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Abstract Taking into consideration that DNA damage
plays an important role in carcinogenesis, the purpose of
this study was to evaluate whether some radiopacifiers
widely used in clinical practice are able to induce genetic
damage in primary human cells in vitro. Human peripheral
lymphocytes obtained from 10 healthy volunteers were
exposed to barium sulphate (BaSO,), zirconium oxide
(Zn0O,) and bismuth oxide (Bi,O3) at final concentrations
ranging from 1 to 1000 pg/mL for 1 h at 37 °C. The
negative control group was treated with vehicle control
(phosphate buffer solution) for 1 h at 37 °C and the posi-
tive control group was treated with hydrogen peroxide (at
100 uM) for 5 min on ice. Results were analyzed by the
Friedman non-parametric test. The results pointed all
compounds tested out did not induce DNA breakage in
human peripheral lymphocytes as depicted by the mean tail
moment and tail intensity in all concentrations tested. In
summary, our results indicate that exposure to these radi-
opacifiers may not be a factor that increases the level of
DNA lesions in human peripheral lymphocytes as detected
by single cell gel (comet) assay.
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Introduction

Nowadays, several biomaterials have been used in clinical
practice. However, there are some problems associated
with the use of these compounds, mainly related to radio-
pacity that is insufficient to adequately observe the perfect
location of these ones. To overcome these drawbacks, ra-
diopacity is introduced by particles of some chemical
compounds, such as barium sulphate (BaSQ,), zirconium
oxide (ZnO,) and bismuth oxide (Bi,O3). Nevertheless,
several studies report that the presence of radiopacifiers can
negatively influence the original properties of the com-
pound as well as to promote noxious actives on biological
cellular systems [1-3].

Carcinogenesis is a multi-step process, which is
characterized by genetic, epigenetic, and phenotypic
changes [4]. Such changes involve genetic damage,
mutation in critical genes related to the control of cell
division, cell death and metastatic potential, and activa-
tion of signalizing or metabolic pathways that give the
cells favorable growth and survival characteristics [5].
With increasing of knowledge of these mechanisms, and
the conclusion that most cases of cancer are preventable,
efforts have focused on identifying the agents and
exposures that cause cancer [6]. Genotoxicity tests can be
defined as in vitro and in vivo tests designed to detect
compounds which induce genetic damage including DNA
damage, gene mutation, chromosomal breakage, altered
DNA repair capacity and cellular transformation. In the
last decades, genotoxicity assays have gained widespread
acceptance as an important and useful indicator of car-
cinogenicity [7]. For this reason, genotoxicity data are
needed for the comprehensive risk assessment of radi-
opacifiers, particularly because there are no previous
reports.
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As a result and because of inappropriate evidence, the
goal of the present study was to evaluate genotoxic effects
of barium sulphate (BaSQ,), zirconium oxide (ZnO,) and
bismuth oxide (Bi,O3) in human peripheral lymphocytes
in vitro. The most frequently cells used for in vitro studies
when screening for the potential genotoxicity of chemicals
are Chinese hamster ovary (CHO) cells or L5178 Y mouse
lymphoma cells. However, there are some shortcomings
associated with cell lines. For example, the chromosomal
material has usually undergone extensive rearrangement, in
which some key genes involved in affecting the viability of
cells sustaining DNA damage such as 7P53, may be mu-
tated [8]. Human lymphocytes have the advantage of being
karyotypically normal human cells as well as are good
indicators of the systemic burden by exposure factors [9].
In this regard, we chose the human lymphocytes in this
current study.

To evaluate the magnitude of DNA damage, the single
cell gel (comet) assay was applied in this setting. This is
rapid, simple, and reliable biochemical technique for
evaluating DNA damage in mammalian cells [10]. The
basic principle of the single cell gel (comet) assay is the
migration of DNA fragments in an agarose matrix under
electrophoresis. When viewed under a microscope, cells
have the appearance of a comet, with a head (the nuclear
region) and a tail containing DNA fragments or strands
migrating towards the anode [11]. Our own recent studies
have demonstrated that the single cell gel (comet) assay is
a suitable tool to investigate genotoxicity of compounds
used in clinical practice [12, 13].

Materials and methods
Subjects

A total of 10 healthy donors were used in this study. Five
donors were female being 23-31 years of age and five were
male donors being 21-27 years-old. Each person was
interviewed about possible confounding factors and was
excluded from this study when there was a history of
smoking or cancer, previous radio- or chemotherapy, use of
therapeutic drugs, exposure to diagnostic X-rays during the
last 6 months, intensive sportive activities during the last
week and high alcohol consumption. All blood donors gave
informed consent to participate in this study and the study
was approved by the Ethical Committee for Human Re-
search, Botucatu Medical School, UNESP, SP, Brazil.

