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Abstract: Bisphenol-A-glycidyldimethacrylate (BisGMA) is one of the most commonly used monomer in biomedical
field, especially in dentistry and orthopedics. BisGMA could leach from the thermoset or light-cured biomaterials after
polymerization and result in immunological responses. Luteolin is a flavonoid which expresses multiple
pharmacological activities, including anti-hypertension, anti-inflammation, anti-allergy, anti-cancer, and antitumor. In
this study, we found that luteolin inhibited BisGMA-induced cytotoxicity in a concentration-dependent manner in
RAW264.7 macrophages. Furthermore, not only the BisGMA-induced DNA damage and genotoxicity, but also the
activation of caspase-3, -8, and -9 were reduced by luteolin in a parallel, concentration-dependent manner. These
results indicated luteolin reduced BisGMA-induced cytotoxicity and genotoxicity in RAW264.7 macrophages via
DNA damage and its upstream factors which are caspase-3, -8, and -9.
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1. Introduction: inflammatory bowel disease, and dermatomyositis [3, 4,
The tissue resident macrophages are differentiated 5]

from peripheral monocyte reservoirs of blood, spleen , BisGMA is originally developed by Bowen for
and bone marrow [1]. Macrophages are professional dental composites in 1962 and is one of the most
phagocytes responsible for internalization and commonly used monomer in the biomedical field,
elimination of pathogens, development of embryonic especially in dentistry and orthopedics [6, 7]. However,
tissues, and repairment of wound in a wide range of BisGMA can leach from the thermoset or light-cured
organisms from invertebrates to vertebrates [2]. biomaterials after polymerization [8]. Its highly
Therefore, macrophages play the critical role in both lipophilic characteristic the rapid distribution of
innate and adaptive immunity. Exogenous stimuli such BisGMA everywhere in the whole animal body once
as bacteria, lipopolysaccharide, and released [9]. BisGMA expresses cytotoxic and
bisphenol-A-glycidyldimethacrylate (BisGMA) can genotoxic effects in mammalian cells, such as
lead to macrophages activation. Over-expression of the RAW264.7 maceophages, V79 fibroblasts, human
proinflammatory mediators, such as nitric oxide (NO), lymphocytes, human dental pulp cells, human gingival
reactive oxygen species (ROS), and cytokines fibroblasts, and HaCaT keratinocytes [10, 11, 12, 13,
generated by activated macrophages results in the 14, 15, 16]. In previous study, we have demonstrated
damage of peripheral normal cells and tissues. BisGMA induces cytotoxicity and genotoxicity in
Macrophages activation induces several clinical RAW264.7 macrophages via DNA damage and
syndromes, such as oral inflammatory disease, caspases activation [10].
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Luteolin, or 3'4',5,7-tetrahydroxyflavone, is a
member of the flavone subclass in flavonoid family. It
is widely distributed in vegetables, fruits, and herbs.
The strong antioxidative capacity of luteolin is due to
its polyphenolic structure. Luteolin also has multiple
pharmacological activities, such as anti-hypertension,
anti-inflammation, anti-allergy, anti-cancer, and
antitumor [17]. In Wistar rats, mutton extract-induced
micronuclei and chromosome aberrations were
protected by luteolin [18]. In human keratinocytes,
luteolin protects against ultraviolet (UV-B) induced
human skin damage via activities like DNA damage
reduction, antioxidation, and anti-inflammation [19].
Up to now, there is no evidence on effect of luteolin on
BisGMA-induced cytotoxicity and genotoxicity in
RAW264.7 macrophages. This study aims to
investigate whether luteolin has protective effects in
BisGMA-induced damage and at the same time
attempts to identify the mechanisms involved.

2. Materials and methods:
2.1. Materials

Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin, and streptomycin
were purchased from HyClone Laboratories (Logan,
UT, USA). 2’,7’-dichlorodihydrofluorescin diacetate
(DCFH-DA) was purchased from Life Technologies
(Grand Island, NY, USA). Bisphenol-A glycidyl-
dimeth acrylate (BisGMA), 3-(4,5-dimethyl-thiazol-2-
y1)-2,5-diphenyl tetrazolium bromide (MTT), phos-
phate buffered saline (PBS), and other reagents, unless
specifically stated, were purchased from Sigma-
Aldrich (St. Louis, MO, USA). CytoTox® 96 nonra-
dioactive assay kit was purchased from Promega
(Sunnyvale,CA, USA). Caspase-3, -8, and -9 activity
kits were purchased from Enzo Life Sciences
(Plymouth Meeting, PA, USA). Luteolin was dissolved
and tested at concentrations of 0.01, 0.03, 0.1, and 0.3
pM. BisGMA was dissolved and tested at concentration
of 3 uM. The final percentage of DMSO in the reaction
was not higher than 0.5% (v/v).

