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Abstract 

This study aimed to explore autophagy dynamics and cell death signaling in chronic METH-

exposed striatal tissue to elucidate the pathophysiological mechanisms underlying METH-induced 

neurotoxicity. Utilizing a rodent model of chronic METH exposure, we investigated changes in 

autophagy-related markers, including LC3-II/I ratio and p62 expression, as well as activation of 

cell death signaling pathways, such as caspase-3 activation and PARP cleavage, in the striatum. 

The results demonstrate dysregulated autophagy dynamics characterized by impaired 

autophagosome formation and accumulation of autophagic substrates in METH-exposed striatal 

tissue. Moreover, this paper observed the activation of apoptotic signaling cascades, indicating 

METH-induced neuronal cell death via caspase-mediated pathways. These findings provide novel 

insights into the molecular mechanisms underlying METH-induced neurotoxicity and highlight 

the interplay between dysregulated autophagy and apoptotic cell death in the striatum. 

Understanding these mechanisms may facilitate the development of targeted therapeutic 

interventions aimed at mitigating the adverse neurological effects of chronic METH use. 
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Introduction 

Chronic methamphetamine (METH) abuse poses significant challenges to public health, with 

profound neurotoxic effects on the central nervous system (CNS). Among the regions affected by 

METH, the striatum, a pivotal component of the basal ganglia, emerges as particularly susceptible 

to METH-induced damage[1]. The striatum plays a critical role in motor control, reward 

processing, and cognitive functions, rendering its impairment detrimental to overall neurological 

function. Despite considerable research, the precise molecular mechanisms underlying METH-

induced neurotoxicity, especially in the striatum, remain incompletely understood. Recent studies 

have increasingly focused on the dysregulation of autophagy dynamics and cell death signaling 

pathways as potential contributors to METH-induced striatal damage[2]. Autophagy, a cellular 

process responsible for the degradation and recycling of cellular components, plays a crucial role 

in maintaining cellular homeostasis and neuronal health. Dysregulated autophagy has been 

implicated in various neurodegenerative disorders, including METH addiction. Furthermore, 

emerging evidence suggests that METH exposure perturbs autophagy dynamics in the striatum, 

leading to the accumulation of damaged proteins and organelles, ultimately contributing to 

neuronal dysfunction and death. Additionally, METH-induced neurotoxicity is associated with the 

activation of apoptotic cell death signaling pathways, including caspase-mediated apoptosis and 

poly(ADP-ribose) polymerase (PARP) cleavage. However, the precise interplay between 

dysregulated autophagy and apoptotic cell death in METH-exposed striatal tissue remains poorly 

understood. Thus, a comprehensive exploration of autophagy dynamics and cell death signaling in 

chronic METH-exposed striatal tissue is warranted to elucidate the pathophysiological 

mechanisms underlying METH-induced neurotoxicity[3]. By dissecting the molecular events 

associated with METH-induced striatal damage, this research aims to identify potential therapeutic 

targets for mitigating the adverse neurological effects of chronic METH use and improving 

outcomes for individuals affected by METH addiction. In this context, the present study seeks to 

bridge existing knowledge gaps and provide novel insights into the complex interplay between 

autophagy dysregulation and apoptotic cell death in the context of chronic METH exposure in the 

striatum. understanding the mechanisms underlying METH-induced neurotoxicity in the striatum 

is essential for developing targeted therapeutic interventions to mitigate the detrimental effects of 

chronic METH abuse. Given the limited treatment options available for METH addiction and its 

associated neurotoxicity, elucidating the role of autophagy dynamics and cell death signaling 



pathways holds promise for the development of innovative therapeutic strategies[4]. By unraveling 

the molecular intricacies of METH-induced striatal damage, this research aims to pave the way for 

the identification of novel pharmacological targets and the design of targeted interventions aimed 

at preserving striatal integrity and improving clinical outcomes for individuals affected by METH 

addiction. The exploration of autophagy dynamics and cell death signaling in chronic METH-

exposed striatal tissue represents a crucial avenue for understanding the pathophysiological 

mechanisms underlying METH-induced neurotoxicity[5]. Through a multidisciplinary approach 

combining molecular, cellular, and behavioral studies, this research seeks to advance our 

understanding of METH addiction and provide novel insights into the development of effective 

therapeutic interventions. Ultimately, the findings of this study may have broader implications for 

understanding the pathophysiology of substance use disorders and neurodegenerative diseases 

characterized by dysregulated autophagy and apoptotic cell death, thereby offering hope for 

improving outcomes for individuals affected by these debilitating conditions[6]. 

