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This study investigated acetylcholinesterase (AChE) inhibition and recovery 

dynamics in seven patients with acute diazinon (n=4) or malathion (n=3) poisoning.  

AChE activity, measured serially, showed significant inhibition on admission, 

correlating strongly with insecticide concentration (diazinon: r=-0.95; malathion: 

r=-0.99).  Diazinon cases exhibited faster and more consistent AChE recovery than 

malathion. The findings suggest that AChE monitoring is valuable for assessing OP 

poisoning severity and progression, but insecticide-specific recovery patterns should 

be considered when interpreting AChE trends and guiding treatment decisions. 
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1. Introduction 

Organophosphate (OP) compounds, such as diazinon and malathion, are 

widely employed insecticides in agriculture and pest control. However, these 

chemicals pose a significant risk to human health due to their potential for 

accidental or intentional poisoning [1][2]. OP intoxications remain a global health 

concern, particularly in rural communities and developing countries where access 

to these substances may be less regulated [3 – 6]. 

OPs exert their toxicity primarily through the inhibition of cholinesterase, 

a vital enzyme responsible for the hydrolysis of the neurotransmitter acetylcholine 

(AChE) [7][8]. This inhibition disrupts nerve impulse transmission, leading to the 

accumulation of acetylcholine at cholinergic synapses and excessive stimulation 

of cholinergic receptors. The clinical presentation of OP intoxication is dominated 

by a cholinergic crisis, characterized by a wide range of symptoms including 

muscarinic effects (e.g., miosis, bradycardia, bronchospasm, diarrhea), nicotinic 
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effects (e.g., muscle fasciculations, weakness, paralysis), and central nervous 

system manifestations (e.g., seizures, coma) [9]. The severity of symptoms can 

vary significantly depending on the specific OP compound, the dose and route of 

exposure, and individual factors [10 – 12]. Scientific and medical literature often 

presents general percentage ranges of AChE inhibition to aid in assessing 

intoxication severity. Although providing broad categories of severity (e.g., mild, 

moderate, severe) based on AChE activity, these classifications often fail to 

capture the substantial variability observed in clinical practice. Indeed, numerous 

factors profoundly affect the correlation between AChE inhibition and clinical 

outcomes, including the specific OP compound, individual patient variability, and, 

critically, the timing of cholinesterase measurement.  

The diagnosis of OP poisoning often relies on a combination of clinical 

presentation, exposure history, and laboratory investigations. While the 

characteristic cholinergic toxidrome can provide strong clinical suspicion, 

laboratory confirmation is crucial for definitive diagnosis and to guide treatment 

decisions [13]. Measurement of cholinesterase activity, particularly AChE, is a 

commonly employed laboratory test to assess the degree of OP-induced enzyme 

inhibition [14]. Traditional methods for measuring cholinesterase activity, such as 

spectrophotometric and pH titration assays, can be limited by sensitivity and 

susceptibility to interference [15]. More advanced techniques, such as gas 

chromatography (GC) and liquid chromatography (LC) coupled with tandem mass 

spectrometry (MS/MS), offer superior selectivity and sensitivity for the detection 

and quantification of OP pesticides in biological samples [16 – 30]. However, 

these methods, including GC-MS/MS, require specialized equipment and 

technical expertise, and may have longer turnaround times compared to rapid 

screening methods. Potential limitations also include matrix effects, particularly in 

complex biological samples, although steps such as liquid-liquid extraction and 

the use of internal standards can mitigate these effects, as detailed in our study. 

Despite the known role of cholinesterase inhibition in OP intoxication, 

studies specifically examining the effects of malathion and diazinon, as well as 

the dynamics of AChE recovery, remain insufficient. Furthermore, most studies 

have focused on the acute effects of OP intoxication, with limited attention given 

to the longitudinal changes in AChE activity during the recovery phase. To 

address these knowledge gaps, this study investigates the temporal changes in 

acetylcholinesterase (AChE) activity in patients with acute diazinon and 

malathion intoxication. We hypothesize that these two OP compounds will exhibit 

distinct patterns and rates of AChE recovery, reflecting variations in their 

toxicokinetic and pharmacodynamic profiles. The objectives of this study are to 

characterize temporal changes in AChE activity, compare the rate and pattern of 

AChE recovery between diazinon and malathion, and explore the relationship 

between AChE activity and clinical outcomes. It is anticipated that the findings 
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will contribute to a more comprehensive understanding of the dynamics of AChE 

inhibition and recovery in OP intoxication, potentially informing the refinement 

of diagnostic and therapeutic strategies. 

