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Article history:  

Malathion is the most widely used organophosphorus pesticide in freshwater 
ecosystems around the world. In Danio rerio brain specimens, the effects of MAL 

exposure on oxidative stress stimulation and acetylcholinsterase, as well as gene 
expression and histology, were investigated. Antioxidant enzyme activities 
(superoxides dismutase and catalase) and AChE levels changed widely in brain. 
The mRNA levels of genes encoding antioxidant enzymes such as Cu/Zn–SOD, 

Mn–SOD, and COX-17 did not increase when zebrafish were exposed to varied 
levels of MAL for 5 and 25 days. CAT, GPx, CYP1A, and AChE transcription were 
all enhanced significantly following exposure to MAL levels (P<0.05). Variations in 
the brain's antioxidant enzyme did not match mRNA induction patterns. 

Furthermore, with higher exposure time and dose, pathological changes included 
more severe tissue harm. These alterations are common cellular responses for 
pesticides and are expected to be an important signal in ecotoxicology studies. 
Given our findings, the Danio rerio can be used as a model organism for the 

further research of pesticide effects on the CNS and the various mechanisms 
involved. 
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1. Introduction 

1Aquatic environmental pollution is a serious and growing 
issue. The number and quantity of industrial, commercial 
and agricultural substances released into the aquatic 

environment has increased, resulting in a variety of negative 
effects on aquatic creatures (Barky, et al., 2012). Malathion 
(MAL) is an insecticide that kills insects by blocking the 
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enzyme acetylcholinsterase (AChE), which is responsible for 
the disruption of the neurotransmitter acetylcholine. 

Inactivation of AChE causes acetylcholine to accumulate at 
cholinergic synapses, resulting in synaptic blockage and 
signal transmission problems (Ali & Aldhamin, 2019). AChE 
activity was measured and biochemically identified in a 

variety of aquatic invertebrates (Ribeiro, et al., 2017). As a 
result, while there is agreement that discouragement is a 
marker of exposure to organophosphorus pesticide (Ops), 
there is disagreement regarding whether inhibiting has a 

detrimental consequence until it is coupled with physical 
toxicity. Feeding, escape, and reproductive behaviour, can 
all be disturbed by changes in AChE activity (Banaee, et al., 
2011). Despite their neurotoxic effects, Ops insecticide  have 

other qualities that can influence beings, such as 
cytotoxicity, genotoxicity, mutagenicity, and carcinogenicity 
(Ali & Aldhamin, 2019).  

Scientists and environmental executives are conducting 
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the sub-lethal impacts of pesticides on non-target aquatic 
creatures, which could be critical for the protection and 

conservation of such frail ecosystems of highly productive 
(Rickwood & Galloway, 2004). MAL is a popular Ops 
insecticide because of its low mammalian toxicity and high 
insect selectivity when compared to other OPs insecticides. 

Recent studies have employed antioxidant enzyme activity 
measurements in fish to assess oxidative damage in 
chemically influenced aquatic habitats (Abbas, et al., 2019). 
The enzymes of antioxidants are sensitive indicators of 

oxidative stresses (Guardiola, et al., 2017; Abdel-Tawwab, et 
al., 2018). Under normal circumstances, antioxidant 
enzymes cleanse and remove reactive oxygen species (ROS) 
and other oxidants of cells (Egea, et al., 2017; Ighodaro & 

Akinloye, 2018). Oxidative stress occurs when there is a 
discrepancy between the formation and elimination of 
reactive oxygen species (ROS), especially when the 
generation of ROS outnumbers the antioxidant mechanism 

(Ajima, et al., 2017; Iheanacho & Odo, 2020). ROS 
generation has been act a potential toxicity mechanism for 
aquatic species exposed to watery organic contaminants 
since it can cause oxidative damage (Lushchak, 2011). 

