@ SAKARYA UNIVERSITESI

FEN BiLIMLERI ENSTITUSU

DERGISI

Sakarya University Journal of Science
SAUIJS

ISSN 1301-4048 e-ISSN 2147-835X Period Bimonthly Founded 1997 Publisher Sakarya University
http://www.saujs.sakarya.edu.tr/

Title: Potential Health Risks of Chloroacetanilide Herbicides: An In Silico Analysis

Authors: Ahmet Ali BERBER, Sefika Nur DEMIR, Nihan AKINCI KENANOGLU

Recieved: 2023-04-12 00:00:00
Accepted: 2023-05-15 00:00:00
Article Type: Research Article

Volume: 27
Issue: 4
Month: August
Year: 2023
Pages: 865-871

How to cite

Ahmet Ali BERBER, Sefika Nur DEMIR, Nihan AKINCI KENANOGLU; (2023), Potential
Health Risks of Chloroacetanilide Herbicides: An In Silico Analysis. Sakarya

University Journal of Science, 27(4), 865-871, DOI:

10.16984/saufenbilder.1281720

Access link

https://dergipark.org.tr/en/pub/saufenbilder/issue/79486/1281720

New submission to SAUJS
http://dergipark.gov.tr/journal/1115/submission/start



FEN BILIMLERI ENSTITOSO
DERGISI

Sakarya University Journal of Scence (SAUJS)

SAKARYA
-fé :g'éw? Sakarya University Journal of Science 27(4), 865-871, 2023 UNIVERSITESI

\\\\\\\

Potential Health Risks of Chloroacetanilide Herbicides: An In Silico
Analysis

Ahmet Ali BERBERY"*', Sefika Nur DEMIR "/, Nihan AKINCI KENANOGLU?

Abstract

The extensive use of herbicidal products in agriculture and forestry has raised concerns over
potential adverse effects on human health and the environment. Chloroacetanilide herbicides
are a group of synthetic chemicals used to control weeds in agriculture and forestry. However,
so[me of their members have been characterized as possible carcinogens. The genotoxicity and
carcinogenicity of two chloroacetanilide herbicides, delachlor and xylachlor, are discussed.
This article proposes to use tools to predict their potential toxicities based on their chemical
structure. Four software tools, Vega Hub, Toxtree, Lazar, and TEST, are used to predict the
potential genotoxic and carcinogenic effects of the herbicides. Vega Hub uses QSAR models,
Toxtree uses a decision tree approach, Lazar uses data mining algorithms, and TEST uses
QSAR methods to estimate toxicity. The canonical Simplified Molecular Input Line Entry
Specification (SMILES) systems of delachlor and xylachlor are entered into each software tool
to create a prediction. The study found that delachlor and xylachlor is a class 3 highly toxic
compounds with potential mutagenic and carcinogenic effects based on Toxtree and Vega Hub.
Meanwhile, Lazar and TEST predicted that delachlor and xylachlor are unlikely to be
mutagenic. This study to determine the toxicity of the herbicides delachlor and xylachlor has
shown that the possible effects of these herbicides on health and the environment need to be
further investigated. The results provide valuable insights into chloroacetanilide herbicide
toxicity and help develop safer, more environmentally friendly alternatives.
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1. INTRODUCTION their lives. However, plant diseases, insects,

and weeds reduce productivity and quality.

The agricultural sector is responsible for  Therefore, agrochemicals such as herbicides
producing the food people need to sustain  help farmers to control these adverse effects
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and increase crop Yyields [1]. However,
concerns about potential adverse effects on
human health and the environment have
arisen from the widespread use of these
chemicals. One such concern, which can pose
a significant threat to public health and the
environment, is the potential genotoxic and
carcinogenic effects of herbicides [2, 3].

Chloroacetanilide herbicides are a group of
synthetic chemicals that are widely used for
the control of weeds in agriculture and
forestry. These herbicides are widely used to
grow cereals, corn, soybeans, cotton, and
many other crops. Due to their effectiveness
in controlling weeds that can cause significant
yield losses, the use of these herbicides has
increased significantly in recent years [4].

