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   Background: Cadmium (Cd) is a toxic heavy metal that is found predominantly in the 

environment. Allethrin is an insecticide that is used extensively in insect killing sprays 

and coils. 

Objective: People may be exposed to pesticides like Allethrin and heavy metals at the 

same time in environment, therefore, the present study was designed to assess the effect 

of co-exposure of Allethrin and Cd on hepatic tissues of mice.  

Methods: Total 32 mice were randomly distributed into four groups, including control, 

Cd, Allethrin and Cd+Allethrin groups. The trial was conducted for 28 days and then 

the mice was killed and their blood and liver were taken for further analysis.  

Results: The results showed that Cd and Allethrin elevated the level of mitochondrial 

ROS, lipid peroxidation, and inflammatory markers. Moreover, it lowered the activities 

of antioxidant enzymes and lowered body defense. In addition, they also elevated the 

levels of AST and ALT that further showed that liver was damaged. Importantly, it was 

observed that Cd and Allethrin co-exposed group showed the highest intensity of the 

hepatic damage.  

Conclusion: These results propose that Cd and Allethrin are mechanistically linked and 

their damage intensity is increased when they are exposed together.  
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Introduction 

Environmental contamination with synthetic pesticides 

and heavy metals is a recurring global health concern 

due to the widespread exposure and cumulative 

biological impacts [1]. Cadmium (Cd), one of the heavy 

metals, is a very hazardous environmental contaminant 

that mostly enters organisms through contaminated food, 

water, and air. Due to its extended biological half-life, 

cadmium accumulates in organs with high metabolic 

activity, especially the liver and kidneys, and is linked to 

a number of harmful effects, including hepatic 

dysfunction [2]. The liver is a major target for cadmium 

poisoning due to its crucial involvement in xenobiotic 

metabolism [3]. Cadmium predominantly causes liver 

damage through oxidative stress and impairment of 

cellular antioxidant defenses, according to recent 

experimental research [4]. It has been demonstrated that 

animals exposed to cadmium both acutely and 

subchronically had higher levels of hepatic 

malondialdehyde (MDA), lower levels of important 

antioxidant enzymes like glutathione (GSH), superoxide 

dismutase (SOD), and overall antioxidant capacity, and 

pathological liver alterations [5]. 

A prominent source of environmental exposure for 

humans is allethrin, a type I synthetic pyrethroid that is  
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frequently found in mosquito coils and household pest 

management products. Evidence indicates that some 

pyrethroids may cause oxidative stress and negative 

consequences in non-target creatures, despite the fact 

that they were first thought to be less dangerous to 

mammals due to their quick metabolic clearance [6]. 

Although there aren't many direct research on allethrin's 

hepatotoxicity, there is evidence that it can cause 

apoptosis and upset redox equilibrium. It has been 

demonstrated that long-term exposure to mosquito coil 

smoke containing allethrin increases hepatic enzyme 

activity (such as ALT and AST) and causes histological 

liver damage in mice, including hepatocyte necrosis and 

apoptosis [7].  These findings suggest that exposure to 

allethrin can cause liver oxidative damage, despite the 

fact that smoke contents contain a variety of substances 

other than pure allethrin [8]. Allethrin has also been 

demonstrated to cause oxidative stress, boost the 

generation of reactive oxygen species (ROS), and 

activate apoptotic pathways involving caspase-3 and Bax 

in mammalian cells [9]. Allethrin enhanced ROS 

production, lipid peroxidation, and apoptotic gene 

expression in one in vitro study employing human 

neuroblastoma cells, indicating pro-oxidative and 

programmed cell death pathways. The idea that allethrin 

may likewise affect oxidative and apoptotic pathways in 

liver tissues is supported by the similar cellular stress 

processes, even though hepatic cells were not used in 

this investigation [10].  

When taken as a whole, these results suggest that 

oxidative stress pathways linked to pyrethroids and those 

generated by cadmium may share a mechanism. People 

may be exposed to pesticides like allethrin and heavy 

metals at the same time in environmental exposure 

situations, but the combined liver effects of these co-

exposures are still little understood. Because 

simultaneous disruption of antioxidant systems may 

overwhelm cellular defenses and intensify oxidative 

damage, toxicological research has increasingly 

recognized that co-exposure to several chemicals that 

disturb redox equilibrium may worsen organ injury [11]. 

