Abd-Alkazem and Rabee Iragi Journal of Science, 2023, Vol. 64, No. 7, pp: 3303-3309
DOI: 10.24996/ijs.2023.64.7.11

N—/
Iraqi

Journal of

Science

ISSN: 0067-2904

Analysis of Acetylcholinesterase Gene Expression in Male Mice Exposed to
Sublethal Dose of Endosulfan Pesticide

Diyana M. Abd-Alkazem*, Adel M. Rabee
Department of Biology, College of Science, Baghdad University, Baghdad, Iraq

Received: 7/8/2022 Accepted: 8/10/2022 Published: 30/7/2023

Abstract

The aim of the current study was to investigate endosulfan effects on the
Acetylcholinesterase (AChE) enzyme and gene in albino mice. Thirty selected male
albino mice were randomly divided into 3 groups. The first group was control group
(G1), while the other two treated groups were injected intraperitoneally twice per
week with two doses of endosulfanG2 (3 mg/kg) and G3 (17 mg/kg) for 21 and 45
days respectively. The results recorded a significant decrease in AChE enzyme in the
group treated with 17 mg/kg b.wt. (3986.67 +170.32 U/L),compared to the control
(5584.33 £140.35 U/L)and treatment group with 3 mg/kg b.wt.(5556.00 +341.01) U/L
for 21 days. Also, there was a significant decrease in the enzyme level between the
two treated groups (4688.00 £221.49 U/L)and (3413.67 £305.42 U/L) for the duration
of 45 days of the dose, compared with the control group (5584.33 £140.35 U/L), and
increased expression of AChE gene in the treated groups.Gene expression fold in all
treated groups was higher than in the control group withthe highest recorded value of
14.320at 17 mg/kg for 45 days, compared with the control group.
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Introduction

Endosulfan (EN) (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-
benzodio-3-oxide) is a pesticide of a broad-spectrum organochlorine that is used to protect
crops in pest management systems [1]. It has a half-life of more than 14 days in water and 60
to 800 days in soil [2]. Endosulfan is comprised of two isomers, a and B, and is ubiquitous in
the environment and vegetation [3-6]. Due to their persistence in nature, endosulfan residues
polluting the environment undergo bioaccumulation and biomagnification in the food chain,
causing deleterious consequences for non-target creatures, including humans [7]. Endosulfan is
a highly lipophilic chemical that is quickly absorbed and spreads in tissues, particularly the
CNS. Despite the short half-life of endosulfan, it is gradually released from lipophilic depots
into circulation [8]. Endosulfan's toxic effects on multiple systems, including the CNS, hepatic,
immunological, and cardiovascular systems, have been shown in studies to pose acute, subacute
and chronic dangers to human health [9].AChE is a cholinergic enzyme, mainly present in
postsynaptic neuromuscular junctions. It degrades AChE into acetic acid and choline
promptly[10].AChE's main function is to stop neuronal transmission and signalling between
synapses, preventing AChE from spreading and activating neighbouring receptors.
Furthermore, AChE suppression action has been widely employed as a biomarker for pesticide
harming evaluation [11,12].Several environmental pollutants, such as organophosphate (OP)
and carbamate insecticides, have similar effects on AChE and suppress its enzymatic activity
irreversibly[13].Endosulfan is also known to inhibitAChE activity, resulting in high levels of
acetylcholine (AChE) and behavioural problems [14]. Acetylcholinesterase (AChE) is one of
the utmost commonly utilized biomarkers for nervous system toxicity (AChE, EC
3.1.1.7).AChE is a single-gene product [15].
Technique of real-time quantitative reverse transcription PCR (qQRT-PCR) is commonly used
to track changes in gene expression [16] and the approach is regarded to be sensitive, specific,
repeatable and accurate [17].

Materials and Methods
Animals Housing and Chemicals
Adult male albino mice aged 6-8 weeks on average weighing approximately (255 g),used

in the current studywere obtained from the Biotechnology Research Centre, Al-Nahrain
University in Baghdad City. All mice were left for one week to acclimatize to the laboratory
conditions before starting the experiments. The animals were housed in polypropylene cages in
a specially controlled environment with 12+2 hours of light/dark cycles, with
25+5°Ctemperature and a relative humidity of 50-60%. The nutrition sources available were ad
libitum. Commercial product of endosulfan pesticide that complies with European Union
standards, was purchased by the Agricultural Pesticides Office in Al-Sinak District, Baghdad
Governorate. The active ingredient of 35% endosulfan in 1 L, was used in the experimental
study in liquid form.The molecular formula of endosulfan is COH6CI603S and its molecular
weight of 406.9 g/mol with 106°C melting point [18] and EN 1.745 g/cm? density at 20°C[19].
Ethical approval statement, Ref.. CSEC/1021/0077 was issued on the 5th of October, 2021 by
the Ethics Committee/ Department of Biology/ College of Science at the University of
Baghdad.
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Determination of LDg of Endosulfan Pesticide

Albino male mice were intraperitoneally injectedby (3.5mg/kg, 7mg/kg, 14mg/Kkg,
28mg/kg, and 56mg/kg) of endosulfan to determine the LDs,. The mortality was recorded
within 24 hours. The estimated lethal dose of endosulfan in mice is 34 mg /kg.
In vivoStudy

To determine the toxicological effects of endosulfan, 30 male albino mice were randomly
divided r into 3 groups: control group and two treated groups with EN (G1, G2 and G3). One
group was taken as the control, while the other two groups were injected intraperitoneally
twice per week with two doses of endosulfan, G2 (3 mg/kg)and G3(17 mg/kg).

