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ABSTRACT

Pesticides such as Malathion, have been considered harmful to health, reason why the search for new compounds
that are friendly to humans and the environment becomes necessary. With knowledge of its properties and molecule
structure, it is possible, to propose new compounds which are less toxic than the original without altering its
organophosphorus characteristics. This paper presents the results of the analysis of the Malathion properties at molecular
level, for the purpose of presenting a compound as a replacement, in order to reduce its toxicity. The properties of
absorption, metabolism and toxicity of each possible molecule were evaluated, from which a less toxic compound that still
preserves characteristics as an organophosphorus insecticide was obtained.

Index terms: malthion, ADMET properties, insecticide, organophosphorus.

INTRODUCTION

The  organophosphorus  compounds  are
characterized as  inhibitors of the enzyme
acetylcholinesterase (AChE), that inhibition produce an
increase in concentration of Acetylcholine (ACh). The
ACh is a chemical neurotransmitter, which performs the
neural synapse in the central nervous system (brain, spinal
cord) (Stenersen, 2004; Shibamoto & Bjeldanes, 1996;
Dellamatrice & Monteiro, 2014; Pinheiro, et al., 2011).
Increasing the concentration of ACh in muscle tissue, can
cause a cardiovascular collapse in some muscles by
overstimulation,  generating  cramps, tachycardia,
hypertension and excessive salivation (ATSDR, 2013).
Currently, the use of chemical pesticides for pest control is
dominant, thereby; the number of poisoned people by
pesticides is higher in agricultural areas (Stenersen, 2004).
Malathion is part of the family of organophosphorus
insecticides; it is toxicologically classified as slightly toxic
to humans (EPA, 1995). This is traditionally used in crops
of corn, cotton, avocado, soursop, among others
(Mosquera & Pefiuela, 2009; Corra, 2009). In some
laboratory tests has been found that the Malathion is
classified like a non-carcinogenic compound, however, at
high doses of exposureit is possible develop this disease
(Shibamoto & Bjeldanes, 1996), (Agency for Toxic
Substances and Disease Registry, 2013). Malathion is
susceptible to chemical changes due the reactivity of their
functional groups. In certain cases, in presence of air and
water it can produce Malaoxon, this compound is more
toxic than Malathion. ANSES (2015).

Toxicological tests are extensive and complex, so
it requires a system of prediction and simulation for
properties, this process is called tests in-silico (Hansen et
al., 2009). This process is mainly used in the
pharmaceutical industry to improve the active compounds
in drugs (Cheng et al, 2012; Li et al, 2014).

The in-silico method is based on the functional
groups of each compound in order to determine the
molecular behavior. First, the functionals groups that are
present are determined, then these groups are compared
with molecules that have the same functional groups to

finally obtain a correlation in a property (Can, 2014;
Jaramillo et al., 2013). The quantitative structure-activity
relationships (QSAR) are used as method of prediction of
properties for pesticides. (Levet ef al., 2013).

For drugs are performed a further analysis, which
include the analysis of properties of absorption,
distribution, metabolism, excretion and toxicity (ADMET
properties). (Cheng et al., 2012). With this analysis, it can
be possible make a complete evaluation of the behavior of
the molecule Based on the above, this paper proposes a
new molecule that decreases the toxicological effects on
humans and still has the phosphate functional group,
characteristic of organophosphate insecticides.
Furthermore, the molecule has a lower solubility and
decreases the toxic effect on humans by increasing the
lethal dose (LD 50).

MATERIALS AND METHODS

The evaluation of the chemical properties in
pesticides, contains 3 steps, the evaluation of the method,
the development of new molecules and the evaluation of
properties in the new substances, this procedure verify the
accuracy of the method for predict properties evaluated
and ensures the search of new compounds based on the
reactivity of Malathion.

Model evaluation. Obtaining the ADMET
properties was performed with the software AdmetSAR®
(Cheng et al., 2012). It was considered the properties of
absorption, metabolism and toxicity, for the analysis of
each molecule, because they are the properties that has
more relevance and variation in the analysis of these
compounds (Can, 2014). The model evaluates the
probability for the prediction, according to its internal
database.

It is required insert the molecule in the format
simplified molecular input line entry system (SMILE) for
the use of the AdmetSAR® software, for which the
molecules was drawn and optimized in MOPAC 2012
program version 15.156W, it was used the method FP7,
the which decrease the quantity of energy inside the
compound, then, the optimized molecules were converted
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to the format specified in OpenBabel V.2.3.1 program
(Maia et al, 2012;. O'Boyle et al., 2011).

CCOC(CC(C(=0)0CC)S[P](OC)(OC)=S)=0 Smile Malathion

The model was evaluated, by performing a
comparison between the data generated by the software
and the data reported in the literature, from different
governmental sources as the Colombian Agricultural
Institute (ICA) and the Environmental Protection Agency's
(EPA-US).

Development of new molecules. The alternatives
substances were obtained through the possible reactions,
that reactions can be the Malathion with the different
places in which it is located, such as the atmosphere, soil
and crops.