As integrative mechanisms connecting many toxicants to 

liver damage, oxidative stress and mitochondrial 

dysfunction are becoming better recognized. 

Overproduction of ROS can harm proteins and 

mitochondrial membranes, hinder electron transport, and 

lower ATP synthesis, making cells more susceptible to 

death. Furthermore, oxidative stress can trigger apoptotic 

and inflammatory signaling pathways that lead to 

hepatocellular dysfunction and degeneration [12]. 

There is a significant knowledge gap about the 

effects of combined exposure to Cd and allethrin on 

liver health, despite a large body of literature 

describing the single-toxicant effects of Cd and 

evidence confirming oxidative stress from pyrethroid 

exposures. For a thorough risk assessment of 

environmental mixes, it is crucial to determine 

whether simultaneous exposure increases markers of 

oxidative stress, antioxidant depletion, and 

mitochondrial dysfunction. This study aims to clarify 

the underlying biochemical and molecular pathways 

and ascertain if co-exposure results in increased liver 

injury by comparing these parameters between single 

and combined exposures. 

Methodology 

Chemicals and Animals: Cd and Allethrin were obtained 

from Sigma Aldrich (Germany). 32 male mice were used 

for this research. The mice were kept in the animal 

research center of University of Agriculture, Faisalabad, 

Pakistan. The mice were provided with normal 

laboratory conditions with 50% relative humidity, 22-

24℃ temperature and 12h dark/light cycle. Commercial 

rodent feed was given to mice throughout the trial. 

Experimental design: The mice were randomly allotted 

to 4 groups and administered daily with respective 

dosages for 28 days. 

 Control group: This group received no treatment. 

 Cd group: This group received 5mg/kg of Cd via 

oral gavage.  

 Allethrin group: This group received 25mg/kg of 

Allethrin via oral gavage. 

 Cd + Allethrin group: This group received 25mg/kg 

of Allethrin and 5mg/kg of Cd via oral gavage. 

After the experiment, the mice were dissected, their 

blood was taken in sterile syringes and liver was excised 

and stored for further analysis. 

Oxidative Stress Parameters: The activities of CAT and 

SOD were estimated via the previously reported 

methods of Sinha [13] and Das and Nanda [14], 

respectively. The levels of lipid peroxidation were 

measured using MDA as per the techniques of Uchiyama 

and Mihara [15]. 

Mitochondrial ROS: Mitochondrial ROS in hepatic 

tissues of mice was estimated via membrane-permeable 

fluorescent probe DCFH-DA as per the methods of Gan 

et al. [16]. 
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Figure 1. The impact of Cd and Allethrin on CAT, SOD and MDA. Different superscripts show significant difference (P < 0.01) 

among the groups. 

 

The levels of mitochondrial ROS was expressed as a 

percentage in fluorescence relative to the control group. 

ELISA: The levels of inflammatory markers (TNF-α and 

IL-1β) and hepatic function markers (AST and ALT) 

were estimated via mouse ELISA kits (Abcam, UK). 

Statistical Analysis: The results are presented as Mean ± 

SE. One way ANOVA followed by Tuckey’s test was 

applied for the estimation of significant differences 

among the groups. P < 0.01 was considered significant.  

Results  

Oxidative Stress Parameters: Figure 1 shows the impact 

of Cd and Allethrin on hepatic oxidative stress 

parameters of mice. The results showed that Cd and 

Allethrin administration significantly lowered 

antioxidant defense and increased lipid peroxidation in 

hepatic tissues. The activities of CAT and SOD reduced 

significantly (P < 0.01) in Cd and Allethrin treated 

groups as compared to the control, while the levels of 

MDA increased. Moreover, Cd + Allethrin co-treated 

group showed highest deleterious impacts on these 

parameters as the activities of antioxidants were 

significantly (P < 0.01) lowered and levels of MDA were 

significantly elevated in this group as compared to the 

control, Cd and Allethrin treated groups. 

Mitochondrial ROS: Cd and Allethrin treatment also 

elevated the percentage of mitochondrial ROS. As it 

appears in Figure 2, the mitochondrial ROS in Cd, 

Allethrin and Cd + Allethrin groups was significantly (P 

< 0.01) higher as compared to the control. Where Cd + 

Allethrin co-treated group showed the highest levels of 

mitochondrial ROS. 

