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Abstract

Background and Aims: Anthracyclines are effective anticancer drugs Haate improved
prognosis of hundred thousand cancer patients watéland are currently the most common
chemotherapeutic agents used for the treatmeriboflpbreast, ovarian and lung cancers.
However, their use is limited because of a cumgatiose-dependent and irreversible
cardiotoxicity that can cause progressive cardigmaytey and congestive heatrt failure. Aim of
the present study was to determine the cardiopreéeactivity of a dietary source of cyanidin
3-glucoside (C3G), such as purple corn, againsbddicin (DOX) -induced cardiotoxicity in
mice.

Methods and Results: In vitro studies on murine HL-1 cardiomyocytes showed that
pretreatment with both pure C3G and purple cornaekimproved survival upon DOX
treatment. However, C3G and purple corn extrachdidaffect the cytotoxic effect of DOX
on human cancer cell lines. We then validatedvo the protective role of a C3G-enriched
diet against DOX-induced cardiotoxicity by compagrthe effect of dietary consumption of
corn isogenic lines with high levels of anthocyanipurple corn - Red diet - RD) or without
anthocyanins (yellow corn - Yellow diet - YD) ingarated in standard rodent diets. Results
showed that mice fed RD survived longer than méce¥D upon injection of a toxic amount
of DOX. In addition, ultrastructural analysis ofdnts from mice fed RD showed reduced
histopathological alterations.

Conclusion: Dietary intake of C3G from purple corn protecteenagainst DOX-induced

cardiotoxicity.



Introduction

Anthracyclines such as Daunorubicin and DoxorubfBi®X) are the most diffused anti-
cancer drugs used against a variety of cancer typgading acute lymphoblastic and acute
myeloid leukemia, Hodgkin lymphoma, multiple myelnbreast and ovarian carcinoma,
small cell lung carcinoma, sarcoma and neuroblaat@patocarcinoma and other gastric
cancers. Anthracyclines block DNA and RNA synthésisnhibiting topoisomerasefl] thus
preventing the replication of rapidly dividing cancells [1]. In addition, anthracyclines form
oxygen radicals through the interaction with theeacellular iron pool. In turn, accumulation
of reactive oxygen species (ROS) causes oxidatresssthat leads to cell death particularly
in the myocardium [2]. Indeed, anthracycline-inddicardiotoxicity occurs in almost 60% of
treated patients and is the most important linatabf anthracycline chemotherapy [3].
Currently, dexrazoxane, an iron chelator, is thig approved drug for the prevention of
anthracycline-induced cardiotoxicity in cancer eats, but its clinical use is controversial,
due to haematological and hepatological toxicityJy Another approach to prevent the onset
of severe cardiomyopathy upon DOX chemotheraplyagreatment of patients with beta-
blockers or angiotensin-converting enzyme (ACEj)bitbrs [6, 7].

Supplementation of relatively high doses pro-amyhadins from cranberry and grape
extracts [8, 9], anthocyanins from bilberry extsqdO, 11] or purified kaempferol [12] was
found to protect against DOX-induced cardiotoxi@itynurine models. Using isogenic
anthocyanin-enriched plant material in rat models have previously demonstrated that
dietary intake of cyanidin 3-glucoside (C3G) frotadcorn reduced myocardial injury upon
ischemia/reperfusion and increased omega-3 lendd®bd and cardiac glutathione levels
[13, 14].

Here we report the validation study of C3G suppletaigon against DOX-induced

cardiotoxicity by using a novel isogenic plant mete(i.e. purple corn) in mice and cell



culture models. Our results demonstrate that theeptive effect of purple corn against DOX-
induced cardiotoxicityn vivo may be mainly attributed to C3G and its derivatiaed that a
physiological dose of C3G was sufficient to preveat typical DOX-induced cardiac

alterations.

Methods

Maize production

Maize genotypes were originally in W22 backgroumainozygous dominant for tled, a2,

cl, c2, bzl, andbz2 genes, homozygous recessive forrthgene and different inl pl1
constitution. To obtain anthocyanin-rich and antfamin-free corn with an isogenic
background, a novel maize anthocyanin-rich hybrad weveloped carrying tiiBd andPI1
alleles, which confer anthocyanin pigmentationagadspericarp and all plant tissues [15-18].
Plant and seed tissues carrying bhgol 1 alleles are anthocyanin-free. To obtain ears with
high production of kernels, the homozygous inbreed B1 PI1 W22 and thdé1 pl1 W22

inbred line were crossed tda pll B73 inbred line and the F1 progeny seeds were tosed

produce two synthetic populations differing onlybthpl1 constitution.