Through the reactions of the esters groups of
Malathion (Figure-1), were obtained the new molecules, In
addition, the bonds of sulfur group and the radicals of the
molecule were modified

Figure-1. Malathion esters groups.

Evaluation of properties. The AdmetSAR®
software was used, in which the properties of absorption,
metabolism and toxicity of substances proposed were
evaluated as possible replacements of Malathion.

The toxicological classification scale of the
World Health Organization (WHO) for pesticides was
used for evaluation of toxicological properties (Run,
2009). In the analysis of the qualitative values, it was
necessary a conversion as shown in Table-1. In which the
equation 1 was used for weighting of properties already
mentioned.

R=Y, V*P )

Where R is the result, V is the value obtained in
the analysis of each characteristic of each property and P
is the probability. Eight characteristics were obtained,
which are specified in the Table-2. The results of model
prediction of properties were compared with values from
the literature. In addition, the relative error was calculated,
which shows a measure of the accuracy of the system that

is used as a reference to assess the veracity of the data
obtained from the software.

Table-1. Conversions for qualitative data.

Assigned Qualitative Toxicity
value property level
1,00 Less harmful' \Y
0,50 v
0,00 I
-0,50 11
-1,00 More harmful' 1

Quantitative toxicity properties were analyzed for
the 4 best molecules in the previous analysis, to determine
the most appropriate substance in the method in-silico.
These properties are not taken into account in the initial
evaluation, due the high error in the correlations used by
the program (Cheng et al., 2012).

RESULTS AND DISCUSSIONS

Eight characteristics of different properties were
evaluated for the comparison between the model and the
literature; these characteristics are shown in the Table-2.
These properties were chosen because they are the most
relevant for evaluating toxicity in different species and
make an estimation of the toxicity in humans. Errors for
solubility and toxicity in rats between 12.2% and 13.7%
and of 1 to 2 categories were observed. The error is
supported in an appropriate manner with the use of
probability to determine the efficiency of the model used;
it is a direct indicator of the precision of the system. It was
found that the software has good accuracy, as evidenced in
Table-2, however was observed an offset in the toxicity in
rats, this information is directly related to the probability
of the same. In the analysis of new molecules is counted
directly the probability of the data, for evaluated the
reliability of the data. It should be noted that the
evaluation of the molecule F, obtained the worst result,
this molecule is the Malaoxon, which is a derivative of
Malathion, this compound is more toxic for the humans,
this molecule also indicates good accuracy of the software.

In the Figure-2 is show the ten search possible
compounds, on which the molecules B, F, G and I are
produced by the hydroxylation with substances in the
environment, the molecules C, D and E for degradation in
the soil by the action of bacteria and solar energy and the
H, J and K molecules by hydrolysis reactions due to acid
medium. Software properties were evaluated for
Malathion molecule as shown in Table-3, also the results
of qualitative properties and the value obtained by
Equation 1. The results of other molecules are shown in
Figure-3.
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Table-2. Comparison of the prediction model AdmetSAR®.

ISSN 1819-6608

Parameter Prediction Probability Real value” Relative error
145 mg/kg 12,18 %
S (H20) 162,67 mg/kg 0,8100
143 mg/kg 13,76 %
Cancer Carcinogenic 0,6261 Carcinogenic No
No No
Human Cancer No 0,7437 No carcinogenic No
A4; Not classifiable No
Negative No
Fish toxicity High 0,9402 Very high 1 Category
Moderate 1 Category
Rat toxicity DL 50 Alta 0,6130 Moderate 1 Category
Shortly dangerous 2 Categories
Bee toxicity Alta 0,9117 Very high 1 Category
Bio degradability No 0,8429 No No
MetabolilsglzCYP450 No inhibitor 0,8415 No inhibitor, substrate No

D(ANSES, 2015; ATSDR, 2013; Mosquera & Pefiuela, 2009; Shibamoto & Bjeldanes, 1996)

O
\ ]/
<l b4 ° )
o s \o HO \0
- /
o )
/‘\o ~ \ /\0 H
s
/ H
A B C
o o: "
(o] (o) ~
(o) I | o s\
/"O’lk/\n’ ~ o s o —
0 s=p-J o e T
/0 o
D E F
a L
.. &
o-P~ 0. s o] -0 ~
75 s OH 2 ,¢o\/ OH O
o
\ (o]
G H |
o/
o O —
s
~ 5\9/ )pé
4 S// No—~ o s \ _
(o] o
o
o
J K

Figure-2. Molecules studied.
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The molecules studied have similar behavior in
their metabolic properties, because the phosphate group
does not significantly affect the cytochrome P450 that is
the main cytochrome affected by the pesticides. In
absorption and toxicity, the differences are more
significant for each compound, due to the different
radicals that have each compound. In absorption the 3 best
results are the molecules B, E and G. The main features of
these compounds are sulfur-phosphorus and sulfur-oxygen
bonds. These unions facilitate the absorption in the human
body, because they are very reactive.

