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HIGHLIGHTS

» Insecticides metabolized by plants were evaluated in Ames test and human cells.
» Plant metabolites of organophosphorus insecticides were mutagenic in TA98 strain.
» A decrease in cytotoxicity in human cells was obtained with plant metabolites.

» A “protecting effect” of plant metabolism was observed in human cells.
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(Coriandrum sativum). The reverse mutation of Salmonella typhimurium strains TA98 and TA100 was used
as an indicator of genetic damage. Treatments with these insecticides inhibited peroxidase activity in
plant cells by between 17% (omethoate) and 98% (azinphos-methyl) and decreased plant protein content
by between 36% (omethoate) and 99.6% (azinphos-methyl). Azinphos-methyl was the most toxic when

gfg’ xirtisg:ens applied directly. In the Ames test, treatments applied directly to strain TA100 killed the bacteria; how-
Coriandrum sativum ever, the presence of plant metabolism detoxified the system and permitted the growth of bacteria. In
Organophosphorus insecticides strain TA98, plant metabolites of insecticides were mutagenic. This result suggests that the tested pesti-
HacCarT cells cides produce mutations through frameshifting. The same pesticides were applied to human skin (HaCaT)
NL-20 cells and lung (NL-20) cell lines to evaluate their effects on cell viability. Pesticides applied directly were more

cytotoxic than the combination of pesticide plus coriander metabolic fraction. Omethoate and metham-
idophos did not affect the viability of HaCaT cells, but azinphos-methyl and parathion-methyl at 100 and
1000 pg mL~! significantly decreased viability (p < 0.05). The NL-20 cell line was remarkably sensitive to
the direct application of insecticides. All of the treatment conditions caused decreases in NL-20 cell viability
(e.g., viability decreased to 12.0% after parathion-methyl treatment, to 14.7% after azinphos-methyl treat-
ment, and to 6.9% after omethoate treatment). Similar to the Ames test, all of the insecticides showed
decreased toxicity in human cells when they were cultured in the presence of plant metabolism. In conclu-
sion, when the studied organophosphorus insecticides were plant-metabolized, they induced mutations in
the bacterial strain TA98. In human cell lines, plant metabolism reduced the cytotoxic properties of the insec-
ticides, and human keratinocytes were more resistant to mortality than bronchial cells.
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1. Introduction

Organophosphorus pesticides are common compounds involved in
poisoning (Bello-Ramirez et al., 2000). They act by inhibiting the hydro-
lysis reaction performed by acetylcholinesterase, an enzyme that is
essential for central nervous system function in insects and humans.
This inhibition leads to accumulation of the neurotransmitter acetyl-
choline, causing interruption of nervous impulses in the synapses
(Eyer, 2003). Moreover, organophosphate compounds have alkylating
properties due to the presence of electrophilic sites that are able toreact
with nucleophilic sites on DNA in the cells (Wild, 1975).

It is known that plants are capable of bio-concentrating environ-
mental agents and activating pro-mutagens into toxic metabolites
(Plewa et al.,, 1993). These capabilities increase concerns that plants
could also activate agrochemicals and environmental agents, thereby
introducing new mutagens into the human food chain (Plewa, 1978).
The cell/microbe co-incubation assay described earlier by Plewa et al.
(1983) is a very sensitive method for investigating plant metabolism
through the use of whole plant cells in suspension culture as an activat-
ing system and microbial cells (e.g., the Ames test Salmonella typhimu-
rium strains) as the genetic indicator organism. Results obtained by
Cortés-Eslava et al. (2001) showed the efficiency of cultured Corian-
drum sativum cells in metabolizing organophosphorus insecticides that
induced mutagenicity. Promutagen activation by plants has also been
studied in vitro using an extract of Vicia faba root (the S10 microsomal
fraction) (Calderén-Segura et al., 1999).

Many human epidemiologic and animal studies have shown
that exposure to several insecticides is positively correlated with
endocrine disruption (Lemaire et al., 2004), reproductive and im-
mune dysfunction (Ayub et al., 2003), and cancer (Kalantzi et al.,
2004). The routes of exposure to insecticides are ingestion, inhala-
tion, and absorption through skin. Therefore, it is important to test
the effect of these compounds in in vitro models. Skin exposure can
be evaluated using the spontaneously immortalized human kerat-
inocyte cell line HaCaT (Boukamp et al., 1988). This well-character-
ized cell line is still able to proliferate and differentiate, and it has
been shown to be a good model in toxicology (Delescluse et al.,
1988). These cells show good predictive results and constitute an
appropriate model for studying several insecticide effects (Ledirac
et al., 2005). However, as mentioned above, inhalation is one of the
most important routes of exposure to insecticides and particularly
to the organophosphorus insecticides that are widely used in Mex-
ico (Gémez-Arroyo et al., 2000; Gonzalez et al., 2002; Martinez-
Valenzuela et al., 2009; Palacios-Nava et al., 1999). Some of these
insecticides, such as parathion-methyl, are classified by the WHO
(2004) as la (“extremely hazardous”), while others, such as azin-
phos-methyl, omethoate, and methamidophos, are classified as Ib
(“highly hazardous”). These compounds can be metabolized by
plants. Metabolites or their residues can then remain stored in edi-
ble plants and be ingested by humans, where the metabolic
machinery can transform these compounds into more toxic prod-
ucts (Plewa et al., 1988, 1993; Cortés-Eslava et al., 2001;G6mez-
Arroyo et al., 2007). Because of these concerns, the aim of this
study was to evaluate the effect of the organophosphorus insecti-
cides parathion-methyl, azinphos-methyl, omethoate and meth-
amidophos, applied directly and metabolized by coriander (C.
sativum) cells, on the induction of reverse mutations in Salmonella
thyphimurium and in the viability of human skin and lung cell lines.

