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Acetylcholinesterase (AChE) inhibitors are 

widely used for a variety of medical, agricultural and 
public health purposes. Consequently, exposure is 
highly possible during lifetime. Therefore, the aim 
of this study was to investigate 
������� the effects of 
pesticides such as cypermethrin, fenpropathrin, 1,1-
D-methylpiperidinium chloride, N-(phosphonome-
thyl)gylcine, β-naphthoxyacetic acid, lambda-
cyhalothrin, deltamethrin, and 2,4-dichoroplenoxy 
acetic acid on AChE activity obtained from bovine 
braine. Pesticides showed different effects on AChE 
activity. The AChE enzyme was inhibited by cyper-
methrin, fenpropathrin, 1,1-D-methylpiperidinium 
chloride, N-(phosphonomethyl)gylcine, and β-naph-
thoxyacetic acid pesticides and activated by lambda-
cyhalothrin and deltamethrin pesticides. 2,4-dichor-
oplenoxy acetic acid pesticide did not alter the activ-
ity of AChE enzyme. AChE activity was inhibited in 
a concentration-dependent manner, and calculated 
IC50 values for cypermethrin (IC50=24.45 mM), 
fenpropathrin (IC50=16.95 mM), 1,1-D-methylpiper-
idinium chloride (IC50=69.09 mM), N-(phospho-
nomethyl)gylcine (IC50=585 mM), and β-naphthox-
yacetic acid (IC50=16.34 mM). 
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Pesticides commonly used throughout the 

world are chemicals used as agriculture, industry, 
domestic and war materials. They are highly toxic 
compounds. The broad use of the pesticides in agri-
culture leads to a serious public health issue with 
about 3,000,000 acute intoxications and over 
200,000 fatalities annually worldwide, mostly in de-
veloping World [1].�Due to the increase in agricul-
tural and industrial use, pesticides are among the 
most important environmental pollutants. Small 
amounts remaining in the environment after agricul-
tural use have been detected in ground, foodstuffs, 
drinking water and sea life, posing a potential risk to 

living systems. Consequently, people are unavoida-
bly exposed via inhalation, skin permeation or inges-
tion of contaminated food [2, 3]. These chemicals 
cause adverse effects by affecting the physiological 
and behavioral systems in non-targeted organisms 
throughout the World [4-6]. Therefore, the presence 
of these chemicals in the environment is a global is-
sue which may pose a threat to living systems.�Inten-
sive use of pesticides causes also pollution of food 
and groundwater. Dispersions of pesticides in air, 
water, soil and organisms cause various physical, 
chemical and biological changes. At the same time, 
pesticides can be easily dispersed into the tissues in 
the body by being easily absorbed by oral, dermal 
and respiratory means [7].�

There are some studies related to the effect of 
pesticides taken in different ways into human body 
to antioxidant and other enzyme systems. For exam-
ple, Diken et al. (2017) investigated �������� the ef-
fects of some pesticides on glutathione-S transferase 
activity [8]; Karadağ and Kaplan (2016) the effect of 
deltamethrin and alpha cypermethrin pesticides on 
bovine liver catalase activity [9]; Gencer et al. 
(2012) �������� the effects of some herbicides and 
fungicides on human erythrocyte carbonic anhydrase 
activity [10]; Hopa et al. (2011) the inhibitory effects 
of some pesticides on human erythrocyte glucose-6-
phosphate dehydrogenase activity [11]; Arslan et al. 
(2011) �������� the effects of some antibiotics on en-
zyme activity of carbonic anhydrase from bovine 
erythrocytes [12]; Nadaroğlu and Demir (2009) ���
���� the effects of chlorpyrifos and parathion-methyl 
on some oxidative enzyme activities in chickpea, 
bean, wheat, nettle and parsley leaves [13]; Doğan et 
al. (2014) the effect of sodium tetraborate on antiox-
idant enzymes under �������� conditions [14]; Doğan 
(2006) �������� the effects of some pesticides on car-
bonic anhydrase activity of Oncorhynchus mykiss 
and Cyprinus carpio carpio fish [15]. 

