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INTRODUCTION 

 

The use of neurotoxic insecticides such as organophosphate (OP) 

and carbamate is worrying because of their inhibitive properties 

towards cholinesterase affecting the nervous systems [1]. 

Biomarkers such as aquatic organisms are a popular choice in 

detecting inhibition activity of toxic compounds on 

cholinesterases [2–4]. Snakehead (Channa striata), is an example 

of fish that has been used to test the effect of pesticides [5]. 

Native fish species in Malaysia such as C. striatus, H. nemurus 

and C. lucius [6] are similar to C. striata and may have the 

potential to be utilized as a biomarker of insecticides and 

pesticides. Other aquatic organisms used to detect pollution 

through the application of cholinesterases includes mussels and 

snails [7]. Primarily there are classes of cholinesterases, i.e. 

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), 

that can be differentiated by using substrate specificity assay [8–

14].  

 

AChE will specifically hydrolyze acetylcholine at a faster 

rate compared to other cholinesterases and will not react towards 

butyrylcholinesterase. In contrast, BChE is reactive towards both 

butyrylcholine as well as acetylcholine at a lower rate [15]. 

Nonetheless, cholinesterase is a sensitive enzyme towards 

insecticides which can be utilized as handy and quick in vitro 

tools in the biomonitoring of environmental pollution. Thus, the 
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 ABSTRACT 

In this work, the potential of acetylcholinesterase (AChE) from Hemibagrus nemurus (Baung) as 

a sensitive tool to detect the presence of insecticides was assessed. The affinity partially purified 

fraction was utilized as a source of AChE for in vitro assay of the effect of insecticides on the 

AChE. The resultant IC50 values were then compared with published results.  An IC50 confidence 

interval comparison chart coined Shukor’s chart was utilized to compare the sensitivity of the 

AChE from H. nemurus to various other published results. In this chart, the IC50 confidence 

interval (95%) values for a particular insecticide is placed at one end of the chart and lined up 

with published values of IC50. Two lines are then made crossing the entire chart and represent the 

95% confidence interval value for H. nemurus. Any confidence interval values for targeted 

insecticides from published results that do not touch these two lines are deemed significantly 

different (p<0.05), either more or less sensitive judging whether they fall below or above the two 

lines, respectively, whilst any confidence interval values that fall in or touch the two lines are 

deemed comparable in sensitivity.The results show that the AChE from H. nemurus is more 

sensitive to diazinonoxon and comparable in sensitivity compared to commercial and other local 

fish sources suggesting that the ACHE from H. nemurus can be a cheaper alternative for the 

current commercially and locally available AChEs.   
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use of H. nemurus which is easily accessible can be a good 

alternative of local fish to be used in the detection of insecticide 

in water. The purpose of this study is to determine the level of 

sensitivity of H. nemurus’s AChE towards organophosphate and 

carbamate in vitro. The results collected will be compared to the 

sensitivity of AChE from Electrophorus electricus, which is a 

popular commercial choice currently. 

 

MATERIALS AND METHODS 

 

Chemicals 

Commercial AChE from eel (E. electricus) of 349 units/mg in 

solid form, Biorad Protein assay and Vivaspin4 were bought 

from Sigma, Bio-Rad Laboratories Inc. and Vivascience. DTNB 

and BTC were purchased from Fluka Chemie GmbH. Acephate, 

bendiocarb, carbaryl, carbofuran, chlorpyrifos, diazinon, 

dimethoate, malathion, methomyl, parathion, and trichlorfon 

were bought from Dr Ehrenstorfer (Augsburg, Germany). ATC, 

PTC, bromine, procainamide hydrochloride, sodium 

borohydride, 1,4-butanediol diglycidyl ether and β-

mercaptoethanol were bought from Sigma-Aldrich. Other 

chemicals used were of the special or analytical grade. 