2. Materials and methods
2.1. Chemicals
4-Nitro-o-phenylenediamine (NOP) and diethyldithiocarbamic

acid sodium salt (DEDTC) (CAS numbers 99-56-9 and 20624-25-
3, respectively) were purchased from Sigma Chemical (St. Louis,

MO). Parathion-methyl, azinphos-methyl, omethoate, and meth-
amidophos (CAS numbers 298-00-0, 86-5-0, 122852-42-0, and
10265-92-6, respectively) were bought from Bayer of México.
Guaiacol (CAS number 90-05-1) was purchased from REASOL of
México. Hydrogen peroxide (CAS number 7722-84-1) was pur-
chased from J.T. Baker of México. All other reagents used were of
analytical grade. Coriander seeds used to generate coriander cell
cultures were acquired from the supply central of México City.

2.2. Coriander (C. sativum) cell preparation

Coriander seeds were germinated and sowed in a greenhouse.
When the plants reached 10-15 cm, shoots were cut and placed
under sterile conditions in Murashige and Skoog (1962) modified
medium (MX) containing ascorbic acid (0.01 mgmL™!) as an
antioxidant, 2-methyl-4-chlorophenoxy propionic acid (0.03
mg mL~'), and benzyl amine purine (0.3 pg mL~"). Cuttings were
maintained in this solid medium for 4 weeks. The callus were
placed aseptically in liquid medium and then transferred to fresh
medium every week. The cultures were grown in suspension in a
dark chamber at 27 °C with constant shaking (120 rpm). Later,
3 g of cells was incubated in 100 mL of fresh liquid medium with
constant agitation for 7 days. Finally, the fresh mass of the cell
suspension was adjusted to 100 mg mL~! in MX~ medium (with-
out 2,4-dichloridephenoxyacetic acid (2,4-D)) for the assay and
placed on ice until used (<30 min). All changes were made under
sterile conditions. Coriander cell culture was the metabolic factor
used for the transformation of pesticides.

2.3. Preparation of bacterial suspensions

S. typhimurium tester strains TA98 and TA100 were maintained
frozen at —80 °C as recommended by Maron and Ames (1983). The
cells were incubated in LB medium for proliferation, and master
plates were prepared. Strain genetic markers were determined in
all mutagenic experiments according to the method described by
Zeiger et al. (1981). In our laboratory, the number of spontaneous
revertant colonies per plate ranged from 25 to 40 for the TA98
strain and from 103 to 172 for the TA100 strain.

The mutagenic activities of parathion-methyl, azinphos-methyl,
omethoate, and methamidophos were determined using the cori-
ander plant cell/microbe co-incubation assay with NOP aromatic
amine, whose mutagenicity is increased by plant metabolism, as
a positive control. Bacteria were grown overnight in Oxoid Nutri-
ent Broth No. 2 at 37 °C with shaking at 120 rpm and washed in
100 mM potassium phosphate buffer (pH 7), and the density of
the bacterial suspension was determined spectrophotometrically
and adjusted to 1 x 10'° colony-forming units mL~! in phosphate
buffer. The experiments were performed under yellow light to
avoid photo-oxidation of NOP and the insecticides (Nishi and
Nishioka, 1982).

2.4. Plant cell/microbe co-incubation assay

The conditions used for co-incubation were as described by
Plewa et al. (1983, 1988) and Wagner et al. (2003). In brief, plant
cells were grown, harvested and prepared as previously described
using a coriander cell suspension of 100 mg mL™". For the co-incu-
bation assay without metabolism, 100 pg (co-incubation flask)™!
of NOP and increasing concentrations of insecticides (10, 50, 100,
250, 500 and 1000 pg (co-incubation flask)~!') were added in each
case to 2.25 mL of MX™ modified medium. Based on preliminary
assays, these concentrations gave the most significant activation
without affecting bacterial viability. Bacterial viability was deter-
mined by observing the background lawn of bacterial growth (De
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