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ABSTRACT
The aim of this study isto evaluate the mutagenic and/or the carcinogenic potential of the pesticide "abamectin"
which largely used in agriculture in the region of El-Oued (South Algeria), the mutagenic and/or the carcinogenic
potential was evaluated by the detection of the adduct formed from the reaction of the pesticide and nucleosides. The
products of the reaction of abamectin with nucleosides at physiological conditions were detected and quantified by
cyclic voltammetric measurements and confirmed using reverse-phase HPLC. Also, the obtained results showed that
only thymidine (T) and deoxyadenosine (dA) nucleosides can form adducts with abamectin which confirm its
mutagenic potential.
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INTRODUCTION
Pesticides, which include insecticides, acaricides, fungicides, algaecides, herbicides, weedicides and bactericides,
are among the most potentially hazardous compounds to human, animals, and the environment[1-3], they can
damage the environment and accumulate in ecosystems which cause serious disturbances[4-8]. In fact these
chemicals which are toxic by nature, and hence can contaminate the water we drink, the air we breathe, the food we
eat and the earth on which we walk.Some pesticides are capable of interacting with cellular structures directly or
after processing by metabolic enzymes, and form a covalent bond with DNA nucleosides to produce DNA adducts
[9].
As demonstrated by various epidemiological studies [10-14], some types of cancer are increasing particularly
rapidly if the environment (water, air, food, earth ...) is contaminated with pesticides.
The permeation of the active ingredient of the pesticide in the human body increases the development of the cancers
cellules. This active material is fixed by covalent bond to nucleophilic sites present in the DNA and form adducts
which can be mutagenic in a first time, then carcinogenic [15]. Hence, the detection of adducts can be a very useful
tool for evaluating mutagenic and/or carcinogenic potential of pesticides. [16].
Till now, frequent methods were conducted to quantify DNA nucleosides using electrochemical technics at various
electrodes materials (e.g., glassy carbon, carbon paste, and chemically modified electrodes) have been reported [1722]. Moreover, the combination of chromatographic or electrophoretic methods with spectroscopic and
electrochemical detections has been developed for the detection and quantification of nucleosides adducts [23-27].
This paper presents the use of cyclic voltammetry measurements to detect and quantified adducts obtained from the
reaction of the pesticide abamectin and the nucleosides thymidine and deoxyadenosine respectively, the results was
confirmed by HPLC analysis.
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EXPERIMENTAL SECTION
Chemical
HPLC-grade acetonitrile, dipotassium hydrogen phosphate (K2HPO4) and potassium dihydrogen phosphate
(KH2PO4) were purchased from Fisher Scientific Co. and used as received. Thymidine and Deoxyadenosine were
purchased from Aldrich Chemical Co. and used as received. High purity water was used in all experiments. All other
reagents used were of analytical grade.
Pesticide
Among several commonly used pesticides in the El Oued region, one is chosen for evaluation of its mutagenic
potential,
Common name: abamectin
Commercial name: Avermectin
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Figure 1. Molecular Structure of abamectin