Cell preparation

Heparanized blood samples were obtained by venous
puncture. A total of 2 mL of peripheral blood was
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collected from all donors. The lymphocytes were isolated
on Ficoll-Paque gradients according to the technique de-
scribed by Fenech [14] with slight modifications. Namely,
samples from 2 mL of peripheral blood were added to
2 mL of phosphate-buffered saline (PBS) and layered over
3 mL using Ficoll-Paque Plus (Amersham, Sweden). This
was centrifuged at 1100g for 30 min. The lymphocytes
were taken and washed in 4 mL of PBS at 400 g for
15 min. The cell pellet (~500 pl) containing ~1 x 1000000
cells per mL was transferred to a micro tube and destined
to cell treatment.

Cell treatment

The materials used were barium sulphate (BaSO,), zirco-
nium oxide (ZnO,) and bismuth oxide (Bi,Os3). All
chemicals were purchased from Reagen, SP, Brazil. To
determine the concentration-related effect significance, we
were able to test in increasing final concentrations ranging
from 1-1000 pg/mL for 1 h at 37 °C. These concentrations
were established in a previous pilot study conducted in our
laboratory. All materials tested were dissolved in PBS. The
negative control group was treated with vehicle control
(PBS) for 1 h at 37 °C as well. For positive control group,
lymphocytes were exposed to hydrogen peroxide (H,O,,
Sigma Aldrich, St. Louis, MO, USA) at 100 uM during
5 min on ice.

Single cell gel (comet) assay

The protocol used for single cell gel (comet) assay fol-
lowed the guidelines purposed by Tice et al. [10]. Slides
were prepared in duplicate per treatment. Thus, a volume
of 10 pl of treated or control cells (~1 X 10* cells) was
added to 120 pl of 0.5% low-melting point agarose at
37 °C, layered onto a pre-coated slide with 1.5% regular
agarose, and covered with a coverslip. After brief agarose
solidification in refrigerator, the coverslip was removed
and slides immersed to lysis solution (2.5 M NaCl,
100 mM EDTA—Merck, St Louis, USA; 10 mM Tris-HC1
buffer pH = 10—Sigma Aldrich, USA; 1% sodium sarco-
sinate—Sigma Aldrich, USA; with 1% Triton X-
100—Sigma Aldrich, USA; and 10% DMSO—Merck St.
Louis, USA) for about 1 h. Prior to electrophoresis, the
slides were left in alkaline buffer (0.3 mM NaOH, Merck
USA; and 1 mM EDTA, Merck, USA; pH > 13) for
20 min and electrophoresed for another 20 min, at 25 V
(0.86 V/cm) and 300 mA. After electrophoresis, the slides
were neutralized in 0.4 M Tris-HCI (pH = 7.5) for 15 min,
fixed in absolute ethanol and stored at room temperature
until analysis. All of the steps described above were con-
ducted in the dark to prevent additional DNA damage.



J Mater Sci: Mater Med (2008) 19:601-605

603

Throughout this study, some diluted and treated aliquots
were tested for viability by trypan blue exclusion [15], and
constantly >75% of cells excluded trypan.

Comet capture and analysis

A total of 50 randomly captured comets per treatment (25
cells from each slide) [16] were examined blindly by one
expertise observer at 400X magnification using a fluores-
cence microscope (Olympus) connected through a black
and white camera to an image analysis system (Comet
Assay II, Perceptive Instruments, Haverhill, UK). For all
experiments, we evaluated two image analysis parameters:
tail intensity (% migrated DNA) and tail moment. Tail
moment was calculated by the image analysis system as the
product of the tail length (DNA migration) and the fraction
of DNA in the comet tail (% DNA in the tail).

Statistical methods

Parameter from the comet assay (tail moment) was as-
sessed by the Friedman non-parametric test [17], using
SigmaStat software, version 1.0 (Jadel Scientific, Rafael,
CA, USA). A p value less than 0.05 was considered sta-
tistically significant.

