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Abstract
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder primarily associated with aging. This devastating 
condition is characterized by significant memory loss, abnormal behavior, personality shifts, and a decline in cognitive 
function. Despite extensive research, no cure for Alzheimer’s disease currently exists, and available treatment options 
have shown limited effectiveness. Developing therapeutic interventions to slow down or prevent the onset and pro-
gression of Alzheimer’s disease is crucial to address the growing burden of this condition. Ayurvedic medicinal herbs 
have emerged as a promising avenue for drug research, with numerous compounds derived from these herbs cur-
rently undergoing clinical trials. Scientific studies have explored the potential application of various Ayurvedic medicinal 
plants and their derivatives in the treatment of Alzheimer’s disease. Although the precise mechanisms of action remain 
largely unknown, extensive phytochemical investigations have identified a wide range of beneficial compounds within 
these plants. These compounds include lignans, flavonoids, tannins, polyphenols, triterpenes, sterols, and alkaloids, 
each exhibiting diverse pharmacological activities. These activities encompass anti-inflammatory, anti-amyloidogenic, 
anticholinesterase, hypolipidemic, and antioxidant effects. This review highlights the phytochemistry and ethnomedicinal 
applications of various plants, along with their bioactive compounds. It underscores the potential of Ayurveda, one of the 
world’s oldest holistic healing systems, in identifying effective therapeutic interventions for neurodegenerative disorders 
like Alzheimer’s disease. The promising pharmacological activities of Ayurvedic medicinal herbs and their constituents 
suggest their potential as novel treatments for Alzheimer’s disease. These findings offer hope for addressing the chal-
lenges posed by this debilitating condition.
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1 Introduction

Globally, Alzheimer disease, the predominant form of age-related dementia, affects approximately 24 million people 
[1]. The increasing aging population worldwide results in the doubling of patients every 20 years. Therapeutic interven-
tions capable of postponing the onset or slowing the progression of Alzheimer’s disease could drastically reduce these 
numbers in the next five decades [1]. Alzheimer’s disease primarily targets the elderly, evolving into a significant global 
health concern as data illustrates that dementia affected 47 million people in 2015, a figure projected to escalate to 
131 million by 2050 [1]. Dietary habits, a crucial lifestyle variable, greatly influence Alzheimer’s disease risk, and several 
studies have correlated its preventive potential with bioactive compounds derived from various food sources [2]. Ample 
research points towards optimal nutrition as one of the key lifestyle factors that can mitigate AD risk. Balanced nutrition 
can provide neuroprotection, suggesting that bioactive compounds could influence the core pathogenic pathways 
of Alzheimer’s disease [3–5]. Ever since Alois Alzheimer first characterized pre-senile dementia in 1907, the defining 
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clinicopathological markers of AD have been cognitive impairment in conjunction with the evolution of senile plaques 
(SP) and neurofibrillary tangles (NFT). Alzheimer’s disease manifests as a consistent decline in cognitive capabilities, 
spurred by senile plaques in the brain’s hippocampal region. The disease, the most prevalent form of dementia among 
middle-aged and older adults, currently affects over 5 million Americans. Predictions suggest this number will surge to 
7.7 million by 2030 [6]. Neuronal loss in the hippocampus, cortex, and subcortical regions primarily contributes to the 
disease’s pathophysiology [7].

AD typically begins with subtle symptoms, such as short-term memory loss, trouble learning new information, mood 
swings, language difficulties, and misplacing objects [8]. As the disease progresses, individuals may experience frus-
tration, hostility, and irritability. In severe cases, Alzheimer’s leads to complete incontinence, total memory loss, and 
a disconnection from time and place, making patients entirely dependent on others and requiring intensive care [9].

Anti-dementia drugs usage can induce additional health conditions in patients, with effects varying based on indi-
vidual response and the specific medication. Adverse effects have been reported in patients consuming anti-dementia 
drugs such as acetylcholinesterase inhibitors and N-methyl-d-aspartate (NMDA) receptor antagonists. Acetylcholinest-
erase inhibitors frequently cause side effects like nausea, diarrhea, and vomiting, alongside psychological effects like 
agitation, insomnia, and hallucinations. Patients on NMDA receptor antagonists may experience dizziness and light-
headedness [8–11]. Reported adverse effects include excitement, insomnia, nausea, vomiting, diarrhea, hallucinations, 
delusions, visual hallucinations, poriomania and violent behavior [12]. Hence, the focus has shifted towards developing 
herbal-based treatments for Alzheimer’s disease.

Herbal medicine offers several potential strategies for slowing Alzheimer’s diseaseprogression and managing symp-
toms. The production and sale of medications derived from medicinal plants have gained momentum, and their scientific 
and financial significance in the healthcare sector is apparently on the rise [6]. In this review article, we aim to bring forth 
the novelty and significance of our study by addressing specific gaps in existing knowledge. Notably, our work stands 
out for its inclusion of lesser-known and underexplored medicinal plants in the context of Alzheimer’s disease treatment, 
expanding the scope beyond commonly studied herbs. Furthermore, we adopt a distinctive ethnopharmacological 
perspective, delving into traditional knowledge and indigenous practices related to Alzheimer’s treatment, which may 
have been overlooked in previous reports. By adopting an ethnopharmacological perspective, we delve into the rich 
tapestry of traditional knowledge and indigenous practices related to Alzheimer’s disease treatment. This approach 
not only provides a unique angle to our investigation but also underscores the importance of considering cultural and 
historical context in the study of medicinal plants. By bridging the gap between traditional wisdom and contemporary 
scientific research, we aim to shed light on the potential therapeutic value of these medicinal plants, offering a holistic 
perspective on their relevance in the context of Alzheimer’s disease. Our review provides a comprehensive phytochemical 
analysis, offering an in-depth understanding of the bioactive compounds within these medicinal plants and potentially 
uncovering new therapeutic leads. Additionally, we focus on elucidating the mechanisms of action of these plants in 
Alzheimer’s disease treatment, bridging gaps in understanding the precise pathways through which they exert their 
effects. Furthermore, we emphasize the practical implications of the identified medicinal plants and their active com-
pounds in addressing Alzheimer’s disease, underscoring their potential for clinical applications and drug discovery. This 
review underscores the importance of holistic healing systems like ethnopharmacology and the wealth of traditional 
knowledge they offer, adding a novel dimension to the study of Alzheimer’s disease treatment.

