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Abstract

Dichlorvos (DDVP) has been abused in Nigeria for suicide attempts, topical applications to treat an ectoparasitic
infestation, and indiscriminate use on farm produce. Exposure to this compound in subacute concentration can cause
toxicity in different tissues by alteration of the cellular antioxidative defence mechanism. This analysis is aimed at the
systematic profiling of DDVP to assess its cytotoxic and mutagenic potential for human vulnerability using an in silico
classification model. DDVP was grouped into categories of analogue chemical compounds generated from inventories
based on structural alerts that measure the biological effects on cell lines and animal models using the quantitative
structure-activity relationship (QSAR) model. The cytotoxic and mutagenic potential of DDVP was assessed by
analyzing target endpoints like skin sensitization, oral/inhalation toxicity, neurotoxicity and mutagenicity. DDVP shows
moderate sensitization potential that can induce skin irritation during prolonged exposure because of the presence of
dichlorovenyl side-chain that interacts with cellular proteins and causes degradation. 50% lethal dose (LDso) of DDVP
per body weight was determined to be 26.2 mg/kg in a rat model at 95% confidence range for acute oral toxicity, and
14.4 mmol/L was estimated as 50% lethal concentration (LCso) in the atmosphere due to acute inhalation toxicity. DDVP
can also inhibit acetylcholinesterase in the nervous system to produce nicotinic and muscarinic symptoms like nausea,
vomiting, lacrimation, salivation, bradycardia, and respiratory failure may cause death. The widely used pesticide
causes weak DNA methylation which can repress gene transcription on promoter sites. DDVP is volatile so it can cause
oral and inhalation toxicity coupled with neurotoxicity during prolonged exposure. Serum cholinesterase blood tests
should be encouraged in federal and state hospitals to investigate related health challenges as DDVP is still used in
Nigeria.
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Introduction

Considering the diversity of organophosphate (OP) compounds, one of the most important roles includes the
application in biotic activities against insect pests that are harmful to both humans and agricultural existence. OPs are
classified into five groups and comprises of thirteen distinct types based on the anti-acetylcholinesterase enzyme (anti-AChE)
activity derived from phosphoric and phosphinic functional groups [1]. These includes OP pesticides (OPPs) [2], nerve
agents [3], OP-induced delayed polyneuropathy (OPIDP) [4], OP-induced intermediate syndrome (OPIMS) [5], and OP
flame retardants (OPFRs) [6]. OPs have been used in different applications ranging from agricultural to household insect
control. After the restriction of organochloride pesticide in the 1970s, thirty-eight OPPs with AChE inhibitory activities were
approved and registered to be used in the United States [7]. Examples of the commonly used OPPs are diazinon, dichlorvos
(DDVP), methyl parathion, parathion, malathion, chlorpyrifos, phosmet, fenitrothion, tetrachlorvinphos, azamethiphos,
and azinphos-methyl [8, 9]. Dichlorvos is an alkenyl phosphate, also known as 2, 2-dichlorovinyl dimethyl phosphate. This
compound contains phosphorus and serves as acetylcholinesterase inhibitor (AChI) by degrading acetylcholine (ACh) in
AChE into choline and acetate. used as a pesticide or insecticide [10]. It is because of the phosphorylation of the
hydroxymethyl group in serine residue with biologically active phosphate on the catalytic site of AChE, resulting in the
accumulation of AChE and inhibition of ACh in different parts of the nervous system [11, 12]. AChE is a major cholinesterase
(ChE) in living organisms, including insect pests with unique catalytic functionality. The major function of AChE is the
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termination of synaptic nerve impulses due to the hydrolyzation of the neurotransmitter and ACh. However, some insects
are resistant to this catalytic activity. This manifestation led to the development of AChlI as a pesticide [13, 14]. DDVP is sold
in Nigeria as an agricultural formulation in a 100 mL-size pack under the trade name “Sniper” marketed by a swiss-Nigerian
chemical company. Because of its effectiveness in killing insect pests and its affordability, compared with firmly established
brands of insecticide, the routine use of DDVP in many households has grown in recent times without considering the health
hazards. According to the manufacturer’s instructions, the chemical is said to be applied to crops in diluted formulation
within a time frame, allowing it to degrade before use as food material or ingested. However, reports have shown that this
product has been indiscriminately used and abused to devastating effect. According to the national agency for food and
drug administration and control (NAFDAC), DDVP was registered as crop protection products (CPP) only, yet it has been
misused overtime in different capacities, chief among them being the popular substance of choice in facilitating suicidal
endeavours, topical application to treat ecto-parasitic infestation, and undiscerning application on food materials especially
in the northern part of Nigeria.

