
Summary. Chrysin (CHR) is a natural flavonoid and is
present in high concentration in honey, propolis and
many plant extracts. The aim of the present study was to
evaluate the effects of CHR to reduce cardiomyocyte
apoptosis and loss of intermediate filaments in a mouse
model of mitoxantrone cardiotoxicity. Morphology of
the cardiomyocytes was determined by optic and
transmission electron microscopy and biochemistry
methods. The expression of Bcl-2, Bax and Caspase-3
were assessed by immunofluorecence. Tunel assay was
used to assess apoptosis in cardiomyocytes. In addition,
the distribution of desmin protein was evaluated using
immunohistochemistry. Our results show that MTX
treatment significantly increased serum levels of creatine
kinase isoenzyme (CK-MB), indicator of cardiac injury
and withdrawn under CHR protection. Expression levels
of Bcl-2 decreased, while those of Bax and caspase-3
increased following MTX treatment. 50 mg/kg of daily
CHR intake reduced Bax and caspase-3 immuno-
positivity and restored Bcl-2 levels to a value
comparable to the control. TUNEL (+) cardiomyocyte
nuclei of MTX group showed typical signs of apoptosis
which almost completely disappeared in response to 50

mg/kg CHR treatment. In parallel, an irregular
distribution and a weak expression of desmin is
associated with MTX induced cardiotoxic effects which
was also restored by CHR treatment.

In conclusion chrysin inhibits MTX-triggered
cardiomyocyte apoptosis via multiple pathways,
including decrease of the Bax/Bcl-2 ratio and caspase-3
expression along with preservation of the desmin
disarray.
Key words: Chrysin, Mitoxantrone, Cardiotoxicity,
Apoptosis

Introduction

Anthracyclines are among the most effective
chemotherapeutic agents and remain important in the
treatment of many malignancies including breast cancer,
sarcoma and lymphoma. The anticancer effects of
anthracycline are mediated through specific intercalation
into nuclear DNA, inhibition of topoisomerase II,
production of reactive oxygen species (ROS) followed
by further injuries to DNA, mitochondria and cell
membranes (Minotti et al., 2004). Unfortunately, their
use in clinical practice is limited by a dose dependent
cardiotoxicity and consequently the use of lower doses
may involve the risk of reduced cancer response rate
(Monsuez et al., 2010). Cardiomyocyte apoptosis is an
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important event in anthracycline - induced cardiac
injury. Recently, increasing evidence suggests that
cardiomyocyte apoptosis plays an important role in drug
induced cardiomyopathy (Zhang et al., 1996; Fisher et
al., 2005).

Mitoxantrone (MTX) is an antitumor anthracycline
used in the treatment of leukemia, lymphoma, breast and
prostate cancer and induces cardiotoxicity in up to 18%
of treated patients (Seiter, 2005; Kingwell et al., 2010).
Clinically, MTX cardiotoxicity is mainly characterized
by the development of left ventricular dysfunction
(LVD) manifested as decreased left ventricular ejection
fraction (LVEF) and congestive heart failure (Shaikh and
Shih, 2012).

Bioactivation of MTX and formation of specific
metabolites mediated through CYP2E1 metabolism
occurs in cardiomyoblasts and exerts a significant role in
the cellular damage induced by the drug (Rossato et al.,
2013). MTX induced mitochondrial toxicity causes an
imbalance in mitochondrial function that results in ATP
depletion and MTX-related cardiomyopathy (Rossato et
al., 2014).

Therefore, the use of natural or synthetic
antioxidants might protect against the oxidative stress
caused by anthracycline drugs. Garlic extract, chrysin
and silymarin demonstrated effectiveness in the
prevention of doxorubicin-induced cardiotoxicity in
rodent models (Raškovic et al., 2011; Alkreathy et al.,
2012; Mantawy et al., 2014) while melatonin protects
heart tissue against toxicity induced by epirubicin
(Guven et al., 2007) and L-carnitine against
mitoxantrone toxicity in mice (Niang et al., 2008).

Chrysin 5,7-dihydroxyflavone (CHR) is a natural
flavonoid and is present at high levels in honey, propolis
and many plant extracts. CHR shows a wide spectrum of
pharmacological effects such as antioxidant (Pushpavalli
et al., 2010; Anand et al., 2011), antiallergic (Bae et al.,
2011), anti-inflammatory (Shin et al, 2009) and anti-
tumor (Khan et al. 2011; Phan et al. 2011) effects.

