
 

 
________________________________________________ 

*Corresponding author e-mail: fouadmohammad@yahoo.com 

Receive Date: 12 May 2023, Revise Date: 23 June 2023, Accept Date: 17 July 2023 

 DOI: 10.21608/EJCHEM.2023.210539.7968  

©2024 National Information and Documentation Center (NIDOC) 

 

 

Egypt. J. Chem. Vol. 67, No. 1 pp. 581 – 588 (2024) 
 45 

 
 

 

 

 

 

 

In Vitro Inhibition of Blood Cholinesterase Activities by Dichlorvos in Farmworkers 

Previously Exposed to Pesticides 

Simona Khamo Odisho
1
, Fouad K. Mohammad

2*
 

1
Department of Pharmacology, College of Pharmacy, University of Duhok, KRG, Iraq 

2
Department of Physiology, Biochemistry and Pharmacology, College of Veterinary Medicine, University of 

Mosul, Mosul, Iraq  

Abstract 

Organophosphate insecticides are known to inhibit blood cholinesterase (ChE) activities in vitro and in vivo with various 

inhibitory kinetics outcomes. This study assessed the in vitro inhibition of human blood ChE activities by the 

organophosphate insecticide dichlorvos in farmworkers previously exposed to pesticides in comparison to non-exposed 

(control)  participants, and the differences in time-dependent dichlorvos plasma ChE inhibition and its turnover kinetics were 

determined in the two groups. Dichlorvos at a 0.25 and 0.5 μM significantly inhibited in vitro plasma ChE activity (68%-

90%), but to a lesser extent that of the erythrocytes (8%-14%) in both groups. Erythrocyte ChE activity significantly 

decreased (8% and 14%) in the pesticide-exposed group compared to the non-significant reductions (10% and 11%) in the 

control one. Dichlorvos differentially affected the rate of inhibition of plasma ChE activity between the two groups. The 

progress of in vitro inhibitory effect of dichlorvos with different incubation times on plasma ChE activity of pesticides 

exposed and non-exposed groups illustrated that the decline in plasma ChE activity of the non-exposed group was faster 

compared to that of exposed group. This differential effect in the pesticide exposed group was manifested by decreases in the 

inhibition rate constant (19.2%) and the overall rate of inhibition (44.5%) with concomitant increases in the half-life of 

inhibition (25%) and total inhibition time (24.4%) in comparison to the control non-exposed group. In conclusion, dichlorvos 

in vitro differentially inhibited plasma ChE activity compared to erythrocyte ChE activity in both groups. The calculated 

inhibition kinetics revealed that dichlorvos differentially also affected the progress of plasma ChE inhibition in the pesticide-

exposed group. These effects might have resulted from the insensitivity of the enzyme after prior exposure to pesticides. 
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1. Introduction 

Organophosphate (OP) and carbamate (CA) 

insecticides are still being used widely in 

agriculture, at home, gardens, veterinary medicine 

and public health to control insects, especially in 

developing countries [1-4]. Over use and 

injudicious applications of these insecticides pose 

health hazards to the users, mostly the farmers 

[4,5] and they contaminate the environment as 

well [1,6]. The OP and CA insecticides poisoning 

is characterized by inhibiting acetylcholinesterase 

activity in target neuronal tissues [7]. The enzyme 

inhibition is irreversible with OP and reversible 

with CA insecticides [8,9]. 

Several reports have shown that exposure of 

agricultural workers to pesticides that also include 

OP and CA may suffer from reduced blood 

cholinesterase (ChE) activity [4,5,9-11]. 

