
 A Zade, et.al                                                      Journal of Internal Medicine and Pharmacology (JIMP), Vol-01 Issue-02 2024: 20-32                                                                                                                             

 

20 | P a g e  
© 2024 Manju Zade. This work is licensed under a Creative Commons Attribution 4.0 International License 

(CC BY 4.0). 

 

 

 

Review Article  

Targeting Neurodegeneration in Alzheimer's Disease: A Comprehensive Evaluation of 

Andrographolide as a Potential Therapeutic Agent in the Management and Treatment of Cognitive 

Decline 

Dr. Manju Zade 

Yashwantrao Chavan Ayurvedic Medical College, Aurangabad, Maharashtra 431007  

 

A R T I C L E I N F O A B S T R A C T 

 Alzheimer's Disease (AD) remains a pressing global health issue, necessitating the discovery of effective 

therapeutic strategies. This review explores Andrographolide as a potential therapeutic agent for 

neurodegeneration in Alzheimer's. The compound's neuroprotective capabilities—spanning anti-inflammatory, 

antioxidant, and anti-apoptotic effects—form the basis of its therapeutic promise. Beginning with an overview 

of the growing prevalence and impact of AD, the review underscores the urgent need for novel treatments. 

Derived from Andrographis paniculata, Andrographolide has demonstrated potential in preclinical studies by 

mitigating key Alzheimer's features. This analysis delves into the compound's chemical characteristics, 

pharmacological properties, and extraction methods, followed by an exploration of its neuroprotective 

mechanisms. The review critically assesses preclinical and clinical studies, offering a comprehensive 

evaluation of Andrographolide's effects. Through comparative analysis with existing therapies, the unique 

advantages and limitations of Andrographolide are highlighted, positioning it as a promising disease-modifying 

candidate for Alzheimer's treatment. 
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1. Introduction  

The progressive neurodegenerative disorder known 

as Alzheimer's has emerged as a major public health 

issue on a worldwide scale [1]. Cognitive 

impairment, memory loss, and generalised mental 

decline are symptoms of this most prevalent form of 

dementia, which impacts millions of people 

globally. Family members, caregivers, and 

healthcare systems are all impacted by Alzheimer's 

disease. Research into viable treatment options is 

critical because the prevalence of Alzheimer's is 

predicted to increase due to an older population and 

longer life expectancies [2].  

There are many obstacles in the present Alzheimer's 

therapy environment. Current treatment methods 

only alleviate symptoms and do nothing to cure 

neurodegeneration, despite decades of study into the 

disease [3]. The enormous monetary and societal 

costs of Alzheimer's care highlight the critical need 

to develop better therapies. Novel treatment 

medicines that address both the symptoms and the 

underlying causes of Alzheimer's 

neurodegeneration are urgently required [4].  

Andrographolide, a natural chemical extracted from 

the medicinal herb Andrographis paniculata, is one 

of the possible treatments that is attracting interest.  

The anti-inflammatory, antioxidant, and 

immunomodulatory actions of andrographolide are 

only a few of the promising therapeutic uses for this 

compound [5, 6]. New evidence suggests it may 

have neuroprotective qualities, which could make it 

useful in reducing the neurodegeneration caused by 

Alzheimer's disease. In order to assess 

andrographolide's potential as a treatment for 

Alzheimer's disease, it is essential to understand its 

chemical features, sources, and pharmacological 

features [7].  

Andrographolide has been proposed as a possible 

treatment for neurodegeneration associated with 

Alzheimer's disease, and this review aims to analyse 

the current literature on the subject. We hope to shed 

light on the neuroprotective mechanisms of 

andrographolide, its effects on Alzheimer's models, 

and how it stacks up against current treatments by 

combining data from clinical and preclinical trials 

[8]. This review aims to uncover areas where our 

understanding is lacking, obstacles that need to be 

addressed in the field of study, and prospective 

future paths for investigating the therapeutic 

potential of andrographolide in relation to 

Alzheimer's disease [9]. By doing so, we hope to 

add to the continuing conversation on new ways to 

combat the neurodegenerative disease Alzheimer's 

[10]. 

2.1 Pathological Processes in Alzheimer's  

Deterioration in brain structure and function brought 

on by a cascade of degenerative processes defines 

Alzheimer's disease as shown in figure 1. The 

development of beta-amyloid plaques and tau 

protein tangles are the characteristic features [11]. 

