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Abstract 
Lead is a known heavy metal from human history to date for various uses, abuses and 

toxicities. Lead poisoning has been recognized as one of the most serious 

environmental health issues worldwide, especially children living in developing 

countries. Lead can damage or affect the organs of the body, among others, the 

nervous system, kidneys, reproductive system, and heart, as well as disturbances in 

the brain so that intellectual and mental disorders in the brain. This study aims to see 

the effect of lead on the number of neurons in the hippocampus in mice experimental 

animals. The mice used amounted to 10 tails and divided into two for the control 

group and the treatment group. The control group, each of which was 5 tails, was then 

given unbleached drinking water while the treatment group was given drinking water 

mixed with acetate with concentration of 1000ppm for 17 days in adlibitum. The 

observations were taken from each of the 5 fields of view on each preparation with a 

magnification of 40x. The calculation of the number of neuron cells is then analyzed 

descriptive statistics and different test. The result showed that control group with 

mean ± SD were 127,6 ± 7,9, and for treatment group that was 80,0 ± 20,9. T 

independent test result showed p = 0,001 (p <0,05) which means that there was a 

significant difference between control and treatment group. The conclusion of this 

research is the existence of neuron cell damage in mice that get treatment. By showing 

the number of neurons less than the control mice. Suggestion to develop this research 

hence need to continue research to find neuro protector compound specially from lead 

work in brain. 
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INTRODUCTION 

Lead (Pb) has a low melting point, is chemically active, and can be used to coat metals to 

prevent corrosion (Alyami et al., 2026). Lead is a heavy metal known throughout human history 

for its various uses, misuse, and toxicity (Kiris et al., 2023). With the enactment of laws and 

regulations regarding its usage, the excessive use of lead is now reported as a consumable 

material and environmental pollutant (Generalova et al., 2025). Lead poisoning has been known 

since ancient Egypt and Greece around 5000 years ago (Maddusa et al. 2023). It is one of the 

oldest diseases in the history of human civilization (Xu et al., 2025). In recent years, lead 

poisoning has become a significant environmental health issue worldwide, particularly among 

children living in developing countries (Hardiansyah 2025). Lead (Pb) naturally exists in the 

Earth’s crust but can also be produced by human activities, reaching levels 300 times higher than 

natural Pb. 

Sources of lead poisoning can stem from vehicles using leaded fuel, as well as from metal 

mining, smelting, lead disposal factories, industrial recycling products, dust, soil, paint, toys, 

jewelry, drinking water, candies, ceramics, traditional medicine, and cosmetics (World Health 

organization 2024). Several heavy metals, including lead, are known to induce the production of 

reactive oxygen species (ROS) and alter unsaturated fatty acids in membranes (An et al., 2026). 

In addition, ROS are highly reactive with lipid membranes, proteins, and DNA (Generalova et 

al., 2025). ROS are also considered major contributors to oxidative stress and the rapid cellular 

damage in the body. 

Lead in the environment has negative impacts. Villalva (2025) stated that lead disrupts 

organs with its primary targets being the bones, brain, blood, kidneys, and thyroid glands 

(Gonzalez-Villalva et al. 2025), while Maria (2025) found that lead can damage or affect several 

body organs, including the nervous system, kidneys, reproductive system, endocrine system, and 

heart, as well as causing brain dysfunction, resulting in impaired cognitive abilities and mental 

health issues (Maria et al. 2025). According to Rainone G et al (2025) 25% of children affected 

by lead encephalopathy may suffer permanent damage to the central nervous system (Rainone et 

al. 2025). Lead neurotoxicity has been identified in both humans and animals, with acute 

encephalopathy suspected to cause permanent damage to the central nervous system, which can 

specifically affect children (Bao et al., 2026). This damage is often reflected in abnormal 

behavior and learning difficulties, with or without accompanying retardation. 