As a result, various oxidation-related biomarkers are 
frequently utilized in aquatic environments to estimate 
pollution exposure and/or effects on native fish populations, 
including both enzymatic and molecular characteristics 

(Feng, et al., 2013). Then, a range of biochemical, molecular, 
and histopathological reactions can be used to exposed of 
quantify chemical and offer information regarding spatial 
and temporal variations in pollutant concentrations. It then 

applies to environmental quality and negative environmental 
repercussions. Lower levels of biological structure 
(biochemical and molecular responses) are more generic, 
sensitive, repeatable, and easy to distinguish in general (Au, 

2004). As a result, the purpose of the study was to use a 
variety of biochemical, molecular, and histopathological 
parameters to establish the sub-lethal effects of MAL 
exposure in brain zebrafish. AChE levels in the brain were 

assessed, as well as antioxidant defense utilizing 
superoxides dismutase (SOD) and catalase (CAT). Because 
these enzymes metabolize a wide spectrum of organic 
toxicants in tissues of Danio rerio, they are commonly 

utilized as sensitive and accurate biomarkers for the 
poisonous behavior of major environmental contaminants 
(Song, et al., 2006). 

2. Materials & Methods 

Mixed-gender adults Sub-lethal testing was performed on 
Danio rerio (length 3.1-4.6 cm, weight 0.29-0.84 g). They are 

fed commercial fish food twice a day. In a 40-liter aquarium, 

fish samples were separated into four groups, each with 100 
fish. Xingyinhe Chemical Engineering Co. provided MAL 

(diethyl [dimethoxy phosphino thioyl]butanediotae) with a 
purity of 95%. Using Finney's Probit Analysis (Finney, 1971), 
the 96-hour LC50 of MAL was (6.475mg l-1) and group I was 
used as a control in tap water. For 5, 10, 15, 20, and 25 

days, other groups were subjected to C1(0.432 mg MAL l-1), 
C 2 (0.648 mg MAL l-1) and C 3 (1.295 mg MAL l-1) LC50 
levels. The fish are collected from each tank at the end of 
each exposure period to be dissected. However, all 

institutional and national guidelines for the care and use of 
laboratory animals were followed. 

Biochemical tests and enzyme extraction 

After homogenizing brain tissues to a 1/10 (w/v) ratio 

with cold saline solution NaCl (0.86 percent), the 
supernatant was used for biochemical examination. At a 
wavelength of 412 nm, Ellman, et al., (1961) detected AChE 
activity. Iodide of acetylcholine and dithiobis of nitrobenzoic 

acid were utilized as substrates. The Can (2011) approach 
was used to assess the activities of SOD and CAT. Protein 
activity in units of U/mg has been used to describe basic 
activity. Bradford (1976) used bovine serum albumin as a 

standard to determine total protein concentration. The 
standard calibration curve was set at y=0.0051x-0.0013 
(R2=0.999). 

Histopathological Analysis  

Collecting and fixing brain tissue in paraformaldehyde, 
dehydrating with a graded ethanol series, clearing in xylene, 
and then embedding in paraffin was done immediately after 
5 and 25 days of exposure to C1 and C3 mg l-1. A paraffin 

block rotary microtome was used to generate 7 μ thick 
sections, which were subsequently stained with 
haematoxylin and eosin. Histopathological alterations were 
investigated using a Nikon Eclipse Bio microscope. 

RNA Extraction and Real-time Quantitative RT-PCR 

Total RNA was isolated from brain zebrafish (frozen in 
liquid N2) according to the manufacturer's instructions using 
TRIzol®Reagent (Invitrogen). After each sample's RNA quality 

was assessed. The RNA was denatured for 5 minutes at 65° 
C. First-strand cDNA was synthesized using a Thermo 
Scientific first-strand cDNA synthesis kit. In addition to the 
β-actin control genes, PCR primers for target genes were 

developed, as well as the Primer Premier 5 software. Then 
sent to the Shanghai Sunny Biotechnology Co.,China for 
synthesis. Table 1 lists all of the primers used in real-time 
quantitative PCR. 