 

Specimen 

In this study, H. nemurus was used as the trial organism. H. 

nemurus of 900-1200 g in weight and about 36 cm in length were 

acquired from a local aquaculture company in 2015, Selangor, 

Malaysia. The fish was decapitated, and the whole brain was 

collected immediately. Brain weighing approximately 1 gram 

was homogenized with 20% (w/v) of 0.1 M, pH 8 sodium 

phosphate buffer by using Ultra-Turrax T25 homogenizer fitted 

with a Teflon pestle. To remove and deactivate unwanted serine 

proteases phenylmethylsulfonyl fluoride was used. To remove 

debris, the brain suspension was then homogenized and 

centrifuged at 15 000xg for 10 min in 4 ºC. To separate cytosol 

and components of the membrane, the homogenate was spun for 

100 000×g using Sorval® Ultra Pro 80-TH-641 within 1 h at 4 

ºC. Finally, the supernatant was collected to be further purified. 

 

Preparation of Affinity Chromatography Columns 

Epoxy (Bisoxirane) Activation 

A modified method was used to prepare affinity procainamide 

chromatography [16]. A 100 mL of Sephacryl S-1000 (settled 

gel, Sigma, St. Louis, USA) was briefly washed using 1000 mL 

of deionized water in sintered glass tunnel, dried and then 

transferred into 500 mL beaker. The gel was placed in a 75 mL 

solution of 0.6 M NaOH and 150 mg of sodium borohydride and 

stirred. An approximately 75 mL of 1,4-butanediol diglycidyl 

ether was then added slowly and stirred constantly.  

 

The mixture was left to be stirred overnight at room 

temperature. To remove excess reagent, the activated gel was 

thoroughly washed using water until there is no presence of an 

oily film on the surface which indicates the presence of the epoxy 

compound. To completely remove bisoxirane groups, acetone 

was used. For ligand coupling, the gel was resuspended in water. 

 

Ligand Coupling of Procainamide–Sephacryl S-1000 gel 

Deionized water was used to wash the epoxy-activated Sephacryl 

S-1000 several bed volumes on a sintered glass filter. The gel 

slurry was then transferred into12 mM of borate buffer (pH 11.0) 

containing 0.2 M of procainamide. 1.0 M NaOH was added to 

adjust the pH to 12. Next, the mixture was incubated for 96 h at 

25 °C on a shaking incubator. The gel was then washed in a 

sequence of 10 volumes each of 0.1 M sodium acetate (pH 4.5), 

12 mM sodium borate (pH 10) and deionized water. To block 

excess active groups, the gel was suspended in 100 ml of 1.0 M 

ethanolamine, pH 9.0. The mixture was then stirred for a duration 

of 6 h at room temperature. The gel was finally washed with 1 L 

of 1.0 M NaCl and 5 L of deionized water. 

 

Screening of carbamates and organophosphates as AChE 

inhibitor 

Before the assay, OPs were first activated using the modified 

method from Villate et al. [15]. A volume of 25 µl of pesticide 

was incubated in 5 µl of 0.01 M pure bromine solution for 20 min 

at room temperature. To stop the activation process, 20 µl of 5% 

ethanol was added into the mixture. Initial testing showed that at 

a given concentration, bromine and ethanol did not inhibit the 

activity of AChE. At least five concentrations of carbamate and 

OPs were used to determine the half maximal inhibitory 

concentration (IC50).  

 

A mixture containing 150 µl of potassium phosphate buffer 

(0.1 M, pH 8.0), DTNB (20 µl, 0.067 mM), carbamate (50 µl) 

and enzymes (10 µl) were used for the assay. The mixture was 

then incubated for 10 min in the dark at room temperature. Then, 

20 µl of 0.5 mM ATC was added and left to react for 10 min at 

room temperature before measuring the absorbance at 405 nm 

[4]. 

 

RESULTS AND DISCUSSION 

 

The effect of insecticides on AChE activity 

Screening of insecticides showed that all of the carbamates and 

the OPs inhibited the activity of the AChE. The lowest inhibition 

was shown by bendiocarb (33.6%) followed by carbofuran 

(23.9%), parathion oxon (15.3), chlorpyrifos oxon (15.1%), 

diazinon oxon (12.5%), carbaryl (6.8%), methomyl (4.5%) and 

malathion oxon (3.9%) (Fig. 1.). This concludes that the AChE 

was mostly affected by malathionoxon followed by methomyl, 

carbaryl, diazinonoxon, chlorpyrifosoxon, parathionoxon, 

carbofuran and bendiocarb. The IC50 values for these inhibiting 

insecticides are shown in comparison with other sources of AChE 

(Table 1). 

