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Serum Organophosphorus compound levels as a surrogate marker for

severity assessment and management in Acute Organophosphorus

Poisoning — A novel approach
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ARTICLE INFO ABSTRACT

Organophosphorus (OP) compounds are the most extensively used pesticides’ class worldwide; cause most

Keywords:

OP poisoning self-poisoning deaths especially in India. Thus, it is utmost important for early identification and aggressive

Clinical research management of OP poisoning from the clinical perspective to prevent serious complications by using sophisti-

LC'MS/MS_ cated LC-MS/MS approach. This was a prospective study involving 103 patients of OP cases admitted to Kar-
PP prosp g P

Pseudocholinesterase

nataka Institute of Medical Sciences from June 2022 to May 2023, based on the inclusion and exclusion criteria
patients were subjected to study. On admission, venous blood was collected from patient with Malathion and
Profenofos OP poisoning history and subjected to serum biomarker and to LC-MS/MS analysis. Out of the 103
patients, 68 patients consumed Profenofos (66%) and 35 patients consumed Malathion (349). Pseudocholin-
esterase levels among the of OP cases revealed that the 33 patients had mild toxicity, 40 patients had moderate
toxicity and 30 patients had severe toxicity of OP poisoning. Subsequently LC-MS/MS analysis showed that the
results obtained are not in correlation with indirect serum marker pseudocholinesterase levels. On the other side,
LC-MS/MS results are in correlation with the clinical outcome of the patients with respect to morbidity and
mortality. Thus, LC-MS/MS approach to assess the OP levels in patients could be used as potential diagnostic and
prognostic marleer for the absolute quantification of OP compounds compared to indirect OP levels estimation.

1. Introduction

Pesticides are the class of chemical compounds used to control the
growth of insects, which are responsible for the depletion of crops
productivity. As per the WHO estimates, approximately 3 million
pesticide poisoning occur worldwide and causing more than 0.2 million
deaths and 1.9 million with other long term comorbidities {1-3]. Among
all the pesticides studied, Organophosphate Pesticides (OPs) are
considered as the largest group of pesticides used in agriculture, live-
stock, and other commercial purposes globally [4]. In spite of having
several advantages of OPs in increasing the agricultural yield to meet the
food demand of growing population, they are found to be potentially
hazardous to the humans and other living beings in the environment [4,
5]. OPs are irreversible inhibitor of neurotransmitter acetylcholine
esterase (AChE) and pseudocholinesterase (butyryl cholinesterase),
which are involved in the reduction of acetylcholine (ACh) concentra-
tion by hydrolyzing ACh into choline and acetic acid/butyric acid. These

enzymes, plays an essential role for proper functioning of the human
nervous system {6}. Exposure to OPs can lead to acute poisoning, in
severe cases, OPs poisoning can lead to respiratory failure, cardiac arrest
which can be life-threatening if not treated promptly [7]. One of the
study conducted in India showed that the incidence of suicidal poisoning
mortality using OPs accounted 10-44% in the hospitalized patients [,
i

The clinical features of OP poisoning comprise a three phasic
response such as, initial acute cholinergic phase, high mortality assaci-
ated intermediate phase and nonlethal delayed polyneuropathy associ-
ated with morbidity phase [10].The -cholinergic phase occurs
immediately and last for hours, which usually includes excessive sali-
vation, lacrimation, abdominal cramps, vomiting, urination, frothing
from the mouth, sweating, bronchospasm, and fasciculation and some-
time cause loose stools {11,12]. Thus, early identification and aggressive
management of OP poisoning is significant from the clinical perspective
to prevent serious complications and improve the chances of a full

* Correspondence to: Multi-Disciplinary Research Unit, Karnataka Institute of Medical Sciences, Hubballi, Karnataka 580021, India

E-mail address: nabisam! @gmail.com (G.L. Vanti).

https://doi.org/10.1016/4.jpba. 2024, 1 16237

Received 14 March 2024; Received in revised form 30 April 2024; Accepted 17 May 2024

Available online 24 May 2024

0731-7085/© 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.