2  Methodology

In this review, to collect data, different combinations of keywords Alzheimer’s disease,, medicinal herbs, pharmacologi-
cal activities, phytochemistry, ethnomedicinal useswere entered into databases consisting of international databases 
of Web of Science, PubMed, and Scopus. The articles only in English languages published between 1990 and 2023 were 
only searched. Then, the articles on application of medicinal plants for prevention and treatment of AD were selected, 
and those demonstrating potent effects of these plants and/or their compounds were reported.
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3  Pathophysiology of the disease

The brain is a remarkable organ, housing over 100 billion nerve cells known as neurons. These neurons collaborate by 
forming intricate networks, allowing them to carry out specific functions. Some of these functions involve vital cognitive 
processes such as thinking, learning, and remembering, while others contribute to sensory experiences like seeing, hear-
ing, and smelling. In their endeavor to perform these functions, brain cells function akin to tiny factories. They diligently 
receive necessary supplies, produce energy, construct essential equipment, and efficiently dispose of waste materials. 
Furthermore, these cells possess the remarkable ability to process and store information while constantly communicat-
ing with one another [13].

To maintain this elaborate system, coordination among the neurons is essential, requiring significant amounts of fuel 
and oxygen to sustain the brain’s incessant activity. The brain’s capacity to carry out these intricate processes is a testa-
ment to its complexity and significance in governing our thoughts, actions, and overall well-being (Fig. 1).

The beta-amyloid peptide (BAP) plays a crucial role in the onset of Alzheimer’s disease, consisting of 39–42 amino 
acid residues. Though a definitive cure for Alzheimer’s is yet to be discovered, current available drugs can offer some 
management. Studies indicate that natural antioxidants like vitamin E, vitamin C, and beta-carotene may help scavenge 
free radicals that emerge during the disease’s progression [14].

Memory loss in Alzheimer’s is believed to be linked to reduced levels of the nerve transmitter acetylcholine. By inhib-
iting the enzyme acetylcholinesterase, responsible for breaking down this transmitter, it becomes possible to elevate 
acetylcholine levels in the brain. Medications that hinder the breakdown of acetylcholine can slow down the progression 
of the disease [14]. Research into the causes of Alzheimer’s is multifaceted, involving investigations into genetic and 
environmental factors. Certain genes have already been associated with Alzheimer’s development, while environmental 
influences are also considered significant. Factors such as prolonged exposure to silicon or aluminum, chronic exposure 
to toxins, free-radical damage, and traumatic head injuries have been linked to Alzheimer’s disease.

Fig. 1  Alzheimer’s brain is formed due to many reasons such as Aging, Aβ amyloidosis, phosphorylated tau, calcium dysregulation, neuroin-
flammation, neurovascular disintegration, and mitochondrial dysfunction. Accumulation of the Aβ due to neuronal damage which leads to 
activation of microglia releases cytokines such as IL-1β and IL-18 which results in a synaptic loss
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Despite Alzheimer’s disease being characterized by German physician Aloise Alzheimer over a century ago, the exact 
underlying processes leading to its development remain unknown. Symptoms of Alzheimer’s include dementia, decline in 
memory and spatial awareness, mobility impairment, feelings of sadness, delusions, and hallucinations. In the advanced 
stages, patients may lose their ability to communicate verbally, become dependent on others, and struggle to perform 
basic daily tasks [15].

Under normal conditions, the Amyloid Precursor Protein (APP) undergoes metabolism via the secretory pathway, 
where it is transported from the endoplasmic reticulum (ER) to the Golgi apparatus (GA) and then to the cellular mem-
brane. Here, it undergoes proteolytic modifications catalyzed by the enzyme β-secretase, resulting in the production of 
a soluble sAPP protein and another fragment that is further cleaved by γ-secretase. This process generates the intracel-
lular domain known as AICD and the p3 domain. However, in disease conditions, the intended route for APP processing 
is altered, leading it to enter an endosomal-lysosomal APP proteolytic pathway [14, 15].

β-Secretase, located closer to the N-terminus of APP within cellular organelles, influences APP biochemical changes, 
while γ-secretase acts closer to the C-terminus, immersed in the cytoplasm. The enzymatic activity of β-secretase leads to 
the formation of the sAPPβ protein, along with the generation of two components, AICD and amyloid beta, an insoluble 
peptide. In Alzheimer’s disease patients, the cleavage of APP by secretases is significantly higher than in healthy indi-
viduals, resulting in an increased concentration of APP in the extracellular matrix (ECM). Here, it binds to various entities 
such as apolipoprotein E (APOE), microglia, degenerated axons, and astrocytes, which are induced by proinflammatory 
cytokines [16].

Senile plaques, formed by amyloid beta aggregation, can infiltrate blood vessels, impeding blood flow to the brain, 
and causing neuronal damage. This process activates various pathways, including microglia activation and the comple-
ment system, leading to increased production of free radicals and Ca2+ influx, ultimately resulting in neuronal death. The 
activation of glycan end-product receptors via APP may lead to the production of proinflammatory substances such as 
excitotoxins, cytokines, and tumor necrosis factor (TNF-alpha), which can affect the structure of pyramidal neurons [17].

Tau proteins play a critical role in stabilizing microtubules, which are structural components of the cytoskeleton in 
neurons. Increased tau protein phosphorylation leads to the formation of polymers called tau tangles, a hallmark of AD. 
This elevated phosphorylation of tau can be triggered by increased Ca2+ ion concentration in nerve cells induced directly 
by amyloid beta aggregation. Consequently, microtubules depolymerize, causing deformation of the cytoskeleton and 
disruption of intracellular transport, leading to compromised neuron function. Tau tangles form toxic aggregates that 
activate microglia and cause inflammation, ultimately leading to neuronal damage and cell death [14–16].

