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Abstract

Obijective. In the search of new human genotoxic biomar-
kers, the single cell gel electrophoresis assay has been pro-
posed as a sensible alternative. Material and methods.
This technique detects principally single strand breaks as
well as alkali-labile and repair-retarded sites.Results. Herein
we present our experience using the single cell gel electro-
phoresis assay in human population studies, both occupa-
tionally and environmentally exposed. Conclusions. We
discuss the assay feasibility as a genotoxic biomarker.
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Resumen

Objetivo. En la blsqueda de nuevos marcadores genoto-
xicos aplicables a estudios de poblaciones humanas expues-
tos a xenobidticos, la utilizacion del ensayo de electroforesis
en una sola célula se ha propuesto como un método sensi-
ble y una buena alternativa. Material y métodos. Esta téc-
nica detecta rompimientos en el ADN de cadena sencilla,
asi como sitios alcali labiles y sitios retardados de reparacion.
Resultados. En este trabajo, presentamos nuestra expe-
riencia utilizando este ensayo en poblaciones humanas ex-
puestas ocupacionalmente o ambientalmente a diferentes
xenobidticos. Conclusiones. Se discute la posible utili-
dad de este ensayo como un biomarcador de efecto ge-
notaxico.

Palabras clave: marcadores biologicos; ensayo de electro-
foresis en gel de células individuales

H uman monitoring involves the use of biological
or molecular markers as indicators to signal events
in individuals exposed to environmental chemicals.
Therefore, human monitoring may lead to identifica-
tion of potential hazardous exposures before adverse

health effects appear and also establish exposure lim-
its for minimizing the likelihood of significant health
risks.!

Three specific types of biological markers are iden-
tified. The first is a biological marker of exposure, that
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may be the xenobiotic chemical itself, its metabolites
or the product of an interaction between the chemical
and its target biomolecule.? These indicators can be
measured as the concentration of the material in urine,
blood, hair, nails, any other tissue or the chemical
bounds to macromolecules such as DNA and proteins.?
The second is a marker of susceptibility, whether in-
herited or induced, which indicates that the individu-
al is particularly sensitive to the effect of a xenobiotic
or to the effects of a group of such compounds. The
third type is a marker of effect, which may be an en-
dogenous component, a measure of the functional ca-
pacity, or some other indicator of the organs, system
or body condition that might be affected by the expo-
sure. Effect markers are generally pre-clinical indica-
tors of abnormalities and the most frequently used are
sister chromatid exchanges,* chromosomal aberra-
tions>® and micronuclei.” More recently, the use of the
single cell gel electrophoresis assay or comet assay
(SCGE) has been proposed as a useful biomarker for
early effects.®!

The relevance of the SCGE lies in its requirement
of a reduced number of cell samples, its ability to eval-
uate DNA damage in non-proliferating cells'? and the
fact that non-invasive procedures can be done to ob-
tain a sufficient number of cells from different tissues.
In contrast to cytogenetic biomonitoring studies
which are mainly done with lymphocytes, the SCGE
assay can be used with any cell population, which con-
stitutes an advantage for these kind of studies. The
SCGE assay has been used in about 20 human moni-
toring studies,'® mainly using human lymphocytes
from exposed individuals; the results obtained were
both positive and negative, and revealed considerable
intra-individual variation, possibly reflecting the sen-
sitivity of lymphocytes to physiological status.!* Tak-
ing advantage of the SCGE characteristics other cells
had been used in monitoring studies, for example, Cal-
deron et al'® obtained cells from nasal epithelial biop-
sies and also we were able to adapt the SCGE to cells
obtained from the mouth’s epithelium.!®

Our work has focused in the evaluation of envi-
ronmental problems in Mexico, mainly the exposure
to air pollutants (ozone and gasoline), contaminated
water (arsenic and fluoride), and pesticides.