Table 1 
The primer pair sequences utilized in real-time quantitative PCR experiments 

Gene Primer sequence 
Gene bank 

accession 
Length 

GPx 
F:5-GTGCTCGCTGTATCTCCT-3 

NM200222 463 bp 
R: 5-CGTCCAGAAACGCACCAC-3 

Mn–Sod 
F:5-ACGGACTATGTTAAGGCCATCT-3 

AY195857 123bp 
R: 5-CCACTCGGTTGCTCTCTTTTCTCT-3 

Cu/Zn-SOD 
F:5-TCAATCAAGAGGGTGAAAAGAAGCC-3 

NM131294 262bp 
R:5-TGACCAAGTTAGCATTGCATCCTCG-3 

AChE 
F:5-TTACTCTTGCCCACTGTCTACTC-3 

NM131846 331bp 
R:5-CTTCACTCATCACTCTGTTGGGGTTC-3 

COX-17 
F:5-GCGGCGCAGAAAAAGCCACT-3 

NM001004652 200bp 
R: 5-ACACAAGCAGTCACACACAT-3 

CYP1A 
F:5-CGAACATCCCAGACGGGCTAC-3 

AB078927 410bp 
R:5-CCCTAATTACTGATGTGCTCCTCT-3 

CAT 
F:5-ATGGCAACTGGGATCTTACA-3 

AF170069 498 bp 
R: 5-TGTATGGGACCAGACCTTGG-3 

β-actin F :5-AACTGGTGAAATTACTGGCCTTACT-3 NM131031 452bp 
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R:5-TGTAATTGTCAGCGGGCTAAGT-3 

An ABI 7900HT real-time PCR apparatus with SDS v2.3 
Software was used to measure mRNA expression in 

duplicate (Applied Biosystems). GPx, AChE, COX-17, 
CYP1A, Mn–SOD, Cu/Zn–SOD, CAT, GPx and β-actin gene 
expression was measured using oligonucleotide primers and 
the SuperReal PreMix Plus Kit (SYBR Green (Tiangen)) with 

ROX as the reference dye, according to the manufacturer's 
instructions. Initial denaturation at 95°C for 15 min, 95°C 
for 10 sec for 40 cycles, 60°C for 20 sec, and 72°C for 30 sec 
were the cycling conditions. The β-actin mRNA ratio was 

calibrated to the control (control=1) values as the mRNA 
concentration increased. The 2-△△Ct aproach was then used 

to measure the relative quantification of the amount of 
expression of the mRNA gene between treatment groups 
(Livak & Schmittgen, 2001). 

Statistical analysis: Through a two-way Variance Analysis 

(ANOVA), the data collected are statistically analyzed. The 
differences between the control and exposed groups are 
accurately checked. The significance criteria was established 
at (p<0.05). GraphPad software was used to conduct the 

statistical analysis. 

3. Results & Discussion 

Effect of MAL on AChE and antioxidant enzymes 

After 10 and 20 days of exposure to a lower MAL dose 

(C1mg l-1), brain AChE decreased considerably (p<0.01) by 
60.12 and 84.54 %, respectively, when compared to control. 
After 10, 15, 20, and 25 days of C2 and C3 mgl-1 treatment, 

MAL's AChE level decreased gradually (70.17, 60.97, 76.29, 
and 75 %) (Figure 1A). After 10, 15, 20 and 25days, the 
antioxidant enzymes CAT and SOD increased their dose- 
and time-dependent activity in brain tissues. As a result, 

antioxidant CAT activity increased significantly (p < 0.01) at 
all concentrations during the experiment (215.25, 387.88, 
289.95, and 202.17) % (Figure 1C). In addition, when 
compared to the control, Figure 1B shows that the activity of 

SOD antioxidant enzymes increased to (237.09, 255.73, 
254.25, and 188.62) %, respectively, at all concentrations. 