AChE plays an important role in the choliner-
gic system including nerve impulse transmission in 
synapses, and it hydrolyses acetylcholine (ACh) into 
choline and acetic acid [16]. ACh is an important 
neurotransmitter at post synaptic membranes and 
neuromuscular junctions. AChE is typically synthe-
sized in nerve, muscle and some blood related cells. 
The enzyme has been localized outside the cell of 
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both nerve and muscles in inducible tissues [7]. The 
AChE in the brain can be a target for toxic chemicals 
[17], and these chemicals cause disruption of nerve 
function and excessive ACh accumulation by inhib-
iting the AChE enzyme [18]. Therefore, AChE can 
be a biomarker in the evaluation of neurotoxic 
changes [19]. 

A variety of usages of AChE inhibitors 
(AChEIs) are common in medicine and agriculture 
[2]. AChE inhibitors are used in the treatment of var-
ious disorders such Alzheimer's disease, glaucoma, 
smooth muscle weakness and autonomic nervous 
system functions. AChE's catalytic activity is very 
high, it converts 25,000 ACh per second into choline 
and acetic acid. The choline formed is transferred 
back to the nerve centers to form new ACh mole-
cules [7]. AChEIs are also used as pesticides for the 
elimination of insects that pose a threat to public 
health, agriculture and gardening [2]. To our 
knowledge, there are few studies that show the effect 
of some pesticides used in agriculture on AChE ac-
tivity. AChEIs inhibit cholinesterase, increasing the 
level and length of ACh action. For example, Gon-
calves et al. (2010) studied ������� acute effects of 
several pharmaceutical drugs (diazepam, clofibrate, 
clofibric acid) and detergents (sodium dodecyl-sul-
phate and benzalkonium chloride) on cholinesterases 
from gambusia holbrooki [20]; Matozzo et al. (2006) 
the effects of 4-nonylphenol (xenoestrogen) and 
chlorpyrifos (organophosphorus pesticide) on AChE 
activity in the clam Tapes philippinarum [21]; Gyori 
et al. (2017) the inhibitory effects of four neonico-
tinoid active ingredients on AChE activity [22]; Lee 
et al. (2015) inhibitory effects of biocides on tran-
scription and protein activity of AChE in the inter-
tidal copepod Tigriopus japonicas [23]. Therefore, 
the aims of this study were to investiage the inhibi-
tion and/or activator effects of pesticides such as cy-
permethrin, fenpropathrin, 1,1-D-methylpiperi-
dinium chloride, N-(phosphonomethyl)gylcine, β-
naphthoxyacetic acid, lambda-cyhalothrin, deltame-
thrin, and 2,4-dichoroplenoxy acetic acid used in ag-
riculture on AChE activity obtained from bovine 
brain, to calculate IC50 values of pesticides showing 
inhibitory effect, and to compare the inhibitory pow-
ers of pesticides with that of AChE enzymes in the 
literature. 
 
 
	����������
��	�������

�
	�������2�All reagents used in this study were 

of analytical grade and obtained from Sigma-Al-
drich. The structures of the pesticides used in the 
study have been given in Figure 1. 

�
	��0.'$2� ��������.%� .-���0�2�The bovine 

brain used in the study was supplied fresh from the 
slaughterhouse, immediately brought to the labora-
tory and stored at -20 ° C until use. The brain was 

homogenized in tris buffer (50 mM, pH = 7.4, 300 
mM sucrose) 10 times its weight. The homogenate 
was centrifuged at 1000 g for 10 minutes and the re-
sulting supernatant was used for experimental pur-
poses.�

�
�����(�%���.%�.-���0������9��/2�AChE ac-

tivity was assayed according to the method described 
by Ellman et al. (1961). The rate of hydrolysis of 
acetylthiocholine at pH 8.0 was measured at 412 nm 
with a Perkin Elmer Lambda-35 UV-Visible Spek-
trofotometre. For AChE activity, the reaction was 
started by adding of 100 µL of 0.01 M dithiobisni-
trobenzoic acid (DTNB), 20 µL of 0.075 M acetyl-
choline substrate and 50 µL of supernatant into 2.83 
mL of 0.1 M phosphate buffer (pH = 8.0). The total 
volume was 3 mL. The same assay for kinetic anal-
ysis was repeated with the addition of different 
amounts of supernatant [24]. 