Measuring Acetylcholinesterase (AChE)  Acetylcholine assay kit is based on the enzyme
driven reaction that detects acetylcholine via acetylcholinesterase enzyme and choline oxidase.
Acetylcholinesterase first hydrolyzes acetylcholine into choline and acetic acid. Choline is then
oxidized by choline oxidase to produce hydrogen peroxide. The hydrogen peroxide can then be
detected with a highly specific colorimetric probe. For this study, the absorbance measured was
sat 540-570 nm range.

Primer
Primers used in the study were according to their reference sequence in the molecular
diversity preservation international (MDPI)as shown in Table 1.

Table 1: Primer sequences used in the current study
AChE

Forward CCTGGATCCCTCGCTGAA

Reverse CCTGTGCGGGCAAAATTG

Forward CGGGTTCCTATAAATACGGACTG
Reverse CCAATACGGGCCAAATCCGTTC

RNA Extraction, cDNA Synthesis, and Real-time PCR

RNA was extracted from the brain tissue using TransZol Up Plus RNA Kit (TranGen Biotech).
NanoDrop2000c (Thermo Fisher Scientific, USA) was used to assess the isolated RNA
concentration to detect the goodness of samples for further assessment in RT-gPCR.
The cDNA synthesis was performed following the protocol of EasyScript® One-Step gDNA
Removal and cDNA Synthesis SuperMix. Real-time PCR using TransStart® Top Green qPCR
SuperMix was used to measure the relative expression levels of the mMRNAs of the target genes
in the brain tissue, with GAPDH as an internal reference.

Statistical Analysis

Statistical analysis system- SAS (2012) was used to detect the effects of different factors on
the study parameters. Least significant difference —LSD test in the context of the analysis of
variance-one way (ANOVA) was used to compare between means in this study.

Results and Discussion
Effects onAcetylcholinesterase Enzyme (AChE)

Regarding acetylcholinesterase enzyme levels, the results showed a significant decrease in
the treated group with 17 mg/kg b. wt. (3986.67 £170.32 U/L), compared to the control
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(5584.33 £140.35 U/L) and treatment group with 3 mg/kg b. wt. (5556.00 +341.01 U/L) for 21
days.

Also, there was a significant decrease in the enzyme level between the two treated groups
(4688.00 £221.49 and 3413.67 +305.42 U/L)for 45 days of the dose, compared with the control
group (5584.33 £140.35 U/L).

The results did not show significant differences within the control and treated groups at the

first dose of 17 mg/kg b. wt. for 45 days (Table 2).Whereas there were significant differences
in the enzyme level within the treated group at the second dose of 3 mg/kg b. wt., (5556.00
+341.01U/L) for 21 and 45 days (4688.00 £221.49U/L).
Acetylcholinesterase is one of the most commonly utilized biomarkers for nervous system
toxicity. It is a notable AChE inhibitor that results in a prominent increase in the AchE leading
to a general decrease in muscular as well as neural control. Moreover, a portfolio of evidence
associates the changes in normal behavioural models alongside neurotoxic damages due to
pollutant exposure. Similarly, Kim et al. [20] reported that EN reduced AChE activity in adult
zebrafish.

A study on aquatic invertebrates (Chironomus riparius) by Mufiiz-Gonzalez et al.[21]
reported that the lowest endosulfan concentration led to increased AChE activity.
Pereira et al. [14] discovered after 96 h zebrafish exposed to 2.4 mg endosulfan/L, group
presented a significant decrease in AChE activity.
In another study, male Wistar rats were administered endosulfan at a concentration of 5
mg/kg/day for 28 days. EN developed a significant (p < 0.05) decrease in AChE activity when
measured in the rat brains [22].

Table 2: Effectsof endosulfan and period in AChE

Group
21 Days 45 Days
Control 5584.33 +140.35 5584.33 £140.35 276.45 NS
Aa Aa
3 mg/kg 5556.00 £341.01 4688.00 £221.49 761.28 **
Aa Bb
17 mg/kg 3986.67 +170.32 3413.67 £305.42 603.57 NS
Ba Ca
LSD value 811.53 ** 804.24 **

Means with different big letters in the same column and small letters in the same row are significantly
different..** (P<0.01).

Expression Profile Study by Quantitative Reverse Transcriptase Real-time PCR

AChE gene was upregulated in all treated groups (Figure 1). Furthermore, the highest fold
change (14.320) was noticed after administrating the animals with 17 mg/kg for 45. Clearly, it
can be concluded that the AChE gene had such high expression due to the damage caused by
endosulfan on the genetic content.

Kim et al. [20] stated that the expression of genes that participated in defence mechanisms
was changed after co-treatment as well. For instance,phenanthrene at LC10 and endosulfan at
LC50 markedly upregulated the gene encoding superoxide dismutase. Similarly, these
concentrations upregulated the gene coding for AChE in zebrafish.

Lee et al. [23] mentioned that exposure for 24 h to most biocide led to a decline in the
transcriptional expression of Tigriopus japonicas (TJ)- AChE genes. Further, exposure to
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endosulfan, dimethoate and alachlor significantly decreased the expression of TJ-AChEL.
Pereira et al. [14] reported a significant decline in AChE activity in zebrafish brain, after 96 h
of exposure to 2.4 mg/L of endosulfan. Nevertheless, Preud’homme et al. [24] indicated that
the endosulfan did not changeAChE mRNA levels in the zebrafish brain. Investigation revealed
no significant changes in the expression of the gene coding for brain neurotransmitter receptors
(nicotinic a5 AChE) in Xenopus laevis the African clawed frog when exposed to low dosedose
EN.
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Figure 1: Effects of exposure duration of endosulfan on the AChE gene expression in mice.

Conclusions

This study clarified that endosulfan substantially reduced AChE enzyme activity. Moreover,
endosulfan increased AChE gene expression. Hence, AChE can be considered “an important
biomarker thatgives the first signs of toxicity.
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