 

 

Figure 2. The impact of Cd and Allethrin on mitochondrial 

ROS. Different superscripts show significant difference (P < 

0.01) among the groups. 

Inflammatory Parameter: Figure 3 reveals that Cd and 

Allethrin treatment elevated the inflammatory response 

of the body in hepatic tissues. The results showed that 

Cd and Allethrin showed significant (P < 0.01) elevation 

in the levels of TNF-α and IL-1β, as compared to control 

group. Moreover, Cd + Allethrin group showed the most 

significant (P < 0.01) difference in the levels of these 

parameters as the inflammatory response was the highest 

in this group as compared to others. 
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Figure 3. The impact of Cd and Allethrin on TNF-α and IL-1β. Different superscripts show significant difference (P < 0.01) among 

the groups 

 

Hepatic function markers: The results showed that Cd 

and Allethrin treatment brought significant (P < 0.01) 

upsurge in AST and ALT levels in Cd and Allethrin 

groups as compared to the control. Importantly, the co-

treatment with Cd + Allethrin brought the highest 

change as shown by significantly (P < 0.01) upregulated 

levels of hepatic parameters as matched to the control, 

Cd and Allethrin groups (Table 1). 

Table 1. The impact of Cd and Allethrin on AST and ALT.  

Groups AST (U/L) ALT (U/L) 

Control 26.58 ± 0.46d 22.62 ± 0.51d 

Cd 100.97 ± 1.18c 67.97 ± 0.89b 

Allethrin 112.14 ± 0.87b 62.52 ± 0.77c 

Cd + Allethrin 143.34 ± 1.17a 89.38 ± 0.93a 

Different superscripts show significant difference (P < 0.01) among the groups 

Discussion 

The results showed that Cd and Allethrin caused 

significant oxidative stress in the hepatic tissues. It 

lowered antioxidant activities and increased lipid 

peroxidation and mitochondrial ROS. ROS are produced 

via indirect damage and are the major contributors to 

chemical induced damages in biological systems. It 

creates oxygen free radicals that disrupt redox balance in 

the cells and cause lipid peroxidation [17]. If it is not 

controlled it may lead to apoptosis [18]. ROS is mostly 

produced in mitochondria and are vulnerable to ROS 

[16]. Therefore, ROS may lead to mitochondria 

associated apoptosis. In this study, Cd + Allethrin group 

produced highest oxidative damage, which proposes that 

their toxicity is even enhanced when they interact with 

each other. The results of our study are consistent with 

Shaw et al. [19] and Jalouli et al. [20], who reported that 

Cd and Allethrin cause oxidative stress, respectively.  

In addition to lipid peroxidation, Cd and Allethrin 

caused significant elevation in hepatic inflammation as 

evidenced by upregulated levels of TNF-α and IL-1β, the 

biomarkers of inflammation. ROS triggers NF-κB, 

which further induces the expressions of its downstream 

inflammatory markers [21]. Therefore, the elevated 

levels of TNF-α and IL-1β in the current study shows 

that Cd and Allethrin caused significant inflammatory 

damages in the hepatic tissues. 

For the further validation of oxidative and inflammatory 

damage, the levels of serum hepatic markers were 

determined. The higher levels of AST and ALT in Cd 

and Allethrin groups further validated our claims that 

they caused remarkable damage. AST and ALT are 

common markers for the determination hepatic function 

[22]. Reportedly, oxidative stress damages the 

hepatocytes that leads to the elevation of these markers 

in blood [23]. The highest levels of these markers were 

observed in Cd + Allethrin group, which showed that the 

impact of Allethrin and Cd further increased when they 

are in combination. 

Conclusion 

In conclusion, Cd and Allethrin caused significant 

elevation in the levels of oxidative stress, inflammatory 

and serum markers. Most importantly, the group treated 

with Cd and Allethrin showed the highest intensity of 
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damage. Therefore, it may be possible that Cd and 

Allethrin interact with each other and their toxic 

potential is further enhanced. Therefore, environmental 

protective measures should be taken to avoid the damage 

that may occur due to their combined exposure. 

However, further in silico and detailed mechanistic 

research is required to validate these outcomes and 

propose a possible treatment to the damage caused by 

them.  
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