 

 
 

Fig. 1. Effect of various pesticides (1 mg/L) on partially purified AChE 

from H. nemurus. Data is a mean± standard error (n=3). 

 

The significant difference is usually signified by a non-

overlap of 95% confidence interval with p<0.05 level. The 

overlapped confidence interval, on the other hand, does not a 

necessary shows variation or not significant in differences at 

p<0.05 level. More data and study are necessary to assess the 

non-significance of overlapped confidence interval [17]. The 
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inhibition study on AChE from H. nemurus can be compared in 

terms of the sensitivity to carbamates and organophosphates from 

various published results (Table 2). 
 

Table 2. Comparisons of the sensitivity of H. nemurus AChE to various 

insecticides in comparison to other fish AChEs. 
 

 

 IC50 (mg/L) (95% Confidence Interval) 

Fish species 

Carbo-

furan Carb-aryl 

Metho-

myl 

Bendio-

carb 

Para-

thion 

oxon 

Mala-

thion 

oxon 

Diaz-

inon 

oxon 

Chlor-

pyrifos 

oxon 

Ref. 

Electrop-

horus 

electricus 

 

0.0060 

(0.0063-

0.0065) 

0.1330 

(0.1220-

0.1450) 

0.0260 

(0.0240-

0.0280) 

0.0150 

(0.0150-

0.0160) 

0.0680 

(0.0660-

0.0690) 

0.0140 

(0.0130-

0.0140) 

0.1770 

(0.1690-

0.1860) 

0.0600 

(0.0550-

0.0650) 

[18] 

Periophtal-

modon 

schlosseri 

 

0.0450 

(0.0399- 

0.0517) 

0.1124 

(0.1025- 

0.1245) 

0.0567 

(0.0504- 

0.0648) 

0.0633 

(0.0537- 

0.0773) 

Not 

done 

Not 

done 

Not 

done 

Not done [19] 

Osteochilus 

hasselti  

0.0550 

(0.0515-

0.0670) 

 

0.0497 

(0.0414-

0.0620) 

 

0.0845 

(0.0747-

0.0973) 

 

0.0470 

(0.0409-

0.0553) 

 

0.0660 

(0.0580-

0.0766) 

 

0.0681 

(0.0592-

0.0802) 

 

0.0991 

(0.0906- 

0.1094) 

 

0.0632 

(0.0570-

0.0709) 

 

[18] 

Pangasius 

sp. 

0.006 

(0.0058-

0.0065) 

0.061 

(0.043- 

0.105) 

0.016 

(0.015-

0.017) 

0.012 

(0.011-

0.013) 

0.047 

(0.041-

0.055) 

0.011 

(0.008-

0.015) 

0.081 

(0.074-

0.089) 

0.029 

(0.023-

0.039) 

[20] 

 

Channa 

micropeltes 

(Toman) 

 

0.0081 

(0.0074-

0.0089) 

 

0.07922 

(0.0697-

0.0917) 

 

0.0192 

(0.0178-

0.0208) 

 

0.0379 

(0.0341-

0.0427) 

 

0.0316 

(0.0279-

0.0363) 

 

0.0242 

(0.0192-

0.0327) 

 

0.0599 

(0.0554-

0.0652) 

 

0.0522 

(0.0418-

0.0693) 

[21] 

 

Clarias 

batrachus 

 

0.006(0.0

06-0.008) 

 

0.130 

(0.12-

0.14) 

 

Not 

done 

 

Not 

done 

 

Not 

done 

 

Not 

done 

 

Not 

done 

 

Not done 

 

[4] 

Tor 

tambroides 

0.0643 

(0.0482 - 

0.0966) 

0.0555 

(0.0439 - 

0.0754) 

0.0817 

(0.0571- 

0.1438) 

0.0758 

(0.0582- 

0.109) 

Not 

done 

Not 

done 

Not 

done 

Not done [22] 

 

Puntius 

schwanen-

feldii 

 

1.411 

 

7.045 

 

8.335 

 

0.838 

 

Not 

done 

 

Not 

done 

 

Not 

done 

 

Not done 

 

[23] 