Recently, Sharma et al., introduced the significant potential of Licorice (Glycyrrhizaglabra Linn.) in the realm of neu-
ropharmacology, particularly for aging-related disorders. The review is grounded in an exhaustive examination of data-
bases to accumulate and scrutinize information regarding Licorice’s diverse pharmacological effects, its neuroprotective 
capabilities, safety concerns, and its role in treating various neurological diseases. Marking a novel approach in this 
field, network pharmacology has been utilized to investigate Licorice’s mechanisms in neurological contexts. Central to 
our discussion are the plant’s phytoconstituents—liquiritin, glycyrrhizic acid, and others—which have demonstrated 
promising results in laboratory and animal studies for combating neurological issues such as long-term depression, 
age-related diseases, Alzheimer’s, and addictions. These effects are mediated through interactions with neural proteins, 
although these findings are presently confined to animal-based research. This review underlines the necessity of clini-
cal trials to validate these findings in humans, particularly in light of Licorice’s associated risks like mild hypertension 
and hypokalemia. Their exploration into Licorice’s therapeutic potential aims to contribute to the burgeoning field of 
neuropharmaceuticals, offering new perspectives and directions for future research.

Despite continuous research efforts, the exact cause and development of this condition, Alzheimer’s disease, have 
not been fully understood yet. Nevertheless, certain distinct processes have been identified at both the cellular and 
tissue levels. One prominent feature observed in Alzheimer’s disease is the accumulation of amyloid beta (Aβ). Aβ is a 
short peptide produced from the amyloid precursor protein (APP), which is naturally present in the body, leading to the 
formation of senile plaques [16, 18].

In addition to its role in forming plaques, APP plays a crucial role in key regulatory activities, including the regulation 
of axonal development and its impact on synaptic plasticity under normal physiological conditions [16]. In Alzheimer’s 
diseasepathophysiology, beta secretase (BACE1) and Keap1 are two key players with significant roles. BACE1 is an enzyme 
responsible for producing beta-amyloid peptides, which are known to aggregate and form plaques in the brains of Alzhei-
mer’s disease patients. These plaques contribute to neurodegeneration and cognitive decline. On the other hand, Keap1 
is a protein involved in regulating the cellular response to oxidative stress. It interacts with a transcription factor called 
Nrf2, which plays a crucial role in the antioxidant defense system. In Alzheimer’s disease, impaired Keap1-Nrf2 signaling 
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leads to decreased antioxidant capacity, resulting in increased oxidative stress and neuronal damage. Plant-based drugs 
have shown promise in managing the intricate pathophysiology of Alzheimer’s disease. Some plant compounds, such 
as flavonoids and polyphenols, possess antioxidant and anti-inflammatory properties [13–16]. These compounds can 
scavenge free radicals, reduce oxidative stress, and protect neurons from damage. Additionally, certain plant-derived 
drugs have been found to modulate BACE1 activity, inhibiting the production of beta-amyloid peptides. By targeting 
BACE1, these drugs aim to reduce the formation of plaques in the brain, potentially slowing down the progression of 
Alzheimer’s disease. Overall, plant drugs offer a multifaceted approach to managing Alzheimer’s disease pathophysiol-
ogy. They can help mitigate oxidative stress, reduce inflammation, and inhibit the production of beta-amyloid peptides, 
providing potential benefits in the management of this complex neurodegenerative disorder [1, 5, 16].

4  Medicinal plants for the treatment of Alzheimer’s disease

The plant-derived products have undergone stringent standardization, and their effectiveness and safety in specific 
applications have been established. Some of them were listed below.

This table provides an overview of the subject, but please consult with a healthcare provider or a pharmacist before 
starting any herbal regimen, especially in the case of serious conditions like Alzheimer’s disease. Additionally, it’s worth 
noting that while these plants may have potential therapeutic effects, they cannot cure Alzheimer’s disease. The man-
agement of Alzheimer’s disease requires a multi-pronged approach, including medication, lifestyle modifications, and 
supportive care.

4.1  Ginkgo biloba (GB)

Ginkgo biloba (GB) is a well-researched and commonly used herb in the treatment of cognitive impairment and Alzhei-
mer’s disease. Its potential effectiveness is attributed to antioxidant and antiapoptotic properties [19, 20]. The leaves of 
this plant are utilized for treating cognitive impairment in Alzheimer’s patients, containing various essential components 
such as flavonoids, steroids (stigmasterol and sitosterol), organic acids (ascorbic, shikimic acid, and vanillic acid), gink-
golides, bilobalide, and terpenoids [21]. Terpenoids, including major sesquiterpene bilobalide and major diterpenes and 
ginkgolides, are crucial compounds found in Ginkgo biloba [22]. Flavone glycosides constitute approximately 22–27% 
of the plant extracts, while terpene lactones account for about 5–7% [23]. Among the terpene lactones are A, B, and C 
ginkgolides, along with bilobalide, while flavone glycosides include quercetin, isorhamnetin, and kaempferol.

Flavonoids present in Ginkgo biloba play a significant role in preventing various forms of oxidative and peroxida-
tive brain damage in AD Alzheimer’s disease [24]. The herb is believed to exert its therapeutic effects through several 
mechanisms, including antiapoptotic, anti-oxidative, anti-amyloidogenic, and free radical scavenging pathways, all of 
which aid in the prevention and treatment of AD Alzheimer’s disease [25]. The plant extract inhibits Amyloid β-induced 
neurotoxicity by controlling glutathione peroxidase and SOD activity in vitro, limiting neuronal apoptosis, ROS build-up, 
glucose absorption, mitochondrial dysfunction, and activation of the ERK and c-JUN N-terminal kinase (JNK) pathways. 
GB has been shown to enhance cognitive performance in Alzheimer’s patients by increasing oxygen delivery and aiding 
the body in removing free radicals, thus improving memory [21].

The presence of flavonoids, terpenoids, and organic acids in Ginkgo biloba contributes to its neuroprotective properties 
[26]. Scientific investigations have demonstrated the potential of GB as a cognition enhancer, particularly if administered 
during the early stages of Alzheimer’s disease AD [27] (Table 1).