Diets and mice

Special diets were produced by replacing the maon¢ent (29%) from a standard diet
formula (4RF21, Mucedola srl, Settimo Milaneselyltavith powder from seeds of the
anthocyanin-riciB1 PI1 hybrid (Red diet, RD) or from the isogenic anthaupafreebl pl1
yellow hybrid (Yellow diet, YD). The RD containetd@ut 0.21 + 0.01 mg/g anthocyanin.
Both diets were equal in energy with 53.50% carbloaite, 18.50% protein, 3% lipids and 6%

fiber (Mucedola srl).



Experiments were performed on wild-type C57BL/6denbred and maintained in a specific-
pathogen-free (SPF, FELASA) room in controlled tenapure and light conditions (21 + 1°C,
12 h light/12 h dark cycle) at IEO (Ministry of Hdmauthorization: DM N°86/2005 -
17/06/2005). Food and tap water were suppktibitum. Body weight of mice and food
consumption were controlled weekly. All procedunese in accordance with the Italian law
(D. Lgs n°2014/26, implementation of 2010/63/UEJ avith the Guide for the Care and Use
of Laboratory Animals published by the US Natiolmaititutes of Health (Publication No. 85-

23, revised 1996).

DOX treatment in mice

To assess mice survival, 24 female C57BL/6J miceg8ks-old) were fed YD (12 mice) or
RD (12 mice) for 3 weeks and then subjected tanmaperitoneal (i.p.) injection of 15 mg/kg
body weight of DOX (Adriablastin clinical grade, éard Healthcare Limited, North Harrow,
UK) dissolved in sterile saline solution. Afteregtion, mice continued to receive YD or RD
and mortality and general conditions of the animadse daily scored for 74 days. Life span

of mice was analysed using the Kaplan Meier estna®].

Ultrastructural analysis of myocardial damage

Eight female C57BL/6J wild-type mice (8 weeks-olBre fed YD (4 mice) or RD (4 mice)
for 3 weeks and then i.p. injected with 25 mg/kgyweight of DOX dissolved in sterile
saline solution. Hearts were isolated on day 3 afeinjection with DOX and placed into
fixative buffer containing 3% glutaraldehyde in 0lcacodylate buffer (pH 7.4) for 16 h at
4°C. Samples were then placed in a secondaryv¥atiffer containing 2% osmium
tetraoxide in 0.1 M cacodylate buffer (pH7.4), tleenbedded, sectioned and processed for

analysis with TEM by the Imaging Service at IEO.



Cell culture

HL-1 cardiomyocytes were cultured in Claycomb Mexjsupplemented with 10% fetal
bovine serum, 100 pg/ml penicillin/streptomycirl, @M norepinephrine and 2 mM L-
glutamine. All culture dishes were pre-coated wiatin/fibronectin substrate: 0.02% gelatin
and 1:200 fibronectin. MCF-7 and HelLa cells werkurad in DMEM supplemented with
10% fetal bovine serum, 1% penicillin/streptomyaird 2 mM L-glutamine. Aforementioned
chemicals for cell culture were obtained from Sighidrich (St. Louis, USA). All the cells
were maintained in a humidified incubator contain¥o CQ at 37°C. Red extract was
produced by SVEBA Srl (Appiano Gentile, Italy) frdi PI1 purple corn cobs through
extraction with ethanol:$© (30:70 v/v) at 55°C for 1 h, titrated to a corcation of 2.5%
anthocyanins and spray-dried to a final concemtnatif 25 mg/g of anthocyanins. Yellow
extract was produced frobi pl1 yellow corn cobs using identical protocols anduwoés as
Red extract. A comparable total amount of flavos@éiRed and Yellow extract, apart from
anthocyanins, as in the original raw plant matewas verified by HPLC at 280 nm, as
described in supplementary methods. Cyanidin 3eglige (C3G) was purchased from
Extrasynthese (Genay Cedex, France).