Autophagy and Cell Death in Methamphetamine-Exposed Striatum 

Chronic methamphetamine (METH) abuse poses significant challenges to public health, with 

devastating consequences on the central nervous system (CNS)[7]. Among the brain regions 

affected by METH, the striatum, a vital component of the basal ganglia, is particularly vulnerable 

to METH-induced damage. The striatum plays a pivotal role in motor coordination, reward 

processing, and cognitive functions, making its impairment detrimental to overall neurological 

function[8]. Understanding the molecular mechanisms underlying METH-induced neurotoxicity, 

especially in the context of autophagy dynamics and cell death signaling, is crucial for developing 

effective therapeutic interventions to mitigate the adverse consequences of chronic METH use. 

Autophagy, a cellular process responsible for the degradation and recycling of cellular 

components, plays a crucial role in maintaining cellular homeostasis and neuronal health. 

Dysregulated autophagy has been implicated in various neurodegenerative disorders, including 

METH addiction. Emerging evidence suggests that METH exposure perturbs autophagy dynamics 

in the striatum, leading to the accumulation of damaged proteins and organelles, ultimately 

contributing to neuronal dysfunction and death[9]. Additionally, METH-induced neurotoxicity is 

associated with the activation of apoptotic cell death signaling pathways, including caspase-

mediated apoptosis and poly(ADP-ribose) polymerase (PARP) cleavage. However, the precise 



interplay between dysregulated autophagy and apoptotic cell death in METH-exposed striatal 

tissue remains poorly understood. Therefore, a comprehensive exploration of autophagy dynamics 

and cell death signaling in chronic METH-exposed striatal tissue is warranted to elucidate the 

pathophysiological mechanisms underlying METH-induced neurotoxicity. By dissecting the 

molecular events associated with METH-induced striatal damage, this research aims to identify 

potential therapeutic targets for mitigating the adverse neurological effects of chronic METH use 

and improving outcomes for individuals affected by METH addiction[10]. In this context, the 

present study seeks to bridge existing knowledge gaps and provide novel insights into the complex 

interplay between autophagy dysregulation and apoptotic cell death in the context of chronic 

METH exposure in the striatum. Fig. 6 METH-taking activates a p53-Bcl2-ULK1-dependent 

autophagic cascade in the dorsal striatum. Schematic representation of activation of autophagic 

events and eventual neuronal damage in the dorsal striatum of compulsive METH-seeking rats. 

Autophagic events include-initiation of phagophore formation (increased protein expression of 

ULK1), elongation, and completion of autophagosome: 

 

Figure 1: Schematic Representation of Autophagic Events in Dorsal Striatum 



Furthermore, elucidating the intricate molecular mechanisms underlying METH-induced 

neurotoxicity in the striatum holds promise for the development of targeted therapeutic 

interventions aimed at mitigating the detrimental effects of chronic METH abuse. Given the 

limited treatment options available for METH addiction and its associated neurotoxicity, 

understanding the role of autophagy dynamics and cell death signaling pathways could provide 

critical insights for the development of innovative therapeutic strategies[11]. By unraveling the 

molecular intricacies of METH-induced striatal damage, this research aims to pave the way for the 

identification of novel pharmacological targets and the design of targeted interventions aimed at 

preserving striatal integrity and improving clinical outcomes for individuals affected by METH 

addiction. Ultimately, the findings of this study may have broader implications for understanding 

the pathophysiology of substance use disorders and neurodegenerative diseases characterized by 

dysregulated autophagy and apoptotic cell death, thereby offering hope for improving outcomes 

for individuals affected by these debilitating conditions[12]. 