Chloroacetanilide herbicides share the 2-
chloroacetanilide molecular core, differing
only in type and arrangement of substitutions
[5]. In spite of the importance of the
production of herbicides, there is one aspect
that is still dramatic: the carcinogenic
potential of the chloroacetanilide herbicides.
Some of the members of the chloroacetanilide
herbicide family have been characterized by
the US Environmental Protection Agency as
possible  carcinogenic compounds  [6].
However, the carcinogenic mechanism of
chloroacetanilide ~ compounds  remains
unclear, although some experiments suggest
that the carcinogenic properties are related to
the herbicides' ability to nucleophilically react
with DNA [7]. Studies have shown that
exposure to some of the chloroacetanilide
herbicides can cause a range of adverse
effects on non-target organisms, including
humans [8-11]. These effects include
developmental abnormalities, reproductive
toxicity, and carcinogenicity. Therefore, it is
essential to evaluate the potential toxicity of
these  herbicides and develop safer
alternatives to minimize their environmental
and health impacts.

Delachlor and xylachlor are two of the
herbicides of the chloroacetanilide group
(Figure 1). Delachlor is an herbicide widely
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used to control weeds in crops such as
sugarbeet and cereals. It is also used in
combination with other herbicides to control
weeds in rice fields. Its chemical formula is
C15sH22CINO». Xylachlor is an herbicide that
has been used for pre-emergence or pre-plant
control of annual rgrasses in cereals and other
crops. Its chemical formula is C13H18CINO
[12].

[#]

a b

Figure 1 Chemical structures of a) delachlor and
b) xylachlor

In silico tools are computer-based methods
for predicting chemicals' potential toxicity
from their chemical structures. Without the
need for animal testing or expensive
laboratory equipment, in silico toxicity
prediction tools may provide an accurate
assessment of a xenobiotic's toxicity [13].
This is beneficial because it allows
researchers to assess the potential toxicity of
a compound or drug quickly and easily
without having to incur the cost and time
associated with more traditional methods. In
addition, by analysing the structure of the
molecule and its potential interactions with
the system, in silico tools can provide a more
comprehensive assessment of a compound's
toxicity than traditional methods [14].

The study aimed to use four software tools,
Vega Hub, Toxtree, Lazar, and TEST, to
predict the potential toxicity of these
herbicides based on their chemical structures.
The findings of this study will provide
valuable insights into the toxicity of
chloroacetanilide herbicides and aid in the
development of safer and more sustainable
alternatives.
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2. METHODOLOGY

The study used four in silico tools to predict
the potential genotoxic and carcinogenic
effects of delachlor and xylachlor: VVega Hub,
Toxtree (Estimation of Toxic Hazard- A
Decision Tree Approach), Lazar and TEST
(Toxicity Estimation Software Tool). The
software tools were selected for their ability
to predict the toxicity of chemicals based on
their chemical structure. Each of them is open
source and free public software.

Vega Hub is a software tool that uses
quantitative structure-activity relationship
(QSAR) models to predict the toxicity of
chemicals based on their physical, chemical
and biological properties [15]. QSARS use
mathematical models to predict levels of
toxicity based on the physical properties of
the molecular structure of a chemical, known
as molecular descriptors. The tool predicts the
toxicity of chemicals based on their similarity
to known toxic compounds. It assigns a
consensus score to each prediction. This
software has an open structure for data
sharing and modelling and can be easily used
by any user [16].

Toxtree was developed in accordance with the
REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals)
regulation to assess the toxic effects of
chemical substances. It is a software tool that
uses a decision tree approach to predict the
toxicity of chemicals based on their structural
alerts. The tool predicts the toxicity of
chemicals by identifying structural features
associated with toxicity [17].

Lazar is an open-source web application that
uses data mining algorithms to derive
predictions for untested compounds from
experimental training data, which can be any
dataset containing chemical structures and
biological activities. Lazar offers researchers
a versatile solution by providing both a user-
friendly interface and a large database [18].
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The Toxicity Estimation Software Tool
(TEST) has been developed to facilitate the
prediction of chemical toxicity using
Quantitative Structure Activity Relationship
(QSAR) techniques. TEST analyses the
molecular structure of an organic chemical
entered by the user to determine toxicity
values and physical properties. TEST has no
external software requirements and users can
enter a chemical to be evaluated via a
provided chemical sketch window, a text file
of the structure or a database of structures.
Various advanced QSAR methods are used
within TEST to calculate the necessary
molecular descriptors [19].

The canonical Simplified Molecular Input
Line Entry Specification (SMILES) systems

of delachlor
(CC1=C(C(=CC=C1)C)N(COoCcCc(C)C)C(=0
)CCI) and xylachlor

(CC1=C(C(=CC=C1)N(C(C)C)C(=0)CCI)C
) were entered into each software tool to
predict their potential toxicity and
carcinogenicity [20, 21]. The software tools
use a variety of algorithms and models to
predict the toxicity and carcinogenicity of
chemicals based on their chemical structures.