Determination of plasma or serum and erythrocyte 

ChE activities have been widely used for 

biomonitoring exposure to OP and CA 

insecticides [7,12-16]. Evaluation of in vitro and 

in vivo inhibition of blood or tissue ChE activities 

by OP or CA insecticides has been used to assess 

the potential toxicity and/or ChE inhibitory action 

of these insecticides [14-24]. Reduced blood ChE 

activity in insecticide-exposed persons is 

considered a health risk that needs further 

attention [25-27]. However, as the in vitro ChE 

inhibition technique is used to assess the potential 

susceptibility of the enzyme to inhibition, a recent 

report found the in vitro inhibition ChE by 
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carbaryl is different between pesticide-exposed 

and non-exposed healthy persons [11]. The 

turnover time-dependent kinetics of such a 

difference is not known. The purpose of the 

present study was to determine and evaluate the in 

vitro dichlorvos-ChE inhibition of human plasma 

ChE in farmers previously exposed to pesticides 

in comparison to none-exposed participants. The 

present study also reports for the first time the 

difference in a time-dependent manner the 

dichlorvos ChE inhibition and its turnover 

kinetics between pesticide-exposed farmerworkers 

in comparison to non-exposed ones. Such 

information could yield important insights into the 

susceptibility of individuals previously exposed to 

pesticides to further challenge by additional 

exposure to ChE inhibiting insecticides. 

 

2. Experimental 

2.1 Approvals 

   We obtained ethical approval from the 

Committee of Post Graduate Studies, College of 

Pharmacy, University of Duhok, KRG, Iraq (No. 

535, October, 28, 2021) and from Research Ethics 

Committee of the Duhok Health Directorate, 

Duhok, KRG, Iraq (No. 10112021-11-2, 

November 10, 2021). Written consents were 

obtained from participants to donate venous blood 

samples for the purpose of the study.  

2.2 Study design and participants 

2.2.1 Farmworkers 

   The design of the study was a case-control one 

in which heparinized venous blood samples (5 

mL) were obtained from ten pesticide exposed 

farmworkers (case) compared with their non-

exposed counterparts (control, n=10). The details 

of the exposure and blood sampling procedure for 

examining the plasma and erythrocyte ChE 

activities have been described in a recent report 

[4]. Briefly, male participants were farmworkers 

who were exposed to pesticides within the past 

five years in Duhok, Iraq. The control group 

consisted of age-matched males not exposed 

previously to pesticides. The blood samples were 

centrifuged at 3000 rpm for 15 min to separate the 

plasma from erythrocytes, and they were kept in 

deep freeze at –20 ºC to be analyzed within one 

month.  

2.3 In vitro inhibition of blood ChE activities by 

dichlorvos 

   Plasma and erythrocyte samples of 10 pesticide-

exposed and 10 non-exposed participants were 

pooled separately. We used the 10-min in vitro 

ChE-OP incubation method for measuring plasma 

or erythrocyte ChE inhibition in the 0.2 mL blood 

aliquot as described in details previously 

[4,28,29]. The aqueous solution of the insecticide 

dichlorvos (Dichlorvos 50% EC, Nicoz, China) 

was freshly prepared before the experiment, and it 

was used to obtain final concentrations (0.25 and 

0.5 μM) of dichlorvos in the enzymatic reaction 

mixture (6.3 mL). The use of in vitro 

concentrations of dichlorvos in the present study 

depended on previous reports [28,29]. The 

enzyme-inhibitor reaction mixtures were 

incubated in a water bath at 37 ºC for 10 min to 

initiate ChE inhibition; the residual ChE activity 

in the blood sample was then measured by an 

electrometric method using 7.1% acetylcholine 

iodide as a substrate as described in details 

elsewhere [4,11,24,30]. All assays were done in 

triplicate in the control (0 μM) and each of the 

dichlorvos concentrations. The percent of 

inhibition of ChE activity in the plasma or 

erythrocytes was calculated as follows [4]:  

% ChE inhibition = [ChE activity in ΔpH/20 min 

(base-line control) – ChE activity (with 

dichlorvos)/ ChE activity (base-line control)] × 

100 

2.4 Determination of in vitro plasma ChE 

inhibition kinetics by dichlorvos  
   The pooled plasma samples of 10 pesticide-

exposed and 10 non-exposed participants were 

used. According to a preliminary experiment, we 

determined the concentration of dichlorvos in the 

reaction mixture to be 0.25 μM. The incubation 

times after dichlorvos addition to plasma samples 

were 5, 10, 15, 30 and 60 minutes; with the value 

of 0-time representing the plasma ChE activity 

without the addition of dichlorvos, and it was 

considered 100% baseline activity. Assays at each 

time point were done in duplicate. A proper blank 

was included in each time frame of incubation. 