Puntius 

javanicus 

0.035 

(0.030 -

0.045) 

 

0.031 

(0.026 -

0.040) 

0.090 

(0.077 -

0.108) 

0.045 

(0.039 -

0.054) 

0.151 

(0.122 -

0.198) 

0.063 

(0.053 -

0.078) 

0.103 

(0.084 -

0.132) 

0.202 

(0.178 -

0.232) 

[24] 

Hemibagrus 

nemurus 

 

0.0554 

(0.0450- 

0.0721) 

0.080 

(0.0619-

0.01132) 

0.0239 

(0.0202-

0.0293) 

 

0.0991 

(0.0873-

0.115) 

 

0.0463 

(0.0411-

0.0531) 

 

0.0455 

(0.0416-

0.0501) 

 

0.0392 

(0.0354-

0.0440) 

0.0479 

(0.0409- 

0.0578) 

This 

study 

 

Note: All values have a correlation coefficient of at least 0.95. 

 

 

A visual comparison of whether the current AChE from H. 

nemurus is more sensitive to certain insecticides compared to 

publish AChEs from other fish is shown in the form of a Shukor’s 

chart (Figs 2 to 9). In this chart, the IC50 confidence interval 

(95%) values for carbofuran (Fig. A) from H. nemurus is placed 

at one end of the chart and lined up with published values of IC50. 

Two lines are then made crossing the entire chart and represent 

the 95% confidence interval value for H. nemurus. Any 

confidence interval values for targeted insecticides from 

published results that do not touch these two lines are deemed 

significantly different (p<0.05), either more or less sensitive 

judging whether they fall below or above the two lines, 

respectively, whilst any confidence interval values that fall in or 

touch the two lines are deemed comparable in sensitivity.  

 

Based on this premise, the AChEs from E. electricus (EE), 

Pangasius sp. (P), Channa micropeltes (CM) and Clarias 

batrachus (CB) showed a greater sensitivity to carbofuran in 

comparison to H.nemurus whilst the rest of the fish species 

harbours AChEs that exhibit comparable sensitivity to 

carbofuran to the AChE from H. nemurus (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 2. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to carbofuran from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). 

 

Based on the Shukor’s chart for carbaryl (Fig. 3), the AChEs 

from H. nemurus is more sensitive to carbaryl than the AChEs 

from E. electricus (EE), Periophtalmodon schlosseri (PS), 

Channa micropeltes (CM) and Clarias batrachus (CB) and 

comparable in sensitivity to the AChEs from the rest of the fish 

species. 

 

 

 
 

 
Fig. 3. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to carbaryl from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). 

 

 

 

 

 

 

 

 

 



JEMAT, 2017, Vol 5, No 1, 14-20 

 

- 17 - 

 

Based on the Shukor’s chart for methomyl (Fig. 4), the 

AChEs from H. nemurus is more sensitive to this insecticide than 

the AChEs from Periophtalmodon schlosseri (PS), Osteochilus 

hasselti (OH), Tor tambroides (TT), and Puntius javanicus (PJ). 

The AChEs from H. nemurus is less sensitive to methomyl than 

the AChEs from Puntius javanicus (PJ) and comparable in 

sensitivity to the AChEs from E. electricus (EE) and Channa 

micropeltes (CM). 

 

     
Fig. 4. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to methomyl from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). Missing confidence interval 

values indicates that data for the particular fish species is not available. 

 

Based on the Shukor’s chart for bendiocarb (Fig. 5), the 

AChEs from H. nemurus is less sensitive to this insecticide than 

the AChEs from Electrophorus electricus (EE), 

Periophtalmodon schlosseri (PS), Osteochilus hasselti (OH), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa 

micropeltes (CM) and Puntius javanicus (PJ). The AChEs from 

H. nemurus is comparable in sensitivity to the AChE from Tor 

tambroides (TT). 

 

 
 
Fig. 5. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to bendiocarb from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). Missing confidence interval 

values indicates that data for the particular fish species is not available. 

 

Based on the Shukor’s chart for parathionoxon (Fig. 6), the 

AChEs from H. nemurus is more sensitive to this insecticide than 

the AChEs from Electrophorus electricus (EE), and Osteochilus 

hasselti (OH). The AChEs from H. nemurus is less sensitive to 

parathionoxon than the AChE from Channa micropeltes (CM) 

and comparable in sensitivity to the AChEs from Pangasius sp. 

