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DEVELOPMENT AND VALIDATION OF A METHOD FOR QUANTIFICATION OF
CHOLINESTERASE INHIBITORS IN SERUM IN CASES OF ACUTE POISONING

Lauren Bauermann', Claudia Regina dos Santos?

'College of Farmacy, Santa Catarina Federal University, Florianopolis, Santa Catarina, Brazil, ?Patology
Departament, Santa Catarina Federal University, Florianopolis, Santa Catarina, Brazil

This article presents the validation of a method by Gas Chromatography system coupled to a
Mass Spectrometer (GC-MS) for the determination and quantification of Aldicarb, Propamocarb,
Fenitrothion and Chlorpyrifos in serum samples, to aid diagnosis of patients with acute
intoxication by pesticides. Sample is prepared by Solid Phase Extraction and method validation
followed Brazilian Health Regulatory Agency parameters. The main results of the method were
linearity between 2-30 ug/mL for Propamocarb, Fenitrothion and Clorpyrifos and 5-30 ug/mL for
Aldicarb, with a Limit of Quantitation of 2 ug/mL and 5 ug/mL respectively, and Limit of Detection
of 0.89 ug/mL for Aldicarb, 0.26 ug/mL for Propamocarb, 0.14 ug/mL for Fenitrothion and 0.38
ug/mL for Chlorpyrifos. Precision and accuracy presented most results according to legislation
and matrix effect were not observed. The identification and determination of the concentration of
pesticides helps in elucidation of cases with suspected intoxication, in the diagnosis and
treatment of patients in an emergency state of acute intoxication, and it also generates a greater
amount of data and information, contributing to a greater spectrum of awareness and prevention
policies for the population.

Keywords: Pesticides. Intoxication. GC-MS. Serum. Validation.

INTRODUCTION

Pesticides are products used in agriculture and livestock to control insects, pests and
fungi, and they are products with a high level of toxicity, they can endanger the health of workers
and the general population (Cancer National Institute, 2022). Exposure to pesticides can cause
chronic or acute poisoning, which may be through direct contact (inhaled, oral or topical) or
indirect (consumption of contaminated food or water) and may occur due to intentional or
accidental contact in toxic and even lethal doses (Ministry of Health, 2006).

There are several pesticides available in Brazil, many of which are banned in Europe
and the United States and allowed in Brazil (DE MORAES, 2019). In addition, Brazil is the
world's largest consumer of pesticides (SOUSA et al, 2022) and the list of active ingredients
present in pesticides authorized in the country includes some known toxicity to human health
and the environment (FRIEDRICH et al, 2021). Furthermore, on Brazil in the year of 2017, 62
deaths and 3370 cases of pesticides exposure was registered, knowing that most of the
intoxication cases are by accident or attempted of suicide, being that national statistics shows
that children are a predominance for the accidental domestic intoxication, and adolescents for
the attempted of suicide (SINITOX, 2017).

Among the classifications of pesticides, there are the organophosphates (OPs) and the
carbamates (CMs), also called cholinesterase inhibitors, because that can bind, or inhibit,
cholinesterase, making it unable to breakdown acetylcholine (EXTOXNET, n.d.). This end up
causing an accumulation of acetylcholine, which acts on the Central and Peripheral Nervous
System, causing cholinergic hyperstimulation and leading to an acute cholinergic syndrome,
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with the appearance of muscarinic, nicotinic and Central Nervous System signs and symptoms
(RAMESH, 2023). Organophosphates can bind irreversibly to cholinesterase, and some
examples of it include malathion, chlorpyrifos, fenthion and parathion (O’Malley, 2022).
Carbamates bind cholinesterase in a reversible way, and among the main carbamates are
propamocarb, methomyl and aldicarb, the latter being most found together with other
compounds in “Chumbinho”, a rodenticide still used illegally (ANVISA, 2020).

According to Caldas, (2000) frequent cases of acute poisoning by carbamate and
organophosphate insecticides are found in the hospital emergency room, whether accidental or
due to a suicide attempt . These acute poisonings are the result of multiple or single contact
with one (or more) pesticide(s) within a 24-hour period, with the onset of symptoms immediately
or within two weeks, which may occur mildly, moderately or severely (Parana State Department
of Health, 2018).

In a descriptive study shown in an article on Hospital Admissions due to Poisoning, it is
reported that most intensive care unit (ICU) admissions were caused by pesticide poisoning,
around 9.4%, and of these, 10.4% were children (DOS REIS , 2013). In this same article, the
hospitalization period of patients accidentally or voluntarily exposed to cholinesterase inhibitors
is observed, which varies from 1 to 40 days, and the longer the patient remains hospitalized, the
greater the use of hospital resources, antidote and professionals of health.