Plaques of beta-amyloid, which originate from the 

amyloid precursor protein, interrupt transmission, 

and set off inflammatory responses in neurons. Tau 

proteins, when folded in an incorrect way, entangle 

neurons, and impair their delivery of nutrition and 

other vital chemicals. Synaptic dysfunction, 

neuroinflammation, and neuronal death are the end 

results of these abnormal alterations [12]. The result 

is a degeneration of neurons all over the brain, but 

notably in areas like the cerebral cortex and 

hippocampus that are involved in learning and 

memory [13].  

Inflammatory reactions, mitochondrial dysfunction, 

and oxidative stress are additional processes that 

contribute to the pathogenesis of Alzheimer's 

disease. Therapeutic approaches face a difficult 

terrain due to the interconnected nature of these 

processes; focusing on just one component may not 

be enough to stop the disease in its tracks [14]. The 

development of targeted treatments that address the 
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complex nature of Alzheimer's neurodegeneration 

requires an understanding of these pathogenic 

processes [15].  

2. Background on Alzheimer's 

Neurodegeneration 

2.2 Current Challenges in Treatment and 

Management  

The development of effective treatments for 

Alzheimer's disease is still a huge problem, even 

though theknowledge of the disease's 

pathophysiology has advanced significantly. There 

are challenges in developing therapies that can fully 

address the course of the disease due to its 

complexity and multifaceted origin [15]. Challenges 

in treatment and management include:  

Alzheimer's disease often remains undetected until 

it reaches advanced stages, marked by substantial 

neuronal damage [16]. Early identification and 

intervention are crucial for effective treatment. 

Unfortunately, the current available medications, 

including cholinesterase inhibitors and N-methyl-

Daspartate (NMDA) receptor antagonists, provide 

symptomatic relief without altering the disease's 

course [17].  

One significant hurdle in developing effective 

treatments for Alzheimer's is the blood-brain barrier. 

This protective barrier limits the delivery of 

therapeutic agents to the brain, making it 

challenging to create drugs that can penetrate and 

exert their effects in the affected neural regions. 

Moreover, Alzheimer's exhibits heterogeneity in its 

presentation and progression, complicating the 

development of universally effective treatments. 

The disease's varied manifestations across 

individuals pose challenges in formulating targeted 

interventions [18].  

The complexity of Alzheimer's is further heightened 

by the intricate interplay of genetic, environmental, 

and lifestyle factors. This multifaceted nature 

underscores the need for a comprehensive and 

diversified approach in treatment development, 

recognizing and addressing the various factors 

influencing the disease's onset and progression [19]. 

3. Andrographolide: Properties and Sources 3.1 

Chemical Properties of Andrographolide  

A labdane diterpenoid, andrographolide is the 

principal bioactive component extracted from the 

Andrographis paniculata plant [20]. C 20H 30O 5 is 

the chemical formula for this molecule, and 350.45 

g/mol is its molecular weight. Andrographolide is 

structurally made up of a system of bicyclic lactone 

rings that have extra functional groups attached to 

them [21]. To what extent it interacts with biological 

targets and exerts its pharmacological effects is 

heavily dependent on its molecular structure [22].  

3.2 Sources and Extraction Methods  

Andrographolide is mostly derived from the plant 

Andrographis paniculata, which is popularly called 

the "King of Bitters." [23, 24]. This herbaceous 

plant has a rich history of traditional medicinal 

usage and is endemic to nations in South Asia. 

Among the plant's aerial components, 

andrographolide is most abundant in the stems and 

leaves [25, 26].  

Solvent extraction, steam distillation, and 

supercritical fluid extraction are some of the 

methods used to extract andrographolide. Isolating 

andrographolide from plant material often involves 

the use of solvents such as ethanol or methanol [27]. 

The purity and yield of andrographolide, which in 

turn affects its therapeutic efficacy, might be 

affected by the extraction process chosen [27–29].  

3.3 Relevant Pharmacological Characteristics  

Andrographolide exhibits a range of 

pharmacological characteristics that contribute to its 

potential therapeutic effects:  
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Anti-Inflammatory Properties  

Andrographolide stands as a notable figure in the 

realm of pharmacology, celebrated for its profound 

anti-inflammatory activity [30, 31]. This unique 

characteristic manifests through the adept inhibition 

of pro-inflammatory cytokines and the intricate 

modulation of immune responses. The particular 

intrigue surrounding this property is accentuated 

when considered within the context of 

neurodegenerative diseases, where chronic 

inflammation assumes a paramount role in the 

progression of pathological processes [32, 33]. By 

intricately navigating the complexities of the 

immune system, andrographolide emerges as a 

potential guardian against the inflammatory cascade 

that underlies neuronal damage and degeneration in 

conditions such as Alzheimer's disease [34, 35].  