Results

Exposure of human lymphocytes with all radiopacifiers did
not induce genotoxic effects in the single cell gel (comet)
assay for all concentrations tested. Furthermore, all treat-
ments did not indicate any concentration-effect relation-
ship. These results are summarized in Figs. 1, 2 and 3. In
all treatment conditions, none of the three compounds in-
creased cell mortality, in which constantly >75% of cells
excluded trypan (data not shown). For comparison, the
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Fig. 1 Genotoxic effects following exposure to serial concentrations
of barium sulphate. Results are expressed as mean and standard
deviation. *p < 0.05 when compared to negative control
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Fig. 2 Genotoxic effects following exposure to serial concentrations
of zirconium oxide. Results are expressed as mean and standard
deviation. *p < 0.05 when compared to negative control
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Fig. 3 Genotoxic effects following exposure to serial concentrations
of bismuth oxide. Results are expressed as mean and standard
deviation. *p < 0.05 when compared to negative control

comet assay was able to detect the significant increase in
tail moment of positive control (H,0,) when compared to
negative control at high levels of cellular viability. Fig-
ure 4a—c shows undamaged lymphocytes exposed to PBS
(negative control), barium sulphate (BaSQ,), and positive
control, respectively.

Discussion

The aim of this study was to evaluate the genotoxic damage
induced by some radiopacifiers on human peripheral lym-
phocytes in vitro. The investigation was conducted utiliz-
ing the single cell gel (comet) assay. To best of our
knowledge, the approach has not been demonstrated so far.

The alkaline version of the single cell gel (comet) assay
used here is sensitive for a wide variety of DNA lesions.
Among them are single- and double strand breaks, oxidative
DNA base damage, alkali-labile sites including abasic and
incomplete repair sites, and DNA-DNA/DNA-protein/
DNA-drug cross-linking in any eukaryotic cell [10]. Tail
moment is a virtual measure calculated by the computerized
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Fig. 4 Representative comet images from human lymphocyte: (a)
negative control; (b) barium sulphate treated-cell; (¢) and hydrogen

image analysis system considering both the length of DNA
migration in the comet tail and the tail intensity. This
parameter is one of the best indices of induced DNA
damage among the various parameters calculated by this
method. On the basis of tail moment and tail intensity data,
the results of this study pointed out that the alkaline single
cell gel (comet) assay in the experimental conditions used,
did not detect the presence of DNA damage after a treat-
ment by bismuth oxide in all concentrations tested. It is
important to emphasize that no single test is capable of
detecting all genotoxic agents. Thus, for a more detailed
judgment on the genotoxic potential of radiopacifiers, a
battery of tests is feasible.

Accumulating evidence suggests that although some
agents, notably barium sulphate and zirconium dioxide
optimize the radiopaque properties of materials, their bio-
compatibility properties have been questioned at high
levels. For example, a recent study has provided evidence
that BaSO, particles enhance marcophage-osteoclast dif-
ferentiation, which contributes to bone resorption, ulti-
mately resulting in aseptic loosening of the prosthesis [3].
Therefore, there are some concerns about the biological
activity of the radiopaque agents added to these materials
[18]. Our data revealed that neither barium sulfate nor
zirconium oxide caused DNA-damaging in all concentra-
tions tested. However, the genotoxicity induced by these
radiopacifiers may be modulated in combination with other
DNA-damaging agents that are present in the environment.
In this way, further studies are required to analyze this
issue.

In this current investigation, we were able to use the
hydrogen peroxide as positive control. Hydrogen peroxide
is a molecule that easily goes through the cell membrane
and is transformed in hydroxyl radicals by a non-enzymatic
process in the presence of metal ions (Fe’* or Cu®")
occurring in the cytoplasm, known as the Haber-Weiss or
Fenton reaction. Hydroxyl radicals can induce single-
strand breaks, double-strand breaks, alkali-labile sites and
various species of oxidized purines and pyrimidines [19].
In studies performed with human lymphocytes, the
hydrogen peroxide concentrations most frequently used to
induce DNA damage range from 10 pM to 280 uM [20,
21] In the present study, we used a 100 uM H,0, solution,
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peroxide-treated cell (positive control). (DNA was stained with
ethidium bromide; x40 magnification)

which induced a high DNA damage level without a higher
cell mortality associated.

In the present study, as well as in all of our previous
investigations using the single cell gel (comet) assay, we
have always excluded comets without clearly identifiable
heads during the image analysis. Although it should be
emphasized that it is still not completely understood what
these hedgehogs actually represent, this type of comet was
excluded on the basis of the assumption that these cells
represent dead cells, resulting from putative cytotoxic
effects of radiopacifiers rather than primary DNA-damage
following a direct interaction between DNA and a geno-
toxic agent [22].

Conclusively, the present study indicates that all radi-
opacifiers tested were not able to induce DNA damage in
human lymphocytes in vitro. Since DNA damage is an
important step in events leading from carcinogen exposure
to cancer, the results of present study represent a potential
alert to the correct evaluation of the potential health risks
associated with exposure to these compounds.
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