2. Experimental  

2.1. Study Design and Patients  

This study analyzed blood and urine samples from seven patients admitted 

to the Intensive Care Unit (ICU) Toxicology Department at Bucharest Emergency 

Clinical Hospital between 2021 and 2023. The sample size was determined by the 

number of patients presenting to the ICU with acute diazinon or malathion 

poisoning during this period. This retrospective study adhered to the principles of 

the Declaration of Helsinki regarding ethical research. Patient data was collected 

following a comprehensive review of records, and informed consent was obtained 

where possible. All patient identifiers were removed to ensure privacy and 

confidentiality. Initial confirmation of acute organophosphate (OP) intoxication 

was established through pesticide screening of urine samples collected in sterile 

containers.  

For the urine samples, a 30 mL aliquot was taken and spiked with 50 µL of 

a 100 µg/L cypermethrin internal standard. Liquid-liquid extraction (LLE) was 

performed using 15 mL of a 1:1:1 (v/v/v) mixture of chloroform, 

dichloromethane, and methyl chloride. The mixture was magnetically stirred for 5 

minutes and then centrifuged at 5000 RPM for 10 minutes. The organic phase was 

collected and evaporated to dryness at 100°C. The resulting residue was 

reconstituted in 1 mL of methanol, and a 1 µL aliquot was subjected to GC-

MS/MS analysis.  

Subsequently, serial blood samples were collected into vacutainers 

containing EDTA. All samples were stored at 4°C and processed within one hour 

of collection. This research was conducted under institutional review board 

approval and all samples were anonymized. 

2.2. GC-MS/MS Analysis for Insecticide Detection  

Urine samples were analyzed for diazinon and malathion using gas 

chromatography-mass spectrometry (GC-MS/MS). This technique separates and 

quantifies compounds of interest using gas chromatography and mass 

spectrometry. GC-MS/MS is highly sensitive and specific, providing information 

about the OP compound involved. GC-MS/MS is well-suited for volatile OP 

compounds, often found in OP poisoning cases. While HPLC, especially with 

tandem mass spectrometry (LC-MS/MS), can also be used, it generally requires 

more extensive sample preparation, particularly for complex matrices like urine. 

LC-MS/MS offers high sensitivity and specificity, like GC-MS/MS, and is often 

preferred for non-volatile or thermally labile compounds. However, for volatile 
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OP compounds in urine, GC-MS/MS often provides a simpler and more robust 

analytical approach.  

Insecticide detection was performed using an Agilent 8890 GC coupled 

with a 7010B triple quadrupole MS and 7693A Autosampler. Chromatographic 

separation utilized an HP-5ms column (15 m × 250 µm × 0.25 µm) with helium 

carrier gas (1.1 mL/min). The GC oven program: 60 °C initial, rapid ramp to 120 

°C, and slower ramp to 310 °C. 

Analytical conditions for GC-MS/MS included an inlet temperature of 280 

°C, splitless injection of 1 µL sample using a wool liner, and an ion source 

temperature of 300 °C. Electron impact ionization (70 eV) was used, and the mass 

spectrometer acquired data in full scan mode (40-600 m/z) with a 100-ms scan 

time. 

2.3. AChE Activity Assay  

Whole blood acetylcholinesterase (AChE) activity was determined using 

the Securetec Che Check Mobile System (Detektions-Systeme AG, Germany) via 

Ellman's method (a spectrophotometric assay that quantifies acetylthiocholine 

hydrolysis). The reaction produces a yellow product, measured at 412 nm, directly 

proportional to AChE activity. The Ellman's method is simple and widely used 

but has limitations, including susceptibility to interference. Assay-specific, pre-

filled cuvettes were used. Capillary blood was introduced following a baseline 

reading. Hemoglobin was measured, then, after cap exchange and substrate 

dissolution, hemoglobin-corrected AChE activity was measured. Results (U/gHb) 

were generated within four minutes and did not require calibration. AChE 

inhibition was calculated against a 49.4 U/gHb reference. 