Antioxidant Activity  

The multifaceted pharmacological profile of 

andrographolide extends to its robust antioxidant 

effects, presenting as a vigilant scavenger of free 

radicals [36, 37]. This proactive role serves as a 

crucial defense mechanism, effectively mitigating 

oxidative stress and safeguarding cells, including 

the intricate structures of neurons, from the 

deleterious consequences of oxidative processes 

[38–40]. In the dynamic landscape of 

neuroprotection, andrographolide's antioxidant 

prowess emerges as a critical shield against the 

relentless onslaught of oxidative damage that 

characterizes neurodegenerative conditions [40, 

41].  

Immunomodulatory Effects  

Andrographolide's influence transcends the realms 

of inflammation and antioxidants, delving into the 

intricate orchestration of immune system function 

[42, 43]. Its profound immunomodulatory effects 

hold the potential to delicately regulate immune 

responses intricately linked with neurodegeneration 

[42–44]. This nuanced immunomodulatory activity, 

when harnessed, could serve as a key player in the 

orchestration of neuroprotective effects, offering a 

sophisticated approach to mitigating the immune 

dysregulation often associated with conditions like 

Alzheimer's disease [45, 46].  

Anticancer Properties  

Beyond its well-established neuroprotective 

potential, andrographolide emerges onto the stage of 

anticancer research, unveiling inhibitory effects on 

cancer cell proliferation and the induction of 

apoptosis [42, 43]. This dual functionality positions 

andrographolide as a compound with a broader 

spectrum of potential therapeutic applications, 

showcasing its versatility beyond the 

neurodegenerative landscape [44, 47].  

Understanding these intricate and deeply embedded 

pharmacological characteristics becomes 

paramount in the evaluation of andrographolide as a 

therapeutic agent, particularly within the intricate 

tapestry of Alzheimer's disease [45, 46].  

The compound's multifaceted nature, seamlessly 

blending antiinflammatory, antioxidant, 

immunomodulatory, and anticancer properties, 

positions it as a compelling subject for further 

exploration in the intricate landscape of 

neuroprotective strategies [36, 46]. 

4. Neuroprotective Mechanisms of 

Andrographolide  

4.1 Overview of Neuroprotective Mechanisms  

The neuroprotective effects of andrographolide, a 

bioactive chemical extracted from andrographis 

paniculata, have attracted a lot of interest [42, 43]. 

Andrographolide protects the brain from injury in a 

number of ways, each of which contributes to its 

overall neuroprotective mechanism. An intriguing 

prospect for treating neurodegenerative diseases 

like Alzheimer's, this chemical shows a distinct 
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capacity to regulate molecular pathways associated 

with inflammation, oxidative stress, and neuronal 

survival [48].  

4.2 In-Depth Exploration of Specific Mechanisms  

Anti-Inflammatory Effects  

Andrographolide exerts potent anti-inflammatory 

effects by inhibiting the activation of 

proinflammatory signaling pathways. It suppresses 

the production of inflammatory mediators, such as 

cytokines and chemokines, thereby mitigating 

neuroinflammation. This anti-inflammatory action 

is crucial in the context of Alzheimer's, where 

chronic inflammation contributes to disease 

progression [44].  

Oxidative Stress Modulation  

The compound acts as a robust antioxidant, 

neutralizing reactive oxygen species (ROS) and 

reducing oxidative stress [36, 46]. By enhancing the 

cellular antioxidant defense mechanisms, 

andrographolide helps protect neurons from 

oxidative damage. This is particularly significant in 

neurodegenerative disorders, where oxidative stress 

plays a pivotal role in neuronal degeneration [49].  

Anti-Apoptotic Activity  

Andrographolide demonstrates anti-apoptotic 

properties, preventing programmed cell death in 

neurons [45]. This anti-apoptotic effect is crucial for 

maintaining neuronal integrity and counteracting 

the cell death  mechanisms implicated in 

neurodegenerative diseases [47].  

Modulation of Neurotrophic Factors  

Andrographolide has been shown to enhance the 

expression of neurotrophic factors, such as 

brainderived neurotrophic factor (BDNF) [50–54]. 

