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Abstract— Caenorhabditis elegans increasingly is
attractive as a toxicity test organism, particularly as a
model system to study mechanisms of toxicity at a
molecular level and the way that these lead to whole
organism and population level effects. In this study, lethal
concentration (LCso) values of methiocarb on nematodes
(Caenorhabditis elegans) were investigated. In practice,
experimental setup was constituted 30 worms (a total of
300 worms with 30 control worms) to be placed in three
replicates. methiocarb was added into NGM at the
concentration range from 1-20 mg/l (1, 2.5, 5, 7.5, 10, 12.5,
15, 17.5 and 20 mg/l) and determined mortality of worms
exposed to calculated Percentage death of worms in these
concentrations, mortality was observed at all treatments.
The results indicate that due to methiocarb, can be
lethargy, lack of breath in media at all of the
concentrations, the reason of death. The results of
regression analysis indicated that the mortality rate (Y) is
positively correlated the concentration (X) having a
regression coefficient (R), after 24 hours LCso value (with
95% confidence limits) was estimated at 4.805 mg/l.

Keywords— Caenorhabditis elegans; pesticides toxicity;
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INTRODUCTION

The free-living nematode Caenorhabditis elegans
increasingly is attractive as an organism for toxicological
studies. It has a short life span (2-3 weeks), is easy to
maintain in the laboratory[1], and can survive a wide range
of pH. Its full genome sequence is available and, as a result,
information rapidly is accumulating on its physiology and
development, including a range of tools for examining gene
expression. A number of sublethal endpoints for toxicity
testing with C. elegans have been proposed, including
population effects, development, morphology, behavior, and
feeding. These endpoints are more sensitive to pesticides
after 24-h acute toxicity)[2], but substantially more time
consuming to measure. Thus, it will be difficult to use them
in screening a large number of chemicals, multiple strains, or
other assay conditions for chronic effects[3].

Methiocarb is a carbamate pesticide (an acetylcholinesterase
inhibitor) which is used as an insecticide, bird repellent,
acaricide and molluscicide since the 1960s[4]. Methiocarb
has contact and stomach action on mites and
neurotoxic effects on molluscs have been shown. Seeds
treated with methiocarb also affect birds[5]. Other names for
methiocarb are mesurol and mercaptodimethur. Due to its
toxicity, methiocarb approval as a plant protection product
has been withdrawn by the EU effective 2020[6]. Methiocarb

can be taken up through different routes. The most common
for humans is up take through the skin or as an aerosol,
because of its use as a pesticide in agriculture. Because
methiocarb is widely used as an insecticide on crops,
environmental risks were also studied to establish safety risks
for human health[7]. Individuals are most likely to be
exposed to methiocarb dermally or by inhalation during the
manufacture, formulation, and application of this insecticide.
Acute (short-term) exposure of humans to methiocarb by
ingestion leads to cholinesterase inhibition of red blood cells,
with mild cholinergic symptoms including blurred vision,
nausea, vomiting, sweating, and tachycardia; however, the
effects are transient. Chronic (long-term) inhalation
exposure has resulted in depressed cholinesterase levels,
headaches, vomiting, and nausea in humans[8]. Chronic
ingestion studies in animals have reported depressed
cholinesterase levels, depressed body weight, effects to the
liver and bladder, and a slight increase in neuropathy[9].

Although toxicity could be measured in several ways by
observing alterations in the biochemistry, physiology,
reproduction or behaviour of organisms, the most common
end point chosen for toxicity studies up till now is still
death[2]. Lethal concentration (LCso), lethal dose (LDsg),
effective concentration (ECso) and effective dose (EDso) are
some of the terms frequently encountered in toxicity
testing[10]. LCso for liquid and LDso for solid are defined as
concentration or dose of a toxicant that kills 50% of test
organisms within a particular period of exposure[11].
However, if the end point is not mortality, ECso or EDs is
determined, i.e., the concentration or dose that can cause
effects in 50% of test organisms[12].