 The brain is a particularly sensitive target for lead poisoning because it contains relatively 

low concentrations of enzymes, which are less capable of defending against stress (Cacabelos et 

al., 2025). A recent study observed behavioral changes during a period of lead exposure with a 

dose of 4% lead acetate in water provided ad libitum (Son et al. 2025). These behaviors included 

aggressive actions, while histopathological measurements revealed neuron damage, brain fiber 

damage, and an increase in glial cell numbers (Bellver-Sanchis et al., 2026). This study aims to 

observe changes in the neuron cells of rat brains in the hippocampus region induced by lead. 

 

RESEARCH METHOD 

Research Design 

This study uses a qualitative approach to investigate the impact of lead exposure on neuron 

cells in the hippocampus of mice (Cavestro et al., 2026). A posttest-only control group design 

was employed to compare the number of neurons between the control and treatment groups. The 

research was conducted over a period of 17 days, with the treatment group receiving drinking 

water mixed with 1000ppm lead acetate while the control group received unbleached drinking 

water (Yadav et al., 2023). The research took place at the Faculty of Medicine, Universitas 

Pembangunan Nasional Veteran Jakarta. The mice were housed in appropriate animal care 

facilities, and the study adhered to ethical standards for animal research. 
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Research Target/ Subject 

The subjects of this study were 10 male mice (Mus musculus), selected to ensure genetic 

consistency (Naskar et al., 2024). These mice were divided into two groups: a control group 

consisting of 5 mice and a treatment group consisting of 5 mice. The mice were chosen based on 

their health and age, ensuring they were mature, with similar physical characteristics (Feng et 

al., 2026). The sampling technique employed was random selection, ensuring unbiased group 

assignments. The treatment group was exposed to lead acetate while the control group was not 

exposed to any treatment. 

Research Procedure 

The procedure followed an experimental research design, with a posttest-only control 

group approach. After 17 days of exposure, the mice were euthanized using a humane method, 

and their brains were carefully removed for analysis (Gu et al., 2026). The brains were preserved 

in 10% Neutral Buffered Formalin and processed for histopathological examination (Wāng, 

2025). The prepared tissue samples were stained using Hematoxylin-Eosin and then analyzed for 

neuron count in the hippocampus at a magnification of 40x. 

Instruments and Data Collection Techniques 

The primary data collection involved histopathological analysis of brain tissue samples. 

The neurons in the hippocampus were counted under a microscope at 40x magnification (Ma et 

al., 2024). For each brain sample, five fields of view were examined (Huang et al., 2026). The 

number of neurons in each field was recorded, and descriptive statistics were used to analyze the 

data. The data were collected using a microscope, Hematoxylin-Eosin stain, and standard 

histological techniques. 

Data Analysis Technique 

The data were analyzed using descriptive statistics (mean, standard deviation, minimum, 

and maximum) and compared between the control and treatment groups (Jiao et al., 2026). An 

independent t-test was used to assess the statistical significance of differences between the two 

groups (Levi et al., 2024). The normality of the data was verified, with a p-value greater than 

0.05, indicating that the data followed a normal distribution, thus allowing the use of the t-test 

for analysis. 

 

RESULTS AND DISCUSSION 

This study aimed to determine the difference in the number of neurons in the brains of mice 

exposed to 1,000 ppm of lead administered ad libitum for 17 days. The results are as follows: 

 
Figure 1. Microscopic Image of the Dentate Gyrus of a Mouse at 40x magnification 
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(a) shows a picture of a normal mouse neuron, (b) shows a picture of a mouse neuron exposed 

to the heavy metal lead acetate for 17 days. The number of neuron cells in (a) appears denser 
Figure 1 clearly illustrates the contrast between the neuronal structure in the control and 

treatment groups. In panel (a), the control group displays a dense arrangement of neurons, 

indicative of healthy, functional neuronal activity. Conversely, panel (b) depicts the treatment 

group, where lead exposure resulted in fewer neurons and noticeable structural alterations (Lin 

et al., 2026). The neurons in the treated group appear shrunken and spaced further apart, which 

suggests that lead exposure led to neuronal loss and disruption of the brain’s cellular architecture 

(Liang et al., 2026). This difference is quantified in Table 1, where the neuron count in the 

treatment group was significantly lower than in the control group, reinforcing the neurotoxic 

effect of lead acetate. 

