereas chronic exposure to relatively low 
amounts of the metalloid has been proven to induce a 
variety of non-tumoral and tumoral pathologies (Guha 
Mazumder, 2008; Gailer, 2009; Rahman et al., 2009). In 
spite of many studies on As toxicity, the pathogenesis of 
the toxic effects caused by As at cellular or molecular 
levels is not fully understood (Hayakawa et al., 2005; 
Aposhian & Aposhian, 2006; Gailer, 2009).

 However, even if a scientifi c consensus has not 
been attained, the main mechanism proposed for As-
induced toxicity is the induction of an oxidative stress, 
likely mediated by the production of Reactive Oxygen 
Species (ROS), leading in turn to cell death, apoptosis 
or DNA damage and cancer (Liu et al., 2001; Lantz & 
Hays, 2006; Kitchin & Conolly, 2010). For this reason, 
an increasing number of studies both in vivo and in vitro, 
have been designed to investigate the potential protective 
effect of antioxidant compounds, including several 
phytochemicals, against As-induced toxicity (Sinha et 
al., 2007; Soria et al., 2010; Bera et al., 2010).
 Similar studies on polyphenols of Mangifera 
indica L., Anacardiaceae, to our knowledge, have not 
yet been performed. In fact, mango phytochemicals 
have in recent years garnered strong interest for their 
exceptional activities as antioxidants, anti-infl ammatory, 
immunomodulatory, chemopreventive and anticancer 
compounds (Masibo & He, 2009).
 The aim of this paper is to investigate whether 
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As-induced cytoxicity may be alleviated by mango stem 
bark extract (MSBE) as well as by the main mango 
phenols, including mangiferin (MG). 
 Since the kidney is a main target of arsenic 
toxicity, we have performed this investigation using the 
HK-2 proximal tubule cell line, suitable for studying both 
chemical- and drug-induced nephrotoxicity (Gunness et 
al., 2010) and already suggested as a convenient model 
for the study of As effects on the human kidney (Peraza 
et al., 2003). 
 Furthermore, because we have recently shown 
(Chieli et al., 2009; Chieli et al., 2010), that in this cell 
line M. indica polyphenols influenced the activity and/
or expression of P-glycoprotein (P-gp), a membrane 
transporter potentially involved in As detoxification 
(Drobná et al., 2010), in the present study we have also 
explored a possible link between P-gp modulation by 
mango polyphenols and AsIII-induced cytotoxicity. 

Material and Methods

Plant material and chemicals

 Mangifera indica L., Anacardiaceae, was 
collected from a cultivated field located in the region 
of Pinar del Rio, Cuba. Voucher specimens of the 
plant (Code: 41722) were deposited at Herbarium of 
the Academy of Sciences, by the Institute of Ecology 
and Systematic, Ministry of Science, Technology and 
Environment, La Habana, Cuba. Stem bark extract 
was concentrated by evaporation and spray-dried to 
obtain a fine brown powder (MSBE), which is used as 
the standardized active ingredient of Mangifera indica 
extract formulations (Vimang). It melts at 210-215 
oC with decomposition. The chemical composition of 
MSBE has been characterized by chromatographic (i.e., 
planar, liquid, and gas) methods, mass spectrometry, 
nuclear magnetic resonance (NMR), and UV-V 
spectrophotometry (Núñez-Sellés et al., 2002). The 
elemental inorganic composition has been determined 
by Inductively Coupled Plasma (ICP) spectrometry 
(Núñez Sellés et al., 2007a). 
 Phenols (mangiferin, catechin, gallic acid and 
quercetin) and all other chemicals including media 
and cell culture reagents were purchased from Sigma-
Aldrich (Milan, Italy). All test compounds were stored 
as aliquots of stock solutions in dimethylsulphoxide 
(DMSO) at -20 °C. Before use, they were diluted to 
final desired concentrations - selected on the basis of 
pilot studies - and the final concentration of DMSO 
was never higher than 0.2% (v/v). Comparable % of 
DMSO was used in experimental controls. Mangiferin/
Fe+++ complex was prepared according to Pardo-Andreu 
et al. (2006).