In order to determine the relative toxicity of chemicals to
living organisms, Probit analysis, a specialized regression
model of binomial response variables comes in handy and is
widely used[3]. Determination of lethal concentration (LCso)
of toxicants leading to 50% mortality of test samples in a
toxicity test is very important and could be achieved by
running Probit analysis[13]. The response is binomial (death
or no death) and relationship between response and various
doses or concentrations is typically sigmoid. The Probit value
can either be manually calculated by hand, or automatically
calculated by computer software using a higher accuracy
estimation method, namely the maximum likelihood
principle. When a published toxicity study failed to report the
95% confidence interval values,[14] the results can be
recalculated via software[3].

In this study, we have demonstrated toxicity endpoints death
percentages of methiocarb at different concentrations in
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cultured Caenorhabditis elegans after 24 hours for median
lethal concentration (LCsg) by MS excel 2019 software.

Il. MATTERIAL AND METHODS
A. Experimental animal and It’s Culture

The bacteria stock (Escherichia coli, strain OP50) and the
wild-type (N2) C. elegans used in this experiment were
obtained from The Caenorhabditis Genetic centre, University
of Minnesota, (Minneapolis, MN, USA). Caenorhabditis
elegans was propagated on Nematode growth media (3 gL—1
NaCl, 2.5 gL-1 peptone, 17 gL—1 agar, 5 mglL—1
Cholesterol, 1 mmolL—1 CaCl2, mmolL—-1 MgSO4, 25
mmolL—1 potassium phosphate, pH 6.0) NGM agar plates,
with bacteria (OP50) as food[1]. Standard methods were used
to harvest eggs and generate age-synchronized adult
worms[15]. After which a total 300 worm were transferred to
60 mm cultured petri plates accordingly experiment.

HPLC grade pesticide methiocarb was procured from Sigma-
Aldrich (St. Louis, MO) used in this presence study.

B. Dose Prepration and Experimental design

The solution of test compound was prepared in the solvent as
per its solubility. The starting dose was decided following the
sighting study. A total of 300 Age-synchronized worm were
used in the experiment. The worms were divided into 10
groups of 30 specimens (10 worms of each group, in 3
replicates) each as follows: Group 1 (Non-pesticide normal
worms, control group) received normal commercial diet.
Group 2 (the lowest concentration): pesticide-added group at
the level of 1 mg/l, Group 3 (low concentration): pesticide-
added group at the dose of 2.5 mg/l, Group 4 (mid
concentration): pesticide-added group at the level of 5 mg/I.
Group 5 (high concentration): pesticide-added group at the
level of 7.5 mg/l. Group 6 (the high concentration): pesticide-
added group at the level of 10mg/l. Group 7 (the high
concentration): pesticide-added group at the level of 12.5mg/l.
Group 8 (the high concentration): pesticide-added group at the
level of 15 mg/l. Group 9 (the highest concentration):
pesticide-added group at the level of 17.5 mg/Il. Group 10 (the
high concentration): pesticide-added group at the level of 20
mg/I[16]. All of the experimental groups received the
treatments for a period of 24 hours. During the experiment, the
worms of each group were examined under a dissecting
microscope[17].

C. Statistical Analysis

All experiments were repeated three times and performed in
triplicate. Data were analyzed using Probit Analysis

Statistical Method[18]. The LCsp values (with 95%
confidence limits) were calculated. Differences among the
results were considered to be statistically significant when P
value was < 0.05. Also, the MS Excel 2019 was used to find
regression equation (Y=mortality; X=concentrations), the
LC5¢ was derived from the best-fit line obtained[19].

I1l. RESULT

The methiocarb concentration range from 1-20 mg/l (1, 2.5,
5,7.5,10, 12.5, 15, 17.5 and 20 mg/l) to determine mortalities
on C. elegans. Dead specimens were removed immediately
after death and their numbers registered and calculated
percentage mortalities (Fig. 1). All worms died after 24 h
exposure of methiocarb at the concentration of 20 mg/I, while
worms’ death depending on the concentration of methiocarb
showed an increase mortality with increased concentrations
(Table 1). These results indicate that the methiocarb had
lethargy and lack of breath in NGM media at all the
concentrations.
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Fig. 1. Mortalities of worms exposed to different doses of
methiocarb