Various agricultural and disease-transmitting household insect vectors and other invertebrate insect pests
constitute two or more AChE genes (ace) that code for AChE. At the same time, mammals, birds, and fish have a single ace
gene [15-17]. Common pests that possess more than one ace gene include Cimex lectularius[18] and Blattella germanica) [19].
Two ace genes have been identified in Anopheles gambiae, [20], the Anopheles pharoensis [21], Aedes aegypti [22], Culex
tritaeniorhynchus [23], Culex pipiens [24], Lepeophtheirus salmonis [25], Chilo suppressalis [26] and Pardosa pseudoannulata [27].
Although insect species like fruit fly and house fly expressed a single ace gene (ace2) because of the loss of acel gene [16, 24,
28], these insects confer a specialized resistance to insecticides resulting from the mutation where substitution changes of
one or more nucleotide bases occurred through evolution [29].

Erythrocytes and nerve tissues are considered as the primary source of AChE. Erythrocytes AChE is more specific
compared with liver ChE, butyrylcholinesterase (BuChE) found in plasma [30]. Kingsley et al., reported alterations in
haematology parameters of Wister rats exposed to DDVP, a marked decrease in erythrocyte counts, haematocrit,
haemoglobin concentration, and iron deficiency were observed. The value returns to normal after withdrawal from the
exposure, suggestive of idiopathic aplastic anaemia [31]. Another study on hematotoxicity and biochemical activities of liver
enzymes indicates leucocytosis, an indicator of the immune response against the sublethal dosage of DDVP and significant
elevation in liver analytes of the Sprague-Dawley rat [32]. Exposure to DDVP at a nonlethal or subacute concentration can
induce toxicity in different tissues of an organism through alteration of the antioxidative defence system, as shown in the
rat model [33]. Regarding the interspecies differences of erythrocytes ChE inhibition by DDVP, experimental data indicate
no significant changes in the sensitivity of DDVP-induced red blood cells (RBCs) ChE inhibition in both humans and
laboratory animals [34].

In the presence of OP, aerobic organisms initiate oxidative phosphorylation in mitochondria, causing the
production of reactive oxygen species (ROS), and an excess quantity results in oxidative cellular injuries [35]. Different
studies validate the mechanism of OP pesticide and oxidative stress in relation to cellular genotoxicity and carcinogenicity.
According to a study by Gupta and Ojha, they recognized the potentiality of OP by producing DNA adduct formation in
peripheral lymphocytic cells of a rat model through oxidative stress initiation [12, 36] that causes mutation and apoptosis.
It was also reported in the urinary's study, metabolites of OP, an association of OP exposure, and a substantial rise in DNA
oxidative stress marker, 8-hydroxy-2'-deoxyguanosine (8-OHdG) which can cause cell damage [37]. It is essential to
understand the nuclear-toxic effects of DDVP, causing genotoxicity, which may result in cell injury, cell death, mutagenesis,
and carcinogenesis. Inhibition of M-phase induced by an increase in micronuclei (MN) frequency was observed in
peripheral lymphocytic cells treated with DDVP. These may be because of the retention of cell cycle activities at the GO
phase, causing DNA damage and cell death [38]. To assess the genotoxicity of DDVP based on in vivo and in vitro model, it
was reported, the cause of potential genotoxicity is based on the degree of DNA, RNA and protein methylation. From this
indication, DDVP shows a higher binding affinity to the protein rather than DNA in an in vitro system, whereas half-life is
reduced in an in vivo model because of catalytic effects that result in rapid metabolism and excretion [39]. Based on the
reviewed experimental data, the likelihood of DDVP to induce mutagenesis in experimental animals remains ambiguous
and conflicting [40]. This work aims at systematic profiling of DDVP to validate the cytotoxic and mutagenic potential in
human exposure. Outcomes from the analysis outlined the potentiality of DDVP to induce cytotoxic and genotoxic effects
through oral, inhalation, and dermal interaction