Cell culture

 The immortalized proximal tubule epithelial 
cell line from normal adult human kidney (HK-2) was 
purchased from the American Type Cell Collection 
(ATCC) and cultured as described in previous papers; 
for details see Romiti et al. (2002). Passages 32 to 54 
were studied. All the tested substances were added, at the 
desired concentrations, to confluent cells maintained for 
48 h in serum-free medium. 

Cytotoxicity assays
 
 HK-2 cells grown in 96 multiwell plates were 
pretreated with MSBE or with the individual compounds 
for 2 h or 72 h and then challenged with AsIII at various 
concentrations. Cell viability was assessed 24 h later by 
the neutral red assay (TOX4 kit, Sigma-Aldrich, Milan, 
Italy), using a microplate reader (Wallac 1420 Perkin-
Elmer Victor 3). The trypan-blue exclusion test was also 
used for confirmation. In some experiments cells were 
cultured for two months (12-16 passages in a medium 
containing MSBE or MG at low concentration) and then 
their sensitivity to As-induced cytotoxicity was evaluated 
as above. 

Cell apoptosis analysis by fluorescence staining

 The HK-2 cells were cultured in 6-well plates and 
treated with AsIII in combination with MSBE or individual 
polyphenols for 6-24 h. Cell apoptosis was evaluated 
morphologically by in situ uptake of Hoechst 33342. Cells 
were viewed under fluorescence microscopy (Leica, Milan, 
Italy) equipped with an online image capture system (Leica 
DFC320). 

Reactive oxygen species (ROS) determination

 The intracellular production of ROS 
was measured using the H2O2-sensitive probe 
dichlorofluorescein diacetate (DCFH-DA).
 HK-2 were seeded in 96 multiwell plates and at 
various time (ranging from 1 to 24 h) after the treatment 
with AsIII, alone or in combination with the MSBE or 
some phenols, cells were incubated with DCFH-DA 
(10 μM, in methanol) at 37 ºC for 30 min in the dark. 
Monolayers were washed twice with phosphate-buffered 
saline (PBS) and at last lysed with 0.1% Triton X-100 
to completely solubilize the probe. DCF fluorescence 
was detected using a microplate reader (Wallac 1420 
Perkin-Elmer Victor 3) at excitation and emission 
wavelengths, 485 and 535 nm, respectively. ROS 
production by H2O2 was used as a positive control.
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Clonogenic assay

 To determine HK-2 cell survival after exposure 
to AsIII, 100 cells were seeded in 6-well plates and exposed 
for 2 h to 50-200 µM AsIII in the absence or presence of 
polyphenols. MSBE or polyphenols were added 3 hours 
before AsIII treatment. After two weeks of incubation, the 
colonies were stained with crystal violet and counted.

Western blotting analysis

 Cells were cultured for 72 h in the presence of 
a subcytotoxic concentration of AsIII (2 µM) or albumin 
(15 mg/mL) in order to up- or down-regulate respectively 
P-gp (Chin et al., 1990; Tramonti et al., 2009). P-gp 
expression was evaluated in crude membranes of cells as 
previously described (Romiti et al., 2002), by using the 
primary monoclonal antibody F4 (Sigma-Aldrich, Milan, 
Italy). Blots were developed using chemiluminescence 
detection system and analyzed by densitometry. P-gp 
expression was also evaluated in cells exposed to MG or 
MSBE for two months (see above).

Semiquantitative RT-PCR

 SQRT-PCR of cells treated as above, in 
order to detect changes in ABCB1 transcripts, was 
performed as previously described (Romiti et al., 
2002). The primer sequences for ABCB1 PCR were as 
follows: CCCATCATTGCAATAGCAGG (sense) and 
GTTCAAACTTCTGCTCCTGA (antisense), while the 
primer sequences for GAPDH PCR were as follows: 
CGGAGTCAACGGATTTGGTCGTAT (sense) and 
AGCCTTCTCCATGGTGGTGAAGAC (antisense). 
PCR products were 157 bp for ABCB1, and 306 bp for 
GAPDH, respectively. 