Enzyme activity (Δ pH/20 min) and ChE 

inhibition were calculated as described above. 

   The steady state kinetic relationship was applied 

on the rate of decline of ChE activity vs. time [0 -

60 min], and the equations used for calculating in 

vitro inhibition kinetics were according to 

previous studies [31-33]: 

Log (ChE activity) =Log (ChE activity)0 – 0.434kt 

Slope= 0.434k 

– k= slope/0.434 

Total inhibition time= 1/k 

Inhibition rate= (ChE activity)0 x k 

where, (ChE activity)0 is the steady state plasma 

ChE activity at time 0, (ChE activity) is the 

plasma ChE activity at t time (60 min), and k is 

the inhibition rate constant which is multiplied by 
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t (60 min). These calculations were also 

statistically verified by the linear regression using 

the statistical software program Past4.11 

(https://www.nhm.uio.no/english/research

/resources/past/) as well as using the online 

program Omni Calculator (Chemistry Calculators, 

https://www.omnicalculator.com/chemistr

y). 

 

3. Results 

3.1 In vitro ChE inhibition 
    In vitro addition of dichlorvos, significantly and in 

a concentration dependent manner, inhibited plasma 

and erythrocyte ChE activities in both pesticide 

exposed and non-exposed controls. In the pesticide 

exposed group, dichlorvos at 0.25 and 0.5 μM 

significantly inhibited plasma ChE activity by 68% 

and 85%, respectively and significantly inhibited 

erythrocyte ChE activity by 8% and 14%, 

respectively, when compared with the respective 

baseline values (Table 1). In the non-exposed control 

group, dichlorvos at 0.25 and 0.5 μM significantly 

inhibited plasma ChE activity by 72% and 90%, 

respectively, with no significant inhibition of 

erythrocyte ChE activity when compared with the 

respective baseline values (Table 1). The baseline 

plasma ChE activity but not that of the erythrocytes 

in the pesticide exposed group was significantly 

below that of the control (non-exposed) group by 

37% (Table 1). 

 

 

Table 1: In vitro inhibition of plasma and erythrocyte cholinesterase (ChE) activities (ΔpH/20 min) by dichlorvos in control 

participants not exposed to pesticide and in farmworkers exposed to pesticides. 

 

Dichlorvos (μM) Plasma ChE activity % inhibition Erythrocyte ChE activity % inhibition 

Not exposed to pesticides (control) 
0  1.17 ± 0.057 - 1.43 ± 0.040 - 

0.25  0.33 ± 0.035* 72 1.28 ± 0.052 10 

0.5  0.12 ± 0.026*a 90 1.27 ± 0.015 11 

Exposed to pesticides 
0  0.74 ± 0.032† - 1.27 ± 0.023 - 

0.25  0.24 ± 0.027* 68 1.17 ± 0.026* 8 

0.5  0.11 ± 0.026*a 85 1.09 ± 0.01* 14 

Values are mean ± SE of 3 measurements/concentration. 

% ChE inhibition = [(ChE activity without dichlorvos – ChE activity with dichlorvos)/ ChE activity without dichlorvos] x 100 
*Significantly different from the baseline (0 μM concentration), p<0.05. 

aSignificantly different from the 0.25 μM concentration of dichlorvos, p<0.05. 
†Significantly different from the non-exposed group, p<0.05. 