R.S. Kaulgud et al.

recovery. Clinicians have been used to assess the severity of OP
poisoning by indirect blood markers such as serum amylase, cholines-
terase and creatinine phosphokinase levels are used to determine the
severity of OP poisoning. However, these markers will not give real
quantification of OPs present in blood. Thus it is utmost crucial to
correlate the clinical features and OPs precise quantification to antici-
pate the requirement for ventilators to avoid fatal outcome. Hence ac-
curate, robust and fast diagnostic and prognostic methods would be
useful for the clinicians to stratify the patients according to their risk of
deterioration, Malathion and Profenofos are systemic organophosphorus
pesticides which are widely used for ornamental plants, cotton and to-
bacco plants in this region of the country. Quantification of the Mala-
thion and Profenofos compounds in human samples is crucial and
important for the elinicians to diagnose and treat patients efficiently.
Among different markers pseudocholinesterase (PChE), routinely used
as a main prognosticator and is used as an indirect measure of acetyl-
cholinesterase activity. Moreover the present clinical practice agrees
that a reduced level in PChE does indicate OP poisoning; on the other
side it will not indicate the severity of OP poisoning [13]. In this context
liquid chromatographic-mass spectrometry (LC-MS/MS) instrument
showed to be highly sensitive to detect these OPs [1 4,15]. Hence in the
present study we have used LC-MS/MS analytical tool to quantify OP
Malathion and Profenofos in human serum sample and co related with
the clinical severity with respect to clinical outcome.

2. Materials and methods

The present study is single centre, prospective observational study,
carried out in the Department of Internal Medicine, Karnataka Institute
of Medical Seiences (KIMs), Hubli, Karnataka, India. Cases were selected
from patients presenting to KIMS hospital, IPD section with history of OP
compound poisoning considering the inclusion and exclusion criteria.

2.1. Reagents and chemicals

External standard LC-MS grade Malathion and Profenofos were ob-
tained from HPC-standards GmbH (Cunnersdorf, Germany). Individual
pesticide standards (purity >96-98%) or stock solutions (1 mg/mL) was
used for analysis. LC-MS grade organic solvents Methanol and Aceto-
nifrile were obtained from Merck (Darmstadt, Germany). Formic Acid
and ammonium formate obtained from sigma-Aldrich (Missouri, United
States). 0.2 y filters were obtained from Sartorius (Gottingen, Germany).
Micro Volume QuEChERS Kit obtained from Shimadzu (Kyoto, Japan).
Double distilled 0.2 y filtered water was used throughout the study from
Millipore (Burlington, USA). LC-MS/MS 8040 from Shimadzu (Kyoto,
Japan) was used to analyse the analyte by using Lab Solution soft wear
from the same company.

2.2. Inclusion criteria

Men and women between 18 and 80 years of age with confirmed
cases of OP compound consumption with clinical features of OP
poisoning,

2.3. Exclusion criteria

Patients presenting to KIMS hospital after 1-2days of hospitalization
and received treatment elsewhere were excluded from the study and
pregnant women visiting to the KIMS hospital were excluded from the
study.

2.4. Sample size
Based on the previous year data in KIMS hospital total number of

organophosphorus poisoning in KIMS is 780. After applying inclusion
and exclusion criteria the sample size was 103 patients.

Journal of Pharmaceutical and Biomedical Analysis 247 (2024) 116237

Sample size :4pq/d2

Where p =prevalence, q = (1-p)

103 patients presenting with Organophosphorus poisoning in
Department of Internal Medicine, KIMS hospital during the study period
were taken for the study.

2.5. Collection of data

Patients meeting inclusion criteria were considered for the study and
informed and written consent was obtained from the subjects. Ethical
approval was obtained from the Institution Ethics committee. The pa-
tient’s clinical severity was assessed based on history and clinical fea-
tures, and the patient venous blood was collected and subjected to serum
biomarker and LC-MS/MS analysis.