Prior to the treatment, HL-1 cells were plated deasity of 50 000 cells/well in 96-well
plates and grown for 16 h. The cells were treated8 h with different concentrations of
DOX (0, 0.125, 0.25, 0.5, 1, 2,uM), C3G or Yellow and Red extracts converted to
concentrations 0, 5, 25, 125, 2881 using the molecular weight of C3G (484.84 g/mGigl|
viability was determined using 3-(4,5-dimethyltro&2-il)-2,5-diphenyltetrazolium bromide
(MTT) test as described elsewhere [20]. Brieflyya6f MTT solution per volume was added

to each well and incubated for additional 4 h. Faxen crystals were dissolved in acidified



isopropanol (isopropanol, 0.1N HCI, 0.1% Tween)e Diptical density was measured at 570
nm wavelength, by using a microplate reader (Técotnite F200PRO).

In all experiments, HL-1 cells were pretreated with chosen dosage of C3G or Yellow and
Red extract (125M) for 16 h and then 0.250M DOX was added for 48 h. Cell viability
was evaluated as above. Cells were harvested db4 t@olecular analyses. The effect of
Yellow and Red extract on the antitumor abilityDf®X was tested in MCF-7 and HelLa cells,
treated with DOX (0.25@M) in presence or absence of Red extract (1% for 48 h. Cell

viability was determined as above.

RNA extraction and gRT-PCR analysis

Total RNA was extracted using RNeasy mini kit (@agHilden, Germany). Aboutig of
total RNA was reverse-transcribed using the RT &gint™ 1l (Invitrogen, Carlsbad, CA)
and, after first strand cDNA synthesis using ag®blT primer, the samples were diluted 50
fold and used as templates for gRT-PCR analysise&analysed and primer sequences are
indicated in Supplementary Table 1.

gRT-PCR analysis was performed using SYBR Greeh thet Cfx96 ™BioRad Real Time
system in a final volume of 2@ containing SuL of 50 fold diluted cDNA, 0.2—-0.4M of
each primer, and 10 of 2X SOS Fast EVA-Green Supermix (BioRad Labaoriats,
Hercules, CA). The protocol used was: 95 °C fori@, 5 cycles of 95 °C for 15 s, and 60
°C for 30 s. As a reference for normalization, wseditheGAPDH gene. Relative
guantification was analyzed using Cfx Manager Safewersion 1.6 (BioRad Laboratories).
Data are expressed as transcript level relatieedalibrator (control sample) and represent
means = SEM obtained from measurements perform#gplicate on two biological

replicates.



Satistics

All values were expressed as means + SEM. Datat &od consumption and body weight
were analysed using two-way ANOVA and the Fishebl(Eeast Significant Difference) test
aspost hoc comparison. To assess the significance of thealtimes of mice on YD and
RD, we used the Log-Rank Test of fifesquare values (Supplementary Table 2). Gene
expression data were analysed by one-way ANOV Afalhalved by Tukey’s multiple
comparison test. Differences were considered saggmt when p <0.05. All statistical

analyses were performed with GraphPad Prism vessio(GraphPad Software).

Results

DOX-induced cytotoxicity in HL-1 cardiomyocytes was reduced by purple corn extract

DOX addition to HL-1 cells is known to induce ceé#ath [2, 3]. We treated HL-1 cells with
different DOX concentrations for 48 h, revealingttl.250uM DOX determined about 40%
reduction of cell viability, and this was the dosadposen for further experiments (Fig. 1A).
To determine the protective role of C3G against Bi@duced cardiotoxicity, we used pure
C3G or extracts from cobs of the anthocyanin-B&PI1 purple corn (Red extract; Red) and
of the anthocyanin-frelel pl1 yellow corn (Yellow extract; Yellow). HPLC analgsof
anthocyanin composition &1 PI1 seeds and cobs showed mostly cyanidin 3-glucoside
(C3G) and its malonyl derivatives, with small amtzuof peonidin 3-glucoside and
pelargonidin 3-glucoside, wherelakpl1l seeds and cobs were devoid of anthocyanins
(Supplementary Figure 1 and Table 1). Notably, nufrtbe tested concentrations of C3G or
Red and Yellow extracts had a statistically siguaifit effect on HL-1 viability up to 250M

for 48 h (Fig. 1B-D). Then, to assess whether patinent with C3G was able to repress the

DOX-induced cytotoxicity, HL-1 cells were pretreadteith 125uM of C3G or Yellow and

Red extract for 16 h followed by 0.25M DOX for 48 h (Fig. 1E,F). DOX reduced viability



at roughly 50% of the control, whereas the presend25uM of C3G and Red extract
maintained cell viability at roughly 80-88% (Fidg=-F), confirming the cytoprotective value
of the C3G present in the purple corn extract. &eléxtract produced similar result as trend,
though not reaching statistical significance (Aif), thus suggesting that the presence of

generic corn extract may interfere with the eff@DOX in the HL-1 culture system.

