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Use of Comet Assay in Human
Lymphocytes as a Molecular
Biomarker for Simultaneous
Monitoring of Genetic Damage and
Genotoxicity in Residents Who Lived
Nearby the Santiago River, Mexico,
in 2012
Abstract
Most aquatic and health management authorities need assessing the potential genotoxicity of
contaminated effluent to avoid the effects of a lot chemical agents found as environmental contaminants.
Previous studies report the presence of some pesticides and heavy metals in waters of Santiago River
and suggest a genetic risk for residents, who lived nearby this river, so it is important determine its
mutagenic risk. The objective of this study was to use of comet assay in human lymphocytes as a
molecular biomarker of genetic damage in residents who lived nearby the Santiago River, México, in
2012 and monitoring simultaneous of genotoxicity of these waters in unexposed persons. The genotoxic
activity of water samples taken from the Santiago River was evaluated in human lymphocytes from
persons unexposed and the evaluation of genetic damage were studied in people living near the river.
The results indicated the existence of mutagens in the water (p ≤ 0.05), genetic damage statistically
significant (p ≤ 0.05) in residents who lived nearby the Santiago River and carcinogenic risk to human
health. The comet assay system in human lymphocytes can be used as a molecular biomarker for
simultaneous monitoring of genetic damage and genotoxicity in aquatic environments contaminated
with genotoxic, additionally this bioassay is reliable and inexpensive.

Background
Human populations discharge great quantities of residues to
the rivers, contaminating them in the process [1-4] in addition,
many industries also release genotoxic substances which are
incorporated to the organism through direct ingestion, inhalation,
or the consumption of plants that have absorbed those substances,
making them dangerous for human and other organisms health
inducing genetic damage [1,5]. Ohe et al. [6] studied water quality,
and demonstrated that some rivers in the world, especially in Europe,
Asia and South America, are contaminated with potent direct and
indirect frame shift-type and base substitution-type mutagens towards
Salmonella strains TA98 and TA100. These studies demonstrated that
these environmental mixtures contained many toxicants, which may
have carcinogenic potential.
A variety of animals and plants are available for use as
environmental and aquatic pollution monitors [7]. However,
sometimes it is possible to perform monitoring studies on individuals
directly affected by pollution, in this case, the human population.
The Santiago River is born east of Chapala lake (20.3032º, -102.7630º
latitude, longitude in México) and is located in the west central region
of México. It is a portion of the Lerma-Chapala-Santiago basin and

has a length of 82 Km and it has 28 Km wide [8]. Its basin covers an
area of 191,899 km2 (63.9 %) and crosses Jalisco and Nayarit states
and ends in the Pacific Ocean, nearby to San Blas Nayarit, México
(21.5397º, -105.2855º). The Santiago River is the major freshwater
source for industry and agriculture, as well as the source of the
drinking water of millions of residents living along it [9].
The high pollution of the Santiago River is due to industrial
wastewater and domestic sewage. In a previous study gas
chromatography/mass spectrometry detected pesticides residues
and heavy metals [10,11]. The presence of mercury in the hair of the
inhabitants that lived on the borders of the lake and its mutagenic
potential are reported [12]. Eleven persistent organic pollutants
(POPs) were detected in the Santiago River by gas chromatography
[13]. There are no epidemiological studies associating Santiago
River pollution with increased cancer in the population, but
similarly, an epidemiological investigation indicated that the organic
contamination in the Songhua River was a risk factor for tumours
development among the residents who lived along the Songhua River
[14]. The results in this study also showed that there is a relationship
between cancer mortalities and organic contamination of the
Songhua River.
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Because organic pollutant compounds are not known to produce
many genotoxic activities such as damaging DNA or chromatids
or causing whole cell transformation, the genotoxic effects from
environmental contamination are monitored with a large gamut of
in vivo or in vitro system tests [15,16]. The comet assay test has been
extensively used as a simple, sensitive, and quick tool to evaluate the
DNA damage [17] and it is used in diverse fields of genetic toxicology
[15,18-20].
The objective of this study was to use of comet assay in human
lymphocytes as a molecular biomarker of genetic damage in residents
who lived nearby the Santiago River, México, in 2012 (in vivo study)
and monitoring of genotoxicity of these waters in unexposed persons
(in vitro study: lymphocytes exposed directly to contaminated water).

Materials and Methods
Water samples
Five litres of Santiago River water samples was collected
directly in May 2012 from Juanacatlán waterfall, Jalisco, México on
a well clean glass flask and then it was carefully transported to the
laboratory in a time of less than 2 hours. To eliminate the possibility
of a bacteriological contamination, the water was filtered with a 0.22
μm membrane [21].