Formula: C48H72O14 (B1a), C47H70O14 (B1b)
Active ingredient: abamectin
Concentration: 18 g/l
Dosage: 50-75ml/hl
This pesticide was supplied from Arysta lifscience SAA (France).
Instruments
PGP301 potentiostat with voltamaster 4 version 7.08 software (radiometer analytical SAS), rotary evaporator (IKA
Evaporator RV 06-ML), high performance liquid chromatograph (LC 20 AL, (Shimadzu Scientific Instruments,
Kyoto, Japan), UV-Visible spectrophotometer (PRIM Advanced SCHOTT Instruments Gmbh), Incubator (Heidolph
Instruments, type Heizmodul, Germany).
Reaction of abamectin with nucleosides
Reactions of abamectin with nucleosides were carried out using phosphate buffer 0.05 M solution at pH 7.2 as a
solvent. The general procedure was as follows: An excess of newly supplied abamectin (5 mM/L) was added to 25
ml of phosphate buffer containing the nucleosides: thymidine (1 mM/L) or deoxyadenosine (1 mM/L). The solutions
were shaken until the reaction mixture become homogenous, then incubated at 37°C under agitation for 72 h. The
reaction mixture was then analyzed using cyclic voltammetry and liquid chromatography technics.
Cyclic voltammetry
Cyclic voltammetric measurements were carried out using voltalab40 PGZ301 potentiostat/galvanostat (radiometer
analytical SAS). Experimentations were made in a double walled electrochemical cell of 25 mL and conventional
three electrode system was employed. Glassy carbon working electrode (radiometer analytical SAS), having area
0.013 cm2, a platinum wire counter electrode, and an Hg/Hg2Cl reference electrode (3.0 M KCl). Data acquisitions
were accomplished with a Pentium IV (CPU 3.0 GHz and RAM 1 Gb) microcomputer using VoltaMaster4 software
version 7.08 (radiometer analytical SAS). Graphs plot were carried out using OriginLab software version 2.0
(Integral Software, France).
Cyclic voltammetric measurements were run from 0.8 to 2.5 V. All measurements were carried out at room
temperature (25 ± 1 °C).
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Chromatography
This has been done through high performance liquid chromatographic (HPLC) technics to detect the formation of
nucleosides adduct using chromatograms. Analyses were performed utilizing a high performance liquid
chromatograph (LC 20 AL equipped with universal injector (Hamilton 25 µl) UV-VIS detector SPD 20A
(Shimadzu). After incubation of the reaction mixture of nucleoside and pesticide for 72 hours at 37° C it was then
analyzed under the following conditions: stationary phase, Shim-pack VP-ODS C18 (250 mm L. x 4.6 mm I.D., 5
µm). Flow rate: 1 mL/min. Oven temperature: 25 °C. UV detector: detection wavelength 260 nm. Injection volume:
20 µL. Run time: 50 min. A linear gradient was used for mobile phase as follows: linear gradient from 0% B to 12%
B, 0-30 min; linear gradient from 12% B to 50% B, 30-50 min.
RESULTS AND DISCUSSION
Electrochemical results
Typical cyclic voltammograms for thymidine, deoxyadenosine, and their reaction mixture with abamectin using a
potassium phosphate buffer system are shown in Figure 2 and 3. Both figures show an electrochemically irreversible
oxidation at positive potentials. Voltammograms registered after 72 hours of incubation of the reaction mixture at 37
°C indicate clearly the decrease of the anodic current density of both thymidine and deoxyadenosine indicating the
decrease in their concentration in the reaction mixture.
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Figure 2. Cyclic voltammograms of 1 mM solutions of thymidine (dotted line) and thymidine + abamectin (full line) in 0.05 M phosphate
buffer solution on a glassy-carbon electrode, pH= 7.2 at scan rate 100 mV/s
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Figure 3. Cyclic voltammograms of 1 mM solutions of deoxyadenosine (dotted line) and thymidine + abamectin (full line) in 0.05 M
phosphate buffer solution on a glassy-carbon electrode, pH = 7.2 at scan rate 100 mV/s

Chromatography results
Chromatograms obtained from HPLC analysis of the reaction mixture of abamectin and thymidine after 72 hours of
incubation under agitation at 37°C yielded one major product together with a number of minor products (Figure 5).
Comparison of the UV absorption spectrum of the major product to that of thymidine (figure 4) clearly identified
this substance as a thymidine adduct. A second major peak was often present in the chromatograms of reaction
mixtures. This compound was also found in control.
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Figure 4: HPLC chromatogram of thymidine
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Figure 5. HPLC chromatogram obtained from the analysis of the reaction mixture of abamectin and thymidine after 72 h of incubation
under agitation at 37°C

The same results were obtained from HPLC analysis of the reaction mixture of abamectin and deoxyadenosine.
Comparison of chromatogram of the reaction mixture (figure 7) to that of deoxyadenosine (figure 6) indicate clearly
the formation of a product which could be identified as deoxyadenosine adduct. The peak of deoxyadenosine was
also present in the chromatogram of the reaction mixtures which can be explain by the low yield of the adduct
formation as confirmed by electrochemical assays.
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Figure 6. HPLC chromatogram of pure deoxyadenosine
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Figure 7. HPLC chromatogram obtained from the analysis of the reaction mixture of abamectin and deoxyadenosine after 72 h of
incubation under agitation at 37°C
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Both data obtained from chromatographic and electrochemical studies demonstrate the interaction between
abamectin pesticide and nucleosides. Cyclic voltammograms presented in figure 2 and 3 indicate clearly the
decrease in the anodic current density of nucleosides, this decrease is assigned to the diminution in nucleosides
concentration in the reaction mixture. Further analysis of the reaction mixture by HPLC chromatography show
clearly the formation of nucleosides adducts (figures 5 and 7).
The yield of the formation of the adduct obtained from nucleosides and pesticide can be calculated from
electrochemical data using the following equation 1.
Yield % = 1 −

i ( = 0)
× 100
i ( = 72ℎ)

(1)

i ( = 0), anodic pic current desity of pure nucleoside.
i ( = 72ℎ), anodic pic current desity of nucleoside in the reaction mixture after 72 hours of incubition at 37°C.
Yield % = 1 −

67.93
× 100 = 81.13 %
359.93

The yield of the deoxyadenosine adduct formed by abamectin can also be calculated using formula of equation 1 as
follows:
325.52
× 100 = 7.95 %
Yield % = 1 −
353.63
CONCLUSION
In this paper, we have studied and evaluated the mutagenic potential of pesticide "abamectin"most used in
agriculture in the region of El-Oued (South Algeria). The evaluation was achieved by the detection and analysis of
the nucleosides adducts formed by abamectin using chromatographic and cyclic voltammetric analysis. Both
technics revealed the interaction between nucleosides and pesticide. The yield of thymidine and deoxyadenosine
adduct formed by abamectin, calculated using the decrease in the anodic pic current density was 81.13 and 7.95 %
respectively.
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