2.6. Laboratory investigations

Biochemical analysis of samples such as complete hemogram, renal
function test, Serum electrolytes, serum pseudocholinesterase was car-
ried using automated biochemical analyzers, on the day of admission
and repeated every 48 h till discharge or death. Electrocardiogram were
performed on the first or second day of admission and repeated if needed
and all these test were done at Karnataka Institute of Medical Sciences,
Hubli.

2.7. Samples preparation and LC-MS/MS acquisition

Patients presenting with history, characteristic clinical signs and
symptoms of OP compound consumption were taken into the study and
LC-MS/MS was done in the selected patients as per the method devel-
oped by Shin et al. [16} with few changes. Patients serum sample
(200 pL) was mixed with Micro Volume QuEChERS Kit (Quick, Easy,
Cheap, Effective, Rugged, and Safe), obtained from Shimadzu, which
contained MgSo4 (160 mg) and CH;COONa (40 mg) and further serum
was diluted with distilled water (1:2) and protein precipitation was done
by adding 600 pL of acetonitrile (100% v/v). The Patient sample was
mixed thoroughly by vortex and the mixture was incubated at room
temperature for 12 min. After incubation, centrifuged at 8000 x g for
10 min and the supernatant was separated. The supernatant was filtered
through a 0.2-um membrane and then 5 L of the extracted solution was
injected into a UHPLC Nexera X2, coupled to a Shimadzu LCMS-8040
triple quadrupole mass spectrometer (Kyoto, Japan), with a
reversed-phase  column  (Shim-pack  GISS C18, 1.9 um,
3.0 mmx150 mm) at 40 °C oven temperature. The mobile phase con-
sisted of (A) water with 5 mM Ammonium formate and Formic Acid
(0.1%) and (B) 100% Methanol with 5 mM Ammonium formate and
0.1% Formic Acid. The gradient was initiated with 20% B for 2 min,
increasing to 80% B in 5 min, kept isocratic at 80% B for 5 min and
decreased to 20% B in 2 mins with 0.5 mL/min flow rate and the total
run time was 15 min. In the mass spectrometer study, ionization of
analytes was performed by electrospray ionization (ESI) with positive
mode. The interface, desolvation line (DL), and heat block temperature
were 300, 250, and 400 °C, respectively. The, nebulizing (nitrogen), and
drying gas (nitrogen) flow were 3 and 15 L/min, respectively. The
collision-induced dissociation (CID) gas was argon with 230 kPa. For
MS/MS analysis, each standard solution (0.1 pg/mL; 5 uL) was injected
obtains a full scan spectrum (m/z 50-500). A precursor ion (e.g.,
[M+H]+) was selected from the spectrum data and subjected to colli-
sion with several collision energy (CE) voltages to find the product ions.
Lab Solutions (Version 5.975P1) as LCMS software was utilized for data
processing. With the optimized analytical method, method validation
was carried out. Accuracy and precision was assessed by analyzing OP
compounds in six replicates with three different concenftrations at
different time intervals, Accuracy was obtained by expressing mean of
measured concentration as percentage and precision was represented by
percentage relative standard deviation (RSD).
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2.8. Statistical analysis

ANOVA test were used to know if statistically significant association
between the groups, with P < 0.05 was taken as statistically significant.

