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Abstract
Lovastatin as a member of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors is
used as a lipid-lowering agent. It can also inhibit the formation of hydrogen peroxide and superoxide anion
and finally leads to decline in oxidative stress processes. Here, we evaluated whether lovastatin can increase
DNA damage resistance of HepG2 cells against genotoxicity of the anticancer drug bleomycin (BLM).
HepG2 cells were incubated with different concentrations of lovastatin (0.1, 0.5, 1, 5 µM) before exposure to
BLM (0.5 µg/mL for one h). The genotoxic dose of BLM and lovastatin was separately determined and
comet assay was used to evaluate the genotoxicity. After trapping cells in agarose coated lames, they were
lysed and the electrophoresis was done in alkaline pH, then colored and monitored by florescent microscope.
The results of this study indicated that lovastatin in doses lower than 5 µM has genoprotective effect and in
doses higher than 50 µM is genotoxic. In conclusion, lovastatin is able to protect genotoxic effects of BLM
in HepG2 cells. Further studies are needed to elucidate the mechanism(s) involved in this process.
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INTRODUCTION
Bleomycin (BLM) is used either in
monotherapy or in combination to treat several
malignancies including soft tissue carcinomas,
epidermoid carcinoma of head and neck,
squamous cell carcinoma, lymphangioma,
testicular tumors, non-Hodgkin’s lymphoma,
and Kaposi sarcoma (1). In the presence of
Fe(II), oxygen and a reducing electron, BLM
transforms to its active metabolite leading to
production of hydrogen peroxide and some
free radicals such as superoxide and hydroxyl.
In this way, it causes damage to DNA leading
to cell cycle arrest, apoptosis and cell death
(2). Bleomycin-hydrolase is the enzyme
responsible for inactivation of BLM in both
normal and cancerous cells (3). The
susceptibility of both normal and tumor tissue
to BLM-induced toxicity is dependent on the
level of BLM-hydrolase which hydrolyzes the
amide bond in the p-aminoalanine moiety of
BLM. Normal tissues with low levels of BLMhydrolase, such as lung and skin tissue, are
sensitive to injury by BLM toxicity. Tumor
cells that acquire resistance to this compound
often have high levels of BLM-hydrolase
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activity (4). The pulmonary toxicity, dermal
toxicity and genetic toxicity are the most
important side effects of BLM. Inflammation
of lung tissue is the first sign of pulmonary
toxicity leads to pulmonary fibrosis (5). Skin
toxicity appears to be erythema and hyper
pigmentation (6). Developing secondary cancers
occur due to DNA damage effect of BLM in
normal tissues (6,7). Statins used clinically as
lipid-lowering drugs have numerous additional
biological effects (8). Lovastatin enhances the
activity of glutathione peroxidase and reduces
the amount of hydrogen peroxide (9).
Lovastatin reduces the oxidation of LDL by
increasing the activity of enzymes such as
paraoxonase, arylesterase and catalase and
inhibits the formation of hydrogen peroxide
and superoxide anion and finally leads to
decline in oxidative stress processes.
Lovastatin has shown protective effects against
hepatic and cardiac toxicity of doxorubicin and
prevent DNA damage in normal cells following
administration of cisplatin as an anticancer drug
and in contemporary use with doxorubicin
increases the therapeutic effects (10-13).

Lovastatin protection against genotoxicity induced by bleomycin

The comet assay or single cell gel
electrophoresis is the most well-known
method for evaluation of DNA damage (14).
This method can sensitively detect the DNA
damage based on micro electrophoresis (15).
In this research, we used HepG2 cells
(hepatoma cells) for specialized liver function
and comparable activities with human
hepatocytes. The cells trapped in the agarose
gel and lysed under the alkaline pH in order to
find the possibility of presenting a little
opening in the DNA. In electrophoresis, the
DNA molecules move toward anode due to the
effect of the electrical flow and form the
comets. The size of the DNA fragments and
the number of broken ends determine the
pattern of comet formation (16).
In the present study using an in vitro model,
we investigated the effect of lovastatin on
genetic injury induced by BLM.

of undesirable and pathogenic bacterial
microorganisms and incubated under 5% CO2
at 37 °C in micro filter plates.

MATERIALS AND METHODS

Determination of safe concentrations of
lovastatin in comet assay
In order to confirm the safety of lovastatin,
cells
were
incubated
with different
concentrations of lovastatin (1, 5, 10, 50,
100 µM) for 1 h followed by comet assay.

Determination of genotoxic effect of BLM
In order to determine adequacy of
genotoxic concentration of BLM, cells were
incubated with different concentrations of
BLM (0.1, 0.5, 1, 5, 10 µg/mL) for one h
period and then comet assay was performed.
Determination of genoprotective concentration
of lovastatin
To
determine
the
genoprotective
concentration of lovastatin against DNA
damage of BLM, cells were incubated with
different concentrations of lovastatin (0.1, 0.5,
1, 5 µM) for 1 h prior to incubation with BLM
(0.5 µg/mL for 1 h) and finally the comet
assay was performed.