Previous studies showed that chrysin ameliorated
doxorubicin-induced cardiotoxicity by reducing
oxidative stress, inflammation and apoptosis (Mantawy
et al., 2014), but the protective effect of chrysin on
mitoxantrone (MTX) triggered cardiomyocyte apoptosis
and specific intermediate filaments disruption has not
been investigated. 
Material and methods

Chemicals

Chrysin was purchased from Sigma-Aldrich (St.
Louis, MO, USA) and mitoxantrone form Novantrone,
USA. Antibodies Bcl-2, Bax, Caspase-3 and Desmin
were supplied by Santa Cruz (Darmstadt, Germany).
CardioTACS In Situ Apoptosis detection kit (Trevigen,
USA) was used to identify apoptotic cells in cardiac
tissue.

Animals

Two month old CD 1 mice received a standard
rodent diet and were kept at 12h light/dark cycle and
constant temperature and humidity. All experimental
procedures were approved by the Institutional Ethical
Committee.
Experimental design

Animals were randomized into 4 groups consisting
of 10 animals in each group. Control and mitoxantrone
groups received daily 0,7% carboxymethyl cellulose
(CMC) solution for 21 days. In order to reflect the
clinical situation, the cumulative dose of 7.5 mg/kg of
mitoxantrone (Rossato et al., 2014) was i.p. injected,
divided in 3 single doses of 2.5 mg/kg (i.p.), starting
with the first day of experiment. Chrysin powder was
previously dissolved in 0,7% carboxymethyl cellulose.
For co-treated groups, 25 mg/kg or 50 mg/kg of chrysin
(Montawy et al., 2014) was administrated daily by
gavage between days 1 and 21. On the 22nd day all mice
were anaesthetized by inhalation of isoflurane and blood
was collected form vena cava. Heart samples were
preserved in a buffered formalin solution to obtain
histological sections.
Biochemical assay

Venous blood samples were collected and
centrifuged at 3500 rpm for 10 min. Samples were
analyzed for creatine kinase isoenzyme MB (CK-MB).
The reagent kit used for the quantitative determination of
CK-MB was Chema CK-MB FL (Chema Diagnostica,
Monsano, Italy) and the measurements were made by a
Mindray BS-120 Chemistry Analyzer (Shenzen Mindray
Bio-Medical Electronics Co., Ltd., Nanshan, Shenzhen,
China). 
Histopathology

Heart specimens were cut into 5 μm thick sections
and were stained with Hematoxilin&Eosin and Fouchet
van Gieson according to the protocol provided with the
Bio-Optica staining kit. Sections were examined using
an Olympus BX43 microscope and photographed using
a digital camera (Olympus XC30).
Immunohistochemistry and Immunofluorescence

5 μm thick sections were deparaffinized in toluene
and rehydrated prior to epitope retrieval in Novocastra
solution (Leica Biosystems, Germany). After
neutralization of the endogenous peroxidase with 3%
H2O2 for 10 minutes the sections were incubated with
blocking solution (novocastra leica biosystems,
germany) for 10 and incubated overnight at 4°C with
anti-desmin antibody (1:50, dilution). Detection was
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performed using a polymer detection system (Novolink
max Polymer detection system, Novocastra Leica
Biosystems) and DAB (3,3'-Diaminobenzidine,
Novocastra Leica Biosystems) as chromogenic substrate.
Hematoxylin staining was applied before dehydration
and mounting. Images were acquired by light
microscopy (Olympus BX43, Hamburg, Germany). 

For immunofluorescence, the paraffin embedded
tissue sections were deparaffinized and rehydrated in
three consecutive baths of ethanol (100%, 96% and
70%). Sections were washed and antigen unmasking was
performed with sodium citrate buffer (pH 6.0). Slides
were blocked with 5% normal goat serum for 1 h and
then incubated with primary antibodies for Caspase-3,
Bax and Bcl-2 (Santa Cruz Biotechnology INC)
overnight at 4°C (dil 1:100). After overnight incubation,
the slides were washed and then incubated with the
corresponding secondary antibodies diluted 1:100 in the
appropriate blocking solution for 1 h at room
temperature. Counterstaining of nuclei was preformed
with DAPI. Stained slides were mounted in fluorescence
mounting medium (Sigma Chemical) and analyzed
under a Leica TCS SP8 confocal microscope. The
intensity of Bax, Bcl-2 and Caspase-3 fluorescence was
analyzed with Image J64 software (NIH, Bethesda,
Maryland, USA). The fluorescence of different areas in
each section was measured and a mean value was
calculated. Five fields were selected randomly from each
heart section. These values are presented as percentage
fluorescence compared to the control group, which is set
to 100%.
In situ detection of DNA fragmentation

