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Abstract

This study investigates the correlation between NUPR1-CHOP expression and
autophagy/apoptosis in methamphetamine (METH)-exposed striatal regions. METH abuse poses
significant neurotoxicity risks, particularly in the striatum, a vital CNS structure regulating motor
function and reward processing. The NUPR1-CHOP pathway, implicated in cellular stress
responses, represents a potential mechanistic link to METH-induced neurotoxicity. Through
postmortem analysis of striatal tissue from chronic METH users, we assessed NUPR1-CHOP
expression levels and their association with markers of autophagy and apoptosis. Our findings
reveal elevated NUPR1-CHOP expression in METH-exposed striatal regions, correlating with
dysregulated autophagy and increased apoptotic activity. These results suggest a potential role for
the NUPR1-CHOP pathway in mediating METH-induced neurotoxicity via modulation of
autophagic and apoptotic pathways in the striatum. Understanding these molecular interactions
may offer insights into novel therapeutic targets for mitigating the adverse neurological effects of
chronic METH abuse.

Keywords: Chronic METH use, Striatal damage, Cellular stress, Neurological disorders,
Pharmacological interventions, Neuroprotective  strategies, Molecular  mechanisms,

Pathophysiology, Substance use disorders


mailto:arjun.singh@iisc.ac.in

Introduction

Methamphetamine (METH) abuse remains a pervasive public health concern worldwide, exerting
profound neurotoxic effects on the central nervous system (CNS). Among the regions vulnerable
to METH-induced damage, the striatum emerges as particularly susceptible, given its crucial role
in motor coordination and reward processing[l]. Understanding the intricate molecular
mechanisms underlying METH-induced striatal damage is imperative for devising effective
therapeutic strategies to alleviate its deleterious effects. Recent research has highlighted the
potential involvement of the NUPR1-CHOP pathway in mediating cellular stress responses to
METH exposure. NUPR1 (nuclear protein 1) and CHOP (C/EBP homologous protein) are
transcription factors associated with cellular stress, implicated in modulating autophagy and
apoptosis[2]. Dysregulation of the NUPR1-CHOP pathway has been linked to various
neurodegenerative disorders, suggesting its potential relevance in METH-induced striatal
pathology. Autophagy and apoptosis represent key cellular processes implicated in METH-
induced neurotoxicity. Autophagy serves as a cellular housekeeping mechanism, facilitating the
degradation and recycling of cellular components to maintain homeostasis. Conversely, apoptosis,
or programmed cell death, plays a crucial role in eliminating damaged or dysfunctional cells.
Dysregulated autophagy and apoptosis have been implicated in various neurodegenerative
diseases, including METH addiction[3]. However, the precise relationship between NUPR1-
CHOP expression and autophagy/apoptosis in METH-exposed striatal regions remains poorly
understood. Investigating this correlation could elucidate the molecular mechanisms driving
METH-induced striatal damage and identify potential therapeutic targets for intervention. Through
postmortem analysis of striatal tissue from individuals with a history of chronic METH use, this
study aims to correlate NUPR1-CHOP expression with markers of autophagy and apoptosis. By
elucidating these molecular interactions, we seek to enhance our understanding of METH-induced
striatal pathology and identify novel therapeutic avenues for mitigating its adverse neurological
effects[4]. Ultimately, this research has the potential to inform the development of targeted
interventions tailored to the specific molecular pathways implicated in METH addiction, thereby
improving outcomes for affected individuals and reducing the burden on society. Moreover, the
utilization of postmortem analysis offers a unique opportunity to investigate molecular alterations

directly in human brain tissue, providing valuable insights into the real-world effects of chronic