2.4. Statistical Analysis  

Statistical analysis was performed using Microsoft Excel. The Pearson 

correlation coefficient (r) was used to assess the relationship between AChE 

activity measured by the two methods. A p-value < 0.05 was considered 

statistically significant. 

3. Results and discussion  

Seven patients with acute OP intoxication were included in this study.  

Significant AChE inhibition was observed in all cases, confirming exposure to OP 

compounds.  While both diazinon and malathion induced enzyme inhibition, the 

degree of inhibition and the subsequent recovery trajectory varied between 

individuals, suggesting potential inter-individual differences in susceptibility and 

response to OP toxicity. 

Figure 1 illustrates the temporal changes in acetylcholinesterase (AChE) 

activity (U/gHb) in seven patients admitted with either diazinon or malathion 
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intoxication. The graph depicts AChE levels measured over a period of up to 24 

days of hospitalization. The red dotted line represents the upper limit of the 

reference interval for AChE (approximately 49 U/gHb), while the yellow dotted 

line indicates the lower limit of the reference interval (approximately 33 U/gHb). 

Data points represent individual AChE measurements for each patient at 

various time points during their hospital stay. The graph clearly shows an overall 

upward trend in AChE levels for all cases, indicating recovery of enzyme activity. 

However, the rate and pattern of recovery vary between cases and between 

diazinon and malathion poisoning. 

Diazinon cases (blue, purple, green, and orange lines) generally 

demonstrate a more rapid and consistent increase in AChE levels, with most cases 

reaching or approaching the lower limit of the reference interval within the 

observation period. In contrast, malathion cases (brown, dark red, and black lines) 

exhibit a slower and more variable recovery trajectory, with AChE levels 

remaining below the reference interval for a longer duration. 

 
Fig. 1. Acetylcholinesterase (AChE) Recovery Over Time in Organophosphate Poisoning Cases  

This graphical representation highlights the dynamic nature of AChE 

recovery following organophosphate intoxication and suggests potential 

differences in recovery patterns between diazinon and malathion exposures. As 

anticipated, initial AChE levels were markedly depressed in all cases, reflecting 

the inhibitory action of these OP compounds on this critical enzyme. The 
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subsequent serial measurements revealed a consistent pattern of AChE recovery 

over time, underscoring the body's capacity to regenerate this enzyme following 

OP exposure. However, notable variations were observed in the rate and 

magnitude of recovery across the different cases. 

Table 1 presents data from seven patients admitted with acute 

organophosphate intoxication, categorized by the specific insecticide involved 

(diazinon or malathion). Key parameters include AChE activity levels at 

admission and discharge, expressed both in units per gram of hemoglobin 

(U/gHb) and as a percentage of the upper reference interval (49.4 U/gHb), and the 

duration of intensive care unit (ICU) stay. As evident from the table, all patients 

exhibited significantly depressed AChE activity upon admission, indicative of 

acute OP poisoning.  AChE levels at discharge demonstrate substantial recovery 

in most cases, though the extent varies. Notably, patients with diazinon 

intoxicaton generally displayed higher AChE recovery percentages at discharge 

compared to those with malathion poisoning. The duration of ICU stays also 

varied considerably among patients, with no clear correlation between insecticide 

type and length of stay. 
  Table 1 

Acetylcholinesterase (AChE) Activity and Clinical Outcomes in Organophosphate Poisoning 

Cases  

No. Insecticide Level 

(Admission), 

U/gHb 

Enzymatic 

Activity* 

(Admission), % 

Level 

(Discharge), 

U/gHb 

Enzymatic 

Activity* 

(Discharge), % 

Days of 

ICU 

Admission 

1 Diazinon 14 28 43 87 12 

2 Diazinon 6 12 41 83 17 

3 Diazinon 1 2 15 30 24 

4 Diazinon 11 22 48 97 11 

5 Malathion 15 30 36 73 20 

6 Malathion 10 20 35 71 12 

7 Malathion 12 24 30 61 17 

 

