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Introduction
Neurodegenerative diseases, such as Alzheimer's, Parkinson's, 

Huntington's and Amyotrophic Lateral Sclerosis (ALS), are progressive 
conditions that lead to the gradual loss of neuronal function and structure. 
Despite considerable research efforts, effective treatments remain scarce, 
highlighting the need for innovative therapeutic approaches. One promising 
strategy is the development of compounds based on indoles, a class of 
heterocyclic aromatic compounds with a bicyclic structure-consisting of a 
six-membered benzene ring fused with a five-membered nitrogen-containing 
pyrrole ring. Indoles are found in many bioactive molecules, including 
tryptophan, serotonin and melatonin and possess significant pharmacological 
potential. Indole derivatives have attracted attention for their diverse biological 
activities, such as anti-inflammatory, antioxidant and neuroprotective effects, 
making them strong candidates for anti-neurodegenerative treatments. 
The structural flexibility of indoles allows for a wide range of chemical 
modifications, enhancing their therapeutic specificity and potential. Since 
neurodegenerative diseases often involve complex mechanisms like oxidative 
stress, mitochondrial dysfunction, protein misfolding and neuroinflammation, 
indole-based compounds can target these pathways through various 
mechanisms [1].

Oxidative stress plays a key role in neurodegeneration, contributing to 
cellular damage and apoptosis. Indole derivatives, such as melatonin and 
its analogs, are powerful antioxidants that help combat oxidative stress by 
scavenging free radicals and boosting the body’s own antioxidant defenses. 
Melatonin, for example, has been shown to reduce oxidative damage 
in Alzheimer's and Parkinson's disease models. Protein misfolding and 
aggregation are common features in many neurodegenerative diseases. 
Compounds like indirubin and its analogs can prevent the aggregation of 
proteins such as Amyloid-Beta (Aβ) and alpha-synuclein, which are implicated 
in Alzheimer's and Parkinson's, respectively. These indole derivatives 
interfere with the fibrillation process, reducing neurotoxicity. Mitochondrial 
dysfunction is another significant contributor to neuronal death. Indole-based 
compounds, including metabolites of tryptophan, support mitochondrial health 
by enhancing respiratory function and minimizing mitochondrial oxidative 
stress. For instance, kynurenic acid, a metabolite of tryptophan, has been 
found to offer neuroprotective effects through its impact on mitochondrial 
pathways. Chronic neuroinflammation also worsens neurodegenerative 
processes. Indole derivatives, especially those derived from the kynurenine 
pathway, have anti-inflammatory properties. Compounds like kynurenine 
can modulate immune responses by interacting with various receptors and 
decreasing the production of pro-inflammatory cytokines. 

Description
Metabolites of tryptophan, including kynurenic acid and 

3-hydroxykynurenine, have demonstrated a range of neuroprotective 

effects. Kynurenic acid, for instance, functions as an antagonist at NMDA 
receptors, helping to reduce excitotoxicity—a key mechanism in neuronal 
damage associated with various neurodegenerative diseases. Meanwhile, 
3-hydroxykynurenine has antioxidant properties that assist in protecting cells 
against oxidative stress.

Serotonin, another tryptophan derivative, plays a significant role in mood 
regulation and cognitive function. Serotonin receptor modulators, particularly 
those based on indole compounds, have shown promise in alleviating 
symptoms of depression and anxiety often observed in neurodegenerative 
conditions. In Parkinson's disease, characterized by the loss of dopaminergic 
neurons and the accumulation of Lewy bodies containing alpha-synuclein, 
certain indole-based compounds can inhibit the aggregation of alpha-
synuclein, offering neuroprotective benefits in preclinical studies. Clinical 
trials with melatonin, a derivative of tryptophan, have suggested positive 
effects on sleep regulation and neuroprotection in Parkinson’s patients. In 
the case of Huntington’s disease, which involves the aggregation of mutant 
huntingtin protein, indole-based compounds like kynurenic acid are being 
studied for their ability to improve mitochondrial function and reduce oxidative 
stress. Early findings indicate that these compounds might help support 
mitochondrial health and promote neuronal survival. However, many indole 
derivatives face challenges like poor bioavailability and rapid metabolism. 
To overcome these issues, chemical modifications and prodrug development 
are being explored to enhance the pharmacokinetics of these compounds. 
Additionally, nanotechnology-based delivery systems, such as nanoparticles 
and liposomes, hold potential for improving the targeted delivery and sustained 
release of indole-based drugs [2].

Conclusion 
Indole-based compounds show great potential in the development of 

treatments for neurodegenerative diseases due to their diverse pharmacological 
effects. By targeting key pathological mechanisms such as oxidative stress, 
protein aggregation, mitochondrial dysfunction and neuroinflammation, these 
compounds could play a crucial role in addressing the underlying causes 
of these diseases. Continued research and clinical trials are essential to 
overcoming current challenges and fully realizing the therapeutic potential of 
indoles. As our understanding of both neurodegenerative diseases and indole 
pharmacology deepens, these compounds may become vital components 
of effective treatment strategies, ultimately enhancing the quality of life for 
patients globally.
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