Purple corn extract downregulated the DOX-induced transcriptional activation of the RAS
system genesin HL-1 cells

DOX treatment leads to ROS accumulation and t@thiwation of a dysfunctional
myocardial remodeling mediated by angiotensin h@Al) signaling that contributes to long
lasting heart damage [21]. Cyanidin was shown &veege ROS upon DOX treatment [10,
11, 22, 23] and the purple corn diet was foundtwmease glutathione levels and reduce lipid
peroxidation to the heart (13). Cyanidin was alsoven to reduce the expressionrefinl

and of the angiotensin converting enzyrA€E) mMRNAs in kidney cells [24]. To determine
the effect of purple corn on the cellular respaiesBOX treatment in cardiomyocytes, we
measured the transcript levelrehinl andACE genes [25] in HL-1 cells treated with DOX
and the Yellow or Red extract. HL-1 were pretreatétt 125uM of Yellow or Red extract
for 16 h followed by 0.25QM DOX for 48 h. Both extracts inhibited the DOX-uncked
transcriptional activation afeninl andACE in HL-1 cells (Fig. 2A,B), indicating that

components of corn other than anthocyanins blockR@ects in HL-1 cells.

Purple corn extract did not affect the effect of DOX in tumor cell line
We have investigated the activity of the corn estsan DOX toxicity on the human tumor
MCF-7 and HelLa cell lines. As the HL-1 cells, MCRTd HeLa cells were pretreated with

125uM of Yellow or Red extract for 16 h and then chafled with 0.25M of DOX for 48
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h. As shown in Fig. 3, DOX reduced viability at gilly 60% compared to control in all cell
lines analysed. Some cytotoxicity was observed @M (about 20-30%; Fig. 3A) when
treated with Red extract. However, the presencéetibw or Red extract in combination with
0.250uM DOX did not suppress its antitumor activity agaiMCF-7 and HelLa (Fig. 3A-B).
These results indicate that Yellow and particul&&d extracts reduce DOX-induced cell

death in cardiomyocytes, but not in transformedscel

Anthocyanins from purple corn attenuate DOX-induced mortality

To validate the protective effect of a C3G-enricdezt against DOX-induced cardiotoxicity,
mice were fed YD or RD for 3 weeks. Food consumptiod body weight did not differ
between the YD and RD groups (Supplementary Fign#)both are comparable to the
consumption of standard diet. Then, mice were tagtavith DOX (15 mg/kg body weight).
Results revealed that mice fed RD showed an improuenulative survival compared to YD
fed mice, suggesting that dietary anthocyanins fpomple corn have a protective effect
against DOX-induced cardiotoxicity (Fig. 4). Notghthe mid-term cumulative survival (30
days) of mice fed RD was 100%, whereas for miceYfedt was 75%. After 40 and 50 days,
the cumulative survival of mice fed RD was stilyher than for mice fed YD (Supplementary
Table 2), whereas after 60 days mice under RD ezhtifte same basic level of survival
(41.7%) observed for mice under YD (Fig. 3 and 3eipentary Table 2). At the end of the
dietary treatment (74 days), the overall survieakl was 25% for mice fed YD and 33% for

mice fed RD (Supplementary Table 2).

Dietary anthocyanins from purple corn reduced the myofibril damage induced by DOX
To reveal effective cardioprotection in mice fed R investigated by TEM, 3 days after

DOX injection (25 mg/kg body weight), the ultrasttural morphology of the myocardium of
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mice fed YD or RD for 3 weeks. As expected, hefiicisr mice fed YD and treated with
DOX showed massive fiber fragmentation, lysis obffityrils, interruptions in sarcolemma
junctions and cytoplasmic vacuolization (Fig. 5Mjitochondria appeared often swollen and
irregularly distributed. Large lysosomes (autofagoes) with mitochondria inside were also
detectable, indicating the occurrence of extendaraage response (Fig. 5A). On the
contrary, mice fed RD showed no significant altera in the myocardium that maintained
organized myofibril architecture. Mitochondria mgsetained a normal structure, with only
rare fragmentation and no defects in sarcolemmetipums (Fig. 5B), indicating that dietary

C3G from purple corn prevent the myocardial damadaced by DOX.