CardioTACS™ In Situ Apoptosis Detection Kit
(Trevigen) was used to assess in situ nuclear DNA
fragmentation by terminal deoxy-nucleotidyl transferase
(TdT)-mediated dUTP nick end-labelling (TUNEL)
according to the manufacturer ’s protocol. The
incorporation of biotinylated nucleotides allows
chromosomal DNA fragmentation to be visualized by
binding streptavidin-horseradish peroxidase followed by
reaction with TACS Blue Label™ to generate a dark
blue precipitate. For each section, the number of
TUNEL+ nuclei were scored in ten different microscope
fields. Sections were imaged by light microscopy
(Olympus 43 x, Japan) and digital pictures were
analyzed with the Image J software. Apoptotic index
was expressed as the percentage of TUNEL+ nuclei vs
the total number of nuclei previously counterstained
with Nuclear Fast Red.
Electron microscopy

EM heart samples were prefixed with 2.7%
glutaraldehyde solution in 0.1 M phosphate buffer for
1.5 h, at 4°C. Then they were washed in 0.15 M
phosphate buffer (pH 7.2) and postfixed in 2% osmic
acid solution in 0.15 M phosphate buffer for 1 h at 4°C.

Dehydration was performed in acetone and specimens
were embedded in the epoxy embedding resin Epon 812.
60 nm thick sections were cut with Leica EM UC7
ultramicrotome. The sections were double contrasted
with solutions of uranyl acetate and lead citrate and were
analyzed with a TEM Tecnai 12 Biotwin electron
microscope.
Statistical analysis

Statistical analysis was conducted with a one-way
ANOVA using Stata 13 software (StataCorp LP, Texas,
USA). A value of p<0.05 was considered to be
statistically significant.
Results

Activity of CK-MB cardiotoxicity marker 

Fig. 1 shows the effects of MTX and MTX plus
CHR on the serum level of CK-MB cardiotoxicity
enzymatic marker in mice. Administration of MTX (7.5
mg/kg) resulted in a significant increase in serum CK-
MB compared to the control group (p<0.001). Daily
administration of CHR (50 mg/kg) for a period of 21
days to MTX-treated rats resulted in a reversal of MTX-
induced increase in serum CK-MB, almost to the control
values, while a small dose of CHR (25 mg/kg) did not
completely prevent MTX-induced increase in cardiac
enzymes.
Histopathology

Tissue sections of control and CHR groups showed
normal cardiac histology. Cytoplasmic vacuolization,
loss of myofibrils with fiber disorganization
characterized cardiomyocytes of MTX treated hearts
(Fig. 2). Interstitial collagen fiber accumulation was also
observed. 25 mg/kg CHR treatment partially inhibited
changes induced by MTX treatment. Although
vacuolization, fiber disorganization and collagen fibers
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Fig. 1. The protective effect of CHR against MTX-induced cardiac injury.
All data represent mean values ± SEM (n=10). ###: statistical
significance at p<0.001 as compared to control; #: statistical significance
at p<0.05 as compared to control; ***: statistical significance at p<0.001
as compared to MTX group.



remained in some regions. 50 mg/kg of CHR treatment
completely abolished the structural changes induced by
MTX
Cardiomyocyte apoptosis 

Bcl-2 proteins promote cell survival and suppress
apoptotic cell death. Therefore, we examined how the
expression of the mitochondrial membrane-associated
Bcl-2 protein is modulated by MTX administration. 

Mitoxantrone treatment significantly reduced the
expression of anti-apoptotic Bcl-2 and increased the
expression of pro-apoptotic Bax (p<0.001) (Fig. 3C,D).
50mg/kg of Chrysin prevented the downregulation of
Bcl-2 and markedly suppressed increased Bax
expression (p<0.001).

Additionally, caspase-3 expression was increased in
the group treated with 7.5 mg/kg of mitoxantrone, a
phenomenon which could also be inhibited significantly
by CHR at 50 mg/kg (p<0.001) (Fig. 4B).