2.2. Cell culture

The mouse macrophage cell line, RAW264.7, was
obtained from Bioresource Collection and Research
Centre (BCRC 60001; Hsinchu, Taiwan) and cultured
in DMEM supplemented with 10 % (v/v) FBS, 100
unit/mL penicillin, and 100 pg/mL streptomycin at
37°C with 5 % CO, in a humidified incubator. The cells
were seeded in 6-well plates at 2.0 x 10° cells/ml or
24-well plates at 5.0 x 10 cells/ml [20].

2.3. Cytotoxicity assay

Cytotoxictiy was measured by cell membrane
integrity, which was in turn by monitoring the release
of lactate dehydrogenase (LDH) into the medium. The
content of LDH in the medium was detected by
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CytoTox® 96 nonradioactive assay kit. RAW264.7
cells were treat- ed with indicated concentrations (0,
0.3, 1, 3, and 10 uM) of luteolin for 30 min before
stimulation or no stimulation with 3 uM BisGMA for 4
h. The maximal release of LDH was obtained after
treating control cells with lysis solution for 4 h at 37°C.
Supernatant sample and reconstituted substrate, 50 pL
each, were reacted for 30 min at room temperature,
then 50 pL of stop solution was added to each well.
Absorbance was measured by a microplate reader
(Dynatech MR 4000, Boston, MA, USA) at 490 nm
[21].
2.4 Micronucleus (MN) assay

RAW264.7 cells were pretreated with indicated
concentration of luteolin for 30 min before addition of
cytochalasin B (3 mg/mL) and BisGMA (3 uM) for 4 h.
After washing with PBS, the cells were further
incubated with 3 mg/mL of cytochalasin B for 14 h.
Cells were collected by trypsinization, resuspended in
75 mM KClI for 1 min, fixed in cold methanol: acetic
acid (3:1), spread on slides, and stained with 3 %
Giemsa (pH 6.4) solution. MN was analyzed
microscopically in three parallel slides of 1000
binucleated cells/slide per concentration [22].
2.5. Alkaline comet assay

The alkaline comet assay, also called alkaline
single cell gel electrophoresis, is a sensitive and rapid
technique for the detection of DNA damage at the level
of the individual cell. The process of detection was
according to our pervious study [23]. After treatment,
the cells mixed with 1% low melting point agarose
were placed on a microscope slide that had been
pre-coated with 1% normal melting point agarose and
kept on ice. Then, the slides were immediately
submersed in lysis solution (2.5 M NaCl, 100 mM
EDTA, 10 mM Tris, 1 % Tritron X-100, 200 mM
NaOH, 34.1 mM N-Lauroyl-Sarcosine, and 10 %
DMSO, pH 10) for 1 h at 4°C in the dark. After
washing with PBS, the slides were placed in a
horizontal  electrophoresis  tank  filled  with
electrophoresis buffer (300 mM NaOH and 1 mM
EDTA) for 40 minutes at 4°C. After electrophoresis, the
slides were washed three times with a neutralization
buffer (0.4 M Tris-HCI, pH 7.5), dried, stained with
ethidium bromide (20 ug/ml), then analyzed by image
analysis system Comet v. 3 (Kinetic Imaging Ltd.,
Liverpool, UK). To quantify DNA damage, the
following comet parameters were evaluated: percentage
of DNA in tail, which was relative fluorescence
intensity of tail, and tail moment, which was calculated
as tail length multiplied by percentage of DNA in tail
and divided by 100.
2.6. Detection of caspases activity

Activities of caspase-3, -8, and -9 were measured
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by caspase-3, -8, and -9 fluorometric assay kits. The
process of detection was according to pervious study
[24]. After treatment, the cells were lysed by lysis
buffer and 100 pg of protein was resuspended in the
reaction buffer containing caspase-3, -8, and -9
fluorogenic substrates, which are DEVD-AFC, IETD-
AFC, and LEHD-AFC respectively. The samples were
incubated for 4 h at 37°C, and data were collected
using a fluorescence microplate reader (Molecular
Devices, CA, USA) at excitation/emission wavelengths
0f' 400/505 nm.
2.7. Statistical Analysis

At least four independent experiments were
performed as indicated in the figure legends. All data
were expressed as mean + standard deviation (SD).
Statistical analyses were performed using ANOVA
followed by the Bonferroni’s t-test for multi-group
comparisons test; p < 0.05 was considered significant
for each test.