Statistical analysis

 The results are presented as the mean±SD of 
at least three independent experiments. Graphs were 
created by using GraphPad Prism software and statistical 
significance was calculated using Student’s t-test or 
ANOVA followed by a post hoc test, when appropriate. 
Levels of p<0.05 were considered statistically 
significant. 

Results 

 In HK-2 cells exposed to AsIII a dose and time-
dependent loss of viability occurred. Figure 1 shows 
the results obtained by the neutral red test after 24 h. 
When cells were pretreated with MSBE (2 h) combined 
with AsIII, a significant dose-dependent protection was 
observed (Figure 1A). 

 Because MSBE is a very complex mixture 
containing a large amount of polyphenols (Núñez et al., 
2002), we tested some individual phenolic ingredients 
of MSBE for their potential ability to protect HK-2 
cells against arsenic-induced cytotoxicity. Therefore, 
cells were pretreated for 2 h with mangiferin (MG), a 
glucosylxanthone representing the main polyphenol of 
MSBE (about 10-15%), catechin (CTCH), the second 
polyphenol of MSBE, gallic acid (GA) or quercetin 
(QCT) and then exposed to AsIII for 24 h.
 The relative dose-response curves (Figure 
1B-E), show that MG, CTCH and GA, are able to 
mitigate the AsIII -induced toxicity although with different 
effectiveness. In particular, MG showed a very moderate 
effect and resulted protective only in a very narrow range 
of AsIII concentrations, while both CTCH and GA showed 
better cytoprotective effects.
 On the other hand, QCT did not produce any 
alleviating effect, on the contrary, it showed a slight 
cytotoxicity at concentration 25 µM (Figure 1E) and a 
clear cytotoxicity at higher concentrations (results not 
shown), according to the findings of Soria et al. (2010).
Some studies have shown that MG may be endowed with 
a more efficient antioxidant activity when it is complexed 
with Fe+++ (Pardo-Andreu et al., 2006). Therefore, also 
this complex was investigated for its potential protective 
effects against AsIII -induced toxicity. Figure 1F shows 
that a significant difference exists in the protection against 
AsIII afforded by the MG/Fe+++ complex as compared with 
MG alone (Figure 1B). 
 Summing up, cytotoxicity studies show that 
the AsIII-induced injury to the HK-2 cells is mitigated to 
some extent by all the investigated antioxidants, but the 
individual phenolic components of MSBE are much less 
effective than the whole mixture.
 Morphological examination of cells confirmed 
the results of cytotoxicity test obtained by the neutral 
red assay. In particular, most cells exposed to high AsIII 

concentrations detached from the plate culture, showing 
the typical features of apoptosis. By contrast, cells 
treated with MSBE+AsIII remained attached, showing 
pleomorphic features ranging from normal to clearly 
apoptotic cell. The uptake of neutral red inside the cells, a 
hallmark of viability, was also checked at microscopical 
level (Figure 2).
 Individual polyphenols showed a variable 
reduction of AsIII-induced apoptosis in the cells but this 
protection was always lower than observed for MSBE 
(images not shown).
 To confirm the above results, also the clonogenic 
assay was used, because it is regarded as the gold standard 
for screening toxicity of chemical or physical agents 
(Franken et al., 2006).
 Figure 3 shows that all treatments are protective, 
resulting in a significant elevation of cell survival 
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when compared with the cells treated with AsIII alone; 
in particular, the effects of MG and MG/Fe+++ appear 
similar to those of MSBE. With regards to the possible 
mechanisms of AsIII-induced cell damage, we were not 
able to detect the formation of ROS in HK-2 cells, at 
least at the times investigated (1, 6, or 24 h after AsIII 

exposure), by using the H2O2 sensitive probe DCFDA. 
 However, the treatment of HK-2 cells with MG 
or MSBE alone, or combined with AsIII, decreased the 
fluorescence of DCF in comparison to control. Figure 4 
shows the results for a 6 h treatment (superimposable to 
those obtained at the other times, not shown).