 

 
Fig. 1. AChE (A), SOD (B), and CAT (C) activities in the brain of zebrafish after 5, 10, 15, 20, and 25-day exposure to different levels of MAL. Values are shown as mean 

± SD. When contrast to controls, the asterisk indicates a statistically significant difference; * at p<0.05, ** at p<0.01 and *** at p<0.001 

 

Histological observation 

The overall histological analysis revealed a low to medium 
incidence of chemical damage on zebrafish tissues after 5 

and 25 days of exposure to MAL. In Figure 2, 
histopathological alterations in brain tissue are depicted. 
The control group found no histological changes in any of 
the tissues we investigated. The brain structure of MAL-

treated fish, on the other hand, has changed, with the 
extent of the change increasing with the severity of 
exposure. The fish's brain showed histopathological changes 

that were more susceptible to C3 than C1. As shown in 
Figure 2, zebrafish brain tissue showed various degrees of 
granule cell loss, Nissl body reduction, Purkinje cell 
degeneration, and neuropil loss. 
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Fig. 2. In the brains of zebrafish, H&E staining revealed significant histopathological changes. (A) Control (B, C) Purkinje cell degeneration and severe cell loss after 5 

days of MAL C1 and C3 exposure; (D) Purkinje cell degeneration and neuropil loss after 25 days of MAL C3 exposure 
 
MAL's effects on zebrafish brain mRNA expression 

To investigate the effect of MAL on gene expression in the 
brain of zebrafish, researchers used a quantitative RT-PCR 

study to quantify mRNA quantities for several genes 
encoding proteins (Cu/Zn–Sod, Mn–Sod, COX-17, CAT, 
CYP1A, AChE and GPx). Cu/Zn-SOD gene expression was 
reduced in the brain after 5 and 25 days of MAL treatment 

in both concentrations evaluated (C1 and C3 mg l-1) as 
shown in Figure. 3B. (approximately (39.85 and 54.93) %, 
respectively). In all treatment groups, Mn–Sod and COX-17 
mRNA levels in the brain fell significantly (p<0.05) when 

compared to the control group (Figure 3C, and E). However, 
both high and low MAL exposure resulted in a steady 
increase in brain CAT mRNA expression (p<0.01), with a 

significant 4.8-fold increase at 5 days (MAL C1 mg l-1), 7.1 
and 7.4 fold increases in expression after 25 days at both 
concentrations studied (Figure. 3, D). We also noticed a 

significant 1.9-fold increase in brain CYP1A mRNA 
expression following 25 days of exposure to increased MAL 
concentrations (Figure 3F). However, after 5 days of 
exposure, mRNA levels of AChE in the brain of zebrafish 

increased somewhat by about 1.5-fold for both treatments, 
then reduced significantly in the 25-day treatment groups 
(MAL C1 and C3 mg l-1), declining by around 44.6 percent 
compared to the control group (Figure 3A). After 25 days of 

exposure to C3 mg l-1 MAL, some of the genes, such as GPx, 
showed (8.3-fold) greater expression in zebrafish (p<0.01) 
(Figure 3G). 
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Fig. 3. AChE, Cu/Zn-Sod, Mn–Sod, CAT, COX-17, CYP1A, and GPx mRNA expression in the brains of zebrafish exposed to C1 and C3 mg L-1 MAL for 5, 25 days (A, B, 

C, D, E, F, G). Gene expression levels have been standardized to β-actin (a housekeeping gene), expressed as a control ratio (control = 1), and presented as ± SD. * at 

p0.05, ** at p0.01, and *** at p0.001 levels, the asterisk denotes a statistically significant difference from the controls 

 
The severity and extent of the stress, the species' 

susceptibility to exposure determine whether antioxidant 

activity increases or decreases under chemical pressure. 
However, increasing xenobiotic levels does not always result 
in increased antioxidant activity (Ballesteros, et al., 2009). 