3. Results:
3.1. Effects of Iluteolin on BisGMA-induced
cytotoxicity

The cytotoxicity on RAW264.7 cells was

significantly induced by treating with BisGMA at 3 uM
for 4 h (p < 0.05). The effect was significantly
prevented by luteolin in a concentration-dependent
manner started at 1 uM (p < 0.05) (Fig 1). These results

indicated luteolin has protective effect on
BisGMA-induced cytotoxicity.
100 —
—~ 80
L #
> 60 #
‘©
= #
£ 40~
s)
<
O 20 4
0
Leutolin (uM) 0 0.3 1 3 10
BisGMA

Fig. 1. Effect of luteolin on BisGMA-induced cyto-
toxicity in RAW264.7 macrophages. The cytotoxicity
was measured by LDH colorimetric assay. Cells were
incubated with vehicle or 0-10 uM luteolin for 30 min
at 37°C before stimulation with 3 uM BisGMA for 4 h.
Value is expressed as a percentage of the vehicle
treated control cells. Results are expressed as means +
SD (n = 3). #p < 0.05 is considered signifiant.ompares
with the BisGMA values (first column).
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3.2. Effects of luteolin on BisGMA-induced DNA
damage

The formation of MN was significantly induced
by BisGMA at 3 uM for 4 h as compared with control
group (Fig 2). Pretreatment with luteolin for 30 min
reduced the BisGMA induced MN generation
significantly in a concentration-dependent manner
started at 3 uM (p < 0.05) (Fig 2). In addition, we also
found BisGMA-induced DNA injury via comet assay.
Images of cells with increasing levels of DNA damage
from comet assay are shown in Fig. 3A. According to
the data obtained, tail moment (Fig. 3B) and percentage
of DNA in tail (Fig. 3C) were significantly increased
by BisGMA as compared with control (p < 0.05).
Pretreatment with luteolin for 30 min reduced the
BisGMA induced tail moment and percentage of DNA
in tail significantly in a concentration-dependent
manner started at 3 uM (p < 0.05).
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Fig. 2. Effect of luteolin on BisGMA-induced DNA
damage via MN assay. Value is expressed as a
percentage of the vehicle treated control cells. Results
are expressed as means + SD (n = 3). *p < 0.05 is
considered significant compares with control values
(first column). #p < 0.05 compares with and the
BisGMA values (secondary column).

3.3. Effects of luteolin on BisGMA-induced caspase-3,
-8, and -9 activities

Fig 4 has shown BisGMA significantly stimulated
caspase-3, -8, and -9 activities as compare with control
(p < 0.05). Pretreatment with luteolin for 30 min
reduced the BisGMA induced caspase-3, -8, and -9
activities (Fig. 4), and significantly started at 3 pM (p <
0.05).
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Fig. 3. Effect of luteolin on BisGMA-induced DNA
damage via comet assay. (A) Gel electrophoresis of
luteolin treated RAW264.7 cells at 0-10 uM for 30 min
at 37°C before stimulation with 3 uM BisGMA for 4 h.
(B) and (C) are quantifications of tail moment and
percentage of DNA in tail respectively; data are
expressed as means = SD (n= 3). *p < 0.05 is
considered significant compares with control values
(first column). #p < 0.05 compares with and the
BisGMA values (secondary column).
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Fig. 4. Effects of luteolin on BisGMA-induced
caspase-3, -8, and -9 activities. Value is expressed as a
percentage of the vehicle treated control cells. Results
are expressed as means + SD (n = 3). *p < 0.05 is
considered significant compares with control values
(first column). #p < 0.05 compares with and the
BisGMA values (secondary column).