Material and methods

Sampling. For the monitoring of arsenic (As) and fluor
(F) in drinking water, gasoline fumes and pesticides
(DDT, DDE), venous blood samples were collected and
immediately sent to the laboratory to start the isola-
tion of lymphocytes. Urine samples were collected,
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stored in plastic bottles at 4 °C and protected from light
until the analysis was performed. In a previous step,
all plastic bottles were soaked in 10% nitric acid, rinsed
with bidistilled water and dried. In the case of envi-
ronmental pollution (O,), we draw 10 ml of whole
blood (leukocytes cells) by finger puncture, which was
put in a heparinized eppendorf and then processed.
Nasal epithelium cells were obtained with a disposa-
ble plastic curette through direct visual inspection.
Using gentle pressure, the probe was drawn along the
inferior surface of the nasal cavity several times and
retracted backwards. The nasal epithelium sample ob-
tained was immediately immersed in 1 ml of cold
RPMI-1640 medium. Finally, epithelial cells were ob-
tained by scrapping the side walls of the mouth with
a wooden stick and the samples were added to 1 ml
of cold RPMI-1640 medium. For this study all samples
were collected at the same time and rapidly processed.
Determination of As or F in urine, DDT, DDE and benzene
in blood. Urine samples were digested according to the
procedure recommended by Cox."” As and F determi-
nations were made with a Perkin-Elmer 3100 atomic
absorption spectrophotometer equipped with a flow
injection atomic spectroscopy system (FIAS-200). All
measurements were made using a deuterium back-
ground corrector. Freeze-dried urine standard reference
material for toxic metals (SRM 2670) was analyzed for
total As or F and results obtained had 93-107% of
the accuracy of the stated values and 9% of precision.
Creatinine in urine was measured according to the
method put forth by Boosnes and Tawssky.®
Lymphocyte isolation. The isolation method was describ-
ed elsewhere.® In brief, mononuclear cells were sepa-
rated by Ficoll-Hypaque centrifugation, cryopreserved
at-70°C in RPMI-1640 medium with 10% of autologous
plasma and 7.5% dimethyl sulfoxide, at a cellular den-
sity of 10° cells/ml.

Single cell gel electrophoresis (SCGE) assay. This assay was
performed as described by Singh et al.,”” with minor
modifications. Briefly, after alkaline lysis (2.5 M NaCl,
100 mM EDTA, 10 mM Tris pH 10), 10% of DMSO and
1% of triton X-100 at 4°C for 1 h, slides were placed on
a horizontal electrophoresis unit. The DNA was al-
lowed to unwind for 20 minutes in electrophoresis
running buffer solution (300 mM NaOH, and ImM
Na,EDTA, pH 13). Electrophoresis was conducted for
20 minutes at 25 V and 300 mA. All technical steps were
conducted using very dim indirect light. After electro-
phoresis, the slides were gently removed and alkaline
pH neutralized with 0.4 M Tris, pH7.5). Ethidium bro-
mide (75 pl of a 20pg/ml solution) was added to each
slide and a coverglass was placed on the gel, DNA
migration was analyzed on a Nikon Optiphot-2 micro-
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scope with fluorescence equipment (filter G-2A), and
measured with a scaled ocular. For the evaluation of
DNA migration (total image length), 50 cells were
scored for each individual. Cloudy cells (cells with an
extreme damage) were evaluated as a percentage cells
in 200 cells scored for each concentration. This kind of
cells were not included on the DNA migration values.
Viability was evaluated immediately after isolation of
lymphocytes by the incorporation of trypan blue. Sta-
tistical analyses performed include the use of Student
t tests, two-way ANOVA, and Mann Whitney U tests.

Results and discussion

In Mexico City the concentration of ozone overpasses
the air quality standard very requently. The wind blows
from north to south, sweeping the ozone precursors in
the same direction, while suspended particles and hy-
drocarbons remain in the north and the central areas
of the city. As a consequence of this uneven distribu-
tion of pollutants, the inhabitants of Mexico City have
varying exposures to air pollutants. Lymphocytes, oral
and nasal cells sampled from people who reside in the
southern and the northern parts of the city were eval-
uated, and our main finding was an increased DNA
single strand breaks in nasal epithelial cells and lym-
phocytes from individuals living in the southern re-
gions of the city; in contrast, no differences were
observed in oral epithelial cells between both groups,
possibly due to antioxidative enzymes present in sali-
va (Figure 1).%

The volatile organic compounds are another im-
portant group of environmental pollutants. The most
important one is benzene, because of the impact that
chronic exposure to this compound has on health. Due
extensive use of benzene in gasoline, the heavy traffic
and the emission of gasoline fumes, high levels of ben-
zene in air have been claimed in Mexico City. Due to
this fact, we joined efforts with a group of scientists
from the National Institute of Public Health and meas-
ured benzene exposure using personal monitors, its
circulating blood levels and ran SCGEs in leukocytes
from three groups of workers: gas station attendants,
street-vendors and office employees. We found evi-
dence of DNA damage (SSB) in the leukocytes from
the gas station workers (high exposure), and a lesser
effect in the two other groups (street workers= mid
exposure category; and office workers= low exposure;
see Figure 2). Our study is in agreement with the data
generated by Andreoli et al.,* who found an increased
frequency of DNA damage among individuals work-
ing in a gas station, and the observed benzene values
were almost the same in both populations (0.031 and
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Ficure 1. DNA MIGRATION IN INDIVIDUALS WHO LIVE IN
THE NORTHERN AND SOUTHERN PARTS OF MEexico CiTy.
A: BLooD LEUKOCYTES, B: NASAL EPITHELIAL CELLS.
C: BuccAL EPITHELIAL CELLS. N= 48 INDIVIDUALS, STA-
TISTICALLY SIGNIFICANCE P< 0.05 MANN-WHITNEY TEST

0.036 pg/m®). Nevertheless, there was no correlation
between the benzene levels and the DNA damage at
the individual level; this situation could be due to the
fact that gasoline is a mix of different compounds and
some of them are antagonist of benzene.

