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Pb merupakan salah satu logam berat berbahaya yang terdapat di lingkungan 

dan dapat mengakibatkan berbagai dampak kesehatan, termasuk gangguan 

perkembangan Sistem Saraf Pusat (SSP) pada anak, seperti Autism Spectrum 

Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD), dan penurunan 

kecerdasan intelektual (Intelligence Quotient; IQ), meskipun mekanisme yang 

mendasarinya masih belum sepenuhnya diketahui. Mekanisme inflamasi dan 

glikasi diketahui berperan dalam toksisitas Pb, namun peran kedua mekanisme 

tersebut dalam memicu gangguan perkembangan SSP anak masih belum banyak 

diteliti. Oleh karena itu, penelitian ini dilakukan untuk mengkaji dan menganalisis 

mekanisme neurotoksik Pb dalam memicu gangguan perkembangan SSP anak. 

Kajian dan analisis mekanisme neurotoksik Pb dilakukan menggunakan 

desain penelitian eksperimental dengan model hewan coba tikus putih (Rattus 

norvegicus) betina hamil. Hewan coba yang digunakan berjumlah 36 ekor tikus 

betina dan 18 ekor tikus jantan. Setelah periode perkawinan dan konfirmasi 

kehamilan, paparan Pb dimulai. Sebanyak 36 ekor tikus betina dibagi menjadi 

sembilan kelompok berdasarkan perlakuan dan durasi paparan. Kelompok 

perlakuan terdiri atas kelompok kontrol (K) yang tidak terpapar Pb, kelompok yang 

terpapar Pb 0,05 miligram/Liter (mg/L) (P1), dan kelompok yang terpapar Pb 0,2 

mg/L (P2) melalui air minum selama periode kehamilan. Berdasarkan durasi 

paparan, kelompok dibagi menjadi paparan selama 7 hari (T1), 10–14 hari (T2), 

dan 21 hari atau sampai bayi lahir (T3). Pada tahap 1 dilakukan pengukuran kadar 

Pb plasenta, glukosa, metilglioksal (MG), dan Tumor Necrosis Factor-α (TNF-α) 

darah. Pada tahap 2 dilakukan pengukuran Berat Badan (BB), Panjang Badan (PB), 

dan kadar dopamin otak bayi tikus. Hasil pengukuran pada tahap 1 dan tahap 2 

dianalisis secara statistik untuk mengetahui pengaruh perlakuan, durasi paparan, 

serta interaksi antara perlakuan dan durasi terhadap parameter yang diukur, kecuali 

kadar Pb plasenta serta BB, PB, dan kadar dopamin otak bayi tikus. Hasil 

pengukuran parameter tahap 1 dan tahap 2 selanjutnya dianalisis menggunakan 

analisis jalur (Path Analysis) untuk mengkaji mekanisme neurotoksik Pb dalam 

memicu gangguan perkembangan SSP. Seluruh tahapan penelitian dilaksanakan di 

Pusat Penelitian Lahan Basah, Fakultas Kedokteran dan Ilmu Kesehatan (FKIK), 

Universitas Lambung Mangkurat (ULM), Banjarbaru. Hasil penelitian ini 

memberikan gambaran mengenai mekanisme neurotoksik Pb dalam memicu 

gangguan perkembangan SSP dan dapat menjadi dasar bagi pengembangan strategi 

pencegahan terhadap dampak paparan Pb. 

Hasil penelitian menunjukkan adanya perbedaan bermakna kadar Pb plasenta 

antar kelompok perlakuan. Hasil uji lanjut juga menunjukkan adanya perbedaan 

bermakna kadar Pb plasenta antara masing-masing kelompok perlakuan. Analisis 

kadar Pb plasenta dilakukan hanya pada satu periode waktu, yaitu pada durasi T2, 
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karena pengambilan sampel plasenta hanya dilakukan pada periode tersebut. Hasil 

penelitian tahap 1 juga menunjukkan bahwa berdasarkan analisis statistik 

menggunakan uji Two-Way ANOVA atau Friedman, tidak terdapat interaksi antara 

perlakuan dan durasi paparan terhadap kadar glukosa, MG, dan TNF-α darah. 