These factors play a pivotal role in promoting 

neuronal survival, growth, and synaptic plasticity. 

The upregulation of neurotrophic factors contributes 

to andrographolide's neuroprotective effects [54, 

55]. Inhibition of Tau Hyperphosphorylation 

Andrographolide has been reported to inhibit the 

hyperphosphorylation of tau protein, a characteristic 

feature of Alzheimer's pathology [56–58]. Tau 

hyperphosphorylation leads to the formation of 

neurofibrillary tangles, contributing to neuronal 

dysfunction and death [59]. By modulating tau 

phosphorylation, andrographolide may mitigate this 

aspect of Alzheimer's pathology [60].  

4.3 Summary of Preclinical Studies Supporting 

Neuroprotection  

Andrographolide has shown promising 

neuroprotective effects in  several preclinical 

investigations [61, 62]. Its effectiveness in reducing 

neurodegenerative processes has been repeatedly 

shown in these cellular and animal models of the 

disease [63]. Fewer inflammatory indicators, 

stronger antioxidant defences, better cognitive 

function, and safeguarding against neuronal 

degeneration are important discoveries [64].  

Rodent models of Alzheimer's disease have shown 

that andrographolide treatment improves learning 

and memory while decreasing beta-amyloid 

accumulation [65]. Its capacity to shield neurons 

from oxidative stress-induced damage has also been 

demonstrated in vitro.   

To confirm the effectiveness and safety of 

andrographolide in human patients, additional 

study, such as clinical trials, is necessary, although 

these preclinical studies do give useful insights. But, 

andrographolide shows promise as a 

neuroprotective drug and deserves additional 

investigation for its possible function in Alzheimer's 

disease treatments, according to the accumulating 

evidence.   

5. Studies on Andrographolide in Alzheimer's 

Models  

5.1 Analysis of Preclinical Studies  

Numerous preclinical studies have been conducted 

to assess the impact of andrographolide on 

Alzheimer's pathology using animal models. These 

studies, often utilizing transgenic rodents 
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mimicking Alzheimer's-like conditions, 

consistently demonstrate promising outcomes. Key 

insights include.  

Beta-Amyloid Reduction  

Andrographolide administration in transgenic 

mouse models has been associated with a reduction 

in beta-amyloid plaque deposition in the brain. This 

reduction is crucial, as beta-amyloid accumulation 

is a hallmark feature of Alzheimer's pathology.  

Cognitive Improvement  

Behavioral assessments in animal studies reveal 

improvements in cognitive function following 

andrographolide treatment. Enhanced performance 

in memory and learning tasks suggests a potential 

role in mitigating cognitive decline associated with 

Alzheimer's disease.   

Modulation of Inflammatory Markers  

 Andrographolide demonstrates its 

antiinflammatory properties in preclinical models, 

evidenced by a decrease in neuroinflammatory 

markers. This anti-inflammatory effect is crucial for 

attenuating the chronic inflammation observed in 

Alzheimer's.   

5.2 Insights from Clinical Studies  

While preclinical studies provide valuable insights, 

a few clinical studies have also been conducted to 

evaluate the potential therapeutic effects of 

andrographolide in human subjects. These studies 

offer preliminary evidence and insights into its 

safety and efficacy.   

Tolerability and Safety  

Clinical trials indicate that andrographolide is 

generally well-tolerated with minimal adverse 

effects in human subjects. This is a crucial aspect for 

considering its viability as a therapeutic agent.  

Cognitive Function Improvement  

Initial findings suggest a trend toward improved 

cognitive function in individuals receiving 

andrographolide [82]. Cognitive assessments and 

neuroimaging techniques reveal potential benefits 

in terms of memory and executive function.   

5.3 Key Methodologies, Outcomes, and Findings  

Each study employs specific methodologies to 

investigate the effects of andrographolide on 

Alzheimer's models. Common methodologies 

include behavioral tests for cognition, neuroimaging 

for structural and functional changes, and molecular 

analyses for assessing biochemical markers. 

Outcomes and findings vary but consistently 

highlight the following key aspects: Dosage and 

Duration play pivotal roles in shaping the outcomes 

of studies investigating andrographolide's impact. 

Variations in andrographolide dosage and treatment 

duration are critical factors that can significantly 

influence the observed neuroprotective effects 

.Determining optimal dosages and treatment 

durations is essential for obtaining accurate and 

reliable results, ensuring a comprehensive 

understanding of the compound's efficacy in the 

context of neuroprotection.   