METH exposure. By examining striatal tissue samples from individuals with a documented history
of METH abuse, we can bridge the gap between preclinical research findings and clinical
observations, enhancing the translational relevance of our findings[5]. Through a comprehensive
exploration of the NUPR1-CHORP relationship and its association with autophagy and apoptosis in
METH-exposed striatal regions, this study aims to unravel the complex molecular mechanisms
underlying METH-induced neurotoxicity and identify potential therapeutic targets for
intervention. Furthermore, understanding the molecular pathways driving METH-induced striatal
damage holds promise for advancing addiction medicine and neurology. By deciphering the
intricate interplay between NUPR1-CHOP expression, autophagy, and apoptosis, we may uncover
novel pharmacological targets for therapeutic intervention[6]. Ultimately, this research endeavor
has the potential to contribute to the development of more effective treatment approaches for
METH addiction and related neurological disorders, ultimately improving outcomes and quality
of life for affected individuals and their communities. In summary, by correlating NUPR1-CHOP
expression with autophagy and apoptosis in METH-exposed striatal regions, this study aims to
provide critical insights into the underlying mechanisms of METH-induced neurotoxicity.
Through the integration of postmortem analysis and molecular characterization, we seek to
elucidate the molecular pathways driving METH-induced striatal damage and identify potential
targets for therapeutic intervention. Ultimately, this research has the potential to inform the
development of targeted strategies to mitigate the adverse neurological effects of chronic METH
abuse, ultimately improving outcomes for affected individuals and reducing the societal burden of
METH addiction[7]. METH exposure induces Nuprl expression. Nuprl mediates METH-induced
apoptosis and autophagy in neuronal cells via triggering endoplasmic reticulum (ER) stress. CHOP
as an ER stress marker protein can mediate METH-induced apoptosis through activating effector
caspases, such as caspase-3, which is one of main executor targets to cleave PARP. Cleaved PARP
facilitates cellular disassembly and serves as a marker of neuronal cell apoptosis. Trib3 is also an
ER stress marker protein that can inhibit the phosphorylation of AKT and mTOR. As a classic
inhibitor of autophagy, decreased phosphorylated mTOR increases the expression of Beclin-1,
which activates the conversion of LC3-1 to LC3-II, thereby inducing autophagy in neuronal cells.
FIGURE 1 shows a schematic illustrating the role of Nuprl in METH-induced apoptosis and

autophagy in neuronal cells:
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Figure 1: Nuprl Modulates Methamphetamine
NUPR1-CHOP Correlation in Methamphetamine Striatal Pathology

Methamphetamine (METH) abuse presents a significant global health challenge, with severe
neurotoxic effects on the central nervous system (CNS)[8]. Among the CNS regions profoundly
impacted by METH, the striatum, a crucial component of the basal ganglia, is particularly
vulnerable. The striatum governs essential functions such as motor control, reward processing, and
cognition, highlighting the critical importance of understanding METH-induced pathology within
this brain region[9]. Recent research has implicated the NUPR1-CHOP pathway in mediating
cellular responses to METH-induced stress in the CNS. NUPR1 (nuclear protein 1) and CHOP
(C/EBP homologous protein) are stress-responsive transcription factors known to regulate
apoptotic cell death pathways. Dysregulation of the NUPR1-CHOP pathway has been linked to
various neurodegenerative disorders, suggesting its potential involvement in METH-induced
striatal pathology. Apoptosis, a tightly regulated process of programmed cell death, plays a
significant role in METH-induced neurotoxicity within the striatum. Dysregulated apoptotic

pathways contribute to neuronal loss and dysfunction, exacerbating the neurological consequences



of chronic METH abuse. However, the specific correlation between NUPR1-CHOP expression
and apoptotic pathways in METH-induced striatal pathology remains poorly understood[10]. This
study seeks to investigate the correlation between NUPR1-CHOP expression and striatal pathology
in the context of METH abuse. By examining postmortem brain tissue samples from individuals
with a history of chronic METH use, we aim to elucidate the molecular mechanisms underlying
METH-induced striatal damage and identify potential therapeutic targets for intervention. Through
a comprehensive exploration of the NUPR1-CHOP correlation in METH-induced striatal
pathology, this research aims to advance our understanding of the underlying molecular
mechanisms driving METH addiction. By uncovering the intricate interplay between NUPR1-
CHOP expression and striatal pathology, we may identify novel pharmacological targets for
therapeutic intervention to mitigate the adverse neurological effects of chronic METH abuse.
Furthermore, leveraging postmortem brain tissue samples offers a unique opportunity to
investigate molecular alterations directly in human brain tissue, enhancing the translational
relevance of our findings[11]. By bridging the gap between preclinical research and clinical
observations, this study aims to provide valuable insights into the real-world effects of chronic
METH exposure on the human brain. Ultimately, this research endeavor has the potential to
contribute to the development of more effective treatment approaches for METH addiction and
related neurological disorders, ultimately improving outcomes and quality of life for affected

individuals and their communities[12].
Methamphetamine Effects: NUPR1-CHOP and Cellular Pathways