Results indicate that the methiocarb had lethargy and lack of
breath in NGM media at all the concentrations. The results of
the Probit modelling exercise using MS excel 2019;
regression line analysis indicated that the mortality rate ()
is positively correlated the concentration (X) having a
regression coefficient (R), after 24 hours LC50 value (with
95% confidence limits) was estimated at 4.805 mg/l (95% Cl
was from 3.166 to 7.929 for methiocarb (Fig. 2).
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Fig. 2. LCso using Probit Analysis with linear regression equation. An LCso was determined for each pesticide from the

linear regression of the probit transformation.

Table 1. Percentage mortality of worms exposed to different methiocarb concentrations (ND: no data because of no
doses provided to control; 100 % mortality & no mortality observed)

Groups  Concentration log10 (con) No. of Exposure Mortality Mortality Probit
(mg/l) worms Time No. (%)

Groupl O ND 30 24 h 0 0 ND
Group2 1 0.1 30 24 h 6 20 4.16
Group3 25 0.4 30 24 h 9 30 4.48
Group4 5 0.7 30 24 h 12 40 4.75
Group5 7.5 0.88 30 24 h 15 50 5
Group6 10 1 30 24 h 18 60 5.25
Group7 125 11 30 24 h 21 70 5.52
Group8 15 1.18 30 24 h 24 80 5.84
Group9 17.5 1.24 30 24 h 27 90 6.28
Groupl0 20 1.3 30 24 h 30 100 ND

IV. DISSCUTION

The application of methiocarb caused toxic effects on C.

The nematode, Caenorhabditis elegans, is one such
system that has well-developed genetics, is amenable to
transgenesis and has relatively low associated experimental
costs with characterized neuronal network. Caenorhabditis
elegans increasingly is attractive as an organism for
toxicological studies [13].

elegans, mortality was found in all concentration, increased
with respect the pesticidal concentration. In the literature,
there are some studies investigating the toxic effects of other
pesticides, although not methiocarb. The similar effect of
methiocarb and other pesticides (oxyfluorfen, malathion,
dursban 4) were reported by many researcher in field of
toxicology[8], [20], [21].



Probit analysis was developed more than fifty years ago,
but till today, it remains as the preferred statistical method in
dose- response studies. In 1934, Chester Ittner Bliss (1934) a
biologist first introduced the idea of probit analysis[22]. While
conducting an experiment on the application of pesticides in
controlling insects, Bliss observed that the relationship of
response to dosage of insecticide was naturally sigmoidal [3].
Nonlinear regression was not an option back then as the
technology was still behind and regression was only
performed on linear data. Hence, Bliss proposed to transform
the sigmoidal dose-response curve into a straight line instead.
However, his quest to scientifically determine the effect of
various pesticides to the same insect species hit another
hurdle. Some statistical background was required in order to
materialise his probit idea and Bliss was no expert.
Fortunately, in 1952, a statistics professor at University of
Edinburgh by the name of David Finney adopted and
expanded Bliss’ idea. This in turn led to Finney publishing a
book entitled Probit Analysis[18]. Failure of numerous
published toxicity studies to report the LCsp values and the
95% confidence intervals using well- acknowledged
technique such as the Probit hampers the effort of performing
a correct analysis. The confidence interval value is useful and
significant as it can be utilised for comparison of another
chemical or treatment to the same test organism species[3],
[12], [20].

We studied lethal concentration (LCso) Vvalues of
methiocarb at different concentrations on C. elegans. Our
results confirmed that mortality was observed at all
treatments. Different of LCso determination studies on worms
may be due to the concentration differences in the methods
applied or different pesticides used.

V. CONCLUDING REMAKS AND FUTURE PROSPECTIVE

Based on this study, it is proven that Probit modelling
exercise via MS Excel software 2019 is very useful in
estimating LCso and the 95% confidence interval values of
previously published toxicity studies that did not manage to
report both parameters. A more accurate LCsq is achieved,
leading to a better estimation of sub- lethal concentration that
can be further utilised in future toxicity studies at biochemical
and molecular levels.
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