Materials
2-Amino-2-(hydroxymethyl)-1,3-propanediol
(Tris), Triton X-100, H2O2, NaCl, EDTA and
NaOH were purchased from Merck Co.
(Germany). Low melting point agarose
(LMA), Na2HPO4, KCl and ethidium bromide
were supplied by Sigma Co. (USA). Normal
melting point agarose (NMA) was obtained
from Cinnagen Co. (Iran). Roswell Park
Memorial Institute (RPMI-1640), fetal bovine
serum (FBS) and antibiotics were purchased
from PAA Co. (Australia). Lovastatin was a
gift from Amin Pharmaceutical Company
(Iran). BLM was procured from Cell Pharm
Co. (Germany).

Comet assay
The comet assay procedure has been
described in our previous studies (17,18).
Briefly,
incubated
cell
suspensions
(1×106 cells/mL) were mixed with 1% LMP
agarose (37 °C) and were placed on the
precoated slides (1% NMP agarose). The
slides were respectively incubated with lysis
solution (pH, 10) and electrophoresis buffer
(pH > 13) for 40 min. Electrophoresis was
carried out for 40 min (25 V, 300 mA).
After this stage, the slides were rinsed with
distilled water and were placed in
neutralization solution (pH, 7.5) for 10 min.
Slides were covered by sufficient dye solution
(20 μg/mL ethidium bromide) for 5 min and
washed with distillated water. Finally comets
were visualized under ×400 magnification
using fluorescence microscopy with an
excitation filter of 510‐560 nm and barrier
filter of 590 nm. All stages of comet assay
were performed at room temperature and in
dark conditions and all solutions were
prepared freshly and used coolly.

Activation of lovastatin
A solution of 5 mM lovastatin in ethanol
was prepared. NaOH (1.5 mL, 0.1 M) was
added and heated at 50 °C for 2 h, neutralized
with HCl and distillated to the volume of 20 mL.
This stock solution was stored frozen in aliquots.
Cell culture
The human hepatoma (HepG2) cell line was
obtained from Pasteur institute of Iran (Iran,
Tehran) and cultured in RPMI medium
containing 10% fetal bovine serum and 250 μL
of penicillin/streptomycin to avoid the growth
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The comet assay results of genoprotective
effect of lovastatin
In
order
to
investigate
probable
genoprotective effects of lovastatin on DNA
damage induced by BLM, HepG2 cells were
incubated with different concentrations of
lovastatin (0.1, 0.5, 1, 5 µM) for 1 h followed
by 1 h incubating period for 0.5 µg/mL
concentration of BLM (Fig. 1). All three
studied parameters including tail length,
% DNA in tail, and tail moment were
significantly reduced the induced genotoxicity
by BLM. Genoprotective effects was
inversely dependent on the lovastatin
concentrations.
The highest concentration of lovastatin
(5 µM) had no genoprotective effect on BLMinduced toxicity.
Pretreatment of HepG2 cells with different
concentrations of lovastatin indicated that
lovastatin at concentrations 0.1, 0.5 and 1 µM
inhibited the genotoxic effects of BLM when
compared with the BLM-treated group
(0.5 µg/mL) (Fig. 1).

Statistical analysis
One-way analysis of variance (ANOVA)
followed by Tukey's multiple comparison post
hoc test was used to compare the results of
comet assay. The P-values of 0.05 and less
were considered as statistically significant.
RESULTS
The results of bleomycin genotoxicity
assessment
Based on previous researches, the genotoxic
concentration of BLM was tested in order to
determine the sufficient genotoxic concentration
on HepG2 cells. Cells were incubated with
different concentrations of BLM (0.1, 0.5, 1, 5,
10 µg/mL) for 1 h fallowed by the comet assay.
The result of the ANOVA indicated that the
tail length, % DNA in the tail and tail moment
at all concentrations of BLM were
significantly (P < 0.001) (Table 1) greater than
those of control group. According to these
results, 0.5 µg/mL of BLM adopted as suitable
genotoxic concentration for further experiments.

Fig. 1. Comparison of (A) tail length, (B) %DNA in the tail, and (C) tail moment of different concentrations of
lovastatin (0.1, 0.5, 1, and 5 µM) prior to administration of bleomycin (0.5 µg/mL). Data are represented as mean ±
SEM. *** and ****s show significant differences (P < 0.001) compared with bleomycin (0.5 µg/mL) group. ## and
#### show significant differences (respectively P < 0.01 and P < 0.0001) between lovastatin concentrations.
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Table 1. Comparison of tail length, %DNA in the tail and tail moment of different concentrations of bleomycin.
Data are presented as mean ± SEM. *** shows significant differences (P < 0.001) compared with control group.