Diazinon poisoning cases exhibited a strong, statistically significant 

positive correlation between time and AChE activity (r: 0.9027-0.9368; p < 

0.001), suggesting a consistent and predictable recovery. This correlation was 

calculated using Microsoft Excel software, employing the PEARSON function to 

determine the relationship between time and AChE activity. The resulting r-values 

indicate a strong positive correlation, while the p-values (p < 0.001) demonstrate 

that this correlation is statistically significant. This rapid and uniform recovery in 

diazinon cases may reflect differences in metabolic pathways and toxicokinetic 

profiles compared to malathion. Conversely, malathion cases showed a less 

pronounced, though still statistically significant, positive correlation (r: 0.6809-

0.8917; p < 0.0002), indicating a more variable recovery. These variations likely 

reflect differences in toxicokinetics, patient metabolism, comorbidities, or initial 
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intoxication severity. The consistent statistically significant positive correlations 

across all cases validate serial AChE monitoring as a valuable biomarker for 

assessing OP intoxication progression and resolution. Distinct trends between 

diazinon and malathion cases highlight the importance of considering the specific 

OP compound for accurate recovery prediction and tailored treatment.  

Several factors may contribute to the observed inter-individual variability 

in AChE recovery. The severity of the initial intoxication is likely to play a 

significant role, with patients experiencing more severe poisoning potentially 

exhibiting slower recovery rates. Potential comorbidities, such as hepatic or renal 

dysfunction, can also affect the metabolism and elimination of OP compounds, 

thereby influencing AChE recovery. However, detailed comorbidity data was not 

systematically collected in this retrospective study, which is a limitation. Patient 

age and overall health status may also influence the body's ability to regenerate 

AChE. 

This study has some limitations, including the small sample size and the 

retrospective nature of the data collection. The small sample size (n=7) limits the 

statistical power to detect more subtle differences in AChE recovery patterns and 

may affect the generalizability of the findings. Therefore, the results should be 

interpreted cautiously, and further research with a larger cohort is warranted. The 

retrospective nature of the data limited the availability of detailed, time-resolved 

clinical data (e.g., serial Glasgow Coma Scale scores), which hindered our ability 

to establish a more definitive relationship between AChE recovery and specific 

clinical endpoints. Clinical improvement in OP poisoning is influenced by 

multiple factors, including the effectiveness of supportive care, the administration 

of antidotes (e.g., atropine, oximes), and the patient's overall health status, in 

addition to AChE recovery. 

Despite these limitations, our study demonstrates a general trend of AChE 

recovery following OP intoxication and highlights the potential differences in 

recovery dynamics between diazinon and malathion poisoning. Future research 

with a larger, prospectively collected dataset could explore the use of statistical 

modeling or machine learning techniques to identify predictors of AChE recovery 

and to develop more accurate prognostic tools. 

4. Conclusions 

In conclusion, this study underscores the dynamic nature of AChE activity 

following acute OP intoxication, demonstrating the variability in recovery patterns 

based on the specific OP compound. The consistent upward trend in AChE levels, 

particularly the robust and predictable recovery observed in diazinon cases, 

reinforces the clinical utility of AChE monitoring as a reliable biomarker for 

assessing OP intoxication progression and resolution. Our findings emphasize the 
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necessity of considering the specific OP compound when interpreting AChE 

trends and making clinical management decisions. 

This research, with its focus on the nuanced differences in AChE recovery 

between diazinon and malathion intoxication, paves the way for future 

investigations aimed at identifying additional biomarkers, developing more 

accurate predictive models, and exploring innovative therapeutic approaches to 

optimize OP intoxication management. Future studies with larger sample sizes are 

needed to validate our observations and to establish more definitive conclusions 

regarding the differences in AChE recovery dynamics between diazinon and 

malathion poisoning. 
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