3. RESULTS

Toxtree predicted that delachlor is a class 3
highly toxic compound with potential
mutagenic and carcinogenic properties based
on structural alerts. Vega Hub predicted that
delachlor is a mutagenic and potentially
carcinogenic compound with a consensus
score of 0.45, indicating moderate confidence
in the prediction. Therefore, Vega Hub
predicted that delachlor is not genotoxic, but
the model predictions were not in agreement.
On the other hand, TEST predicted that
delachlor is non-mutagenic with a consensus
score of 0.28, while LAZAR predicted that
delachlor is non-mutagenic with a probability
of 0.419 but cannot predict carcinogenicity.

For xylachlor, toxtree predicted that it is a
class 3 highly toxic compound with potential
mutagenic and carcinogenic properties based
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on structural alerts. Vega hub predicted that
xylachlor is a mutagenic and potentially
carcinogenic compound with a consensus
score of 0.525, indicating a moderate level of
confidence in the prediction. However, vega
hub also predicted that xylachlor is not
genotoxic, indicating that its carcinogenic
properties may be due to mechanisms other
than dna damage. Test predicted that
xylachlor is non-mutagenic with a consensus
score of 0.26, while lazar predicted that
xylachlor is non-carcinogenic and non-
mutagenic with probability scores of 0.217
and 0.213 respectively.

4. DISCUSSION

In silico toxicology prediction tools, also
known as computational toxicology, offer
several advantages in the field of toxicology.
Firstly, they are cost-effective and reduce the
need for animal testing, which can be
expensive and time-consuming. Secondly,
they provide quick and efficient identification
of potentially toxic substances, which can be
useful in the early stages of drug
development. Additionally, they can be used
to predict the toxicity of chemicals that have
not yet been tested, allowing for more
informed decision-making in terms of public
health and environmental safety [14].
However, in silico toxicology prediction tools
do have their limitations. One of the biggest
limitations is the lack of complete accuracy,
as the predictive models are based on
assumptions and extrapolations from existing
data. Furthermore, these tools are not yet able
to fully replace animal testing, as there are
still certain aspects of toxicity that cannot be
accurately predicted in silico [22].

There have been many studies in the literature
on the potential health risks of the
chloroacetanilide family of herbicides. The
most common chloroacetanilide herbicides

are  acetochlor, alachlor, butachlor,
metolachlor, s-metolachlor, pretilachlor,
propachlor and  propisochlor.  These

herbicides may have adverse effects on
human health, according to some studies.
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These herbicides are classified by the USEPA
as Class B2, L2, and C carcinogens and are
reported to have moderate to high chronic
toxicity [23, 24]. For example, one study has
shown that chloroacetanilide herbicides such
as alachlor increase the likelihood of
developing  Parkinson's  disease  [25].
Ecotoxicological studies suggest that these
herbicides are the causal agents for DNA
damage and tumor induction in rats, fish, and
human lymphocyte cells found in in vitro
studies [26-29].

This study was conducted using in silico
analyses to determine the potential toxicity of
delachlor and xylachlor herbicides. Analyses
through four different software such as
Toxtree, Vega Hub, TEST and LAZAR
showed that both herbicides exhibited
mutagenic and carcinogenic properties in
Toxtree and VEGA software. Nonetheless,
the results of TEST and LAZAR predicted
that delachlor and xylachlor were non-
mutagenic, while xylachlor was non-
carcinogenic.

Our results suggest that two commonly used
herbicides, delachlor and xylachlor, may have
potentially harmful effects on human health
and the environment. These results emphasize
the importance of using in silico tools to
determine the toxicity of herbicides as well as
other chemicals.

5. CONCLUSION

Our study highlights the need for continued
research and monitoring of herbicides such as
delachlor and xylachlor and underscores the
importance of using advanced computational
tools to identify and mitigate potential health
and environmental risks associated with
chemical use in agriculture and forestry. The
discrepancies in the predictions among the
software tools may be due to the differences
in the algorithms and models used, as well as
the limitations of the in silico approach. In
silico predictions are based on the chemical
structure of the compound and do not take
into account the complex interactions and
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metabolic processes that occur in vivo.
Therefore, the in silico predictions should be
interpreted with caution and confirmed by in
vitro and in vivo experiments. Despite the
limitations of the in silico approach, it can
provide valuable insights into the potential
toxicity of chemicals and aid in the
development of safer and more sustainable
alternatives. By taking a proactive approach
to chemical safety, we can ensure that we are
protecting human health and the environment
for generations to come.
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