Durasi paparan tidak memberikan pengaruh yang bermakna, sedangkan perlakuan 

memberikan pengaruh terhadap parameter yang diukur, terutama pada kelompok 

P2 dibandingkan dengan kelompok yang tidak terpapar K dan P1. Paparan Pb 

meningkatkan akumulasi Pb dalam plasenta dan memicu perubahan metabolik yang 

ditandai dengan peningkatan kadar glukosa dan MG darah, serta respons inflamasi 

yang ditandai dengan peningkatan kadar TNF-α darah. 

Hasil penelitian juga menunjukkan bahwa paparan Pb berpengaruh terhadap 

kadar dopamin otak, BB, dan PB bayi tikus. Kadar dopamin otak, BB, dan PB bayi 

tikus ditemukan paling rendah pada kelompok yang terpapar P2. Hasil tersebut 

menunjukkan bahwa paparan Pb menurunkan kadar dopamin otak, BB, dan PB bayi 

tikus, dengan penurunan terbesar ditemukan pada kelompok P2. Hasil analisis jalur 

(Path Analysis) menunjukkan bahwa mekanisme neurotoksik Pb terjadi melalui 

mekanisme glikasi langsung sebagai jalur utama melalui pembentukan MG tanpa 

bergantung pada kondisi hiperglikemia. Jalur alternatif terjadi melalui inflamasi 

secara langsung serta inflamasi yang berkaitan dengan peningkatan MG melalui 

pembentukan TNF-α. Jalur utama dan alternatif tersebut secara bersama-sama 

memengaruhi kadar dopamin otak bayi tikus dan berkaitan dengan mekanisme 

lebih lanjut yang berpotensi menyebabkan gangguan pada SSP. Kesimpulan 

penelitian menunjukkan bahwa paparan Pb selama kehamilan, terutama pada 

konsentrasi yang lebih tinggi, meningkatkan akumulasi Pb pada plasenta dan 

menyebabkan perubahan metabolik pada induk tikus betina yang ditandai dengan 

peningkatan kadar glukosa, MG, dan TNF-α darah. Paparan Pb juga menurunkan 

kadar dopamin otak serta mengganggu pertumbuhan bayi tikus yang ditandai 

dengan penurunan BB dan PB. Secara keseluruhan, paparan Pb selama kehamilan 

menimbulkan perubahan pada ibu, plasenta, dan bayi tikus yang berkaitan dengan 

peningkatan risiko gangguan pertumbuhan dan perkembangan SSP. 

 

Kata kunci: Gangguan Perkembangan; Logam Berat; Neurotoksik; Sistem Saraf; 

Timbal (Pb) 
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SUMMARY 

Iskandar. Student ID. 2441213320004. 2025. Doctoral Program in Environmental 

Science, Graduate Program, ULM. Mechanism of Lead (Pb) Neurotoxicity Using a 

Model of Pregnant Female White Rats (Rattus norvegicus) Exposed to Pb: Study 

of Glycation, Inflammation, and Disruption of Dopaminergic System. Prof. Dr. Drs. 

Eko Suhartono, M.Si; Dr. Ir. Rizmi Yunita, M.Si; Dr. dr. Didik Dwi Sanyoto, 

M.Kes., M.Med.Ed. 

 

 Pb is a hazardous heavy metal present in the environment and can cause 

various adverse health effects, including developmental disorders of the Central 

Nervous System (CNS) in children, such as Autism Spectrum Disorder (ASD), 

Attention Deficit Hyperactivity Disorder (ADHD), and decreased intelligence 

quotient (IQ), although the underlying mechanisms remain incompletely 

understood. Inflammatory and glycation mechanisms are known to contribute to Pb 

toxicity; however, their roles in triggering CNS developmental disorders in children 

have not been extensively investigated. Therefore, this study aimed to investigate 

and analyze the neurotoxic mechanisms of Pb in triggering CNS developmental 

disorders in children. 