Data from the 2021 Annual Report of the Center for Information and Toxicological
Assistance of Santa Catarina (CIATox-SC), point to the severity of cases of pesticide poisoning,
and show that on 2021, eight deaths happened because of the exposition to pesticides, and
also point to the lethality of pesticides, that was observed in 16,8 in each 1000 cases of medical
care of patients exposed to pesticides (ClATox, 2021).

There is a difficulty on differentiating the class of the etiological agent, since
organophosphate intoxication is usually suspected when the patient presents a clinical condition
of involvement of the Central Neural System, when the patient works or resides in rural area or
when even receiving atropine, the patient does not present improvement of muscarinic
conditions. However, clinically there may be no differences between carbamates and
organophosphate intoxications, as in the case of Aldicarb which can cause severe symptoms
(CALDAS, 2000).

With a laboratory method that allows differentiating the class of the etiological agent, the
evaluation of the patient's condition would not have to be only clinical. Based on the data
presented, the severity of the symptoms also exemplified, and the scarcity of methods for this
context, it is understood the importance and the need to be able to identify and/or quantify the
pesticide in the biological samples, in order to direct the clinical conduct in cases of suspected
acute intoxication. Therefore, the objective of this work was to develop and validate an
analytical method using Gas Chromatography system coupled to Mass Spectrometry, aiming to
identify and quantify cholinesterase inhibitors in the serum of intoxicated patients.

MATERIALS AND METHOD

Materials

The matrix used was serum, and for the development and validation of the method, a
pool of serum was created from samples that would be discarded. From this pool of sera, the



points of the calibration curve and other concentrations of the validation of the method were
made, adding the pesticide standards equivalent to the desired concentration.

The reagents used were methanol, acetonitrile and ethyl acetate (Synth®). Methanol
was used to clean the chromatographic system, acetonitrile for the protein precipitation step, for
sample preparation, and ethyl acetate for resuspension, after sample concentration. Initially, the
pesticide standards were the following traceable standards (Sigma-Aldrich®): Methomyl,
Aldicarb, Propamocarb, Forate, Terbufos, Fenitrothion, Methyl Parathion, Malathion and
Chlorpyrifos, standards available for use and the most found in intoxications. As the results
were obtained, the number of pesticides was reduced, leaving Aldicarb, Propamocarb,
Fenitrothion and Chlorpyrifos, which presented better results.

The equipment used is the Gas Chromatograph system coupled to the Mass
Spectrometer (GC-MS) (Shimadzu®), equipped with a capillary column with
diphenyl/dimethyl-polysiloxane phase, 5:95, measuring 30 x 0.25mm x 0.25um. with helium gas
mobile phase.

Method

First, the test spots were prepared, and the serum sample was purified and
concentrated. The serum needs to be centrifuged, for the protein precipitation, removing coarse
impurities present in the sample, and were tested on this stage the best solvent and proportion
of volume to be used on the final methodology. Subsequently, for sample purification, Solid
Phase Extraction (SPE) was performed, which was evaluated and developed according to some
variables such as: volume, type of extractor column, solvents and pH, so that the best results
could be achieved. The columns/cartridges used in the SPE were 3mL Strata-X. All these
results can be seen on Results and Discussion. Then, the extracts were concentrated in a
sample concentrator equipment until dryness, being resuspended in ethyl acetate after the end
of this step and filtered with 13MM syringe filters, being, finally, able to be injected in the Gas
Chromatograph system. The final methodology of these steps is described in the flowchart in
Figure 1.

For the development of the chromatographic method, the Real Time Analysis software
was used, where variables such as temperature and time were selected, and the selection of
ions monitored in the GC-MS was performed for the chromatographic analytical run step.

The monitored ions are arranged in letter A), the oven temperature ramp can be
observed in letter B) and the flowchart of the method can be seen in letter C).

Figure 1 - Monitored ions (A), oven temperature ramp (B) and methodology for sample
preparation (C) used for Aldicarb, Propamocarb, Fenitrothion and Chlorpyrifos analysis.
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Once the sample preparation methodology were defined, calibration curves were
developed containing the chosen pesticides and the results were analyzed, seeking the lowest
possible lower limit of detection values, as well as the best selectivity and specificity. Analyzes
corresponding to the acceptance criteria for validation of the method according to RDC N° 166
of July 24, 2017 and N° 27 of May 17, 2012 from the Brazilian Health Regulatory Agency,
ANVISA's, which consist of: Selectivity, Residual Effect, Matrix Effect, Linearity, Intraday
Precision, Interday Precision Accuracy, Sensitivity and Stability, in addition to Lower Limit of
Detection and Quantitation. Each parameter has acceptance criteria that must be met.
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RESULTS AND DISCUSSION

The sample preparation methodology was analyzed by the comparison of areas and
data of the chromatography method were analyzed according to validation parameters
consisting of: Linearity, Selectivity, Residual Effect, Sensitivity, Stability, Precision, Accuracy and
Matrix Effect.