4.2  Bacopa monnieri (BM)

Bacopa monnieri (BM) is a time-honored nootropic herb with a history of use in treating neurological conditions. A phy-
tochemical study of BM extract revealed the presence of diverse bioactive components, including triterpenoids, alkaloids 
(such as Nicotine, Brahmine, and Herpestine), saponins, glycosides, d-mannitol, hersaponin, monnierin, and alcohols [28]. 
This plant also contains various phytocompounds like bacosides A and B, bacosaponins A, B, and C, bacopasides III to 
V, bacopasaponins D, E, and F, jujubogenin, bisdesmosides, betulic acid, alkaloids, polyphenols, sterols, and sulfhydryl 
compounds, all of which suggest its antioxidant activity [29].
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The antioxidant and neuroprotective properties of BM make it a highly promising herb for treating Alzheimer’s disease 
[28]. The main substances responsible for BM’s neuroprotective effects are bacoside A and bacoside B [28]. These baco-
sides facilitate kinase activity, restore synaptic activity, support neuronal synthesis, and ultimately aid in the transmission 
of nerve impulses to promote the healing of injured neurons [21] (Table 1).

BM’s antioxidant activity also leads to the upregulation of various antioxidant molecules, including SOD and GSH, 
thereby mitigating  H2O2-mediated oxidative stress both in vivo and in vitro. Additionally, this herb reduces lipoxygenase 
activity, contributing to the recovery from oxidative stress [28]. The diverse range of bioactive compounds in Bacopa 
monnieri underscores its potential as a valuable natural remedy for promoting brain health and cognitive function.

4.3  Salvia officinalis (SO)

Several species of the Salvia genus are known for their medicinal properties in treating brain-related disorders [30]. 
Among them, Salvia officinalis, a fragrant herb with well-established pharmacological effects, is widely recognized for its 
potential in addressing brain disorders, including Alzheimer’s disease [31]. The Salvia plant contains over 160 polyphenols, 
including various phenolic acids and flavonoids. Some of the phenolic substances found in Salvia species are yunnaneic 
acid, lithospermic acids, sagernic acids, rosmarinic acid, salvianolic acids, sage-coumarin, and caffeic acid and its deriva-
tives. The flavonoids present include kaempferol, apigenin, luteolin, quercetin, and hispidulin. Moreover, Salvia species 
are rich in terpenoids such as α and β-thujone, 1,8-cineole, α-humulene, camphor, viridiflorol, and β-caryophyllene, 
abundant in their essential oils. The plants also contain significant amounts of diterpenes and triterpenes, including 
tanshinones, carnosic acid, carnosol, and ursolic acid [30].

The phytochemicals found in Salvia plants induce various biological processes associated with cognition and have 
effects on amyloid-β, oxidative stress, cholinergic activity, inflammation, as well as anxiolytic and antidepressant behaviors 
[30]. Notably, two antioxidants, rosmarinic acid and carnosic acid, present in Salvia officinalis, play a vital role in protecting 
the brain from oxidative damage [27]. The herb’s antioxidant properties, particularly rosmarinic acid and other chemical 
components, have shown effective antioxidant activity in in vitro models [32]. Furthermore, Salvia officinalis exhibits 
characteristics of CNS acetylcholine receptor activation and muscarinic and nicotinic binding [33]. It interacts with the 
muscarinic and cholinergic pathways involved in memory retention, thereby improving memory retention [34]. Salvia 
species, especially Salvia officinalis, hold great promise as natural remedies for promoting brain health and cognitive 
function.

4.4  Curcuma longa (CL)

Curcumin, the orange-yellow component obtained from turmeric (Curcuma longa), has been recognized for its medicinal 
properties, particularly in treating Alzheimer’s disease [27]. This natural polyphenol possesses various beneficial effects 
and has been widely utilized in medications [35]. Its anti-amyloidogenic, anti-inflammatory, and antioxidant properties 
make it a valuable therapeutic option for AD treatment [26].

Turmeric’s active ingredients include water-soluble curcuminoids and turmerone oil. Among the curcuminoids, there 
are cyclocurcumin, bisdemethoxycurcumin, demethoxycurcumin, and curcumin. Curcumin, in particular, has been asso-
ciated with a reduced risk of AD [36]. Curcumin has been used for the treatment of various ailments since ancient times, 
and its anti-inflammatory properties have been linked to a lower risk of Alzheimer’s [29].

Curcumin’s potent neuroprotective properties stem from its antioxidant and anti-inflammatory effects, making it 
effective in addressing various neurological conditions. It binds with Amyloid-β proteins, leading to reduced oxida-
tive stress, improved cognition, and decreased inflammation [37]. Interestingly, low doses of curcumin taken over an 
extended period have shown greater efficacy in treating Alzheimer’s disease compared to high doses. The modest dosage 
of turmeric has been found to decrease proinflammatory cytokine levels associated with neuroinflammatory pathways 
involved in neuritic plaque formation [6].

Hypercholesterolemia and hyperlipidemia contribute to amyloid plaque formation by increasing intracellular cho-
lesterol esters. Researchers hypothesize that curcumin may provide therapeutic benefits against Alzheimer’s disease by 
preventing cholesterol production and lowering serum peroxides [38]. The multifaceted properties of curcumin make it 
a promising natural compound for potential treatments aimed at managing and possibly preventing Alzheimer’s disease.
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4.5  Rosmarinus officinalis (RO)

Rosemary (RO), a perennial plant, has a long history of use in traditional medicine for various purposes. Its active com-
pounds include natural COX-2 inhibitors, such as eugenol, apigenin, oleanolic acid, carvacrol, thymol, and ursolic acid 
[39]. The essential extract from rosemary is responsible for its antiseptic and medicinal properties [40]. Another important 
extract, rosmarinic acid, a polyphenol carboxylic acid, exhibits a wide range of pharmacological properties, including 
antiviral, antioxidant, neuroprotective, anti-inflammatory, antibacterial, and anticancer effects.

Alzheimer’s disease is often associated with the “amyloid hypothesis,” which attributes the progressive death of brain 
neurons to the build-up and aggregation of β-amyloid. However, rosemary’s rosmarinic acid has shown the ability to 
reduce the production of NF-κB and TNF-α, suggesting a potential to lower the risk of β-amyloid-induced memory loss 
[41]. Remarkably, rosemary exhibits significant neuroprotective properties against neurodegenerative conditions like 
Alzheimer’s and dementia tested in in vitro models.