�
�%0�����.%� .-� ��0�� ����9��/2� Inhibition of 

AChE activity was measured according to the spec-
trophotometric method developed by Ellman et al. 
(1961). Briefly, in this method, 140 µL of 0.1 mM 
sodium phosphate buffer (pH 8.0), 20 µL of DTNB, 
20 µL of test solution and 20 µL of AChE solution 
were added by multichannel automatic pipette in a 
96-well microplate and incubated for 15 min at 25 
0C. The reaction was then initiated with the addition 
of 10 µL of acetylthiocholine iodide. The hydrolysis 
of acetylthiocholine iodide was monitored by the 
formation of the yellow 5-thio-2-nitrobenzoate anion 
as a result of the reaction of DTNB with thiocho-
lines, catalysed by enzymes at a wavelength of 412 
nm utilising a 96-well microplate reader. The exper-
iments were carried out in triplicate. The results were 
interpreted by calculating IC50 values [25].�

�
�

���������
�����������
�
 

The kinetic constants of the AChE enzyme 
were calculated from Lineweaver-Burk equation us-
ing the acetylcholine substrate and given in Table 1. 
Figure 2 shows a linear relationship between points. 
The Km and Vmax values for the acetylcholine sub-
strate were calculated as 0.33 mM and 3333 EU / 
mL.min, respectively. 
 

��������
��%������.%$��%�$�-.����0��

�( (mM) 0.33 
�(�� (EU/mL.min) 3333 

 
In this study, inhibition effects of pesticides 

used for different purposes in agriculture were inves-
tigated on AChE enzyme. AChE plays a significant 
role in the outgrowth of axons, synapto genesis, mi-
gration of neurons, hemopoietin stress responses and 
cell apoptosis. Major effects of AChEIs are due to  
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Cypermethrin β-naphthoxyacetic acid 

  

 
 

N-(phosphonomethyl)glycine Deltamethrin 
  

 
1,1-dimethylpiperidinium chloride 
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their action on the parasympathetic nervous system, 
causing slow heart rate, low blood pressure, bron-
chial hypersecretion/constriction, gastrointestinal 
hypermobility, and decreased intraocular pressure 
[2]. The pesticides used have different functional 
groups such as cyanide, quaternary ammonium salt, 

carboxyl group and organophosphate group. The ef-
fects of these functional groups on AChE were dif-
ferent from each other. Pesticides such as cyperme-
thrin, fenpropathrin, 1,1-D-methylpiperidinium 
chloride, N-(phosphonomethyl)gylcine, and β-naph-
thoxyacetic acid inhibited AChE activity while 
lambda-cyhalothrin and deltamethrin increased 
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AChE activity. 2,4-dichoroplenoxy acetic acid pes-
ticide did not alter the AChE activity. When the re-
sults are examined, it is seen that the molecular struc-
ture is more effective in inhibition than functional 
group. For example, cypermethrin and fenpropathrin 
having a cyanide functional group inhibited the 
AChE activity, while lambda-cyhalothrin and del-
tamethrin activated the AChE activity. Also, β-naph-
thoxyacetic acid with carboxyl functional group in-
hibited AChE activity, while 2,4-dichoroplenoxy 
acetic acid did not alter AChE activity. 

Figures 3 and 4 show the effects of concentra-
tions of different pesticides used in the study on 
AChE activity. The effects of pesticides showing in-
hibition effect (Figure 3) on AChE activity are in a 
concentration dependent manner. The calculated 
IC50 values from % activity-inhibitory concentration 
graphs have been given in Table 2. When the values 
in Table 2 are examined, it can be seen that the IC50 
values of the pesticides showing the inhibitory effect 
were different from each other. The fact that these 
values is different may be the result of the interaction 
between the enzyme and the inhibitor. 
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��"#�9��#�$�����#����'�-�.(�>�����9��/3�%0����.���.%��%�����.%��#�9�$�-.����0������9��/�

�$����'�$� �--���� ��"#�(mM)�

Cypermethrin inhibitor 24.45 
Fenpropathrin inhibitor 16.95 
Lambda-cyhalothrin activator --- 
1,1-D-methylpiperidinium chloride inhibitor 69.09 
2,4-dichoroplenoxy acetic acid inactive --- 
N-(phosphonomethyl)gylcine inhibitor 585 
β-naphthoxyacetic acid inhibitor 16.34 
Deltamethrin activator --- 