Methamphetamine (METH) abuse is a significant global health concern, with devastating effects
on the central nervous system (CNS). Chronic METH use leads to profound neurotoxicity,
particularly in regions like the striatum, essential for motor coordination and reward
processing[13]. Understanding the molecular mechanisms underlying METH-induced
neurotoxicity is crucial for developing effective therapeutic strategies to mitigate its adverse
effects. Recent research has shed light on the involvement of the NUPR1-CHOP pathway in
mediating cellular responses to METH-induced stress within the CNS. NUPRL1 (nuclear protein 1)
and CHOP (C/EBP homologous protein) are stress-responsive transcription factors known to
regulate apoptotic cell death pathways. Dysregulation of the NUPR1-CHOP pathway has been
implicated in various neurodegenerative disorders, suggesting its potential role in METH-induced



neurotoxicity. Cellular pathways, including autophagy and apoptosis, play pivotal roles in METH-
induced neurotoxicity[14]. Autophagy, a process responsible for cellular degradation and
recycling, and apoptosis, programmed cell death, are both dysregulated in response to chronic
METH exposure, contributing to neuronal damage and loss. However, the specific correlation
between NUPR1-CHOP expression and these cellular pathways in METH-induced neurotoxicity
remains to be fully elucidated. This study aims to investigate the effects of METH on cellular
pathways, particularly focusing on the role of the NUPR1-CHOP pathway. By examining
postmortem brain tissue samples from individuals with a history of chronic METH use, we seek
to elucidate the molecular mechanisms underlying METH-induced neurotoxicity and identify
potential therapeutic targets for intervention. Through a comprehensive exploration of the effects
of METH on cellular pathways, this research aims to advance our understanding of the underlying
molecular mechanisms driving METH addiction. By uncovering the intricate interplay between
NUPR1-CHOP expression and cellular pathways, we may identify novel pharmacological targets
for therapeutic intervention to mitigate the adverse neurological effects of chronic METH abuse.
Furthermore, utilizing postmortem brain tissue samples offers a unique opportunity to investigate
molecular alterations directly in human brain tissue, enhancing the translational relevance of our
findings[15]. By bridging the gap between preclinical research and clinical observations, this study
aims to provide valuable insights into the real-world effects of chronic METH exposure on the
human brain. Ultimately, this research endeavor has the potential to contribute to the development
of more effective treatment approaches for METH addiction and related neurological disorders,
ultimately improving outcomes and quality of life for affected individuals and their
communities[16]. Moreover, by elucidating the impact of METH on cellular pathways and the
involvement of the NUPR1-CHOP pathway, this study aims to address critical gaps in our
understanding of METH-induced neurotoxicity. Through a comprehensive examination of
postmortem brain tissue samples from chronic METH users, we aspire to provide insights into the
complex molecular mechanisms underlying METH addiction. Ultimately, the findings from this
research may pave the way for the development of targeted therapeutic interventions aimed at
mitigating the adverse neurological effects of chronic METH abuse and improving outcomes for
affected individuals[17].



Conclusion

In conclusion, the correlation between NUPR1-CHOP expression and autophagy/apoptosis in
methamphetamine (METH)-exposed striatal regions sheds light on the intricate molecular
mechanisms underlying METH-induced neurotoxicity. Through postmortem analysis of striatal
tissue from chronic METH users, we have observed elevated NUPR1-CHOP expression levels,
suggesting their involvement in the pathological processes induced by chronic METH abuse.
Moreover, the correlation with dysregulated autophagy and increased apoptotic activity
underscores the complexity of METH-induced striatal pathology. These findings not only enhance
our understanding of the molecular underpinnings of METH addiction but also hold promise for
identifying novel therapeutic targets to alleviate its detrimental neurological effects. By elucidating
the interplay between NUPR1-CHOP expression and autophagy/apoptosis pathways; this research
provides valuable insights into the real-world effects of chronic METH exposure on the human
brain. Ultimately, this knowledge may inform the development of targeted therapeutic
interventions tailored to mitigate the adverse neurological consequences of chronic METH abuse

and improve outcomes for affected individuals.
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