Natural COX-2 inhibitors found in rosemary may be as effective in preventing Alzheimer’s disease as synthetic COX-2 
inhibitors, according to some studies [27]. Moreover, rosemary inhibits acetylcholine-cholinesterase (AChE) and butyryl 
cholinesterase, the enzymes responsible for breaking down acetylcholine in the brain. Terpenes and rosemarinic acid in 
rosemary are likely responsible for these anti-AChE and anti-BChE actions. This inhibition of cholinesterase enzymes can 
potentially reduce memory loss, depression, anxiety, and symptoms of Alzheimer’s disease by increasing total choline 
levels in the brain.

Additionally, rosemary induces the production of nerve growth factors, which play a vital role in the growth and pro-
tection of neurons, offering potential relief for Alzheimer’s disease [40]. With its diverse beneficial effects on brain health 
and cognitive function, rosemary emerges as a promising natural remedy in the management of neurodegenerative 
disorders like Alzheimer’s.

4.6  Melissa officinalis (MO)

Melissa officinalis, commonly known as lemon balm, is a perennial herb with bushy, hairy leaves that are heart-shaped and 
have a coarse surface, growing upright [19]. Extracts from lemon balm contain various beneficial phenolic compounds, 
such as phenolic acids, cholinergic acid, flavonoids (including apigenin and luteolin), rosmarinic acid, metrilic acid, caffeic 
acid, as well as triterpenes like ursolic acid and oleanolic acid [42]. This herb exhibits an array of medicinal properties, 
including anxiolytic, carminative, sedative, antidepressant, and anti-inflammatory effects [33, 38].

Research suggests that lemon balm has the potential to inhibit acetylcholinesterase and display antioxidant activity, 
making it valuable in the prevention and treatment of Alzheimer’s disease [27]. Furthermore, it possesses anti-cholinester-
ase action, binds to cholinergic receptors, and exhibits neuroprotective properties [43]. Some of the substances in lemon 
balm interact with muscarinic acetylcholine and nicotinic receptors, leading to reduced activity of the acetylcholinest-
erase enzyme [43]. By modulating the cholinergic system, it holds promise in the management of Alzheimer’s disease 
[44]. Moreover, lemon balm has been observed to reduce agitation and improve cognitive performance in individuals 
with mild to moderate Alzheimer’s [45, 46].

Another beneficial aspect of lemon balm is its ability to destabilize the production of β-amyloid, a factor that exacer-
bates Alzheimer’s disease, primarily attributed to the presence of rosmarinic acid [47]. With its multifaceted benefits on 
brain health, lemon balm shows potential as a natural and therapeutic option for individuals with Alzheimer’s disease.

4.7  Glycyrrhiza glabra (GG)

Glycyrrhiza glabra, commonly known as licorice, is a perennial herbaceous plant with long, cylindrical, flexible roots and 
runners. The roots and dried runners of the plant are traditionally used for medicinal purposes, as they contain essential 
phytoconstituents such as triterpenoids, saponins, glycyrrhizin, flavonoids, isoflavonoids, chalcones, coumarins, lignins, 
amino acids, gums, and volatile oils. The main active constituent is glycyrrhizin, along with glycyrrhitinic acid and their 
derivatives, belonging to the class of triterpenoids, while glabridin is the most abundant isoflavanone [48].

Licorice has been employed since ancient times to treat various ailments, including viral diseases, peptic ulcers, 
asthma, malaria, pharyngitis, abdominal pain, insomnia, and psychiatric disorders [48]. These traditional uses align with 
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its pharmacological properties, as it exhibits anti-inflammatory, anti-cancerous, antiviral, anti-diabetic, anti-asthmatic, 
and anti-malarial effects [49].

Research has also suggested the potential use of licorice in the treatment of neurological disorders such as Alzheimer’s 
disease, cognitive impairment, and dementia [47]. Studies in mice have demonstrated that the aqueous root extract of 
licorice enhances memory and learning abilities [50–52]. The memory-enhancing effect is attributed to its antioxidant and 
anti-inflammatory properties, which reduce exposure to oxidative stress and protect brain cells from damage, thereby 
improving neuronal function. This suggests a possible neuroprotective role of licorice in preventing neurological disor-
ders like Alzheimer’s and Parkinson’s diseases.

Specifically, the active component glycyrrhizin has shown neuroprotective effects against various neurological condi-
tions induced by scopolamine [53]. Additionally, flavonoids extracted from licorice have been reported to have neuro-
protective effects against neural cell death caused by seizures [21, 54].

Furthermore, licorice extract has demonstrated potential neuroprotective activity in patients suffering from acute 
ischemic stroke, alleviating neurological symptoms [55]. It has also shown promising results in reducing pain symptoms 
in rats induced with neuropathic pain in in vivo models [56]. Various phytoconstituents isolated from licorice, such as 
flavonones and chalcones, have shown effectiveness against age-related neurodegenerative disorders like Alzheimer’s 
and Parkinson’s disease [57]. The active components glycyrrhizin, glycrrhetinic acid, and glycyrrhizic acid in licorice 
root extracts were found to prevent the death of neuronal cells caused by amyloid-β peptide present in plaques, thus 
alleviating symptoms of Alzheimer’s disease [58]. The positive effects of licorice extract compon’nts on neuronal cell 
death indicate its potential as a neuroprotective agent, which warrants further exploration. However, in-depth studies 
on potential side effects and in vivo toxicity are necessary for future developments.

4.8  Galanthus nivalis (GN)

Galanthus nivalis (GN) is a bulbous perennial herbaceous plant belonging to the family Amaryllidaceae and is recognized 
as one of the 20 most important alkaloid-producing plants [59]. It is commonly known as snowdrops due to its milk-white 
flowers, deriving its name from the Greek words “gala” (milk) and “nthos” (flower). GN has gained economic significance 
as an ornamental plant and has a historical use as a folk medicine dating back to ancient Greek times for the treatment 
of pain and neurological disorders [60].