Control

Bleomycin (µg/mL)

0.1
0.5
1
5
10

Tail length (Pxl)

%DNA in the tail

Tail moment

2.105 ± 0.24

7.309 ± 0.43

0.12938 ± 0.02

***

42.56 ± 1.75
43.86 ± 1.34***
54.54 ± 3.02***
54.59 ± 1.93***
55.78 ± 1.78***

***

42.024 ± 1.91
46.156 ± 2.01***
46.836 ± 2.85***
53.495 ± 1.89***
56.956 ± 2.37***

19.774 ± 1.43***
20.576 ± 1.42***
30.010 ± 2.66***
30.687 ± 1.78***
32.934 ± 1.84***

Fig. 2. Comparison of (A) tail length, (B) %DNA in the tail and (C) tail moment of different concentrations of
lovastatin (1, 10, 50, and 100 µM). Data are presented as mean ± SEM. *** shows significance (P < 0.001) compared to
control group.

cytotoxicity of the drug is due to the formation
of a complex of BLM, ferrous iron and
molecular oxygen which results in the release
of oxygen radicals at the site of intercalation
with DNA that is in direct association with the
genetic lesions (19). The activated form of
BLM is able to create single- and doublestranded DNA breaks by removing 4′ hydrogen from C4 of the deoxyribose moiety
of a pyrimidine 3′ to a guanine (20).
Generation of reactive oxygen species, such as
superoxide, hydrogen peroxide, and hydroxyl
radical by BLM causes DNA strand breaks
(21). BLM seems to undergo an average of at

Lovastatin safety assessment
Safety of lovastatin at protective
concentrations was assessed by incubating
HepG2 cells for 1 h at different concentrations
of lovastatin (1, 10, 50 and 100 µM).
Statistical comparison with the control group
represented the safety of lovastatin up to the
concentration of 50 µM (Fig. 2).
DISCUSSION
Bleomycin, known as an effective
antitumor agent, is clinically used in
chemotherapy in variety of tumor types. The
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least three and possibly up to 10 oxidationreduction cycles in the presence of DNA
before inactivation (22). Some researchers
indicated that if BLM can react with DNA
more than once, perhaps BLM is not
chemically changed after its interaction with
DNA. Researchers found that most of BLMinduced DNA breakage is repaired within 5
min, whereas the rejoining of DNA nicks
continues for 1 h or more at a slower rate than
in the first phase. There also seems to be a
clear genetic basis for the differences in repair
capacity (23). The result of a study
demonstrated the BLM-mediated generation of
reactive oxygen species (ROS) to be modified
by vitamin C and β-carotene and their interaction
with endogenous antioxidant enzymes (24).
It has been suggested by a number of
investigators that, lovastatin has induced an
increase in the incidence of spontaneous
hepatocellular and pulmonary tumors; this is
most likely representative of the phenomenon
of tumor promotion at the high doses used
(25). Rho GTPases, as a member of Rho
family, control a wide range of cellular
functions including gene expression, cell
adhesion, motility and apoptosis (26). They
require C-terminal prenylation for correct
intracellular localization and function (27).
Statins, such as lovastatin are HMG-CoAreductase inhibitors widely used for lipidlowering reason, cause a depletion of the
cellular pool of isoprene precursor molecules.
They impact C-terminal prenylation of Rho
GTPases, thus in turn leading to a downmodulation
of
Rho-regulated
signal
mechanisms (26). High doses of statins,
including lovastatin, is reported to promote the
killing effects of tumor-therapeutic drugs and
radiation on tumor cells by impairing G1-S
transition and triggering apoptosis (28). Low
dose of lovastatin was found to protect
primary human umbilical vein endothelial
cells (HUVEC) from cell death induced by the
anticancer drug doxorubicin and radiation
(29). Statins impact the C-terminal prenylation
of regulatory proteins, including small
GTPases of the Ras and Rho family.
Therefore,
Ras/Rho
GTPases
are
physiologically relevant targets of statins (26).
Various statins have been reported to be

proapoptotic on tumor cells and to potentiate
the cell killing efficiency of anticancer
therapeutics, including antineoplastic drugs
and radiation (8). These anticancer effects of
statins require high concentrations (i.e. >10
µM) and, lower doses of lovastatin (i.e. <10
µM) protect primary human endothelial cells
from cell killing by the anticancer drug
doxorubicin (30).
In line with these researches, our study
represents the genoprotective effect of
lovastatin in doses lower than 5 µM and
genotoxic effect in doses more than 50 µM.
The doses between 5 to 50 µM are not
protective against genotoxic effect of BLM
while are safe for DNA in single use. Based on
our data we suggest that lovastatin is clinically
useful to alleviate side effects of chemotherapy
with BLM thus improving the overall
therapeutic efficiency and tolerance of tumor
therapy.
CONCLUSION
In conclusion, a low dose of lovastatin
reduces the genotoxic effects of BLM as an
anticancer drug. This occurs via inhibition of
hydrogen peroxide and superoxide anion
formation and finally leads to decline in
oxidative stress processes. This protective
effect is dose dependent.
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