3. Results and discussion

In our study of 103 patients subjected, majority of the patients (36)
were of 30-40 years age group, followed by 28 patients in 20-30 years,
21 patients in 40-50 years and 9 patients each in <20 and >50 years age
groups, respectively and 66% of them were male (Fig. 1a &b). Profe-
nofos and Malathion were the most commonly consumed OP compound.
In the present study, 68 patients consumed Profenofos (66%) which was
the major OP poison consumed followed by 35 patients consumed
Malathion (34%). Most of the patients were brought to the Karnataka
Institute of Medical Sciences (KIMS) hospital within 2-6 h of OP con-
sumption. The patients admitted to KIMS hospital had vomiting was the
primary presenting symptom. Age distribution among sex of the patient
showed that the 4, 14, 22, 20 and 8 males among <20 years, 20-30
years, 30-40 years, 40-50 years and >50 years age groups respectively.
Similarly 5, 14, 14, 1 and 1 females among <20 years, 20-30 years,
30-40 years, 40-50 years and >50 years age groups respectively and the
observed chi-square values are (15.547) statistically significant (P <
0.04) (Table 1). Distribution of comorbidities among study population
showed that out of 103 patients, 4 patients had Diabetes mellitus, 5
patients had hypertension, 15 patients had history of smoking, 46 pa-
tients had history of alcohol consumption and 42 patients had history of
tobacco consumption irrespective of OP consumed (Tabie 2). Further,
distribution of severity among study population with mean pseudo-
cholinesterase levels revealed that the 33 patients had mild toxicity, 40
patients had moderate toxicity and 30 patients had severe toxicity of OP
poisoning. On the other hand the mean pseudocholinesterase levels
among the severity of OP poisoning is statistically not significant (P
<0.0601) (Table 3) as there were not significant difference between the
mild and moderate OP patients. Moreover, hematological parameters
with severity showed no statistically significant correlation with TLC,
Hb, Serum creatinine, serum potassium, and serum magnesium the
observed results are in agreement with the previous findings by Nejatifar
group [17]. Primary action of OP poisoning is directly leads to respira-
tory suppression and inhibits acetylcholinesterase (AChE). This may not
result in alteration of biochemical parameters. However, there can be
secondary infection, sepsis and multiple Organ dysfunctions in OP
poisoning patients, which can change biochemical parameters. But this
is observed on few patients only. Hence, biochemical parameters may or
may not correlate with clinical outcome.

Further, LC-MS/MS analysis was carried out for Profenofos and
Malathion (Supplementary Figla &b) and the results revealed that the
OP compounds are elevated and it was correlated with clinical features
(Fig. 2 and Fig. 3) in selected patients (4 mild, 3 moderate and 3 severe
patients in Profenofos and 2 mild 2 moderate and 2 severe) admitted at
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Table 1
Age distribution among sex of the patient.
SEX
Male Female Total
N % N % N %
Age <20 4 5.9% 5 14.3% ] 8.7%
Distribution years
20-30 14 20.6% 14 40.0% 28 27.2%
years
30-40 22 32.4% 14 40.0% 36 35.0%
years
40-50 20 29.4% | 2.9% 21 20.4%
years
>50 8 11.8% 1 2.9% 9 8.7%
years
Total 68 100.0% 35 100.0% 103 100.0%
The chi-square statistic is 15.547 and p value is 0.04
Table 2
Distribution of comorbidities among study population.
Absent Present Total
N % N % N %
DM 99 96.1% 4 3.9% 103 100.0%
HIN 98 95.1% 5 4.9% 103 100.0%
Smoking 88 85.4% 15 14.6% 103 100.0%
Alcohol history 57 55.3% 46 44.7% 103 100.0%
Tobacca history 61 59.2% 42 40.8% 103 100.0%
Table 3
Comparison of mean Pseudocholinesterase levels among patient severity.
Total number Severity Pseudocholinesterase Levels U/L P value
(n-103) Mean+SD
33 Mild 6457+1046 <0.0601
40 Moderate 595041246
33 Severe 3905+952

#Significant: P < 0.05

the KIMS hospital. Further, the results showed that, the some of the mild
cases showed elevated levels of OP compounds by LC-MS/MS compared
to indirect pseudocholinesterase levels in the serum (Fig. 4a & b).
Moreover, the observed LC-MS/MS results are in good correlation with
the clinical outcome of the patient. On the other side, the outcome of the
study showed 2, 4 and 9 deaths among mild, moderate and severe
Profenofos consumed 68 patients and it accounted 15 patients mortality
with a mortality rate of 22.05%. Whereas, in Malathion consumed 35
patients, 2, 3 and 5 deaths occurred among, mil, moderate and severe
toxicity conditions accounting for 28.6% mortality. In one of the study
author found the mortality rate of 25-33% in patients consumed Pro-
fenofos and Difenofos and showed no significant association between
the compounds consumed and clinical outcome [10].