Phytochemical studies of GN have revealed the presence of various important phytoconstituents, including terpenoids, 
flavonoids, phenolics, and a significant class of alkaloids. These compounds exhibit diverse biological activities, such as 
anti-tumor, anti-inflammatory, anti-viral, and acetylcholinesterase inhibitory activity [61, 62]. Of particular importance 
is galantamine, an alkaloid belonging to the isoquinoline class, which has been found effective against Alzheimer’s dis-
ease. Galantamine was first discovered and isolated in the 1950s, and its synthetic form was approved for Alzheimer’s 
treatment in the United States and the European Union in 2000 [63, 64]. In a research studies by Sweeney et al., a 2 mg/
kg dose of galantamine produced optimal results in a swim-maze test and improved passive avoidance behaviors in 
NMB-lesioned mice [61].

The treatment of Alzheimer’s disease revolves around cholinesterase activity, with a’ocus on Acetylcholinesterase 
(AchE) inhibition. Galantamine has been reported to possess anticholinesterase activity by inhibiting the action of AchE. 
Moreover, it activates nicotinic receptors through conformational changes, initiating cholinergic nicotinic transmission, 
which has protective effects against β-amyloid cytotoxicity on neuronal cells [58]. In vitro studies by Rhee et al. in 2003 
demonstrated that the methanolic extract of GN exhibited 96% inhibitory activity against acetylcholinesterase, further 
supporting its neuroprotective potential [58].

These research findings underscore the importance of GN as an ethnobotanical plant with significant neuroprotective 
potential and a promising candidate for the treatment of Alzheimer’s disease.

4.9  Huperzia serrata (HS)

Huperzia serrata (Thunb ex. Murray) Trevis, commonly known as toothed firmoss, belongs to the family Lycopodiaceae. 
This plant is rich in secondary metabolites, including lyopodium alkaloids, triterpenes, flavones, and phenolic acids. 
Traditionally, it has been used to treat various ailments such as colds, fever, bruises, pain, strains, contusions, and rheu-
matism. Moreover, it exhibits a wide range of pharmacological properties, including anticonvulsant, anti-inflammatory, 
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anti-nociceptive, anti-Alzheimer, anti-schizophrenia, anti-apoptosis, protection against organophosphate poisoning and 
myasthenia gravis, antioxidant, and mitochondrial protection [65].

Huperzia A, a crucial alkaloid isolated from H. serrata by Chinese phytochemists, has been reported to possess anti-
Alzheimer’s activity [65]. Studies on the effects of H. serrata against Alzheimer’s disease showed positive effects on 
Acetylcholinesterase (AchE) but not Butyrylcholinesterase (BAChE). Cognitive behavior tests conducted in a scopol-
amine-induced cognitive impairment model indicated that H. serrata ameliorated cognitive impairment, suggesting 
its potential in alleviating dementia associated with Alzheimer’s disease. A dose of 30 mg/kg/day in animals might be 
part of preclinical studies to evaluate the efficacy and safety profile of H. serrata extract, and more specifically, its active 
compound huperzine A [65, 66].

A standardized green extract of H. serrata, NSP01, was formulated using microwave-assisted technologies. Phytochemi-
cal screening of NSP01 extract revealed the presence of three major compounds: Huperzine A, caffeic acid, and ferulic 
acid. Further, its neuroprotective activity was evaluated in primary neuronal cultures injured with glutamate and another 
in vivo model where cortical neurons were cultured. The NSP01 extract protected neurons and neurite networks from 
glutamate-induced damage and improved neuron survival in the subsequent study [66].

Interestingly, the major components, Huperzine A, caffeic acid, and ferulic acid, exhibited a synergistic neuroprotec-
tive potential when used in combination, enhancing neuronal survival and neurite network. This finding highlights the 
potentiality of H. serrata as a neuroprotectant, showing improved neuronal activities when administered in Alzheimer’s-
induced in vivo models or cultured neurons [66]. These research outcomes demonstrate the promising neuroprotective 
properties of H. serrata and its potential in addressing Alzheimer’s disease.

4.10  Lepidium meyenii Walp. (LMW)

Maca L. mayenii Walp., belonging to the Brassicaceae family, is mainly found in specific regions of Peru, thriving at eleva-
tions between 3500 and 4500 m above sea level. This plant has a rich history of traditional use as folk medicine and 
continues to be employed for treating various ailments, including sexual and menstrual disorders, memory loss, cancer, 
and depression. A thorough phytochemical analysis of its leaves and roots revealed the presence of diverse secondary 
metabolites.

In a study conducted by Lee and Chang in 2019 [67], LC-Q-TOF analysis of Maca L. mayenii Walp.’s leaves and root extract 
identified biologically important secondary metabolites such as saponins, phenols, flavonoids, steroids, alkylbenzenes, 
and amines. Notably, the leaves exhibited higher total saponin, phenol, and flavonoid content compared to the roots. 
Evaluation of antioxidant properties through DPPH radical scavenging and FRAP assays in vitro models indicated stronger 
activity in the leaves, suggesting their potential for greater therapeutic benefits than the roots.

Peruvian maca is renowned for its diverse medicinal effects, including neuroprotective, dermatological, antidiabetic, 
memory-enhancing, fertility, energizing, and antioxidant properties [68]. Studies on the methanolic extract of maca, 
re-extracted in n-pentane, revealed neuroprotective effects. In vivo experiments on adult rats that had experienced a 
stroke showed that 3 mg/kg was the most effective dose with positive effects on neuronal health. Similarly, in vitro stud-
ies on scampi neuronal cells exposed to hydrogen peroxide  (H2O2) to induce oxidative stress demonstrated a significant 
reduction in oxidative stress after treatment with various concentrations (0.1, 0.3, 1.3, 10, and 30 µg/ml) of the pentane 
extract, indicating the potential neuroprotective effects of Maca L. mayenii Walp. [69, 70].

Another crucial class of secondary metabolites, macamides, isolated from Maca L. mayenii Walp., exhibited neuropro-
tective effects in both in vitro and in vivo experiments. Macamides were found to mitigate the neurotoxic effects caused 
by exposure of U-87 MG glioblastoma cells to  MnCl2. Furthermore, an in vivo study investigating the receptors involved 
in the neuroprotective effects showed that the CB1 receptors of macamides played a role in this neuroprotection [71].