3.2 In vitro plasma ChE inhibition kinetics 
     The progress of in vitro inhibitory effect of 

dichlorvos (0.25 μM) with different incubation 

times on plasma ChE activity of pesticides exposed 

and non-exposed groups illustrated that the decline 

in plasma ChE activity of the non-exposed group 

was faster compared to that of exposed group 

(Table 2, Figure 1). Kinetic values shown in table 3 

were derived from the steady state equation, Log 

(plasma ChE activity) = Log (plasma ChE activity)0 

– 0.434 kt,  using the results of table 1 and by 

applying the linear regression analysis with 

confirmation using the software Omni Calculator as 

mentioned above.  

   As shown in table 3, the kinetic response of 

pesticide-exposed participants to the progress of 

plasma ChE inhibition was affected differently 

compared to the control non-exposed group. This 

differential effect in the pesticide exposed group 

was manifested by decreases in the inhibition rate 

constant (19.2%) and the overall rate of inhibition 

(44.5%) with concomitant increases in the half-life 

of inhibition (25%) and total inhibition time 

(24.4%) in comparison to the control non-exposed 

group. These inhibitory kinetics parameters 

coincided with the above-mentioned differential 

inhibition of plasma ChE activity between the 

exposed and the non-exposed control (Table 1). 

 

4. Discussion 

   Organophosphate insecticides are generally used 

against insects in agriculture, public health and 

veterinary clinical practice with potential 

environmental impacts and toxic effects of their 

residues which can be readily absorbed and become 

bioavailable in man or animals [2-5,34,35]. In vitro 

ChE inhibition is a useful method to evaluate the 

potential antiChE activity of chemicals and drugs as 

well as organophosphate and carbamate insecticides 

in humans and animals, and the technique is 

https://www.nhm.uio.no/english/research/resources/past/
https://www.nhm.uio.no/english/research/resources/past/
https://www.omnicalculator.com/chemistry
https://www.omnicalculator.com/chemistry
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supportive of in vivo poisoning studies induced by 

these chemicals [11,18,20,29,36,37]. 

 

 
 

Table 2: The progress of in vitro inhibitory effect of dichlorvos (0.25 μM) with different incubation times on plasma 

cholinesterase (ChE) activity (ΔpH/20 min) of pesticide-exposed farmworkers and non-exposed control group  

 

Time (min) Plasma ChE activity-Control Plasma ChE activity-Exposed 

0 (no dichlorvos) 1.02 0.70 

5 0.68 0.52 

10 0.50 0.38 

15 0.38 0.28 

30 0.19 0.20 

60 0.12 0.12 

  Values are the mean of duplicate measurements of 10 pooled samples per group. 

 
 

Figure 1: The decline in the percentage of plasma cholinesterase activity against time  by in vitro incubation of plasma 

samples with dichlorvos (0.25 μM) at 37 ℃ for 5, 10, 15, 30 and 60 min in pesticides- exposed and non-exposed control 

groups. The values are duplicate readings at each time point from 10 pooled plasma samples in each group. 

 
Table 3: Plasma cholinesterase inhibitory kinetic parameters of control and pesticide exposed participants following in vitro 

incubation of plasma samples with dichlorvos at a concentration of 0.25 μM 
Parameters Control Pesticide exposed % Change from control 

Inhibition rate constant (k), min-1 0.0343 0.02773 –19.2 

Half-life of inhibition (t1/2), min. 20 25 +25 

Inhibition rate, activity ΔpH/ min. 0.035 0.01942 –44.5 

Total inhibition time, min 29 36.07 +24.4 
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Additionally, the metabolites of OP insecticides in 