Development of the methodology for sample preparation

The tests of sample preparation methodology were divided in two phases, the proteins
precipitation and the Solid Phase Extration (SPE). For protein precipitation were tested the
solvent and the proportion of sample/solvent volume. For the SPE, were tested the following
variables: type of sortive phase, solvent, volume of solvent elution and washing step. All testes
were made with nine pesticides (Metomil, Aldicarb, Propamocarb, Phorate, Terbufos, Methyl
parathion, Fenitrothion, Malathion and Chlorpyrifos) using a triplicate of 3 concentrations
(LLOQ, CQM and ULOQ).

Solvent (protein precipitation)

The following solvents were evaluated: acetonitrile, ethyl acetate and methanol, with a
triplicate of each one. Using acetonitrile, the largest areas of the analytes tested were obtained,
which is, therefore, the chosen solvent for protein precipitation.

Sample/solvent volume proportion (protein precipitation)

After choosing the solvent, the proportions of volume 1:2 and 1:1 of sample/solvent were
tested. The areas obtained were larger for the 1:1 sample/solvent volume proportion, producing
a better result and being chosen for the final methodology.

Type of sortive phase (SPE)
The extractor columns tested were C18 and Strata-X sortive phases. The results were
favorable for the Strata-X column.

Solvent (SPE)
After choosing the sortive phase, were tested the best solvent between methanol and
ethyl acetate. Best results were found using methanol.

Volume of solvent elution (SPE)
Then, on the elution part, the results of extractions using 3 different volumes of solvent
were analyzed: 1mL, 2mL and 3mL. The largest areas were obtained using 2mL of solvent.

Washing step (SPE)

Samples were tested with and without the washing step, and there was no considerable
change in the results, leading to exclusion of the washing step.
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Validation of chromatographic method

Linearity

Five to six points of each analyte were prepared in the following concentrations: 5, 10,
15, 20, 25 and 30 ug/mL for Aldicarb, 2, 6, 10, 15, 20 and 30 ug/mL for Propamocarb,
Fenitrothion and Chlorpyrifos, these points being respectively LLOQ (Lower Limit of
Quantitation), LQC (Lower Quality Control), CQM 1 and 2 (Middle Quality Control), CQA (Higher
Quality Control) and ULOQ (Upper Limit of Quantitation). Therefore, the LQ (limit of quantitation)
was 5 ug/mL for Aldicarb and 2 ug/mL for Propamocarb, Fenitrothion and Chlorpyrifos, and LD
(limit of detection) was 0.89 ug/mL for Aldicarb, 0.26 ug/mL for Propamocarb, 0.14 ug/mL for
Fenitrothion and 0.38 ug/mL for Chlorpyrifos, calculated based on RDC 166, 2017.

For all the four pesticides, the correlation coefficient (r) was above 0.99, where it can be
seen in graphs on letter C of figure 2, along with Linearities, and the peaks integration of the
medium point of calibration curve on letter A and the six points of the linearity on letter B.

All linearity results were considered within the parameters established by RDC N° 166,
2017.

Precision and Accuracy

Precision and accuracy were determined on the same day (intraday) and in three
different runs on different days (interday). Precision is measured by coefficient of variation and
accuracy by the error between the measured value and the actual value.

In Table | is presented the results of the precision of each analyte and each day, and
each day has from three to five replicates and at least 5 points. Some precision and accuracy
results, in some concentrations, slightly exceed the established limits, being a parameter that
can be reviewed and repeated in the future. However, in the case of Fenitrothion, regarding the
accuracy parameter and the lower limit of quantification concentration, the results extrapolated
the limit proposed in the legislation, and for this analyte it's recommended repeat the accuracy
test or maybe increase the LLOQ on the future.
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Figure 2 — Chromatograms
Fenitrothion and Chlorpyrifos.
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Table | — Results of precision, accuracy, selectivity, residual effect a matrix effect for
Aldicarb, Propamocarb, Fenitrothion and Chlorpyrifos