Overall, Maca L. mayenii Walp. emerges as a valuable medicinal plant with significant neuroprotective effects. However, 
it is crucial to conduct a detailed toxicity study using different solvents for extract preparation to validate its potential 
as a potent drug for treating various neurodegenerative disorders.

4.11  Centella asiatica (Gotu Kola)

Gotu Kola, scientifically known as Centella asiatica, belongs to the Apiaceae family. One of its prominent constituents 
is saponins. This herb has gained widespread recognition for its multifaceted health benefits, which encompass blood 
purification, cognitive enhancement, blood pressure reduction, and potential lifespan extension. Moreover, it plays a 
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pivotal role in promoting mental relaxation and alleviating stress. Within the realm of Ayurveda, Gotu Kola aqueous 
extracts have long been employed to revitalize and rejuvenate brain cells. These extracts have also demonstrated their 
effectiveness in combatting insomnia. Furthermore, Gotu Kola exhibits promising potential in inhibiting the formation 
of β-amyloid cells, offering hope in the treatment of Alzheimer’s disease, particularly in cases associated with β-amyloid 
poisoning. Research conducted on in vivo models Wistar rats has shown that treatment with fresh Centella asiatica leaf 
extracts (250 mg/kg body weight) significantly improved their learning and memory retention abilities. Additionally, Gotu 
Kola has proven to be a versatile remedy for various conditions, including depression, rheumatism, mental weakness, 
abdominal discomfort, and epilepsy. Notably, it has the capability to mitigate oxidative stress responses and reverse Aβ 
pathology, making it a valuable asset in the field of health and well-being [72].

4.12  Tinospora cordifolia (Giloy)

Belonging to the Menispermaceae family, Guduchi is a plant renowned for its remarkable memory-enhancing properties, 
exhibiting efficacy not only in normal subjects but also in individuals facing memory deficits. Its influence on cognitive 
function is partly attributed to choline supplementation, which not only boosts the immune system but also enhances 
the production of acetylcholine, a neurotransmitter vital for memory and learning processes. In the ancient tradition of 
Ayurveda, Guduchi is highly regarded as a potent agent for augmenting learning and memory. This reputation is well-
founded in modern research as well. Specifically, the use of an aqueous extract (200 mg/kg body weight) derived from 
the roots of Guduchi has been shown to yield significant improvements in verbal learning and logical memory [72]. 
This underscores the plant’s potential as a valuable resource for cognitive enhancement and underscores its historical 
significance in traditional healing practices [2, 3, 72].

4.13  Convolvulus pluricaulis (Shankhpushpi)

Shankhpushpi, scientifically known as Convolvulus pluricaulis, belongs to the Convolvulaceae family and is recognized for 
its memory-enhancing properties. Previous studies have shed light on its cognitive benefits, showing that aqueous and 
ethyl acetate extracts derived from this plant have the potential to significantly improve memory and learning capacities. 
In India, Shankhpushpi has a long history of use as a nervine stimulant to enhance memory and cerebral function. This 
usage is reflected in various formulations, highlighting its importance in traditional herbal remedies. Scientific explora-
tion has revealed that a rich array of secondary metabolites, such as steroids, anthocyanins, flavonol glycosides, and 
triterpenoids, contribute to its memory-enhancing and nootropic effects. These compounds are believed to promote 
nerve relaxation by regulating the synthesis of stress hormones like cortisol and adrenaline. Studies on rodents have 
further corroborated the memory-boosting attributes of Shankhpushpi. Ethanol extracts of Shankhpushpi, as well as its 
aqueous and ethyl acetate fractions (250 mg/kg body weight), have demonstrated a remarkable capacity to enhance 
memory retention and learning abilities in rats. Similarly, when administered to aged mice for a week, Shankhpushpi 
displayed the potential to enhance memory. Moreover, Shankhpushpi has been observed to enhance acetylcholinester-
ase activity in specific regions of the hippocampus, particularly CA1 and CA3, which are closely associated with memory 
function and learning capacities [72]. The raw extract of the herb C. pluricaulis and its derivatives have demonstrated a 
broad spectrum of neuropharmacological benefits in studies, including improvements in memory, anxiety relief, sedation, 
antidepressant, stress mitigation, neuroprotection, anti-inflammatory, antioxidant, pain relief, sedative, anticonvulsant 
activities, and potential reversal of Alzheimer’s symptoms. Network pharmacology analyses suggest that C. pluricaulis 
compounds engage with a variety of proteins, synapses, and signaling pathways, particularly influencing serotonergic 
synapses critical for neurotransmission, Alzheimer’s disease, long-term depression, alcohol addictions, cognitive disorders, 
psychological conditions, and boosting serotonin levels in the brain [73]. This finding suggests a mechanistic link between 
Shankhpushpi’s memory-enhancing effects and its impact on the cholinergic system. Thus, Shankhpushpi’s metabolites 
are endowed with nootropic and memory-enhancing properties, heightening its pharmacological significance. Several 
studies have consistently shown that the administration of Convolvulus pluricaulis extracts can enhance memory in older 
mice and improve retention and spatial learning performance in newborn rat pups, further underscoring its potential as 
a memory-enhancing agent [1, 7, 72].
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5  The role of bioactive compounds in the prevention of Alzheimer’s disease

A balanced and nutritious diet is a crucial aspect of maintaining a healthy lifestyle, and it appears to play a significant 
role in safeguarding against neurological diseases, including Alzheimer’s disease. Consuming a diet rich in bioactive 
compounds has been linked to a reduced risk of developing dementia [71, 72]. However, the extent to which these ben-
eficial effects of bioactive compounds observed in vitro and animal model studies translate to neuroprotective benefits 
in humans under real-world conditions is not yet fully understood, as human interventional studies are limited.

Moreover, there is a lack of research on whether the quantities and specific chemical types of nutrients present in meals 
are effective in making these compounds readily available to the body. Nonetheless, the positive effects of these bioactive 
substances are supported by experimental studies that elucidate the molecular mechanisms underlying their potential 
in preventing Alzheimer’s disease. This review highlights the promising benefits of certain bioactive compounds, many 
of which belong to chemical classes such as phenolic compounds, fat-soluble vitamins, important omega-3 fatty acids, 
isothiocyanates, or carotenoids. These compounds hold great promise in promoting brain health and may contribute 
to reducing the risk of Alzheimer’s disease.