(P). 

 

 

 

 
 
Fig. 6. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to parathionoxon from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). Missing confidence interval 

values indicates that data for the particular fish species is not available. 

 

Based on the Shukor’s chart for malathionoxon (Fig. 7), the 

AChEs from H. nemurus is more sensitive to this insecticide than 

the AChEs from Osteochilus hasselti (OH) and Puntius javanicus 

(PJ). The AChEs from H. nemurus is less sensitive to 

malathionoxon than the AChEs from Electrophorus electricus 

(EE), Pangasius sp. (P) and Channa micropeltes (CM). 

 

 

 

 

 
Fig. 7. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to malathionoxon from various fish species (published) 

including Electrophorus electricus (EE), Periophtalmodon schlosseri 

(PS), Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes 

(CM), Clarias batrachus (CB), Tor tambroides (TT), and Puntius 

javanicus (PJ) to H. nemurus (HN). Nonoverlap confidence interval 

values are considered statistically significant (p<0.05). Missing 

confidence interval values indicates that data for the particular fish 

species is not available. 
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Based on the Shukor’s chart for diazinonoxon (Fig. 8), the 

AChEs from H. nemurus is more sensitive to this insecticide than 

the AChEs from Osteochilus hasselti (OH), Pangasius sp. (P), 

Channa micropeltes (CM) and Puntius javanicus (PJ)  

 

 

 
 
Fig. 8. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to diazinonoxon from various fish species (published) including 

Electrophorus electricus (EE), Periophtalmodon schlosseri (PS), 

Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes (CM), 

Clarias batrachus (CB), Tor tambroides (TT), and Puntius javanicus (PJ) 

to H. nemurus (HN). Nonoverlap confidence interval values are 

considered statistically significant (p<0.05). Missing confidence interval 

values indicates that data for the particular fish species is not available. 

 

Based on the Shukor’s chart for chlorpyrifosoxon (Fig. 9), 

the AChEs from H. nemurus is less sensitive to this insecticide 

than the AChEs from Pangasius sp. (P). The AChEs from H. 

nemurus is comparable in sensitivity to the AChEs from 

Electrophorus electricus (EE), Osteochilus hasselti (OH), 

Pangasius sp. (P) and Channa micropeltes (CM). 

 

 

 
 
Fig. 9. Comparison of the confidence interval (95%) for the IC50 value of 

AChE’s to chlorpyrifosoxon from various fish species (published) 

including Electrophorus electricus (EE), Periophtalmodon schlosseri 

(PS), Osteochilus hasselti (OH), Pangasius sp. (P), Channa micropeltes 

(CM), Clarias batrachus (CB), Tor tambroides (TT), and Puntius 

javanicus (PJ) to H. nemurus (HN). Nonoverlap confidence interval 

values are considered statistically significant (p<0.05). Missing 

confidence interval values indicates that data for the particular fish 

species is not available. 

 

Hemibagrus species is an excellent species to be explored 

as it is abundant in Southeast Asia including Malaysia. The fish 

is large in size with high nutritional values is an important source 

of food and has been aquacultured in Peninsular Malaysia [25]. 

From this study, the results obtained will be important as baseline 

data to be compared with different species of local fish and useful 

for tool development to assay the aquatic pollution from 

insecticides. The custom-made procainamide based affinity gel 

used for the purification in this study is an effective technique for 

partial purification and has been used in other studies [26–28].  

 

The data obtained from the primary screening proved that 

AChE from H. nemurus could be used as a sensitive inhibitive 

assay for insecticides. The organophosphates were fully oxidized 

using the bromine oxidation technique. Oxonation using bromine 

is only limited to OP compounds that require oxidative 

desulfuration in order to be activated. All of the insecticides 

tested in this study are also toxic in vivo studies, reflecting the 

relevance of the in vitro toxicity assay developed in this study as 

a rapid assay to detect these insecticides from food or the 

environment. 

 

Between the CBs, carbofuran is a common and systemic 

insecticide used globally. Because of its widespread application, 

carbofuran is a presence in surface, ground and rain water [17]. 