Figure 1. Cytotoxicity of AsIII in HK-2 cells cultured in absence or in presence of A. M. indica stem bark extract (MSBE); B. 
mangiferin (MG); C. catechin (CTCH); D. gallic acid (GA); E. quercetin, and F. MG/Fe+++ complex. MSBE or polyphenols were 
added to cell cultures 2 h before treating with AsIII (20-100 µM) and viability was assessed by the neutral red method after 24 h. Data 
represent the mean±SD from at least three independent experiments for each treatment. *means a significant  difference (p<0.05)  
from the corresponding value of controls (cells exposed to AsIII alone) determined by student’s t-test.

Figure 2. Effects of AsIII (100 µM) and MSBE (100 µg/mL) on HK-2 cells morphology. (Hoechst 33342 staining, 400 x). A- 
typical features of cells observed in control group; B. many cells treated with AsIII showed after 6 h, the typical late apoptotic 
nuclear morphology; C. HK-2 cells treated with MSBE+AsIII (6 h) showed either cells with typical early apoptotic morphology 
(cell and cromatin condensation, arrows), or no typical apoptotic cells; D. cells in cultures treated with MSBE+AsIII for 24 h, 
morphology included normal, condensed and apoptotic cells with fragmented nuclei (arrows). HK-2 cells were stained with 5 µM 
Hoechst 33342 for 15 min. Fluorescence was detected on a Leica fluorescence microscope equipped with an online image capture 
system, using a DAPI barrier filter set; E. image of AsIII - treated cells and F. MSBE+AsIII - treated cells, stained with neutral red 
(bright field, original magnification: 400x): the impairment of the ability of cells to incorporate and bind the supravital dye, caused 
by As, was prevented (decreased) by MSBE. 
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h with AsIII at a subcytotoxic dose (2 μM) in order to 
induce P-gp (Chin et al., 1990) and then challenged with 
cytotoxic concentration of AsIII, resulted more resistant, 
whereas cells cultured in the presence of albumin, a 
condition in which P-gp is markedly downregulated 
(Tramonti et al., 2009), proved to be less resistant (Figure 
6A). The sensitivity of cells to As-induced cytotoxicity 
was correlated with the relative expression of P-gp 
(Figure 6B).
 Furthermore, when the cells were cultured for two 
months in the continuous presence of low concentrations 
of MG (10 μM) or MSBE (10 μg/mL), they became more 
resistant to a challenging dose of AsIII (Figure 6C). In 
particular, the long term exposure to MG caused also a 
slight, but significant increase in P-gp expression (Figure 
6D). 

 In a second set of experiments AsIII cytotoxicity 
was assessed in cells pretreated for 72 h with MSBE or 
the related individual polyphenols. 
 Figure 5 shows that the protection against AsIII 

cytotoxicity was significantly decreased for MSBE (72 
h), in comparison with the results in Figure 1 (24 h). 
The efficacy of MG resulted slightly increased, while 
that of MG/Fe+++ or CTCH did not change substantially. 
The protective effects of GA resulted a bit decreased as 
compared with the 24 h experiments. Also in this case 
QCT concentration higher than 25 µM in the presence of 
AsIII resulted in elevated cytolethality. 
 Since MSBE and its phenols modulate P-gp 
expression, we performed some experiments in order to 
ascertain if the level of P-gp could affect the sensitivity 
of HK-2 cells to AsIII (Figure 6). Cells pretreated for 72 