Significant changes in the antioxidant system's functioning 
are a pathophysiological consequence of oxidative stress, 

which can lead to cell and tissue damage. The effects of 
pesticides on CAT and SOD activity in fish species were 
examined. 
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When European sea bass (D. labrax) were subjected to 

100-500 mg kg-1 PVC microplastic, Espinosa, et al., (2019) 

found that their liver SOD activity did not decrease 
significantly. The activity of CAT and SOD was significantly 
increased in zebrafish brain tissue after exposure to atrazine 
(Al-Sawafi & Yan, 2013). According to Lu, et al., (2016), 

dietary uptake and accumulation of xenobiotics triggered 
oxidative stress in the gill and liver of the zebra fish Danio 
rerio through altering SOD and CAT levels. Exposure of 

plastic microparticles, on the other hand, resulted in a 
significant increase in SOD activity in the Scrobicularia 
plana' gills (Ribeiro, et al., 2017). In African Catfish (Clarias 
gariepinus), there is a considerable drop in brain CAT 

activity (Iheanacho & Odo, 2020). It is possible that it's due 
to an inflow of O2

.- in the brain (Ribeiro, et al., 2017). 

When compared to the control, Cd treatment in Nile 
tilapia (Oreochromis niloticus L.) fish resulted in an increase 

in CAT and SOD activities (Abbas, et al., 2019). SOD and 
CAT activity in the brain increased following MAL exposure 
at various periods and concentrations in this study. This 

shows that the rate of O2
• generation and the enzyme's 

protective effect against pesticide-induced oxidative stress 
may have increased. The increase in MAL-exposed SOD 
activity will result in more H2O2 being produced. CAT 

activity, on the other hand, is responsible for detoxifying 
H2O2 in the water. Similarly, Abdel-Tawwab and Wafeek 
(2017), Mushtaq, et al., (2017), and Li, et al., (2018) found 
increased activity of oxidative system enzymes (CAT, SOD, 

and GST) in different fish species exposed to toxicants, 
indicating that the antioxidant system responds to metal 
stress and may shift toward a detoxification mechanism. 
Antioxidants found in fish have been found to be useful 

biomarkers of aquatic pollutant exposure (Regoli & Giuliani, 
2014). 

The AChE activity is another biochemical marker used to 
evaluate aquatic ecosystems that are fundamentally 

contaminated with pesticides. In organisms exposed to 
toxicants or bad environmental circumstances, AChE is a 
sensitive neurotoxicity biomarker (Ajima, et al., 2017). The 
level of AChE activity indicates the nerve system's 

physiological status (Ayşegül & Serdar, 2018). MAL exposure 
resulted in a decrease in brain AChE activity (Figure 1, A), 
which may have resulted in neurotoxicity in the exposed fish 
(Ali & Aldhamin, 2019). On the 45th day of exposure, the 

exposed fish's brain had decreased AChE activity (Ayşegül & 
Serdar, 2018). After malathion exposure to White albino rats 
(Ali & Aldhamin, 2019) and zebrafish brain and muscle of 
cadmium exposure (Al-Sawafi & Yan, 2013). As a result, in 

this investigation, we performed quantitative RT-PCR 
analysis to investigate the effects of exposure to sub-lethal 
MAL on AChE gene expression patterns. One of the 
neurotransmitter systems implicated in the pathophysiologic 

mechanism of mood disorders is the cholinergic system. It is 
a neurotransmitter that helps the brain conduct critical 
tasks, including memory and learning (da Luz Oliveira, et 
al., 2011). 

Interestingly, following 5 days of exposure to MAL 
pesticide, AChE gene expression in the brain rose 
considerably in both doses examined. According to Kist, et 

al., (2012), MC-LR treatment significantly increased AChE 
mRNA levels in the brain of zebrafish. Various factors, such 
as cellular machinery and signal transduction pathways, 
control gene expression. As suggested by Vuaden, et al., 

(2012) the function of the enzyme is not directly tied to gene 
expression or protein levels. da Luz Oliveira, et al., (2011) 
noted that the increase in lithium-exposed enzyme activity 

was not directly connected with changes in the rate of 
expression in the brain of zebrafish. After that, we detected 

significant changes in GPx and CAT expression of brain 
(Figure 4, D, G), showing that oxidative stress caused by 
exposure of MAL increases genes transcription (p<0.01). 
Interestingly, there were no changes in the mRNA expression 

of Mn-SOD and Cu/Zn-SOD or COX-17 after 5 and 25 days 
of toxicant exposure in the current investigation (Figure. 4, 
B, C, E). In contrast to these transcriptional alterations, we 
detected a significant increase in brain SOD enzymatic 

activity (Figure 2, B). This shows that, at least in the case of 
SOD, certain antioxidant enzymes are first regulated by 
enzyme activation rather than transcription. 14 days of Pb 
treatment suppressed particular genes in the Cyprinus 
carpio liver, including the GPx , Mn-SOD and Cu-Zn SOD 

genes.  