Further to validate the method; we have used serum samples from

<20Y 20-30Y 30-40Y 40-50Y

»50Y

Fig. 1. a &b. Age and gender distribution among study population.
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Fig. 4. Concentration of (a) Profenofos and (b)Malathion in patients serum
with respect to clinical observation.

the OP patients, as serum has a minor or negligible amount of interac-
tion with column matrix compared to whole blood, and also serum will
reduce cleanup step before injecting into LC-MS [16,18,19]. In our
studies, the extraction efficiency (n-6) results showed 88.27% -89.99%
for Malathion at 25, 50 and 75 ng/mL and at same concentration
87.16% -90.32% was observed for Profenofos. The linearity of calibra-
tion was evaluated (n=5) by the correlation coefficient (r2) of the
calibration curve from 20 ng/mL-100 ng/mL for both pesticides and
results revealed the linear curve generated with external standards have
linear regression (r?) of 0.997% and 0.999% for Malathion and Profe-
nofos respectively. Accuracy is usually defined as the closeness of the
unknown value to the known true value. Quantification accuracy tests in
our study was performed using external standards at 25, 50 and
75 ng/mL levels and the observed results showed 100.39-101.33% ac-
curacy with precision of 1.14-3.87% (RSD) for Malathion and
96.15-101.89% (n=6) accuracy with precision of 3.78.to 5.5% (RSD)
for Profenofos respectively (Table 4) and the observed results are in
correlation with previous findings [16]. Subsequently recovery rate (%)
of OP compounds was determined by using calibration curve of standard
Malathion and Profenofos. At 25, 50 and 75 ng/mlL spiked Malathion
showed 82-84% recovery rate intraday and 72-82% recovery rate at
interday analysis. Whereas, at 25, 50 and 75 ng/mL of spiked Profenofos
showed 79-84% recovery rate at intraday and 72-77% recovery rate at
interday analysis. However, greater recovery rate could increase the
sensitivity of target analytes and also less matrix effect and a recovery

Journal of Pharmaceutical and Biomedical Analysis 247 (2024) 116237

rate of 70-120% is an acceptable trueness range as per the European
commission guideline [2(].

Overall in this study out of 103 patients, 72 patients were discharged
and 5 patients left the hospital against medical advice and 25 patients
had mortality accounting for a mortality rate of 26%. Thus the outcome
the study emphasize that the serum organo phosphorus compound levels
by LC-MS/MS analysis could be one of the promising diagnostic and
prognostic tool to assess the severity and could be used to prognosticate
OP poisoning cases.

4. Conclusion

LC-MS analysis method is a robust and sensitive tool to quantity
absolute serum toxin levels of Profenofos and Malathion in patients’
blood and also LC-MS/MS showed that the mild OP patients especially in
young individuals showed elevated levels of OP in blood compared to
Pseudo cholinesterase levels. Further, LC-MS/MS approach to assess the
OP levels in patients, gives absolute quantification of toxins compared to
indirect serum marker Pseudocholinesterase. Indeed, comprehensive
studies are needed with large number of samples to use LC-MS/MS as a
diagnostic or prognostic marker to detect and quantify OP poisoning in
patient,
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Intraday and Interday accuracy (%) and Precision (RSD %) of OP compound in human serum (n=6).
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Accuracy (%) Precision (RSD %)
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75 096.15866667 5.55

Inter-day
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84.32 0.00 4.66 72.24

84.02 100,48 5.48 77.73

84.00 100.64 4.74 77.23

79.67 98.93 4.66 72.526
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