Figure 3. Effect of M. indica stem bark extract (MSBE, 100 µg/mL) or mangiferin (MG, 100 µM), MG/Fe+++ complex, 
gallic acid (GA), and catechin (CTCH), on survival of HK-2 cells treated with different concentrations of AsIII as 
assessed by clonogenic assay. Data represent the mean±SD of three independent experiments. The graph has been 
subdivided in three parts in order to avoid superimposition of curves. Right: viable colonies stained with crystal 
violet. *means a significant difference (p<0.05) respect to the control group, determined by student’s t-test.
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Figure 4. Detection of intracellular ROS using the oxidative-sensitive fluorescent probe, DCFH-DA. Cells were seeded into 
96-well plates and incubated  with MSBE (100 µg/mL) or MG (100 µM) alone or in combination with AsIII during 6 hours. 
After incubation, DCFH-DA was added and after 30 min intracellular ROS generation was measured using a microplate 
fluorescence reader. H2O2 (10 µM) was used as positive control. Bars represent the change in mean fluorescence intensity 
(% of control)±SD from three independent experiments. *means a significant difference (p<0.05) respect to the control 
group, determined by one-way ANOVA and Dunnett’s post- test. The results were compared with fluorescence microscopy 
observations.

Figure 5. Cytotoxicity of AsIII in HK-2 cells previously cultured for 72 h in absence or in presence of A. M. indica stem bark 
extract (MSBE); B. mangiferin (MG); C. catechin (CTCH); D. gallic acid (GA); E. quercetin (QCT) or F. MG/Fe+++. Viability 
was assessed by the neutral red method 24 h after the addition of AsIII. Data represent the mean±SD of at least three independent 
experiments for each treatment. *means a significant difference (p<0.05) from the corresponding value of controls (cells exposed 
to AsIII alone), determined by student’s t-test.
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Discussion

 The beneficial properties of MSBE, an extract 
from the stem bark of Mangifera indica L., Anacardiaceae 
registered in Cuba under the brand name of Vimang®, as 
well as those of Mangifera indica derived polyphenols 
have been reported in numerous studies (Garrido et al., 
2004, 2006, 2007; Núñez-Sellés et al., 2007b; Pardo-
Andreu et al., 2008; Masibo & He, 2009).
 In particular, the MSBE antioxidant capacity, 
ROS scavenging ability and consequent protection have 
been verified in several models of oxidative damage both 
in vitro and in vivo and in different organs and tissues 
(Garrido et al., 2008; Rodeiro et al., 2007, 2008; Pardo-
Andreu et al., 2008; Martinez-Sanchez et al., 2000, 2001). 
Since arsenic is generally believed to induce cell damage 
by triggering cellular events, such as ROS production, 
leading to oxidative stress (Lantz & Hays, 2006), we may 
hypothesize that MSBE, behaving as a strong antioxidant, 
could suppress these events. 
 However, in the literature, there are several 

conflicting results about As-induced ROS formation 
(Morales et al., 2009; Naranmandura et al., 2009; 
Catanzaro et al., 2010) and ourselves were not able to 
demonstrate ROS increase by As in our experimental 
setting. 
 On the other hand, an interesting observation 
was that both MSBE and MG were able to decrease the 
basal fluorescence of the ROS indicator DCF, suggesting 
a decrease in endogenous H2O2 generation, a mechanism 
possibly involved in the mitigation of As-induced 
cytotoxicity in cells pretreated with the extract. The 
beneficial effects of MSBE have mainly been ascribed to 
its main polyphenol, the xanthone MG that has earned the 
name of “super-antioxidant” (Masibo & He, 2009).
 Surprisingly, MG was relatively weak in 
counteracting the 24 h AsIII-induced cytotoxicity in our 
cell model. On the other hand, in most of the studies 
reported in literature, the protection conferred by MSBE 
was higher than that conferred by MG. The possibility 
of an additive action between MG and the other phenols 
and/or compounds contained in MSBE, might explain 