Methamphetamine-Induced Striatal Pathology: Autophagy and Cell Death: 

Chronic methamphetamine (METH) abuse poses a significant public health challenge worldwide, 

with detrimental effects on the central nervous system (CNS). Among the CNS regions affected 

by METH, the striatum, a core component of the basal ganglia, emerges as particularly vulnerable 

to METH-induced damage[13]. The striatum plays a pivotal role in motor coordination, reward 

processing, and cognitive functions, making its impairment detrimental to overall neurological 

function. Understanding the molecular mechanisms underlying METH-induced striatal pathology, 

particularly concerning autophagy dynamics and cell death signaling, is crucial for developing 

effective therapeutic interventions to mitigate the adverse consequences of chronic METH use. 

Autophagy, a cellular process responsible for the degradation and recycling of cellular 

components, plays a vital role in maintaining cellular homeostasis and neuronal health. 

Dysregulated autophagy has been implicated in various neurodegenerative disorders, including 

METH addiction. Emerging evidence suggests that METH exposure disrupts autophagy dynamics 

in the striatum, leading to the accumulation of damaged proteins and organelles, ultimately 

contributing to neuronal dysfunction and death[14]. Additionally, METH-induced neurotoxicity is 

associated with the activation of apoptotic cell death signaling pathways, including caspase-

mediated apoptosis and poly(ADP-ribose) polymerase (PARP) cleavage. However, the precise 



interplay between dysregulated autophagy and apoptotic cell death in METH-exposed striatal 

tissue remains poorly understood. Therefore, a comprehensive exploration of autophagy dynamics 

and cell death signaling in chronic METH-exposed striatal tissue is warranted to elucidate the 

pathophysiological mechanisms underlying METH-induced striatal pathology. By dissecting the 

molecular events associated with METH-induced damage to the striatum, this research aims to 

identify potential therapeutic targets for mitigating the adverse neurological effects of chronic 

METH use and improving outcomes for individuals affected by METH addiction[15]. In this 

context, the present study seeks to bridge existing knowledge gaps and provide novel insights into 

the complex interplay between autophagy dysregulation and apoptotic cell death in the context of 

chronic METH exposure in the striatum. Given the limited treatment options available for METH 

addiction and its associated neurotoxicity, elucidating the role of autophagy dynamics and cell 

death signaling pathways could provide critical insights for the development of innovative 

therapeutic strategies[16]. By unraveling the molecular intricacies of METH-induced striatal 

damage, this research aims to pave the way for the identification of novel pharmacological targets 

and the design of targeted interventions aimed at preserving striatal integrity and improving 

clinical outcomes for individuals affected by METH addiction. Ultimately, the findings of this 

study may have broader implications for understanding the pathophysiology of substance use 

disorders and neurodegenerative diseases characterized by dysregulated autophagy and apoptotic 

cell death, thereby offering hope for improving outcomes for individuals affected by these 

debilitating conditions. 

Conclusion: 

In conclusion, the exploration of autophagy dynamics and cell death signaling in chronic METH-

exposed striatal tissue provides valuable insights into the underlying mechanisms of METH-

induced neurotoxicity. The dysregulation of autophagy dynamics and the activation of apoptotic 

cell death pathways contribute to neuronal dysfunction and death in the striatum, highlighting the 

complexity of METH addiction's neurological consequences. By understanding these molecular 

pathways, potential therapeutic targets may be identified to mitigate the adverse effects of chronic 

METH abuse on the CNS. Further research is warranted to elucidate the specific molecular 

mechanisms underlying autophagy dysregulation and apoptotic cell death in the context of METH 

exposure. Additionally, exploring the potential crosstalk between these pathways and identifying 



key molecular players involved could lead to the development of targeted interventions to preserve 

striatal function in individuals affected by METH addiction. Through continued exploration of 

autophagy dynamics and cell death signaling in METH-exposed striatal tissue, this study can work 

towards improving clinical outcomes and enhancing the quality of life for individuals affected by 

METH addiction. 
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