Materials and Methods
Data grouping

Canonical simplified molecular input line entry system (SMILES) was used to group the target chemical, DDVP
(CAS number 62-73-7), into categories of the analogue compound with the aid of in-depth pragmatic background
information of the chemical structure that measures the biological effects on cell lines, animal model and humans. These
were performed through the use of quantitative structure-activity relationship (QSAR) model, a chemical in silico
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classification model [41] developed by the organization for economic cooperation and development (OECD), QSAR Toolbox
version 4.3.1(43). It was used to categorize analogues and the studied compound based on the query profilers. Experimental
results for the analogues were retrieved from QSAR inventories according to the systematic profilers. The profilers used
were skin sensitization, oral toxicity, inhalation toxicity, neurotoxicity, reproductive toxicity and mutagenicity.

Data-gap filling

After data retrieval, data-gaps were filled using the toolbox library, and prospective analogues were analyzed to
define the suitable endpoint of the target chemical with the application of a read-across and trend analysis module. Figure
1 illustrates the OECD QSAR flow chart from chemical input, profiling methods, databases, grouping method by category
definition, data gap filling, and report generation.

Result analysis

Retrieved analogues were structured into a coherent framework based on read-across assessment framework
(RAAF) [42] generated as summarized report, categorical report and data matrix. We evaluated the cytotoxic and mutagenic
potential of the target chemical by analyzing the following target endpoint: skin sensitization (protein binding alerts for skin
sensitization according to GSH and protein binding alerts for skin sensitization by OASIS profilers), oral and inhalation
toxicity (toxic hazard classification by Cramer and organic functional groups profilers), mutagenicity (the mutagenic
potential of DDVP based on DNA alerts for carcinogenicity and mutagenicity by OASIS profiler). In addition to QSAR
toolbox analysis, a reliable web QSAR model, eMolTox [43] was used to predict molecular toxicity of the target molecule
based on the mechanism of action on different animal models and their organs.

Results
Skin sensitization potential based on protein binding alerts for skin sensitization according to glutathione
(GSH) and protein binding alerts for skin sensitization by OASIS profilers.

Protein binding alerts for skin sensitization, according to GSH is a predicted profiler for skin sensitization using the
OASIS tissue metabolism simulator (TIMES) model. We profiled the target compound through 131 structural alerts,
classifying chemicals into globally harmonized system of classification and labelling of chemicals (GSH) category 1B (2%; <
EC3 [Effective concentration including SI of 3] LLNA [local lymph node assay] < 50%; 500 pg/cm? < NOEL [no observed
effect level] for HRIPT [human repeat insult patch test] < 12,500 pg/cm?) according to the Table 1. The other profiler aimed
to examine alerts within the target chemical responsible for interaction with skin proteins. The profiler comprises 110
structural alerts fragmented into 11 mechanistic domains, and each domain was separated into two automatic alerts.

According to the TIMES model, a molecule with this structural alert could interact with skin protein through
nucleophilic substitution on thiophosphates, as described in the reaction below, classified as category 1B.

Protein binding alerts for skin sensitization by OASIS profilers categorized DDVP as a strong sensitizer based on
nucleophilic substitution reaction on vinyl (sp?) carbon atom. Chemical compounds with these alerts are capable of reacting
covalently with proteins via a SnVinyl reaction at a sp? carbon atom [44].
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Figure 1 The organization for economic cooperation and development (OECD) quantitative structure-activity
relationship model (QSAR) Toolbox mechanistic profiling flow charts indicating chemical inputs, profiling, data,
category definition, data gap filling, and report.

http://eaht.org Page 3/ 11



Environmental Analysis Health and Toxicology 2020, 35(3):e2020016 For PEER REVIEW

Table 1 Profiling results for skin sensitization based on protein binding alerts for skin sensitization according to
glutathione (GSH) and protein binding alerts for skin sensitization by OASIS profilers.