mammals or plants might have deleterious toxic 

impacts [7,8,38,39,]. Dichlorvos, a synthetic OP 

insecticide   was found in the present study to 

inhibit plasma and erythrocyte ChE activities in 

vitro in a concentration-dependent manner in both 

the pesticide-exposed and the non-exposed 

participants. This ChE inhibitory effect is in 

agreement with the known in vitro inhibitory effects 

of dichlorvos on blood ChE activities in various 

species [18,22,28,29,36,37]. Observing the data of 

table 1, a differential in vitro ChE inhibitory effect 

of dichlorvos was seen in both groups, as the 

plasma ChE activity was susceptible to dichlorvos 

inhibition more than that of the erythrocytes (68%-

90% vs. 8%-14%). This effect is agreement with the 

previously reported differential action of dichlorvos 

on plasma ChE activity [38,40-42]. Furthermore, it 

was reported that the susceptibility of plasma ChE 

activity to in vitro inhibition by dichlorvos variably 

increased in diabetic patients [43,44]. Within this 

context, it is reasonable to suggest that the 

differences seen in blood ChE inhibition in vitro by 

dichlorvos between the pesticide-exposed and non-

exposed subjects could be associated with the 

previous exposure to pesticides. This phenomenon, 

which is confirmed by the present study, has been 

reported earlier by using carbaryl for in vitro blood 

ChE inhibition in farmers previously exposed to 

pesticides [11]. The reason for such an effect is not 

clear at present; it could, however, results from the 

insensitivity of the enzyme after prior inhibition 

which confers some protection from further 

inhibition compared to the non-exposed individuals 

[45]. Such a protective effect has been demonstrated 

using metoclopramide (a weak ChE inhibitor) in 

rats treated with the OP compound paraoxon [45] 

and in young chicks dosed with the OP diazinon 

[46].    
   To further elaborate on the in vitro inhibitory 

differences in plasma ChE activity between the 

pesticide-exposed and non-exposed individuals, we 

attempted in the present study to examine the 

progress of in vitro inhibitory effect of dichlorvos 

(0.25 μM) with different incubation times on 

plasma ChE activity to determine the turnover 

parameters of the enzyme inhibition in both groups. 

It is known that dichlorvos inhibits plasma and 

erythrocyte ChE activities at different rates 

[38,40,44]. The parameters of inhibition kinetics of 

dichlorvos which were reported by other 

investigators included 50%  plasma ChE activity 

inhibition (IC50, 0.03 μM) with a  Michaelis-

Menton constant (Km) of 7.1mM and a maximum 

velocity (Vmax) of 143 nmol/min/mL [41,47,48]. 

However, in the present study a different approach 

was attempted by examining the inhibition kinetics 

(percentage activity versus time) because of the 

initial finding that dichlorvos inhibits plasma ChE 

activity in pesticide exposed farmworkers less than 

that of the non-exposed controls (Table 1). The 

calculated inhibition kinetics revealed that 

dichlorvos differentially affected the progress of 

plasma ChE inhibition according to the incubation 

time, where, the inhibition rate constant was 

decreased by 19.2% and the rate of inhibition was 

decreased by 44.5% in the pesticide exposed group 

with concomitant increases in the half-life of 

inhibition by 25% and the total inhibition time by 

24.4% in comparison to the control plasma samples. 

These parameters of the inhibitory kinetics, being a 

unique finding in the present study, coincided with 

the above-mentioned differential inhibition of 

plasma ChE activity comparing the pesticide-

exposed and the non-exposed individuals. 

Depending on the steady state equations [31-33], 

these findings confirm the sensitivity of plasma 

ChE in the none-exposed group to dichlorvos 

inhibition more than that of the pesticide-exposed 

farmworkers. Furthermore, within this context, it 

would be interesting to apply the present 

experimental protocol on additional pesticides that 

pose a health hazard to the public occupationally 

[49], or in monitoring exposure to residues of OP 

insecticides [50].  
 

5. Conclusions 

   In conclusion, dichlorvos in vitro differentially 

inhibited plasma ChE activity compared to 

erythrocyte ChE activity in both groups. The 

calculated inhibition kinetics revealed that 

dichlorvos differentially also affected the progress 

of plasma ChE inhibition in the pesticide-exposed 

group. These effects might have resulted from the 

insensitivity of the enzyme after prior exposure to 

pesticides. The clinical toxicological implication of 

this finding needs additional studies. 
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