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ABSTRACT

Artemisinin, a natural compound derived from Artemisia annua, is renowned for its potent
antimalarial properties. Recent studies have revealed its potential neuroprotective effects,
suggesting it may enhance neuronal cell viability and promote recovery in various
neurodegenerative conditions. This paper explores the neuroprotective properties of artemisinin in
vitro, focusing on its ability to mitigate cellular stress, reduce apoptosis, and improve neuronal
function. We examine the molecular mechanisms underlying its effects, including modulation of
oxidative stress, inflammatory pathways, and mitochondrial health. Our findings suggest that
artemisinin holds promise as a therapeutic agent for neurodegenerative diseases, offering a novel
approach to enhancing neuronal survival and function. Further research is warranted to validate its
efficacy and safety in preclinical models and clinical settings. Studies investigating its impact on
neuronal cell viability have revealed promising results, suggesting that artemisinin may offer novel
avenues for treating neurodegenerative diseases and other neurological disorders. This article delves
into the mechanisms through which artemisinin stimulates neuronal cell viability and its potential as
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a neuroprotective agent.

Introduction

Neurodegenerative diseases, such as Alzheimer's disease,
Parkinson's disease, and amyotrophic lateral sclerosis (ALS), are
characterized by progressive neuronal loss, impaired cell
signaling, and chronic inflammation. These conditions are
associated with oxidative stress, mitochondrial dysfunction, and
apoptosis, contributing to the decline in neuronal viability [1].
Current treatments primarily focus on symptom management,
with limited success in halting disease progression. Therefore,
there is a critical need for novel therapeutic strategies that can
protect neurons, enhance their viability, and potentially slow or
reverse disease progression [2].

Artemisinin, a sesquiterpene lactone compound derived
from the Artemisia annua plant, has garnered attention for its
diverse biological activities, most notably its antimalarial and
anticancer properties. However, emerging evidence suggests
that artemisinin also exerts significant neuroprotective effects.
In vitro studies have demonstrated that artemisinin can mitigate
oxidative stress, promote neuronal survival, and reduce
inflammation, making it a compelling candidate for the treatment
of neurodegenerative diseases [3]. This paper aims to review the
current understanding of artemisinin's neuroprotective
mechanisms, its effects on neuronal cell viability, and its potential
as a therapeutic agent for neurodegenerative disorders. Through a
deeper understanding of its molecular actions, artemisinin may
emerge as a promising candidate for future neuroprotective
therapies.

Artemisinin: beyond malaria treatment

Artemisinin is best known for its use in combating malaria, a
life-threatening disease caused by the Plasmodium parasite. The

compound is derived from the sweet wormwood plant
(Artemisia annua), and it is a potent anti-malarial agent.
Artemisinin-based combination therapies (ACTs) have
revolutionized the treatment of malaria, providing a highly
effective method for tackling the disease [3].

However, emerging research has suggested that artemisinin
possesses broader pharmacological properties beyond its
anti-malarial activity. Recent studies have shown that
artemisinin and its derivatives exhibit anti-inflammatory,
anti-cancer, and anti-viral effects. Moreover, scientists have
begun to investigate its potential to protect against neurological
damage, a property that could be beneficial in treating
neurodegenerative diseases such as Alzheimer's, Parkinson's,
and Huntington's disease [4].

Neuroprotective effects of artemisinin

The neuroprotective properties of artemisinin have gained
attention due to the compound's potential to counteract neuronal
damage, oxidative stress, and inflammation—all of which are key
factors in the progression of neurodegenerative diseases [5].

Cell viability in neuronal cultures

In vitro studies using neuronal cell cultures have demonstrated
that artemisinin can stimulate neuronal cell viability. These
studies often involve exposing cultured neurons to various
stressors such as oxidative agents or inflammatory cytokines,
which induce cell death and mimic conditions associated with
neurodegeneration [6]. Researchers have found that artemisinin
treatment significantly increases neuronal survival by preventing
or reducing the extent of damage caused by these stressors.
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The ability of artemisinin to enhance neuronal viability is
believed to be related to its antioxidant properties. Oxidative
stress is a common feature in many neurological diseases, leading
to the accumulation of free radicals that damage cellular
structures, including lipids, proteins, and DNA. Artemisinin has
been shown to possess antioxidant activity, which helps neutralize
free radicals and protect neurons from oxidative damage [7].