4. Discussion

BisGMA is a monomer for resin composites
commonly used in polymeric dental materials, e.g.
restorative composites, adhesives, and prophylactic
sealants [6, 7]. BisGMA-based resin displayed much
better thermal and mechanical properties, lower cure
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shrinkage, higher modulus, and lower volatility than
resins form by other smaller monomers, such as
triethyleneglycol dimethacrylate (TEGDMA), 2-hy-
droxyethyl methacrylate (HEMA), and glycerol di-
methacrylate (GDMA) [25, 26]. Recently, the toxicity
of BisGMA monomer has raised concern. BisGMA can
be released from resin polymerized incompletely and
may injure the peripheral normal tissues [8]. Our
laboratory has purposed BisGMA induced cytotoxicity
in RAW264.7 macrophages in a concentration and
time-dependent manner [10]. The evidences gathered
from previous study points out that 81.6% of
cytotoxicity was induced by treating with BisGMA at 3
puM for 4 h, however, luteolin pretreatment reduced
BisGMA-induced cytotoxicity significantly. Our results
concerning the protective effect of luteolin are similar
to those obtained by other researchers studied on
different stimulators with various cell lines, for
example, on  6-hydroxy- dopamine-stimulated
pheochromocytoma cells and pyrogallol-stimulated
endothelial cells [27, 28]. These evidences
demonstrated that luteolin has a protective effect on
BisGMA treated macrophages.

The change in the DNA structure due to damage is
varitable, such as the break in the DNA strand, the
missing of the DNA base pair, and the chemically
changed DNA base [29]. In general, DNA damage is
due to the environmental genotoxins, including
biphenyls, alkylating compounds, polycyclic aromatic
hydrocarbons, heterocyclic amines, ultraviolet light,
and radiation. DNA damage is the major cause of cell
death via genotoxicity [30]. BisGMA is able to induce
DNA damage and genotoxicity in RAW264.7
macrophages, V79 fibroblasts, human lymphocytes,
and human gingival fibroblasts which had been
demonstrated through comet and MN assays [10, 31, 11,
13, 32], our data also confirmed these findings.
However, dietary supplemented with luteolin can
reduce DNA damage causes by ultraviolet light or
Fenton-induced 8-hydroxy-2'-deoxyguanosine forma-
tion in calf thymus [33]. In Caco-2 cells, luteolin shows
the protective effect against hydrogen peroxide-induced
DNA damage [34]. Ultraviolet-B light-induced DNA
damage is effectively attenuated by luteolin [19]. At
present, we found luteolin reduced BisGMA induced
DNA damage in RAW264.7 macrophages in a
concentration-dependent manner.

These results indicated luteolin has a protective
effect on BisGMA induced cytotoxicity and
genotoxicity. Caspase-3 was found to play a striking
role in the DNA damage [35]. Caspases are cysteine
proteases that specifically cleave target proteins at sites
next to aspartic acid residues. The dimer of the catalytic
domain, which is cleaved into a large and a small



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

subunits that interact with each other, exists in the full
activation of caspases [36]. In apoptosis, the activation
of caspase-3 is dependent on two activated cascades,
involved both intrinsic and extrinsic pathways. The
upstream factors of intrinsic and extrinsic pathways are
caspases-9 and -8, respectively [37]. In RAW264.7
macrophages, the activation of caspases-3, -8, and -9
are induced by BisGMA [10]. In this study, we also
purposed caspases-3, -8, and -9 are activated by
BisGMA. In previous study, luteolin significantly

reduced the expression of active caspase-3 in
cisplatin-induced kidney damage [38]. Luteolin
suppressed the caspase-8 activation in

pyrogallol-triggered endothelial cells [28]. At present,
we found luteolin reduced BisGMA induced activation
of caspases-3, -8, and -9 in a concentration-dependent
manner. These results indicated luteolin exerts a
protective effect on BisGMA induced DNA damage by
decreasing the activation of caspase-3, -8, and -9.

In conclusion, BisGMA caused cell death was
inhibited by luteolin in a concentration-dependent
manner in RAW264.7 macrophages which was
demonstrated by LDH assay. In addition, luteolin
reduced the DNA damage in a parallel,
concentration-dependent manner which were detected
by MN assay and comet assay. Luteolin also reduced
the BisGMA-induced caspase-3, -8, and -9 activation in
a parallel, concentration-dependent manner. These
results indicated luteolin reduced cytotoxicity and
genotoxicity in RAW264.7 macrophages via DNA
damage, and its upstream factors which are caspase-3,
-8 ,and -9.