Discussion

The clinical use of DOX is restricted by its sidéeets that include cardiomyopathy and
congestive heart failure [3]. Many studies repottetin vivo supplementation with
flavonoids may reduce cardiac damages [8, 9, 1@jeHwve validated the protective effect of
an anthocyanin-rich diet from purple corn (RD) camgal to a diet without anthocyanins from
yellow corn (YD) against DOX-induced cardiotoxiclly comparing isogenic corn lines.
Previous studies showed that dietary supplementafibilberry extracts significantly
reduced DOX-induced cardiotoxicity in rats [10, 14t daily intakes of anthocyanins used
in thesean vivo experiments were high (~ 244 or 500 mg/kg bodygivéday) and could be
achieved in humans only by assuming pharmacolodasés of purified compounds [11].
However, we found that the consumption of RD, wipobvided about 36 mg/kg body
weight/day of C3G was sulfficient to prevent thei¢ghDOX-induced cardiac alterations such
as disorganized myofibrils, fragmentation and degtian of mitochondria, defects in

sarcolemma junctions [26], which were instead olesafter an acute dose of DOX in
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cardiac tissues of mice fed YD. Nonetheless, it alag sufficient to obtain a significant mid-
term attenuation of DOX-induced mortality, but t@treduce the long-term chronic effects
after a sub-acute dose of DOX. Otiewivo studies using higher doses of anthocyanins [10,
11] or testing the preventive effects of other dlawids [8, 9, 12, 27] were run in a shorter
period of time (from 10 to 28 days) and have notqyemed a cumulative survival analysis.
Furthermore, in previous studies it was not possibldetermine which anthocyanin type was
responsible for the protective effect, since sdwdiferent glycosylated forms of cyanidin,
delphinidin, peonidin, petunidin and malvidin we@mesent in bilberry extracts together with a
large amount of phenolic acids [28, 29]. In oudstuve took advantage of isogenic corn
lines, differing only in their capacity to synthasianthocyanins in seeds and plant tissues.
Purple corn mainly contains C3G and its acylatethf) whereas peonidin and pelargonidin
are present only in small amounts. Since all oftrenolic acids and flavonoids are identical
between purple and yellow corn [16], the protecéffect of purple corn against DOX-
induced cardiotoxicityn vivo may be mainly attributed to C3G and its derivadivdowever,
pelargonidin may also contribute to reduce DOX-retlldamages, as suggested by the
protective effect of strawberry supplementationiagfaDOX-induced hepatic oxidative stress
in rats [30]. Surprisingly, oun vitro studies showed that a similar cytoprotective eftec
HL-1 cardiomyocytes was obtained with both Yellowdd&ed extracts. A possible
explanation is that the concentrations tested,itiegithin the range normally used in cell-
based assays, were not physiological and diffesebhetveen Yellow and Red extracts could
not be observed as in thevivo experiment. Apart from anthocyanins, other flavideo
present in purple corn are mainly quercetin derrestand hydroxycinnamic acids, such as
ferulic and p-coumaric acid [31]. It has been shdlat the aglycone quercetin can decrease
DOX-induced cytotoxicity and promote cell repaistgms in rat H9C2 cardiomyocytes [32,

33].
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Another issue considered was the effect of C3Gehad extract on the antineoplastic activity
of DOX. To this aim, ourn vitro studies were performed on MCF-7 and HelLa transédrm
cell lines. Our results show that pretreatment Wwitth Yellow and Red extracts did not
compromise the antiproliferative effect of DOX, gagting that not only anthocyanins, but
also other flavonoids present in yellow corn did interfere with the antitumoral activity of
DOX.

Despite ROS generation during DOX intracellular abelism represents the main
mechanism underlying DOX-induced cardiotoxicity, [@lher mediators, such as Angll, have
been found to have a role in the development of BB@Xiced cardiomyopathy [6]. Notably
ACE inhibitors are used in clinic to prevent antty@ine-induced cardiotoxicity. We found
that both Yellow and Red extract reduces the DOXiaed transcript expressionrehinl
andACE in a cardiomyocyte cell culture as observed fdnky cells treated with C3G [24],
again suggesting that other flavonoids, apart famtihocyanins, may contribute to reduce
their expression Nonetheless, these data sugggdREhmay counteract the abnormal intra-
cardiac Angll signaling triggered by DOX treatment.