Figure 6. A. Cytotoxicity of AsIII in HK-2 cells previously cultured for 72 h in medium containing 15 mg/mL albumin (Pgp-
depleted) or previously cultured for 72 h in presence of a subcytotoxic (P-gp inducing) AsIII concentration (2 μM). Viability was 
assessed by the neutral red method 24 h after the treatment with AsIII (20-100 µM); B. Amount of P-gp and ABCB1 mRNA in 
the same cells, determined by western blot (upper panel) and SQRT-PCR (lower panel), respectively; C. Viability of HK-2 cells 
cultured in medium containing low concentrations of MG (10 µM) or MSBE(10 mg/mL) during two months and then challenged 
with AsIII (60 µM) for 24 h; D. Amount of P-gp and ABCB1 mRNA in the same cells. Data represent the mean±SD of three 
independent experiments. *means a significant difference (p<0.05) determined by one-way ANOVA and Bonferroni’s post-test.
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the increased efficacy of MSBE vs. MG alone (Pardo-
Andreu et al., 2006). This hypothesis agrees with our 
results showing that the flavan-3-ol CTCH, as well as the 
phenolic acid GA, both contained in MSBE, are able to 
protect against AsIII-induced cytotoxicity. 
 Interestingly, the capability of MG in improving 
cell survival of HK-2 cells challenged with AsIII, was 
significantly increased when the xanthone was complexed 
with Fe+++. MG/Fe+++ complex has been shown to protect 
20% more than MG alone, hepatocytes from reactive 
oxygen species-mediated hypoxia/reoxygenation injury, 
likely by its strong ability to scavenge superoxide 
radicals (Pardo-Andreu et al., 2006). Therefore, although 
indirectly, this finding suggests that oxidative stress is 
involved in As-induced cytotoxicity in HK-2 cells.
 It could be remarked that in the clonogenic 
assay, that measures aspects of cytotoxicity distinct from 
those evidentiated by the viability test, i.e. the residual 
potential of cells to grow, vs. metabolic alterations, there 
are not strong differences in the protective ability among 
MSBE, MG and MG/Fe. However, MG/Fe is still a bit 
more effective than MG alone. 
 In the more long-lasting (three days) experiments 
of the present study, an interesting finding was the 
decrease of protection afforded by MSBE and, vice-versa, 
the relative increase in the protective effect of MG.
 Previously, we showed that MG-treated cells 
become progressively more resistant to cyclosporine 
A-induced cytotoxicity (Chieli et al., 2010). This 
effect was attributed at least in part to the MG-induced 
upregulation of P-gp expression/activity in HK-2 cells. 
In fact, P-gp plays a key role in the detoxification of 
several drugs substrates, including CsA (Anglicheau et 
al., 2006). 
 A role of membrane transporters, including P-gp, 
has been suggested in the cellular handling/detoxification 
of As (Drobná et al., 2010) and ABCB1 (MDR-1) up-
regulation by arsenic has been described in literature 
(Chin et al., 1990; Kioka et al., 1992; Maitra & Hamilton, 
2005). In the present study we demonstrate that HK-2 cells 
cultured in the presence of subcytotoxic concentration of 
AsIII show an increased amount of both ABCB1 mRNA 
and P-gp and, in parallel, are more tolerant to 24 h AsIII 

exposure.
 Therefore, the slightly increased efficiency 
of MG in mitigating As-cytotoxicity observed after 
a 72 h treatment could be temptatively ascribed to the 
upregulation of P-gp induced by the xanthone. 
 Present data also show that HK-2 cells, in 
which P-gp expression was heavily depressed by protein 
overload (Tramonti et al., 2009) are more sensitive to As-
induced cytotoxicity.
 Accordingly, MSBE, which very efficiently 
protects against AsIII in experiments with 24 h of 
exposure, produces a milder protection after 72 h, when 

P-gp expression appears strongly downregulated, and its 
activity is inhibited (Chieli et al., 2010).
 Interestingly, this inverse correlation between 
P-gp expression and sensitivity to As was also maintained 
in the case of two months of exposure of cells to very low 
concentrations of MG. 
 In conclusion, for the first time we show that 
a mango stem bark extract and some of its phenolic 
components may to some extent alleviate the cytotoxicity 
of arsenite in the proximal tubule cells HK-2 and 
that P-glycoprotein could play a possible role in the 
modulation of As toxicity in our experimental model. In 
perspective, mango polyphenols interactions with this 
and/or other membrane transporters, possibly modifying 
the cell response to As, would be taken into account in 
future studies, both in the medical and ecotoxicological 
field.
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