MTX treatment increased significantly TUNEL
positive nuclei by 19,94 fold compared to control. This
increase was only 11,52 fold in the presence of 25 mg/kg
CHR and returned to control levels when 50 mg/kg CHR
was co-administered to MTX (Fig. 5).
Desmin distribution into cardiomyocytes

Distribution of desmin, an intermediate filament
important in maintaining cellular integrity and myocyte
contraction was also analysed. At 3 weeks after
treatment, the MTX group exhibited a disarray of
intermediate filaments as evidenced by weak and
irregular desmin expression (Fig. 6). In contrast, the 50
mg/kg CHR and MTX co-treated group displayed

normal desmin distribution, as evidenced by
immunohistochemistry. 
Electron microscopy

Electron microscopy examination was used to assess
whether exposure to mitoxantrone could lead to
ultrastructural changes and if yes, can this be inhibited
by Chrysin. The ultrastructure of cardiomyocytes was
normal in the control group with regular myofibrillar
system and nuclei (Fig. 7a). In the MTX-treated group,
most of the cardiomyocytes showed myofibrillar
disruption and loss, different sized clusters of
mitochondria, distorted and interrupted Z-bands.
Irregularly shaped nuclei and dilated perinuclear spaces
with enlarged pores were observed. 

Co-treatment with 50 mg/kg of CHR significantly
reduced the ultrastructural alterations, which was more
evident than in the group which received only 25 mg/kg
CHR (here irregular nuclei and slightly dilated
perinuclear spaces persisted). 
Discussion

Cardiac toxicity of anthracyclines involves oxidative
stress and apoptosis. Many in vitro or in vivo studies
have indicated that cardiomyocyte death through
apoptosis is a primary contributor to the progression of
anthracycline-induced cardiomyopathy (Monsuez et al.,
2010). 

Anthracyclines toxic administration caused
disruption of cardiomyocyte cell membranes, followed
by release of intracellular protein into serum (such as
CK-MB). A biochemical marker which has been
extensively used to assay for the presence and extent of
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Fig. 2. Histopathology of cardiac tissue of control and treatedl mice. 1. H & E; cytoplasmic vacuolization (arrow); fiber disruption (asterix). 2. Fouchet
van Giesson; collagen fibers- red (arrow). x 20



cardiac injury (Saad et al., 2006). In our study, the level
of this cardiotoxic marker was markedly increased by
MTX administration and reduced under CHR protection.
Our results are in agreement with previous reports where
anthracyclines cause disruption of cardiac myocyte cell
membranes and the release of intracellular proteins such
as LDH and CK-MB into serum (El-Aziz et al., 2001;

Ashour et al., 2012).
In the present study, the cardiotoxicity of MTX was

investigated using histological evaluation of heart tissue.
Intermediate filament network disorganization and
cytoplasmic vacuolization were observed in the heart in
association with interstitial collagen fibers among
cardiomyocytes. Similar cellular disorganization in heart
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Fig. 3. Expression of Bcl-2 family in cardiac tissue as revealed by immunofluorescence. A. Bax immunoflorescence B. Bcl-2 immunofluorescence. a.
Control; b Mitoxantrone; c 25 mg/kg Chrysin + Mitoxantrone; d 50 mg/kg Chrysin + Mitoxantrone. Magnification 62 x. C. Bar graphs showing semi-
quantification of fluorescence intensity for Bax. D. Bar graphs showing semi-quantification of fluorescence intensity for Bcl-2. Data are presented as the
mean percentage relative to control±SEM (n=5); ###, statistical significance at p<0.001 as compared to control; ##, statistical significance at p<0.01 as
compared to control; ***, statistical significance at p<0.001 as compared to MTX group; *, statistical significance at p<0.05 as compared to MTX group. x 63



has been reported in response to anthracycline
administration in rodents (Alderton et al., 1992; Guven
et al., 2007). Co-treatment with 50 mg/kg CHR had a
significant protective effect as indicated by
morphological and histological examinations. 

Electron-microscopy analysis confirmed the
histopathology results. Myofibrillar disruption, distorted
and interrupted Z-bands, altered nuclear membrane
ultrastructure was induced by MTX which form drug-
iron complexes (3:1) thought to facilitate the generation
of ROS capable of causing oxidative damage to a variety
of subcellular components (Herman et al., 2001). 

Mitochondrial degeneration also has been identified
as one of the targets in MTX- induced subcellular
damage (Pereira et al., 2011). Pro-apoptotic factor
release from mitochondria can also occur through outer
membrane permeabilization for Bax and Bak (Kuwana
et al., 2003). After its release, cytochrome c interacts
with several cytosolic proteins, forming the apoptosome
complex which subsequently activates the caspases
cascade leading to cleavage of a number of target
proteins and apoptosis (Parrish et al., 2013). In contrast,
mitochondrial outer membrane permeabilization by Bax
and Bak is suppressed through the actions of