 
IC50 values for cypermethrin, fenpropathrin, 

1,1-D-methylpiperidinium chloride, N-(phospho-
nomethyl)glycine, and β-naphthoxyacetic acid pesti-
cides showing inhibitory activity were calculated as 
24.45, 16.95, 69.09, 585 and 16.34 mM, respec-
tively. When these values are examined, it can be 
said that the pesticide that inhibits the most AChE 
activity is β-naphthoxyacetic acid, followed by 
fenpropathrin, cypermethrin, 1,1-D-methylpiperi-
dinium chloride, and N-(phosphonomethyl)gylcine 
pesticides. Again, it can also be said that the inhibi-
tion power of β-naphthoxyacetic acid and 
fenpropathrin pesticides are approximately equal to 
each other. These results indicate that the amount of 
acetylcholine will increase by inhibiting AChE ac-
tivity in the bovine brain. Except for N-(phospho-
nomethyl)gylcine, the IC50 values of the other inhib-
itors used in this study were higher than the IC50 of 
ACT (IC50=75.2 mM and 85.4 mM) [22]. Compar-
ing these data it can be concluded, that pesticides 
used in this study can represent a substantial envi-
ronmental risk primary to pollinator organisms. It 
has been postulated that inhibiting AChE activity by 
50%–60% may result to weakness, headache, dizzi-
ness, nausea and salivation that commonly resolve 
within 1–3 days. At a 60%-90% inhibition level, 
moderate-intensity symptoms are seen including di-
aphoresis, vomiting, diarrhea, tremors, ambulatory 

disturbance, chest pain, and cyanosis that may re-
verse within a few weeks. However, at a 90%–100% 
inhibition level, respiratory or cardiac failure occurs 
resulting to death [2,3]. When a decrease in AChE 
activity occurs, acetylcholine accumulates in synap-
ses and this event causes physiological impairment 
in many functions including feeding, swimming and 
behavior [26]. The occurrence of AChE inhibition 
may be related to lower AChE expression [27, 28] 
and causes neurotoxic alterations in the nervous sys-
tem [29]. Previous studies indicated that pesticides 
may cause AChE inhibition in fish tissues [27,          
28, 30]. 

When the results in Figure 3 are examined, it 
can be said that the lambda-cyhalothrin and deltame-
thrin pesticides increase AChE activity and exhibit 
activator behavior. In this case, these pesticides in-
crease the AChE activity, accelerating the conver-
sion of acetylcholine into choline and acetate and 
preventing the increase of acetylcholine in the brain. 
The results in Table 2 have shown that the 2,4-
dichoroplenoxy acetic acid having carboxylic acid 
functional group does not alter the AChE activity. 
This may be due to the absence of an interaction be-
tween the active site of the enzyme and the func-
tional group of 2,4-dichoroplenoxy acetic acid. Sim-
ilar results were found for BDCEE pesticide by Bu-
kowska et al. (2018) [31]. 
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From the above results it was determined that i. 
pesticides having the same functional group showed 
different effects on AChE enzyme, ii. pesticides such 
as cypermethrin, fenpropathrin, 1,1-D-methylpiperi-
dinium chloride, N-(phosphonomethyl)gylcine, and 
β-naphthoxyacetic acid, inhibited AChE activity, iii. 
lambda-cyhalothrin and deltamethrin pesticides in-
creased AChE activity, iv. 2,4-dichoroplenoxy ace-
tic acid did not have an effect on the AChE activity 
as an inhibitor and/or activator, v. the most effective 
inhibitors were β-naphthoxyacetic acid and 
fenpropathrin pesticides, and vi. the amount of ace-
tylcholine in the brain would increased in the inhibi-
tion case and the amount of acetylcholine would de-
crease in the activator case. In conclusion, the ob-
tained results indicated that pesticedes such as cyper-
methrin, fenpropathrin, 1,1-D-methylpiperidinium 
chloride, N-(phosphonomethyl)glycine, and β-naph-
thoxyacetic acid could cause neurotoxic changes by 
affecting physiological and biochemical functions in 
the bovine brain. 
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