 

Table 1. Statistical Analysis of Neuron Cell Number Parameters  

Group Normality (p-value) X±SD Score 

Control 0.196 127.6 ± 7.9 
0.001 

Treatment 0.206 80.0 ± 20.9 

 

The results of the preparation were then calculated the number of neurons in each visual 

field of 5 visual fields for each mouse. The results of the calculation were then calculated for 

normality to determine the distribution of the data used. The results of the normality test (table 

1) showed a p value > 0.05 for both groups, so the distribution of the data used was X and SD. 

The results of the normality test as a requirement for conducting an independent T test were 

accepted because they showed a value greater than 0.05 so that the data could be continued with 

an independent T test. 

Lead is a toxic heavy metal that can cause neurological disorders in the form of 

encephalopathy, such as frequent headaches, fainting, impaired thinking, and even coma (Naskar 

et al., 2024). However, the effects on children are hyperactive and have difficulty concentrating 

(Parithathvi et al. 2025). Research has found differences in neuron density in the dentate gyrus 

(Figure 1). The number of neurons decreases due to apoptosis in rat hippocampal cells (Rojo et 

al., 2025). Degeneration of some neurons in several brain regions and behavior are linked to 

degeneration. New evidence suggests apoptosis in PC 12 cells by increasing BAX and caspase-

3 activation (Molecular mechanisms of lead neurotoxicity 2021; Neuwirth and Emenike 2024). 

However, several neurotoxicity mechanisms can cause apoptosis, including breakdown of the 

blood-brain barrier, modification of synaptogenesis, disruption of energy metabolism, disruption 

of calcium homeostasis, disruption of cell signaling, changes in neurotransmitter systems, 

particularly the glutamate system, and effects on N-Methyl-D-Aspartate (NMDA) glutamate 

receptors (Rautela et al., 2024). NMDA receptors play a crucial role in brain development, 

regulating cell morphology, differentiation, migration, and synaptogenic circuitry. Inhibition of 

NMDA receptors by NMDA antagonists can induce apoptosis and neurodegeneration in the rat 

brain. Lead can cause disruption by disrupting neurotransmitters via NMDA receptors 

(Molecular mechanisms of lead neurotoxicity 2021). 

Excess calcium can also contribute to cell damage by increasing neurotransmitter levels, 

potentially damaging cells (Nam et al. 2024). One pathway affected is the activation of protein 

C-kinase. Protein C-kinase is a serine/threonine protein kinase involved in numerous processes 

essential for synaptic transmission, such as neurotransmitter synthesis, ligand-receptor 

interactions, ionic channel conductance, and dendritic branching (Molecular mechanisms of lead 

neurotoxicity 2021). The protein C-kinase family consists of 12 isozymes, each with distinct 

enzymatic cofactor requirements, tissue expression, and cellular distribution. One form of protein 

C-kinase is the γ-isoform. The γ-isoform is a calcium-dependent form of protein C-kinase and is 
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a target for lead-induced neurotoxicity (Li et al. 2025). The specific neurons involved in protein 

C-kinase have the potential for long-term pathways and memory processes. This is supported by 

Tamagno W et al (2025), who conducted research on animals exposed to lead. The results 

showed nerve cell damage due to excessive calcium or lead entering the brain barrier, resulting 

in increased neurotransmitter activation and glutamate receptor activation. Lead crosses the brain 

barrier because lead can mimic and replace calcium (Tamagno and Freeman 2025). This study 

demonstrated the effect of lead acetate on neuron number. This was demonstrated by the fact that 

the neuron count in the control group of normal mice was higher than in the mice exposed to 

lead acetate. 

 

CONCLUSION 

From the research results, it can be concluded that there is a difference in the number of 

neuron cells in mice exposed to lead acetate at a dose of 1000ppm for 17 days, which is less than 

in control mice in the hippocampus orally. The observed decrease in neuronal density indicates 

the neurotoxic effects of lead exposure, particularly in the hippocampal region, which is essential 

for cognitive functions such as memory and learning. The significant reduction in the number of 

neurons, as shown by the statistical analysis, underscores the harmful impact of lead acetate on 

neuronal survival and function. 
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