In Malaysia, carbofuran is used in oil palm plantation, paddy 

field, fruits and vegetables. Thus the effort to monitor its level in 

the environment is very important [29]. Carbaryl, another type of 

CBs is used for the seasonal treatment of oyster beds thus causes 

concern about the negative impacts that may affect the aquatic 

environment [30]. A study reported that the carbaryl causes 

interference to the nervous system in trout through inhibition of 

acetylcholinesterase. In this study, they reported that the 

olfactory system of trout is unresponsive to carbaryl, the 

acetylcholinesterase activity in both brain and muscle were 

significantly reduced affecting swimming orientation and finally 

increase death by predation due to the neurobehavioral 

destruction [31].  

 

The effects of carbamates such as methomyl are also been 

studied on amphibians; a study reported severe damage on the 

liver and kidney tadpoles as well as a reduction in growth, 

metamorphosis period, size and the alteration in biochemical 

parameters [32]. From the insecticide screening, bendiocarb 

shows the least inhibition effect compared to other insecticides. 

A study on the toxicity of agricultural pesticides on selected 

aquatic species shows that bendiocarb is moderately toxic to blue 

gill and rainbow trout [33]. Carbamates could be more potent 

than OPs for in vitro studies. This is because carbamates are 

reversible while most OPs are non-reversible inhibitors for 

AChE, this means with OPs, structural conformation through 

covalent modifications causes the inhibition of enzyme activity 

to be irreversible. Some OPs are produced in the environment in 

a less toxic thion form that is more stable.  

 

Organophosphates require activation by oxonation and are 

not toxic as an individual compound. This is achieved using 

bromine water and enzymes for in vitro and in vivo testing. Once 

OPs are absorbed into an organism, they are generally 

transformed into metabolites which are usually more toxic than 

the parent compounds or directly induced the enzymes of interest 

or organs [34]. Malathion which highly inhibited the AChE of H. 

nemurus in this study is usually used for mosquito control and 

combat agricultural pests. This insecticide has been shown to 

cause histopathological changes in the brain, liver, ovary, tissues 

as well as loss of equilibrium due to AChE inhibition in 

Ophiocephalus punctatus [35].  

 

Organophosphate such as parathion has been found to be 

more toxic as compared to carbosulfan and disrupt the 

cholinesterases not only in the brain but also in other vital tissues 
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of Cirrhinus mrigala [36]. Other type of OPs, which is 

Chlorpyrifos is used widely in pest control [37]. Once taken up, 

it is oxidized by monooxygenase enzymes into chlorpyrifos-oxon 

which is a toxic form metabolite [38]. Consequently, the effects 

of most of the pesticides on acetylcholinesterase (AChE) activity 

are considered to be an irreversible action since the time of re-

synthesis of the enzyme is naturally longer than the duration of 

dissociation of the OP-complex [39].  

 

The compound will phosphorylate the active site of AChE 

containing the hydroxyl group forming an inactive AChE [40]. 

Chlorpyrifosoxon and diazinonoxon could cause 10–1000 times 

stronger effects than those of their parental forms chlorpyrifos 

and diazinon, respectively [41]. Diazinon is known to be toxic in 

vivo to Oncorhynchus mykiss (rainbow trout), Poecilia reticulata 

(guppy), Brachydanio rerio (zebra fish) and Cyprinus carpio 

(carp), and guppy exhibited the strongest toxicity due to it having 

the highest rate of bioactivation of diazinon [42].  

 

CONCLUSION 

 

As a conclusion, the results for the in vitro IC50 values of most of 

the AChE from the different species indicated that the AChE 

from H. nemurus is comparable in sensitivity to most of the 

AChE from local fish species including from the commercial E. 

electricus suggesting that the AChE from H. nemurus can be an 

excellent and cheaper alternative for E. electricus as AChE 

source for the development of biosensor similar to other local fish 

species [24,43–45]. The importance of screening for more 

sensitive AChE towards insecticides is because these insecticides 

display variable sensitivity to the AChEs from fish species 

including the commercial AChE. For cheap and routine 

monitoring, the use of two or more AChEs is probably needed to 

cover the sensitivity required for food and environmental 

monitoring purposes.  
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