Corresponding Authors:

Hsing-Chun Kuo

Institute of Nursing and Department of Nursing, Chang
Gung Institute of Technology, Chia-Yi Campus,
Taiwan. Telephone: +886-5-3628800, Fax:
886-5-3628866; E-mail address: guscsi@gmail.com;
Yung-Wei Chiu

Emergency Department and hyperbaric oxygen therapy
Center, Tungs’ Taichung MetroHarbor Hospital,
Taichung, Taiwan; Institute of Medicine, Chung Shan
Medical University, Taichung, Taiwan. E-mail address:
hboxygen@gmail.com.

References

1. Geissmann F, Manz MG Jung S, et al
Development of monocytes, macrophages, and
dendritic cells. Science 2010; 327: 656-61.

2.  Stefater JA 3rd, Ren S, Lang RA, et al
Metchnikoff’s  policemen: macrophages in
development, homeostasis and regeneration.

Trends Mol Med 2011, 17:743-52.

3141

10

11.

12.

13.

14.

15.

Hasturk H, Kantarci A, Van Dyke TE. Oral
inflammatory diseases and systemic inflammation:
role of the macrophage. Front. Immunol. 2012;
3:118.

James DG, Stone CD, Wang HL, et al. Reactive
hemphagocytic  syndrome complicating the
treatment of inflammatory bowel disease. Inflamm
Bowel Dis 2006; 12: 573-80.

Kobayashi I, Yamada M, Kawamura N, et al.
Plateletspecific hemophagocytosis in a patient
with juvenile dermatomyositis. Acta Paediatr
2000; 89: 617-9.

Mattila RH, Laurila P, Rekola J, et al. Bone
attachment to glass fibre-reinforced composite
implant with porous surface. Acta Biomater 2009;
5: 1639-1646.

Travan A, Marsich E, Donati I, et al
Polysaccharide—coated thermosets for orthopedic
applications: from material characterization to in
vivo tests. Biomacromolecules 2012; 13:
1564-72.

Yap AU, Han VT, Soh MS, et al. Elution of
leachable components from composites after LED
and halogen light irradiation. Oper Dent 2004; 29:
448-453.

Reichl FX, Seiss M, Kleinsasser N, et al.
Distribution and excretion of BisGMA in guinea
pigs. J Dent Res 2008; 87: 378-80.

Li YC, Kuan YH, Huang FM, et al. The role of
DNA damage and caspase activation in
cytotoxicity and genotoxicity of macrophages
induced by bisphenol-A-glycidyl- dimethacrylate.
Int Endod J 2012; 45:499-507.

Schweikl H, Schmalz G, Spruss T. The induction
of micronuclei in vitro by unpolymerized resin
monomers. J Dent Res 2001; 80: 1615-20.

Issa Y, Watts DC, Brunton PA, et al. Resin
composite monomers alter MTT and LDH activity
of human gingival fibroblasts in vitro. Dent Mater
2004; 20, 12-20.

Kleinsasser NH, Wallner BC, Harréus UA, et al.
Genotoxicity and cytotoxicity of dental materials
in human lymphocytes as assessed by the single
cell microgel electrophoresis (comet) assay. J
Dent 2004; 32: 229-34.

Moharamzadeh K, Van Noort R, Brook IM, et al.
Cytotoxicity of resin monomers on human
gingival fibroblasts and HaCaT keratinocytes.
Dent Mater 2007; 23: 40-4.

Chang MC, Chen LI, Chan CP, et al. The role of
reactive oxygen species and hemeoxygenase-1
expression in the cytotoxicity, cell cycle alteration
and apoptosis of dental pulp cells induced by
BisGMA. Biomaterials 2010; 31: 8164-71.



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Urcan E, Scherthan H, Styllou M, et al. Induction
of DNA double-strand breaks in primary gingival

fibroblasts by exposure to dental resin composites.

Biomaterials 2010; 31: 2010-4.

Lopez-Lazaro M. Distribution and biological
activities of the flavonoid luteolin. Mini Rev Med
Chem 2009; 9: 31-59.

Taj S, Nagarajan B. Inhibition by quercetin and
luteolin of chromosomal alterations induced by
salted, deep-fried fish and mutton in rats. Mutat
Res 1996; 369: 97-106.

Wolfle U, Esser PR, Simon-Haarhaus B, et al.,
UVB-induced DNA damage, generation of
reactive oxygen species, and inflammation are
effectively attenuated by the flavonoid luteolin in
vitro and in vivo. Free Radic Biol Med 2011, 50:
1081-93.