Blood samples for studies of water genotoxicity
polluted
13 young (from cities Guadalajara and Zapopan) males (8) and
females (5) volunteers with less than 20 years of age who had no
history of smoking or drinking and never before exposed to chemical
substances, participated as blood donors (information obtained from
a previously applied questionnaire in May 2012). 5 drops of blood
were collected by puncture of the ring finger and were placed on test
tubes with 5 ml of a cold phosphated buffering agent (160 mM NaCl,
8 mM Na2HPO4, 4 mM NaH2PO4, EDTA 50 mM, pH 7). Then, the
test tubes were immediately transported to the laboratory.

Blood samples for studies of genetic damage in
exposed persons to polluted waters
Blood samples of people living near the river were collected
from 14 volunteers through a household visit to the inhabitants
of Juanacatlán, Jalisco. The purpose of the study was explained to
them and next a blood sample donation was requested. Straight
after, 5 blood drops were collected using the same procedure before
mentioned.

Obtaining of lymphocytes
The test tubes with the blood samples were centrifuged at
3,000 rpm for 10 min, the supernatant was eliminated and next the
pellet was suspended on 500 µl of a phosphate buffer. The cellular
suspension was kept at 4 ºC until the moment of use.
The Trypan Blue Test was performed on 20 ml of whole blood
suspension to determine the percentage of viable cells for every
individual. The mean percentage viability calculated for each group
was above 89 % in both tissues.
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Comet assay
The obtained lymphocytes were subjected to the alkaline comet
assay test as described by Singh et al. (1988). The slides were covered
with Normal Melting Point (NMP) agarose at 1 %, it was allowed to
solidify and then it was removed to have a completely clean surface.
After this, 300 µl of Low Melting Point (LMP) agarose at 0.6 % was
placed on the slide. Straight after, 95 µl of LMP agarose at 0.5 % were
mixed with 5 µl of the cellular suspension and the mixture was placed
over the first layer. Finally, a third layer of 100 µl of LMP agarose at
0.5 % was placed over the second layer.

In vitro study for the evaluation of genotoxic activity
from Santiago river water
Lymphocytes of young individuals were placed on agarose gel, as
described previously and next were exposed to polluted water. The
slides with the lymphocytes of the 13 juvenile and healthy persons not
exposed were submerged for 24 hours in 200 ml of the contaminated
water at room temperature. When the exposition ended, the slides
were washed with distilled water during 5 min. Two slides were used
per individual and the experiment was realized as a duplicate. Finally,
the alkaline comet assay test was immediately applied.

In vivo study for evaluation of genetic damage in
lymphocytes of persons exposed daily to Santiago
river water
Lymphocytes of 14 volunteers underwent directly to the comet
assay. Lymphocytes from 8 individuals young and healthy not
exposed to polluted waters were used as both negative and positive
witnesses (cells exposed along 3 hours to N-nitrosodiethylamine
(NDEA, CAS No. 55-18-5) 5 mM).
All slides from in vitro and in vivo studies were submerged in a
lysis solution (NaCl 2.5 M, EDTA 100 mM, Tris-base 10 mM, Lauroyl
sarcosinate 1%, Triton X-100 1% and DMSO 10%, pH 10) for 3 hours
at 4 ºC and then were washed with distilled water. To allow the DNA
unfolding, the slides were placed in a horizontal electrophoresis
system (Biorad, model A6) immersed in the electrophoresis
buffer (NaOH 300 mM, EDTA 1mM, pH 13) for 45 min at 4 ºC.
Electrophoresis was carried out for 10 min at 1.0 V/cm with an
accompanying amperage of approximately 300 mA (Labconco,
model 4333280) and once it finished, the slides were washed with
distilled water and were immediately dyed with 0.1 ml of ethidium
bromide (20 µl / 1 ml) for 5 min. Soon after, the slides were washed
five times with distilled water and a cover slip was placed over the
gel for its observation in the fluorescence microscope (Zeizz, model
axioskop 40, with excitation filter of 515-560 nm).The evaluation was
made based on the measurements of the Tail Length (Comet assay
system II). The experiment was repeated twice too.

Statistical analysis
The data obtained was submitted to one-way analysis of variance
test (ANOVA) using the Co Stat program [22]. The Dunnett test was
used for comparing negative and positive witnesses with data from
both human lymphocytes exposed to Santiago River polluted water
and inhabitant lymphocytes from Juanacatlán, Jalisco. 100 cells were
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used each individual. Results were considered statistically significant
at p ≤ 0.05.