Target chemical Analogue 1 Analogue 2 Analogue 3 Analogue 4
CAS Number 62-73-7 78-51-3 2921-88-2 78-40-0 41198-08-7
Grouping Protein binding alerts for skin sensitization according to GSH
option Protein binding alerts for skin sensitization by OASIS

Skin sensitization Category 1B, (thio) phosphates.
Targets SN2 nucleophilic substitution at sp® carbon atom, (thio)phosphates
SnVinyl, SnVinyl at a vinylic (sp?) carbon atom, vinyl type compounds with electron-withdrawing groups

Predicted value Confidence range p-value
Positive 80.0% 0.188

Oral and inhalation toxicity estimation based on organic functional groups, toxic hazard classification by
Cramer (extended) profilers, and dichlorvos (DDVP) toxicity and mechanism of action estimated by the
eMolTox quantitative structure-activity relationship (QSAR) model

We assessed oral and inhalation toxicity based on organic functional group and toxic hazard classification by Cramer
profiler (extension). This compiled target chemical into different levels of toxicological concern by original Cramer’s rule
which includes, possibly harmful OP or organophosphothionate and toxic classes (Low [Class I], intermediate [Class II],
high [Class III]) in Table 2. eMolTox estimated potential toxicity and mechanism of action on different animal models based
on structural alerts associated with the specific toxic endpoint.

Mutagenic potential of dichlorvos (DDVP) based on DNA alerts for carcinogenicity and mutagenicity by

OASIS Profiler

The target molecule was defined based on DNA alerts for carcinogenicity and mutagenicity by OASIS profiler for genetic
toxicity and carcinogenicity. The profiler incorporates in vivo and in vitro gene mutation, DNA damage and repair, DNA
and protein loss in the liver, chromosome aberration, and transgenic rodent mutation. The scope of this profile is to examine
the occurrence of structural alerts within the target chemical compound liable for interaction with DNA related to a genetic
mutation. The profiler consists of 85 structural alerts disjointed into eight mechanistic domains, and each domain alienated
into mechanistic alerts [45, 46].

Discussion

In assessing the safety of a chemical compound, skin reaction on contact is very important, because of the health
hazards. Absorption of toxic chemicals into the blood circulation can trigger allergic reaction or bodily damage which can
be transient of permanent. Regarding this perspective, we assessed skin sensitization of DDVP and its potential to induce
an allergic reaction after exposure. Report from the Nigerian and international news media, [47, 48] highlighted the
scenario of a serving youth corp who died from the toxic effect of the DDVP after using it to treat human head louse
(Pediculus humanus capitis) infestation. Safety of a chemical compound significantly depends on the proportion of the skin
absorption and gradation of percutaneous or dermal absorption. This reflects the plausibility of systematic lethal effects,
like an immune-mediated allergic response. Therefore, DDVP has shown a maximum dermal absorption in an in vitro
human skin model [49, 50]. Based on the mechanistic analysis of skin sensitization potential, table 1 shows the results as
categorized by skin sensitization profiler. The structural alerts were primarily based on bioanalysis (LLNA assay) of
chlorpyrifos described by Aptula et al., [51], Pyne, and Walsh [52] according to the QSAR Toolbox. The positive prediction

Figure 2 Structure of the Sn2 reaction mechanism where alkyl groups bonded to leaving groups such as -OPO
(OCHa): in the presence of glutathione (GSH) protein and deplete it by nucleophilic substitution at a sp* carbon
atom to initiate sensitization.
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Table 2 Acute oral and inhalation toxicity profiled by organic functional groups.

