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ABSTRACT adb_179 96..99

We evaluated the overall genetic damage induced by different doses of cocaine and MDMA (3,4-
Methylenedioxymethamphetamine) in several organs. One hour after intraperitoneal drug administration, mice were
euthanized; peripheral blood, liver and brain were collected, and the cellular suspensions were used for the single cell
gel (comet) assay. We determined that all doses of cocaine and MDMA tested were able to induce DNA damage in blood
cells. Extensive genotoxic damage was induced by cocaine or MDMA at the highest doses used in liver cells. Brain cells
were affected by all doses administrated. These findings demonstrate that cocaine and MDMA are potent genotoxins.
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Cocaine is one of the most addictive illicit drugs in
use today (Howell & Wilcox 2001). Ecstasy (3,4-
methylenedioxymethamphetamine, MDMA) consump-
tion is also widespread and increasing in many countries
(Leung & Cottler 2008).

A number of studies suggest that the progression from
intermittent to regular abuse, the transition from abuse
to addiction and the propensity to relapse after many
drug-free years result from complex interactions between
genetic and environmental factors (Guindalini et al.
2008). Romieu et al. (2008) highlighted the regulation of
gene transcription in neurons by chromatin remodeling,
a process in which post-translational modifications of
histones are suggested to play a major role. Taken
together, these studies demonstrate a close relationship
between drugs of abuse and genetic factors.

Our group has consistently demonstrated that the
single cell gel (comet) assay is a useful tool for detecting
DNA breaks in multiple organs and under different para-
digms (Ribeiro et al. 2007). Thus, we used this assay to
examine whether cocaine and MDMA are able to induce
genetic damage in multiple organs of mice.

Male C57BL/6J mice were bred and raised in the
animal facility of the CEDEME (Centro de Desenvolvi-
mento de Modelos Animais de Medicina e Biologia). The

animals were housed in a colony maintained at 22°C with
12 : 12 hours light–dark cycle and allowed free access to
food and water inside standard polypropylene cages. All
procedures used in the present study complied with the
Guide for the Care and Use of Laboratory Animals.

The mice were randomly distributed into seven inde-
pendent groups (n = 10/group). The experimental groups
were given cocaine (1.75, 3.5 and 7 mg/kg, Sigma) or
MDMA (1.25, 2.5 and 5 mg/kg). The control group was
given saline. All animals were euthanized by decapitation
1 hour after drug injection. MDMA used in this experi-
ment were donated to us by the Criminalistic Institute
(São Paulo).

Blood was collected in sterile tubes containing liquid
ethylenediaminetetraacetic acid (EDTA). An aliquot of
blood was removed, and cellular suspensions (~10 ml)
were used for the single cell gel (comet) assay. In addition,
central fragments from the liver and brain were collected
and minced in 0.9% NaCl. The supernatant was removed
and the cellular suspensions (~10 ml) were used for the
single cell gel (comet) assay as well. For this purpose, a
volume of 5 ml of peripheral blood or cellular suspensions
from the liver or brain were added to 120 ml 0.5% low-
melting-point agarose at 37°C, layered into a pre-coated
slide with 1.5% regular agarose and were covered with a
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coverslip. Prior to electrophoresis, the slides were left in
alkaline buffer (pH > 13) for 20 minutes and then were
electrophoresed for another 20 minutes at 0.7 V/cm and
300 mA. After electrophoresis, the slides were neutral-
ized in 0.4 M Tris-HCl (pH 7.5), fixed in absolute ethanol
and stored until analysis on a fluorescent microscope at
400¥ magnification. Independent positive controls using
cells from peripheral blood were treated in vitro with
10 mM H2O2 (hydrogen peroxide) for 10 minutes at 4°C
to ensure the reproducibility and sensitivity of assay. An
automatized analysis system (Comet Assay II, Perceptive
Instruments, Haverhill, Sufolk, UK) was used to deter-
mine DNA damage. Tail moment (product of tail DNA/
total DNA by the center of gravity) was considered to
estimate DNA damage from 50 cells per treatment (Tice
et al. 2000). Because tail moment data are expressed in
arbitrary units, these values were evaluated statistically
with the Kruskal–Wallis non-parametric test followed
by the post-hoc Dunn’s test. Values are expressed as
mean � standard deviation. The level of significance was
set at P < 0.05.

Our findings revealed that cocaine induced expressive
genotoxic damage in all doses, whereas MDMA induced
DNA damage at the highest doses used on brain cells
(Fig. 1). Some authors have pointed out that cocaine was
able to induce apoptosis as a result of DNA fragmentation
in cortical neurons of fetal mice (Nassogne et al. 1997).
MDMA also induced alterations on brain mitochondria
such as increased lipid peroxidation, protein carbonyla-
tion and decrease in the expression of the respiratory
chain submits II of reduced nicotinamide adenine
dinucleotide dehydrogenase (NDII) and I of cytochrome
oxidase (COXI) (Alves et al. 2009).

In the blood cells, cocaine all induced DNA damage as
compared to negative controls (P < 0.05), i.e. specimens
not exposed to the chemical agent (Fig. 2a). An increased
DNA migration rate was detected in all doses in the
MDMA-treated groups. Taken together, cocaine and
MDMA can induce genetic damage in peripheral blood
cells, possibly as a result of oxidative DNA damage. It is
important to stress that the single cell gel (comet) assay
does not necessarily predict the mutagenic potential of
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Figure 1 DNA damage expressed as
the mean tail moment in mice brain
cells after cocaine (a) and MDMA
(3, 4 - Methylenedioxymethamphetamine)
(b) exposure. Values are expressed as
mean � standard deviation. *P < 0.05 as
compared to negative control
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the test compound. Therefore, such findings should be
interpreted cautiously.

Regarding the liver, our results demonstrated exten-
sive genotoxic damage induced by cocaine at the highest
dose used in this study (Fig. 2b). MDMA was able to
induce DNA breakage at the highest dose only (P < 0.05,
Fig. 2b). Wang et al. (2001) have assumed that cocaine is
toxic to multiple organs, and at low dose can induce
hepatic damage. MDMA elicits DNA damage, suggesting
that nuclei as well, as mitochondria, are target sites of
this compound on rat hepatocytes (Nakagawa et al.
2009).

In conclusion, the present study indicates that cocaine
and MDMA are potent genotoxins in multiple organs of
mice.
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Figure 2 DNA damage expressed as the mean tail moment in mice blood (a) and liver (b) cells after cocaine and MDMA (3,4-
Methylenedioxymethamphetamine) exposure.Values are expressed as mean � standard deviation. *P < 0.05 as compared to negative control
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