Inhibition of inflammatory pathways

Another key mechanism by which artemisinin exerts its
neuroprotective effects is through its anti-inflammatory
properties. Neuroinflammation plays a central role in the
progression of many neurodegenerative diseases. Chronic
inflammation in the brain can lead to the activation of microglia
(the resident immune cells of the central nervous system) and
the release of pro-inflammatory cytokines, which contribute to
neuronal injury.

Research has indicated that artemisinin may suppress the
activation of inflammatory pathways in the brain. Specifically, it
appears to inhibit the production of pro-inflammatory
cytokines such as TNF-a and IL-6, which are implicated in
neuroinflammation. By modulating these pathways, artemisinin
may help reduce neuroinflammatory responses, thus protecting
neurons from inflammatory-induced damage [8].

Regulation of apoptosis

Apoptosis, or programmed cell death, is a process that is tightly
regulated in healthy cells but can become dysregulated in
disease states, leading to excessive neuronal loss. Artemisinin
has been shown to modulate apoptotic pathways, preventing
excessive neuronal death under stress conditions. Studies
suggest that artemisinin may exert its effects by altering the
expression of apoptotic regulators such as Bax, Bcl-2, and
caspases, which are involved in the execution of cell death [9].
By preventing apoptosis, artemisinin contributes to the
preservation of neuronal cells, promoting their survival and
maintaining proper brain function. This property is particularly
important in the context of neurodegenerative diseases, where
preventing neuronal loss is a key therapeutic goal [10].

Molecular mechanisms involved

The precise molecular mechanisms underlying artemisinin's
neuroprotective effects are still being explored, but several
potential pathways have been identified. Some of these include:

Activation of the Nrf2 pathway

Nrf2 (Nuclear factor erythroid 2-related factor 2) is a transcription
factor that regulates the expression of antioxidant enzymes.
Artemisinin has been shown to activate the Nrf2 pathway, which
enhances the cell's ability to combat oxidative stress and protect
against neurodegeneration [11].

Modulation of the MAPK pathway

The mitogen-activated protein kinase (MAPK) pathway is
involved in cell signalling related to stress responses, survival,
and inflammation. Artemisinin may influence this pathway to
reduce inflammation and promote cell survival [12].

Regulation of mitochondrial function

Mitochondria are critical for energy production and cellular

function, and mitochondrial dysfunction is a hallmark of many
neurological disorders. Artemisinin has been shown to exert
positive effects on mitochondrial function, potentially
contributing to its neuroprotective role.

Artemisinin and neurodegenerative diseases

Given the promising findings from in vitro studies, there is
growing interest in exploring the potential of artemisinin for
the treatment of neurodegenerative diseases. Alzheimer's
disease, Parkinson's disease, and other conditions are
characterized by the progressive loss of neurons, often due to a
combination of oxidative stress, inflammation, and impaired
cell signaling [13].

Artemisinin's ability to enhance neuronal viability, reduce
inflammation, and prevent apoptosis positions it as a potential
therapeutic agent for these conditions. While clinical studies are
still needed to confirm its efficacy in human subjects, the
preliminary data suggests that artemisinin may offer a novel
approach to managing neurodegenerative diseases [14].
Moreover, artemisinin's relatively low toxicity and its
availability as a natural compound make it an attractive
candidate for further investigation in the context of
neuroprotection.

Challenges and Future Directions

Although the results of in vitro studies are promising, several
challenges remain in translating these findings to clinical
settings. For one, the bioavailability of artemisinin in the brain
is an important consideration. Artemisinin’s ability to cross the
blood-brain barrier (BBB) is a crucial factor in determining its
potential as a neuroprotective agent [15].

Additionally, the optimal dosage and delivery methods of
artemisinin for treating neurological conditions need to be
established. Further research, including preclinical and clinical
trials, will be required to better understand the safety and
efficacy of artemisinin in the context of neurological diseases.

Conclusions

Artemisinin, traditionally known for its anti-malarial properties,
has shown significant potential as a neuroprotective agent. In
vitro studies demonstrate its ability to stimulate neuronal cell
viability, reduce oxidative stress, inhibit inflammation, and
regulate apoptotic pathways. These effects make artemisinin a
promising candidate for the treatment of neurodegenerative
diseases, where the preservation of neuronal cells is critical. As
research progresses, artemisinin may become an important
therapeutic tool in combating neurological disorders, offering a
natural and potentially effective alternative to existing
treatments. However, further studies are essential to confirm its
efficacy in vivo and determine how best to incorporate
artemisinin into clinical practice for neuroprotection.
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