In conclusion, the present study established thgile corn-enriched diet protects against
myocardial damages induced by DOX. The evidendepiingle corn extract reduces the
cytotoxic effects of DOX on cardiomyocytes, but tuhor cells, suggest purple corn as a

beneficial functional food for patients subjectedahthracycline chemotherapy.
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Table 1: Tentative annotation of the major anthocyanirtected in théB1 Pl1 anthocyanin-

rich corrt
Compound R; UV/Vis LC-ESIMS LC-ESI MSfragments’ Structure
Amax

mn nm (M/2) [M+H"]
1 2.48 281/515 449.10 287.13 (Cy) Cyanidin-glucoside
2 3.12 280/510 433.11 271.06 (Pd) Pelargonidin-glucoside
3 3.48 280/515 463.12 301.07 (Peg) Peonidin-glucoside
4 4,11 281/520 535.10 287.13 (Cy) Cyanidin-malonylglucoside
5 4.89 280/506 519,11 271.06 (Pg) Pelargonidin-malonylglucoside
6 5.27 281/519 549.12 301.07 (Ped) Peonidin-malonylglucoside
7 5.34 281/519 621.10 287.05 (Cy) Cyanidin-dimalonylglucoside

Peaks 1 to 7 (as indicated in Supplementary FifjGjevere identified based on photo diode
array absorbance and mass fragmentation pattenespdrified substances were analysed by
HPLC and ESI-MS. Spectral characteristics, moledolas and fragments of the different
compounds are presentéBragments: Cyanidin (Cy); Peonidin (Peo); PelargioniPg).
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Figurelegends

Figure 1. Cell viability of HL-1 cells treated for 48 h withOX (A), C3G (B), Red extract
(Red) (C) or Yellow extract (Yellow) (D), was det@ned by MTT test and expressed as the
relative percentage of controls (untreated sampléis)l cells were pretreated with 1M

of C3G (D) or Yellow and Red extract (E) for 16dtidwed by 0.25QuM DOX for 48 h. Cell
viability was measured by MTT test and expressdti@selative percentage of controls
(CNT). Results are means + SEM of three indepenebgogriments. **** p<0.0001;
***n<0.001; **p<0.01; *p<0.05 indicate significardifferences (one-way ANOVA) versus

CNT+DOX.

Figure 2. Expression levels akeninl andACE transcripts in HL-1 cells pretreated with 125
UM of Yellow or Red extract for 16 h followed by 6@uM DOX for 48 h. Data represent
means + SEM of three replicates from two indepehdeperiments. **p<0.01; *p<0.05

indicate significant differences (one-way ANOVA)saes CNT+DOX.

Figure 3. Effect of Yellow and Red extract on the antitumotinaty of DOX. Cell viability of
MCF-7 (A) and HeLa (B) cells treated with 0.2881 DOX in presence or absence of Yellow
or Red extract (126M for 16 h prior to DOX exposure) measured by ME$tt Values are
expressed as the relative percentage of contréd3 ((Results are means + SEM from three
independent experiments. ***p<0.001; **p<0.01; *p8B6 indicate significant differences

(one-way ANOVA) versus CNT+DOX.

Figure 4. Cumulative survival of C57BL/6J mice fed YD or RIdd injected with DOX (15
mg/kg body weight); n=12/group. Kaplan-Meier suatliplot; for statistical analysis of

survival of dietary treatments see SupplementableTa.
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Figure 5. Electron micrographs showing preventive effectietaty C3G from purple corn
on DOX-induced alterations in cardiac tissues fraice fed YD (A) or RD (B) for 3 weeks
and injected with DOX (25 mg/kg body weight). S,cedemma; Mf, myofibrils; L,

lysosomes; arrows, fragmented mitochondria. Bagsnl
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Highlights -Petroni et al 2016-NMCD

e DOX-induced cytotoxicity in HL-1 cells was reduced by C3G and purple corn extract
e Dietary C3G from purple corn protected mice against DOX-induced cardiotoxicity
e Dietary C3G from purple corn reduced the histopathological alterations induced by DOX