The cytochrome P450s (CYP1A), a broad family of super 
proteins, is active metabolizers of pollutants and plays an 

important role in drug metabolism (Velki, et al., 2019). In 
response to pollutants, there was significantly more CYP1A-
immunopositive protein in the liver of Cyprinus carpio L. 

after exposure to Pb in zebrafish (Danio rerio) embryos 

exposed to endosulfan (Moon, et al., 2016), and in the liver 
of common carp (C. carpio L.) exposed to chlorpyrifos (Xing, 

et al., 2014). In contrast, Abbas, et al., (2019) claimed that 

increased CYP gene expression causes an increase in ROS, 
resulting in oxidative stress and tissue damage. When 
compared to control expression, CYP1A expression in MAL-
exposed fish was over-regulated (Figure 3). Nonetheless, 

they can obstruct CYP450 synthesis by increasing the rates 
of active substances that, since they are not metabolized, 
have the potential to induce a negative reaction. Changes in 
the expression of CYP1A can lead to the formation of a 

variety of chemical compounds, making it a useful 
biomarker for detecting organic pollutants. The brain 
expression of CYP1A was commonly used to research 

responses to toxic chemicals. 

CYP1A continues to be used as a common biomarker 
within the subfamily due to its distinctive activation or 
suppression in the brain following exposure to contaminants 

(Jönsson, et al., 2007). As indicated by a series of brain 
tissue lesions caused by Purkinje cell degeneration and 
neuropil loss, which may subsequently compromise normal 
physiological activity, MAL produces significant injury to the 

fish brain. These changes become more apparent as MAL 
dosages in the brain increase, showing that these tissues 
are sensitive to MAL poisoning. In addition, histopathology 
can be employed as a biomonitoring technique for health in 

toxicity research. Environmental stressors are detected by 
histopathological alterations, which are biomarkers that 
identify changes in biochemistry and physiology. 
Histopathology, cellular and tissue damage or abnormalities 

can be used to determine the level of exposure, especially for 
sublethal and chronic effects (Sayeed, et al., 2003). 
Similarly, Xing, et al., (2012) demonstrated that pathological 
alterations included increasing substantial tissue harm with 

increasing exposure dose for common carp brain and kidney 
tissue after a 40-day ATR / CPF exposure mixture. With 
greater Cd exposure, zebrafish neural cells showed varying 
degrees of granule cell loss, Purkinje cell degeneration, 

gliosis aggregation, and multiple areas of necrosis. After 
exposure to atrazine, Chirruh snow trout (Schizothorax 
esocinus) developed modest necrosis and blood congestion, 

mild pyknosis, and necrosis (Akhtar, et al., 2019). 
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4. Conclusion 

To assess the aquatic ecosystem and health state of Danio 
rerio, we employed stress-responsive genes encoding Mn-

SOD, CAT, GPx, Cu / Zn-SOD, COX-17, CYP1A and AChE 

as molecular indicators. In addition, after 25 days of MAL 
use, we detected a significant decrease in Mn-SOD, COX-17 
and Cu/Zn-SOD mRNA expression in the zebrafish brain. 
More research is needed to determine the utility of these 

genes' mRNA quantification as indicators of pesticide-
induced oxidative stress in fish, particularly in long-term 
exposure tests. According to our findings, the histological 

parameters in the brains of MAL-exposed zebrafish were also 
significantly altered. As a result, the information presented 
in this study may be useful in understanding the processes 
of oxidative stress produced by MAL in fish. 
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