Kuan YH, Huang FM, Li YC, et al
Proinflammatory activation of macrophages by
bisphenol  A-glycidyl-methacrylate  involved
NFkB activation via PI3K/Akt pathway. Food
Chem Toxicol 2012; 50:4003-9.

Yeh CH, Yang ML, Lee CY, et al. Wogonin
attenuates endotoxin-induced prostaglandin E2
and nitric oxide production via
Src-ERK1/2-NFxB pathway in BV-2 microglial
cells (In press). Environ Toxicol 2013; DOI:
10.1002/tox.21847.

Lin RH, Yang ML, Li YC, et al. Indium
chloride-induced micronuclei via reactive oxygen
species in Chinese hamster lung fibroblast V79
cells. Environ Toxicol 2013; 28: 595-600.

Li YC, Kuan YH, Lee SS, et al. Cytotoxicity and
Genotoxicity of Chlorhexidine on Macrophages

In Vitro. Environ Toxicol 2012; 4 April 2012. DOL:

10.1002/tox.21771.

Liao PH, Lin RH, Yang ML, et al. Evaluation of
differential representative values between Chinese
hamster cells and human lymphocytes in
mitomycin C-induced cytogenetic assays and
caspase-3 activity. Toxicol Ind Health 2012; 28:
174-80

Kim JW, Kim LU, Kim CK, et al. Characteristics
of Novel Dental Composites Containing 2,2-
Bis[4-(2-methoxy-3-methacryloyloxy  propoxy)
phenyl] propane as a Base Resin.
Biomacromolecules 2006; 7: 154-60.

Jeon MY, Yoo SH, Kim JH, et al. Dental
restorative composites fabricated from a novel
organic matrix without an additional diluent.

12/2/2013

3142

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Biomacromolecules 2007; 8: 2571-5.

Guo DJ, Li F, Yu PH, et al. Neuroprotective
effects of luteolin against apoptosis induced by
6-hydroxydopamine on rat pheochromocytoma
PCI12 cells. Pharmacol. Biol. 2013; 51: 190-6.

He D, Ma X, Chen Y, et al. Luteolin inhibits
pyrogallol-induced  apoptosis  through the
extracellular signal-regulated kinase signaling
pathway. FEBS J2012; 279:1834-43.

De Bont R, van Larebeke N. Endogenous DNA
damage in humans: a review of quantitative data.
Mutagenesis 2004; 19:169-85.

Roos WP, Kaina B. DNA damage-induced cell
death by apoptosis. Trends Mol Med 2006; 12:
440-50.

Yang ML. The effects of cytotoxicity and
genotoxicity  induced by  2,2-bis[4-(acryl-
oxypropoxy)phenyl]propane via caspases in
human gingival fibroblasts. Toxicol Ind Health
2012; DOI: 10.1177/0748233712462472.

Drozdz K, Wysokinski D, Krupa R, et al
Bisphenol A-glycidyl methacrylate induces a
broad spectrum of DNA damage in human
lymphocytes. Arch Toxicol 2001; 85: 1453-61.

Cai Q, Rahn RO, Zhang R. Dietary flavonoids,
quercetin, luteolin and genistein, reduce oxidative
DNA damage and lipid peroxidation and quench
free radicals. Cancer Lett 1997; 119: 99-107.
Ramos AA, Pereira-Wilson C, Collins AR.
Protective effects of ursolic acid and Iluteolin
against oxidative DNA damage include
enhancement of DNA repair in Caco-2 cells.
Mutat Res 2010; 692: 6-11.

Decordier I, Cundari E, Kirsch-Volders M.
Survival of aneuploid, micronucleated and/or
polyploid cells: crosstalk between ploidy control
and apoptosis. Mutat Res 2008; 651: 30-39.

Pop C, Salvesen GS. Human caspases: activation,
specificity, and regulation. J Biol Chem 2009; 284:
21777-81.

Boatright KM, Salvesen GS. Mechanisms of
caspase activation. Curr Opin Cell Biol 2003; 15:
725-31.

Domitrovi¢ R, Cvijanovi¢ O, Pugel EP, et al.
Luteolin ameliorates cisplatin-induced
nephrotoxicity in mice through inhibition of
platinum  accumulation, inflammation and
apoptosis in the kidney. Toxicol 2013; 310:
115-23.