The neurotoxic mechanisms of Pb were investigated using an experimental 

design involving pregnant female white rats (Rattus norvegicus). A total of 36 

female and 18 male rats were used. Following mating and confirmation of 

pregnancy, Pb exposure was initiated. The 36 pregnant female rats were divided 

into nine groups according to treatment and exposure duration. The treatment 

groups consisted of an unexposed control group (K), a 0.05% Pb exposure group 

(P1), and a 0.2% Pb exposure group (P2), with Pb administered through drinking 

water during pregnancy. Based on exposure duration, the animals were divided into 

7-day exposure (T1), 10–14-day exposure (T2), and 21-day exposure or exposure 

until delivery (T3) groups. In stage 1, placental Pb levels and blood glucose, 

methylglyoxal (MG), and Tumor Necrosis Factor-α (TNF-α) levels were measured. 

In stage 2, Body Weight (BW), Body Length (BL), and brain dopamine levels of 

the rat pups were measured. The measurements obtained in stages 1 and 2 were 

statistically analyzed to determine the effects of treatment, exposure duration, and 

the interaction between treatment and duration on the measured parameters, except 

for placental Pb levels and the BW, BL, and brain dopamine levels of the rat pups. 

The parameters measured in stages 1 and 2 were subsequently analyzed using path 

analysis to investigate the neurotoxic mechanisms of Pb in triggering CNS 

developmental disorders. All stages of the study were conducted at the Wetland 

Research Center, Faculty of Medicine and Health Sciences (FKIK), Universitas 

Lambung Mangkurat (ULM), Banjarbaru. The findings provide insight into the 

neurotoxic mechanisms of Pb involved in CNS developmental disturbances and 

may provide a scientific basis for developing preventive strategies against the 

adverse effects of Pb exposure. 

The study results indicate significant differences in placental Pb levels among 

the treatment groups. Post-hoc test results further reveal significant differences in 

placental Pb levels between the individual treatment groups. Analysis of placental 

Pb levels was conducted only at the T2 time point, as placental sampling was 
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performed exclusively during that period. Phase 1 results also show—based on 

statistical analysis using Two-Way ANOVA or Friedman tests—no interaction 

between treatment and exposure duration regarding blood glucose, MG, and TNF-

α levels. Exposure duration did not exert a significant effect, whereas the treatment 

itself influenced the measured parameters, particularly in the P2 group compared to 

the unexposed (K) and P1 groups. Pb exposure increased Pb accumulation in the 

placenta and triggered metabolic changes—characterized by elevated blood glucose 

and MG levels—as well as an inflammatory response marked by increased blood 

TNF-α levels. 

The findings also demonstrate that Pb exposure affects brain dopamine levels, 

body weight (BW), and body length (BL) in rat pups. Brain dopamine levels, BW, 

and BL were lowest in the P2 exposure group. These results indicate that Pb 

exposure reduces brain dopamine levels, BW, and BL in rat pups, with the most 

pronounced reductions observed in the P2 group. Path analysis reveals that the 

neurotoxic mechanism of Pb operates primarily through direct glycation—

specifically via MG formation—independent of hyperglycemic conditions. An 

alternative pathway involves direct inflammation as well as inflammation linked to 

elevated MG levels through TNF-α production. Together, these primary and 

alternative pathways influence brain dopamine levels in rat pups and are associated 

with further mechanisms potentially leading to central nervous system (CNS) 

impairment. The study concludes that Pb exposure during pregnancy—particularly 

at higher concentrations—increases Pb accumulation in the placenta and induces 

metabolic changes in the dams, characterized by elevated blood levels of glucose, 

MG, and TNF-α. Pb exposure also reduces brain dopamine levels and impairs 

offspring growth, evidenced by reduced body weight and body length. Overall, Pb 

exposure during pregnancy causes changes in the dam, placenta, and offspring that 

are associated with an increased risk of growth impairment and central nervous 

system (CNS) developmental disorders. 

 

Keywords: Developmental Disorders; Heavy Metals; Neurotoxic; Nervous 

System; Lead (Pb) 
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