Biomarkers associated with Alzheimer's pathology 

are commonly measured in studies exploring 

andrographolide's effects. These biomarkers include 

beta-amyloid levels, tau phosphorylation, and 

inflammatory cytokines. Monitoring changes in 

these markers provides valuable insights into the 

compound's mechanisms of action and its potential 

to modulate key factors contributing to Alzheimer's 

disease progression.  

In clinical studies, cognitive endpoints are assessed 

using standardized tests. These endpoints offer a 

crucial perspective on andrographolide's impact on 

cognitive function, including memory, attention, 

and overall cognitive performance. Clinical 

endpoints serve as tangible indicators of the 

compound's effectiveness in mitigating cognitive 

decline, offering valuable information for 

researchers and clinicians alike.  
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As the body of evidence continues to grow, these 

studies collectively contribute to our understanding 

of andrographolide's potential in Alzheimer's 

disease. Further research, including larger and more 

rigorous clinical trials, is essential to validate these 

findings and establish andrographolide as a viable 

therapeutic option for Alzheimer's 

neurodegeneration. 

6. Comparative Analysis with Existing 

Treatments  

6.1 Comparison Framework  

Efficacy stands out as a central aspect, necessitating 

a detailed assessment of both andrographolide and 

existing treatments mentioned in table 1 in terms of 

their capacities to ameliorate cognitive decline, 

reduce neuroinflammation, and address pivotal 

aspects of Alzheimer's pathology [97, 98]. Equally 

crucial is the evaluation of the safety profile, delving 

into the safety and tolerability of andrographolide 

compared to established treatments. This 

comprehensive examination includes 

considerations of adverse effects and potential 

interactions, shedding light on the risk-benefit 

profile.  

Understanding the mechanistic actions of both 

andrographolide and established treatments is 

pivotal. Emphasis is placed on elucidating how 

these interventions impact neuroprotective 

pathways and contribute to potential disease-

modifying effects. The examination of 

bioavailability is integral, particularly in the context 

of traversing the bloodbrain barrier and reaching 

target brain regions, offering practical insights into 

the potential effectiveness of these interventions 

[102, 103]. Furthermore, scrutinizing the clinical 

evidence supporting the efficacy of andrographolide 

and existing treatments is a key component of this 

comparison framework. Both the quality and 

quantity of conducted studies contribute to a 

comprehensive understanding of the therapeutic 

landscape, enabling a more informed analysis Click 

or tap here to enter text. In essence, this holistic 

comparison framework is strategically designed to 

facilitate a thorough and structured analysis of 

andrographolide's potential in the realm of 

Alzheimer's treatment. The incorporation of various 

dimensions ensures a comprehensive evaluation of 

its efficacy, safety, mechanistic actions, 

bioavailability, and clinical evidence against 

established interventions. The complexity of these 

considerations underscores the need for a 

meticulous approach in comparing andrographolide 

with existing treatments in the pursuit of advancing 

Alzheimer's therapeutics. 

Conclusion  

Andrographolide's potential as an Alzheimer's 

disease treatment is full with promise, problems, 

and exciting possibilities. Andrographolide's 

antiinflammatory, antioxidant, and anti-apoptotic 

neuroprotective actions support its use as a new 

therapeutic. Andrographolide may treat Alzheimer's 

disease safely and effectively, according to 

experimental animal models and early-phase 

clinical trials. Its disease-modifying actions and 

multifunctional pathways stand out when compared 

to other therapies. But andrographolide's bright path 

is not without obstacles. Due to insufficient clinical 

evidence, bioavailability difficulties, and complex 

translational challenges from preclinical to human 

applications, cautious optimism is warranted. These 

challenges guide future research. Future research 

focuses on larger clinical trials, long-term safety 

studies, and combination medicines. As we study 

neuroimaging and refined dosing methods, we want 

to unlock andrographolide's full therapeutic 

potential. Andrographolide's medicinal potential 

shows that it may change neurodegenerative 

disorder treatments for Alzheimer's disease. The 

implications are extensive, indicating possible use 

in other neurodegenerative conditions. 
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Andrographolide offers hope for creative 

andsuccessful Alzheimer's disease and other 

treatments as we navigate neurodegeneration. 

Andrographolide may change neurotherapeutics, 

thus researchers continue to study it.  
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