Grouping option Organic functional groups
High toxic (Class III
Target igh toxic (Class Il Phosphate ester and Alkenyl halide
Predicted value Confidence range
26.2 mg/kg/bw 95.0%
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human Health Hazards; Acute Toxicity; LDso; Oral; Rat; 24 h
14.4 mmol/L/atm 95.0%

Predicted endpoint (OECD Principle 1 - Defined endpoint): Human Health Hazards; Acute Toxicity; LCso; Inhalation; Mouse; 15 min

of DDVP indicates sensitization potential based on GSH categorization (category 1, a substance classified as sensitizer) and
sub-categorization (sub-category B with low-to-moderate potency in an animal, supposed to have sensitization potential in
human) with LLNA EC3 value > 2% [53, 54]. The other profiler, protein binding alerts for skin sensitization by OASIS
categorized DDVP as a strong sensitizer centred on nucleophilic substitution reaction with protein at vinyl (sp?) carbon
atom, as shown in Figure 3. However, this profiler was limited due to lack of analogues from the OECD data library.
However, the result was based on the prediction of the mechanistic alert of the target molecule. From the results of Table 1,
we observed DDVP as a potential moderate sensitizer that can induce skin inflammation on prolonged exposure, at higher
dosages and concentration.

We defined adverse effects of DDVP based on the estimation of severity posed on endpoint upon exposure to the
body. The predicted parameters comprise acute oral toxicity, inhalation toxicity, and previously mentioned, skin
sensitization. Oral and inhalation toxicity in Table 2 were profiled by organic functional groups categorized as a phosphate
ester/alkenyl halide and toxic hazard classification by Cramer extension. They are class III molecule that described as
potentially toxic and carcinogenic inducer through cytochrome P450 and GSH transferase [55, 56]. From systematic profiling
of target molecule and analogues, 26.2 mg/kg/body weight of DDVP was estimated as 50% lethal dose (LDso) in a rat model
at 95% confidence range for acute oral toxicity. This result was compared to an in vivo study of 50% acute oral lethal dosage
on a fed experimental animal with DDVP which are 25 to 80 mg/kg in rats, 100 to 1090 mg/kg in dogs, 15 mg/kg in chickens,
11 to 12.5 mg/kg in rabbits, and 61 to 175 mg/kg in mice [57-59]. Another typical route of exposure to DDVP that pose a
threat to human health is inhalation as vapour or gases (irritating gases like phosphorous and chlorine dioxide) due to the
volatile nature. 14.4 mmol/L ATM was estimated as LCso for acute inhalation toxicity in a mouse model within a 15-minute
time frame. These indicate high toxicity through inhalation on continuous or repetitive exposure of low quantities and can
cause toxic respiratory effects. The toxicological effects were also observed in different parts of the physiological organs of
experimented animals in Table 3, based on similar positive molecules. The example of injuries caused by DDVP incorporates
an agonist of the antioxidant response element (ARE) signalling pathway in the liver; blocker of OATP1B1 transporter in
the liver, an antagonist of the peroxisome proliferator-activated receptor-gamma (PPARg) signalling pathway in kidney,
heart, and immune system; and modulator of AChE in central nerve system (CNS). On neurotoxic effects, DDVP causes an
elevated level of ACh that activates the nicotinic and muscarinic symptoms of the CNS and peripheral nerve system (PNS).
For example, nausea, vomiting, lacrimation, salivation, bradycardia, and respiratory failure may cause death [60]. According
to Illés and Laszld, subchronic administration of DDVP (0.8 mg/kg daily for six weeks) significantly altered the function of
CNS in CFY male rats [61].

The mutagenicity was profiled by grouping and subcategorization of structural alerts that centred on target
mechanistic reaction (Sx2, alkylation, alkyl-phosphates, alkyl-thiophosphates and alkyl-phosphonates) in Table 4 and Table
5. Through arbitrary profiling by data filling, the target chemical was read across analogues with similar structural alerts to
evaluate the qualitative endpoint of the compound. Report generated for the in vitro profiling predicts Salmonella
typhimurium strain TA100 and T98 to be negative based on the value of reading analogues with S9 rat liver metabolizing

Protein

Figure 3 Structure of SxVinyl nucleophilic substitution reaction of vinylic (sp?) carbon atom. This mechanistic
reaction is responsible for the ability of this class of chemical to react with proteins.
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Table 3 Dichlorvos (DDVP) toxicity and mechanism of action estimated by eMolTox model.