1470
Chysin attenuates cardiotoxicity induced by mitoxantrone

Fig. 4. A. Expression of Caspase-3 in cardiac tissue as revealed
by immunofluorescence. B. Bar graphs showing semi-
quantification of fluorescence intensity for Caspase-3. Data are
presented as the mean percentage relative to control±SEM
(n=5); ###, statistical significance at p<0.001 as compared to
control; ***, statistical significance at p<0.001 as compared to
MTX group; *, statistical significance at p<0.05 as compared to
MTX group. x 63



antiapoptotic Bcl-2 proteins such as Bcl-2 and Bcl-xL
(Dorn, 2013). In our study, we examined the effects of
CHR on the activity of Bcl-2 family proteins in cardiac
tissue of mice injected with cumulative doses of 12
mg/kg MTX. The results showed that CHR at a dose of
50 mg/kg significantly decreased pro-apoptotic Bax

activity and induced increased activity of anti-apoptotic
Bcl-2 protein. These results suggest that CHR inhibits
cardiomyocyte apoptosis induced by MTX which might
be associated with mitochondrial signaling. The
demonstration that cardiomyocyte death induced by
mitoxantrone is mitochondrially induced is in agreement
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Fig. 5. TUNEL staining of cardiac sections. a. Control. b.
Mitoxantrone. Most cells exhibit dark-stained TUNEL+
nuclei. c. 25 mg/kg Chrysin + Mitoxantrone; TUNEL-
positive cells were significantly decreased and exhibit less
darkly stained nuclei than the MTX group d. 50 mg/kg
Chrysin + Mitoxantrone. e. Tunel (+) cells/field. Values are
expressed as means ± SD (n=5). A value of P<0.01 was
considered significant: **, and very significant at P<0.001:
***, as compared to control. A value of P<0.05 was
considered significant: #, and very significant at P<0.001:
###, as compared to MTX group. x 20



with other reports (Rohrbach, 2005).
Anthracycline-induced cardiomyocyte apoptosis

occurs via both the extrinsic and intrinsic pathways
(Papadopoulou et al., 1999; Fulda et al., 2001). In our
study we demonstrated that CHR almost completely
suppressed MTX - induced capase-3 activation,
suggesting inhibition of intrinsic pathway of apoptotic
process.

Desmin is the intermediate filament protein
occurring exclusively in muscle and endothelial cells.
Cardiac cells have the highest proportion of desmin
which is localized to all contraction organizing centers
and is also concentrated around the nucleus where it is
bound to the nuclear fraction (Costa et al., 2004). Here
we have shown significant differences in desmin
distribution in the MTX group compared to all other
groups. In the MTX group, desmin distribution was
clearly disrupted, with areas of decreased expression in

the cytoplasm and protein aggregation, which is
consistent with other studies (Fisher et al., 2005). This
situation was a result of decreased Bcl-2 expression
unable to prevent cleavage of the intermediate filament
network (Weisleder et al., 2004), and increased caspase-
3 activity contributing to desmin breakdown (Dinsdale et
al., 2004).
Conclusions

MTX-induced apoptosis, which occurred via
upregulation of the Bax/Bcl-2 ratio and caspase-3
expression and desmin, ultimately led to intermediate
filaments disruption and cell death. Therefore,
prevention of cardiomyocyte apoptosis may be
considered as a therapeutic target for the treatment of
MTX-induced cardiomyopathy, without compromising
its antitumor benefits. 
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Fig. 6. The expression and specific cardiac distribution of Desmin. a. Control. b. Mitoxantrone. c. 25 mg/kg Chrysin + Mitoxantrone. d. 50 mg/kg Chrysin
+ Mitoxantrone. x 20
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Fig. 7. Electron micrographic
images of experimental groups.
a. Control; Arrow, normal aspect
of Z-bands; M, regular aspect of
mitochondria. b. Mitoxantrone;
M: different sized clusters of
mitochondria; Arrow: distorted
Z-bands; Discontinuous arrow:
irregular nuclear shape and
enlarged prinuclear space. c. 25
mg/kg Chrysin + Mitoxantrone;
Arrow, Z-bands aspect almost
similar to control; ID: normal
aspect of intercalated disc;
Discontinuous arrow: iregular
nuclear shape and slightly
enlarged perinuclear space. 
d. 50 mg/kg Chrysin +
Mitoxantrone; M: regular aspect
of mitochondria; Arrow: normal
aspect of Z-bands;
Discontinuous arrow: normal
aspect of nuclear shape and
perinuclear space.



However, further studies must be carried out in a
chronic MTX-induced cardiotoxicity model and in
clinical trials to confirm how to use CHR in the
treatment of MTX-triggered heart failure.
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