Results
Comet assay in vivo study

students non-exposed previously to chemical agents are too shown
in Figure 1. It is plain that the lymphocytes exposed directly to the
polluted water samples showed the highest level of genetic damage
compared to the negative control (p ≤ 0.05).

Data tail length in human lymphocytes from 14 persons who were
living nearby of Santiago River are shown in Figure 1. As is observed
the mean of the tail length in all lymphocytes was significantly
different (p ≤ 0.05) compared to the negative control: lymphocytes of
people who living nearby to Santiago Rivers 36.94 ± 7.6; lymphocytes
of young and healthy people expose to polluted water 46.87 ± 8.81;
positive control 54.4 ± 6.7 and negative control 16.02 ± 3.3).

Both studies: in vivo (average tail length 36.54 ± 7.6) and in in
vitro (average tail length 46.87 ± 8.81), the tail averaged is nearby to
the average of the positive control tail (54.4 ± 6.7 μm) and it is very
different to negative control (16.02 ± 3.3). In some cases, the genetic
damage in the lymphocytes of people living nearby to Santiago River
was also high (49.33 ± 6.8 and 49.25 ± 8.0 μm, for example) like an
in vitro exposition. However is observed genetic damage increased in
the in vitro study.

Comet assay in vitro study

Discussion

Data of tail lengths in human lymphocytes from 13 young

Heavy pollution of the Santiago River is attributed to industrial

Lymphocytes of people who living nearby to Santiago river
Lymphocytes of young and healthy people exposed to polluted water
**Positive witnees
*Negative witnees

Figure 1: Average of tail length lymphocytes of people living nearby of Santiago River and lymphocytes of healthy young volunteers exposed in vitro to polluted
waters. P ≤ 0.05.
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waste water and domestic sewage along the Lerma-Chapala-Santiago
basin [9,23] but it is particularly higher and evident in Juanacatlán
city, Jalisco (20.1133º, -104.2556º) due to the discharge of waste and
industrial waters from Guadalajara, the second largest city in México.
Previously in Chapala Lake some genotoxic were detected such as
organoclorated pesticides [10,11,23,24].
Among various techniques used to estimate the genotoxicity
of xenobiotic, the comet assay is becoming an increasingly popular
tool for the measurement of DNA damage in individual cells. In
recent years, this method has been widely used for studies in genetic
toxicology [25-27] because it is a fast, simple and sensitive and it can
be applied with just a couple of hundreds of cells, what makes the
participation of people much easier because it only requires a couple
drops of blood.
As shown in Figure 1, the significant increase in DNA length,
using comet assay in human lymphocytes exposed directly to polluted
water from Santiago River (in vitro study) indicates the presence of
chemical agents, which have genotoxic activity and so, exist risk of
carcinogenic for human health [1]. In order to obtain reliable results
for the in vitro study we used only cells of individuals with less
exposure to genotoxic agents. Simultaneously, the increased genetic
damage (in vivo study) observed in lymphocytes from people living
nearby to Santiago River water (Figure 1) could be related with a
different contact pathway to waste water [12]. Although people living
along Santiago River avoid directly ingesting the river water, there are
many water wells near the river intended to human use that might be
contaminated because of water filtration, additionally many persons
have, constantly, dermal contact with foam from a cascade of the
river and they indicate an increased in stench, respiratory diseases
and incidence of cancer in recent years [28-30]. In vitro study did
it evident the presence of genotoxic agents in Santiago River. These
agents were able to increase the length of the tail in lymphocytes
of unexposed people and although it was not possible to identify
specifically, each genotoxic agent are highly likely that these same
chemicals cause the genetic damage in the inhabitants of El Salto
[23,28]. It is clear that the use of comet assay in both directions: in
vivo and in vitro can be used simultaneously as a marker for genetic
damage or indicator of the presence of genotoxic and may alert the
risk of carcinogenic to human health, particularly people living near
water contaminated. It is obvious that detection of genotoxic agents
and genetic damage is complementary and can be performed in any
other type of animal cell.

Conclusion
The studies in vivo and in vitro with the comet assay in human
lymphocytes were used as a molecular biomarker for simultaneous
monitoring of genetic damage and genotoxicity in aquatic
environments contaminated with genotoxic. The detection of
genotoxic agents and genetic damage is complementary and can be
performed in any other type of animal cell. Our data indicates that
the Santiago River water in the study area is polluted with substances
capable of inducing DNA damage in human cells. Therefore, the
direct and indirect exposure to this contaminated water may cause
mutagenic/carcinogenic changes in exposed individuals affecting the
population of Juanacatlan, Jalisco, Mexico.
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