Pesticides  Concentra Interim Intraday Interim Intraday  Selectivity Residual Matrix
(ug?rgL) Pre(%zs)ion Pre(gks)ion Acc(:‘t)z r)acy Acc(:%acy % E(fg/tz)ct Ef(i;;a)ct
Aldicarb 5 17,5 15,2 13,13 13,65 zero zero 0,98435
10 10,3 7,2 9,51 3,75 3
15 18,5 11,6 11,81 - zero zero
20 20,2 15,8 14,56 8,69 zero
25 19,7 10,1 15,57 7,91 zero zero
30 29 20,1 12,6 11,02 zero
Propamocarb 2 32,3 9,1 31,29 37,75 0,66 2,189 0,40358
6 12,5 10,9 12,45 6,68 1,86
10 13,9 5 12,6 11,6 1,14 2,250
15 11,1 9,1 21,85 7,57 1,89
20 10,3 13,2 20,42 8,87 0,65 1,844
30 14,2 6,3 23,95 4,98 1,2
Fenitrothion 2 31,2 27,1 116,08 37,28 3,34 8,652 0,9748
6 16,5 9 6,14 7,17 5,13
10 8,5 53 16,42 7,29 6,22 8,164
15 17,1 - 10,02 - zero
20 17,3 4,4 12,35 3,54 zero 8,930
30 8,5 8 7,41 6,03 zero
Clorpyrifos 2 19 9,4 25,19 25,34 10,01 9,143 0,61668
6 14,1 54 22,89 11,35 1,36
10 13,7 - 11,05 - 5,09 9,623
15 19,6 14,1 16,88 11,21 7,37
20 15,4 13,2 12,22 10,06 7,43 10,531
30 23,1 3,2 18,08 2,1 5,27

Source: The Author (2023)
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Selectivity and Residual Effect

Selectivity was analyzed with 10 samples of the biological matrix, in comparison with
LLOQ results, and selected 6 (six) results, as can be seen in Table I. In this method, a pool of
serum was performed using more than 20 different sources of serum samples, such as
hemolyzed, lipemic and normal samples. All results were less than 20% (twenty percent) of the
analyte response in the LLOQ samples, as expected, being able to conclude that there are no
interfering peaks close to the analyte retention time.

As for the Residual Effect, which can also be seen in Table 1, a blank sample injection
was performed before and two after each ULOQ, and the results were all less than 20%
comparing them with the LLOQ, may concluding that there are no residue of the higher
concentrations on the others concentrations, especially on the LLOQ.

Matrix Effect and Stability

The matrix effect was evaluated by applying the Student's T Test in order to verify the
significant difference between the values and identify if there is interference in the results when
performing an analysis in the matrix (serum) in relation to water. The results can be seen in
Table 1, and, as they are all above 0.05, there is no statistically significant difference, and no
matrix effect was observed for any of the analytes. Therefore, it's able to conclude that there is
no interference of the matrix (serum) on the results and on the method.

As for stability, the following conditions were evaluated: short term (24, 48, 72h and 7
days), long term (15, 30, 45, 60 and 90 days), post processing (24, 48 and 72h), cycles of
thawing (3 cycles), all of these being kept in the freezer, and in the times 24h and 48h, points
stored in the refrigerator and in the freezer were evaluated.

The results can be analyzed in Figure 2, where the behavior of the pesticides analyzed
in terms of area X time can be seen in graph A, and in graphs B to F shows Propamocarb
behavior, was chosen between the four pesticides just for example of each of the parameters of
stability analyzed. In graphs B and C, the stability of Propamocarb for short and long duration is
observed, remaining stable at 15 days, with a drop in area values over time after 30 days.
Therefore, it is concluded that Propamocarb in whey is stable for up to 15 days in the
refrigerator. The same analysis was performed for the other pesticides, as can be seen in graph
A of Figure 2, reaching the conclusion that Aldicarb, Fenitrothion and Chlorpyrifos are stable for
7, 15 and 15 days, respectively.

Graph D shows the comparison between samples stored in the refrigerator and samples
stored in the freezer. Both in the 24h and 48h time, there was an increase in the area of the
samples stored in the freezer, with an average difference between the points of 15.75% in the
24h time and 20.74% in the 48h time. This occurred in all the pesticides analyzed. With this, it
can be concluded that the way the samples are packaged influences their stability, with greater
preservation and stability of frozen samples than those kept only under refrigeration.

Finally, in graphs E and F, the behavior of the samples after cycles of thawing and after
post-processing is observed, noting an increase in the areas, which can be caused by
evaporation of solvent and concentration of the samples, when they are at environment
temperature. As a conclusion, it isn't recommended thawing the samples more than once and
post-processing them, because it can cause a not trustable result.
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Figure 2 — Stability Results for Aldicarb, Propamocarb, Fenitrothion and Chlorpyrifos
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Based on the results presented and discussed, the method meets most of the validation
parameters and has the potential to be used in the routine for diagnosing intoxications caused
by cholinesterase inhibitor pesticides. In the future, it is intended to apply this method to
biological samples of patients suspected of being poisoned by pesticides, and to implement the
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method in the routine of the Clinical Analysis sector of the University Hospital of the Santa
Catarina Federal University (UFSC), thus helping in the greater efficiency in the diagnosis and
treatment of patients. In addition, it can generate data and information that can contribute to a
greater spectrum of awareness and prevention policies for the population.
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