Mode of action Injury Confidence = SMILES? of similar positive molecules
Acute oral toxicity (LDso < 50 mg/kg) Rat 0.95 COP(=0)(0OC)OC=C(C])Cl1
Agonist of the antioxidant response element (ARE) .
. . Liver 0.93 COP(=0)(OC)OC=C(C])Cl
signaling pathway
Acute oral toxicity (LDso< 300 mg/kg) Rat 0.95 COP(=0)(0OC)OC=C(C])Cl1
Block OATP1B1 transporter Liver 1 COP(=0)(OC)OC(Br)C(CI)(CI)Br
An antagonist of the peroxisome proliferator-activated ~ Kidney, Heart,
) . . 091 COP(=0)(OC)OC=C(C])Cl
receptor-gamma (PPARg) signaling pathway immune
Central nervous
Modulator of acetylcholinesterase (AChE) " 0.98 COP(=0)(OC)OC=C(C])Cl
system
Acute oral toxicity (LDso < 50 mg/kg) Mouse 0.982 CCOP(=0)(0OC)OC=C(CI)Cl
Acute oral toxicity (LDso < 300 mg/kg) Rabbit 1 COP(=0)(0OC)OC=C(C])C1
Acute oral toxicity (LDso < 300 mg/kg) Mouse 0.994 COP(=0)(0C)OC=C(C])C1

a SMILES = simplified molecular input line entry system

simulator, though, the observed value of T100 was positive which is similar to the finding of Braun et al., [62]. Another
predicted negative result was the assay on Chinese hamster ovary cell line with a p-value of 0.227. The positive value was
predicted in a mouse cell line, lymphoma L5178Y cells and Chines hamster lung cell, but statistically insignificant. Table 5
shows the profile of DDVP mutagenicity in different models of the mouse, the CD1, ICR, NMRI and swiss mouse. All the
in vivo predictions were negative, as it was confirmed with the review of Boot et al., [39]. There have been no significant
findings that DDVP is genotoxic in an in vivo model that is relevant to human exposure based on the evaluation of the results
from this study and previous findings. More also, an expert review by the European Food Safety Authority (EFSA) described
DDVP as an in vitro mutagen with limited potential to induce mutagenicity in an in vivo contact due to rapid metabolic
degradation in an animal model [63].

Some OP fragments are recognised to assign strong electrophilicity to the conforming compounds (mainly,
phosphonic and phosphoric acid derivatives). Phosphorylation and alkylation are two chemo-toxicological mechanisms
recommended for the biological macromolecules. Findings show the proposed rates of alkylation by hard nucleophiles were
probably combined with rates of phosphorylation and alkylation. These represent the basis of the AChI activities and
neurotoxicity. The mutagenic potential of OP pesticides is characterized by the presence of the methoxyphosphinyl group

Table 4 in vitro profiling results of dichlorvos (DDVP) based on a specific endpoint conforming structural alert,
mechanistic alerts and domain.

. . Mutagenic potential of DDVP based on DNA alerts for carcinogenicity and mutagenicity by OASIS
Grouping option

Profiler
Target Sn2 Alkylation, Alkyl-phosphates, Alkyl-thiophosphates and Alkyl-phosphonates
Predicted value Confidence range p-value
Negative 88.9% 0.000965

Predicted endpoint (OECD Principle 1 - Defined endpoint): Human health hazards; Genetic toxicity; Bacterial reverse mutation assay;

Gene mutation; Salmonella typhimurium; With S9; TA 100

Negative 100% 0.00137
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human health hazards; Genetic toxicity; Bacterial reverse mutation assay;

Gene mutation; Salmonella typhimurium; With S9; TA 98

Positive 66.7% 0.1
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human health hazards; Genetic toxicity; Mammalian cell gene mutation

assay; Gene mutation; House mouse; Without S9; Lymphoma L5178Y Cells

Negative 71.4% 0.227
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human health hazards; Genetic toxicity; Mammalian chromosome

aberration test; Chromosome aberration; Hamster; With S9; Chinese Hamster Overy

Positive 60.0% 0.5
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human health hazards; Genetic toxicity; Mammalian chromosome

aberration test; Chromosome aberration; Chinese hamster; Without S9; Chinese hamster lung
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Table 5 in vivo profiling results of dichlorvos (DDVP) based on a specific endpoint conforming structural alert,
mechanistic alerts, and domain