Arsenic (As) and fluoride had been found in very
high concentrations in water from several states of
Mexico. Arsenic has been a target problem studied by
our group, and several in vivo and in vitro studies had
been carried out to understand its carcinogenic mech-
anism.?? In a group of individuals drinking water
with an average of 0.410 mg/1 of arsenic during sev-
eral years, we found that subjects who have skin le-
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Ficure 2. DNA MIGRATION IN INDIVIDUALS EXPOSED TO
DIFFERENT BENZENE CONCENTRATION. A: GAS STATION
ATTENDANTS, B: PUBLIC THROUGHFARE WORKERS AND
C: Orrice WoRKERS. N=31 INDIVIDUALS

sions also have an increased DNA migration (Figure
3). Although no correlation was observed with As uri-
nary levels, it is interesting to point out that females
with higher As urinary levels showed a higher possi-
bility for DNA damage. This was not the case with ex-
posure to fluoride, in which case an increased DNA
damage was observed in highly exposed individuals,
but no correlation was found with the concentration
of fluoride in urine; it should be mentioned, however,
that the latter was a pilot study that included only a
small number of individuals (Figure 4).

It is hard to believe that 30 years after the publi-
cation of Raquel Carson’s book The Silent Spring,*
which talks about the destructive potential of an in-
discriminate use of pesticides, more than 10,000 cas-
es of pesticide intoxication are still reported every year
in our country. Several pesticides are massively used,
including those as DDT that are banned in developed
countries.

Since recent studies suggest that DDT could be an
endocrine disruptor and one of the causes of breast
cancer, we evaluated DNA damage in leukocytes ob-
tained from females suffering from breast cancer, and
compared the results with those obtained from a group
of females affected by benign breast disease (N=96 and
48, respectively), in addition, DDT and DDE levels were
measured in blood. No differences were observed be-
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Ficure 3. DNA MIGRATION IN LYMPHOCYTES FROM
HUMANS EXPOSED TO DIFFERENT CONCENTRATIONS OF AR-
SENIC IN THEIR DRINKING WATER. A: CoNTROLS, B: Ex-
POSED WITH SKIN LESIONS AND C: EXPOSED WITH SKIN
LESIONS. N= 56 INDIVIDUALS. STATISTICALLY SIGNIFICANCE
p< 0.05 TWO WAY ANOVA ANALYSYS
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Ficure 4. DNA MIGRATION IN LEUKOCYTES FROM PER-
SONS EXPOSED TO FLUORIDE IN THEIR DRINKING WATER.
EACH BAR REPRESENTS AN INDIVIDUAL. N= 10. STATISTI-
CALLY SIGNIFICANCE P< 0.05 MANN-WHITNEY TEST

tween both groups (see Table I). SCGE has shown to
be sensitive in detecting DNA damage among individ-
uals exposed to atmospheric pollution, gas station
workers, people exposed to natural contaminants (As,
F), but not among subjects exposed to DDT. It should
be mentioned that the DDT levels found in blood were
low, and the exposure took place years ago, hence, it
and may be that leukocytes are not the appropriate cells
to look for this kind of effects, since DDT is mainly
accumulated in fat.
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Table 1
Levers oF DDT, DDE AND DNA  MIGRATION
IN WOMEN WITH BREAST CANCER
AND BENIGN BREAST DISEASE

DDT DDE DNA migration

Lg/ml Lg/ml um £ ES.
Breast cancer 511+58.09  404+54.19  17.40% 2.09
Benign breast disease 420+£34.67  318+30.65  19.58+1.84

The technique in our hands seems to be sensitive
enough to detect DNA damage, but it is not specific. It
is important to mention that (during recent years) the
use of lesion-specific endonucleases (principally for
oxidative damage) has increased the specificity of DNA
damage detection, however, the use of these endonu-
cleases for human monitoring purposes is not well es-
tablished. It is also important to underline that almost
all the groups herein studied were exposed to a varie-
ty of compounds, and any of those could be responsi-
ble for inducing the observed breakages.

Some questions must be answered before this
method be considered as a useful effect biomarker:
a) which are the appropriate sampling times and
types of cells to perform the analyses?; b) do the re-
sults obtained in the SCGE assay correlate with other
biomarkers of effect as sister chromatid exchanges
(SCE), miconuclei (MN) or chromosomal aberrations
(CA)?; and c) what is the persistence and the biologi-
cal meaning of the damage observed with the SCGE?
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