In absorption was worked with characteristics
evaluated in different parts of the human body, the blood-
brain barrier refers to a formation of cells in the cerebral
cortex that prevent the passage of toxic substances (Cheng
et al., 2012). The absorption in the intestine, the
permeability of Caco-2, P-glycoprotein and the renal
transporter,evaluate the ease of entry into the bloodstream
through the different component of the digestive system
(Stenersen, 2004).

m Toxicity

12
Metabolism
10

B Absorption

Molecule

Figure-3. Qualitative assessment of molecules.

In the metabolic evaluation, it was considered the
P450 cytochromes, which are part of the family of heme-
proteins; usually they are part of the electron transfer
chain, where it was metabolized substrates that need the
body. Finally, the toxicity was evaluated in different
species, which are characterized by a similar human
metabolism.

ISSN 1819-6608
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Table-3. Evaluation of Malathion.

Molecule Malathion (A)
Value Probability
Absorption
Blood-Brain Barrier 1,0000 0,9236
Human Intestinal Absorption | -1,0000 0,9031
Caco-2 Permeability -1,0000 0,5579
P-glycoprotein Substrate -1,0000 0,7901
P-glycoprotein Inhibitor 1.0000 0,0817
1,0000 0,9522
Re“a;z;iirgftgaﬁon 10000 | 09414
Total Absorcion 1,2478
Metabolism
CYP450 2C9 Substrate -1,0000 0,8308
CYP450 2D6 Substrate -1,0000 0,9116
CYP450 3A4 Substrate -1,0000 0,6132
CYP450 1A2 Inhibitor 1,0000 0,8415
CYP450 2C9 Inhibitor 1,0000 0,7963
CYP450 2D6 Inhibitor 1,0000 09114
CYP450 2C19 Inhibitor 1,0000 0,7480
CYP450 3A4 Inhibitor 1,0000 0,5673
CYP Inhibitory Promiscuity 1,0000 0,8504
Total Metabolism 2,3593
Toxicity
Human Ether-a-go-go- 1,0000 0,9228
Related Gene Inhibition 1,0000 0,8641
AMES Toxicity 1,0000 0,9132
Carcinogens -1,0000 0,6261
Fish Toxicity -1,0000 0,9402
Tetrahymeng Pyriformis 11,0000 0.6168
Toxicity
Honey Bee Toxicity -1,0000 0,9117
Biodegradation -1,0000 0,8429
Acute Oral Toxicity -0,5000 0,7605
Carcinogenicity (Three- 1,0000 07437
class)
Total Toxicity -0,8742
Total 2,7330
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Table-4. Evaluation of quantitative properties for Malathion.

Property Valor
Aqueous solubility (LogS) -3,3076
Rat Acute Toxicity (LD50, mol/kg) 3,0259
Fish Toxicity (pLC50, mg/L) 1,7623
Tetrahymena Pyriformis Toxicity (pIGC50, ug/L) 0,0612
Table-5. Quantitative evaluation.
Aqueous |l s, | Fshtosiity | p e By
solubility (LogS) mol/kg) > | (pLC50, mg/L) (pIGC50, ug/L)
B -18,1800 26,4270 21,0970 -0,5793
G -1,8285 2,1748 2,1791 -0,2250
I -0,7462 1,4513 2,6867 -0,1455
K -1,8285 2,1748 2,1791 -0,2250

The quantitative characteristics were evaluated, in
which are the solubility and toxicity in different species.
The Table-4 shows the values for Malathion. Molecules
with the best results qualitatively were the B, G, R and K,
with these compounds was realized a quantitative analysis
of properties (Table-5). The compound I is a straight
chain, which does not contain sulfur or phosphorus that
characterizes organophosphates, so it loses its insecticide
power. It was found that the substance B, compared to the
other three and with reference (substance A Malathion)
have a lower solubility, so this substance will have a high
octanol-water partition coefficient, which may eventually
lead to bioaccumulation in adipose tissue.

In the property of toxicity were found to 4 (B, C,
D and I), these are less toxic substances, the molecules C,
D and I are little toxic because they do not contain sulfur
atoms and phosphorus, thus at the moment of his
degradation, they do not produce toxic compounds,
however the substance B is an organophosphorus, wherein
the toxic activity to humans is reduced compared with
Malathion.

The toxicity values on different species show
similarity in the G, I and K molecules with the reference
value, otherwise, for the substance B values are higher,
between more bigger be that value, show us that the lethal
dose (LD 50) have to be higher to kill the half of a
population sample. This indicates that this compound can
reduce toxicity in the environment for the insects.

CONCLUSIONS

The software AdmetSAR® was evaluated to
verify the accuracy; it is used to characterize
organophosphate insecticides through the ADMET
methodology for predicting new pesticides, which can
decrease the toxicity in humans.

The analysis through the QSAR models
complements aptly the ADMET analysis, in order to
broaden the scope of prediction for new substances.

The molecule B was chosen due to his reduction
in the toxic effect on humans, without change its
functionality as organophosphate insecticide. After the in-
silico method for prediction is time for evaluating its effect
in-vitro to corroborate the data.
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