Grouping option Mutagenic potential of DDVP based on DNA alerts for CA and MNT by OASIS Profiler
Target Sn2 Alkylation, Alkyl-phosphates, Alkyl-thiophosphates and Alkyl-phosphonates
Predicted value Confidence range p-value

Negative 100% 0.00781

Predicted endpoint (OECD Principle 1 - Defined endpoint): Human Health Hazards; Genetic Toxicity; in Vivo; Dominant Lethal Assay;
Chromosome aberration; House mouse CD1/ ICR/ NMRI.
Negative 60.9% 0.202
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human Health Hazards; Genetic Toxicity; in Vivo Mammalian

Chromosome Aberration Test; Chromosome aberration; House mouse ICR/ Swiss.
Negative 100% 3.05E-05
Predicted endpoint (OECD Principle 1 - Defined endpoint): Human Health Hazards; Genetic Toxicity; in Vivo Micronucleus Assay;

Chromosome aberration; House mouse CD-1/ NMRI/ Swiss.

in the chemical structure, which causes DNA alkylation at N7 guanine that is mutagenic as described in the Ames test of S.
typhimurium [64]. The aromatic nitro group actively contributes to the alkylation effect of OP containing this functional
group, which is absent in DDVP OP and replaced by dichlorovenyl group, as shown in Figure 4.

DDVP is considered being relatively weak methylating agent that metabolically mutagenic due to the presence of
OP ester (thiophosphate group) that specifically induced strand break in an isolated DNA. Additionally, DDVP and
trichlorfon, which poses similar structures, were found to be mutagenic in Salmonella strain TA1535 in an in vitro model [39,
65, 66].

Methylation of N7 guanine fragment of DNA in an in vitro model by OPs and thiophosphates like
methylbromphenvinphos, and methylparathion were based on 7-methylguanine as the main methylation adduct [67].
Overall, results from studies have confirmed that OP pesticides or insecticides such as DDVP and Naled (dimethyl 1,2-
dibromo-2,2-dichloroethyl phosphate) are having at least two methyl ester groups in their molecular structure induced
Ames mutagenic activity [68]. Therefore, the possibility of DDVP producing alkylation mechanism is more probable but not
established.

Figure 4 Structure of dichlorvos (DDVP) showing the blue box indented dichlorovinyl side chain capable of
reacting covalently with proteins, but not DNA via an SxVinyl reaction of sp? carbon atom as described in Figure
3. The second structure shows the aromatic nitro group (methoxyphosphinyl) responsible for the strong
alkylation of the organophosphate (OP) containing group.

Trimethyl Phosphate

Guanine

dR
(dR- deoxyribose phosphate fragment) (Depurination)

g
)

J

2

J

Figure 5 Methylation of DNA nucleotide (guanine) by a trimethyl phosphate group of dichlorvos (DDVP)
followed by depurination of deoxyribose phosphate fragments of at N7 guanine to produce 7-methylguanine
and induce strand breaks in DNA fragment.
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Conclusions

DDVP is a conceivably cytotoxic substance that can induce skin irritation after prolonged exposure because of the
presence of dichlorovenyl side chain that effectively associates with cell proteins and elicits cell degradation. Acute oral and
inhalation toxicity from this findings and previous examination show that OPPs have cytotoxic potential whenever they are
gulped, and they can be exceptionally harmful on extended exposure which may bring about hypersensitivity of the airways
and respiratory irritation. DDVP produces a genotoxic structural alert, a thiophosphate functional group (trimethyl
phosphate) that is responsible for the in vitro mutagenesis. The widely used pesticide induced a weak DNA methylation
that can repress gene transcription on promoter site, yet, this might not be effective in human exposure because of the rapid
metabolism in an in vivo assays. It can be potentially mutagenic if higher quantity is inhaled, applied topically, and ingested
through food as it has been used to preserve farm products. We suggest a routine cholinesterase blood serum test should be
introduced in federal and state hospitals to investigate related health challenges as DDVP is still used in Nigeria.
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