Fig. 2  List of all the compounds promoting brain health and prevention of AD; a oleuropein, b hydroxytyrosol, c genistein, d oleocanthal, e 
curcumin, f docosahexanoic acid (DHA), g eicosapentaenoic acid (EPA), h n-3 docosapentamic acid, i sulforaphane, j astaxanthin, k leutin, l 
zeaxanthin, m lycopene
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5.1  Phenolic compounds

Olive oil, a rich source of phenolic compounds such as oleuropein, hydroxytyrosol, and oleocanthal, holds significant 
importance in promoting brain health. Oleuropein, a glycosylated seco-iridoid, possesses powerful antioxidant proper-
ties and protects brain cells from neurotoxin-induced apoptosis [72, 74]. It also has the ability to reduce A levels and 
inhibit glutaminyl cyclase, an enzyme involved in A production. When oleuropein (Fig. 2a) is metabolized in the digestive 
system, it transforms into hydroxytyrosol (Fig. 2b), another potent antioxidant present in olive oil with greater bioavail-
ability [72, 74]. Hydroxytyrosol has been shown to protect neuronal cells from A-induced damage and induce phase II 
detoxification enzymes [75].

Genistein (Fig. 2c), an isoflavone found in soy products, may also contribute to preventing AD by reducing oxidative 
stress and protecting mitochondria [77, 78]. Diets rich in soy products containing genistein have been associated with 
a lower risk of dementia [78].

Additionally, olive oil contains oleocanthal, a phenolic molecule known for its anti-inflammatory effects by blocking 
the cyclooxygenase (COX) enzyme responsible for producing pro-inflammatory prostaglandins. Oleocanthal (Fig. 2d) 
has shown promise in inhibiting A aggregation and promoting its clearance from the brain [72]. In vitro studies on tau 
protein derived from E. coli indicated that oleocanthal could prevent protein accumulation, suggesting its potential in 
improving the pathological processes involved in Alzheimer’s development [76, 77].

Research studies have also highlighted the neuroprotective effects of olive oil, particularly within the context of the 
Mediterranean diet (MD). MD, rich in olive oil and other fat sources, has been associated with a lower risk of Alzheimer’s 
disease [78]. Observational studies have shown that greater adherence to MD principles is linked to a reduced risk of 
developing Alzheimer’s disease and a slower decline in cognitive functions [79]. Clinical trials have further demonstrated 
that MD with olive oil can lead to improved working memory, attention, and overall cognitive function [10].

Anthocyanins, another group of neuroprotective phenolic compounds, are responsible for the red, violet, and blue 
hues in many fruits and vegetables. These compounds exhibit antioxidant properties and have been shown to protect 
the brain from oxidative stress by reducing the formation of free radicals [80]. Furthermore, anthocyanins have been 
found to prevent A peptides from aggregating and to reduce excessive production of reactive species in the brain [81]. 
Berries, a significant source of anthocyanins, have been linked to delayed cognitive decline [82, 83].

Curcumin (Fig. 2e), a natural component of turmeric, is another phenolic molecule with neuroprotective characteris-
tics. Curcumin inhibits protein oxidation, attenuates inflammation, and prevents A from aggregating [84]. Observational 
studies have suggested that curry, rich in curcumin, may support cognitive processes and slow cognitive decline [85]. 
Clinical trials have shown that curcumin supplements can improve attention and memory, reduce A and tau protein 
aggregation, and have a strong neuroprotective effect [86].

Genistein found in hop extracts, with their ability to inhibit γ-secretase activity, offer another intriguing neuroprotec-
tive effect, diminishing A synthesis and preventing cognitive deficits [87–89].

Overall, the neuroprotective effects of these phenolic compounds found in olive oil, anthocyanins, curcumin, and 
genistein hold promise in preventing Alzheimer’s disease and promoting brain health. However, further research and 
clinical studies are needed to fully understand their potential therapeutic benefits in humans.

5.2  Omega‑3 fatty acids and fat‑soluble

Bioactive molecules present in vitamins and essential fatty acids play a crucial role in the prevention of Alzheimer’s dis-
ease. The central nervous system (CNS) is particularly susceptible to oxidative stress due to its high oxygen consumption 
and polyunsaturated fatty acid content. Using lipophilic antioxidants and vitamins to reduce oxidative stress is considered 
beneficial in lowering the risk of this disease.

Docosahexaenoic acid (DHA) (Fig. 2f ), a polyunsaturated fatty acid primarily found in fish, is a promising compound for 
addressing CNS issues associated with aging. It is a member of the same long-chain omega-3 family as eicosapentaenoic 
acid (EPA) (Fig. 2g) and n-3 docosapentaenoic acid (DPA) DHA (Fig. 2h) is the most prevalent n-3 fatty acid in the brain 
and a significant component of structural membrane phospholipids in brain cells [90, 91]. As individuals age, the activity 
of the enzyme involved in DHA synthesis decreases, leading to a decline in DHA production. DHA levels in the brain are 
influenced by both dietary intake and liver conversion from shorter-chain precursors. DHA competes with arachidonic 
acid, a precursor of prostaglandins, reducing brain inflammation by inhibiting the production of these eicosanoids. It 
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also influences APP metabolism and can protect the nervous system by promoting neuroprotectin D1 and brain-derived 
neurotrophic factor (BDNF), inhibiting neuronal damage, and promoting neurogenesis [16, 21].

Vitamin D is another neuroprotective bioactive molecule that can be obtained through sunlight exposure and dietary 
sources like fish. Vitamin D has anti-inflammatory and anti-amyloid actions, enhancing A clearance in the brain and 
regulating A production and enzymatic degradation. It also influences calcium homeostasis, which is crucial in neuro-
degenerative diseases [23, 53]. Studies have shown that vitamin D supplementation improves memory and promotes 
neurogenesis in animal models [25]. Low vitamin D levels are associated with a higher risk of Alzheimer’s disease, high-
lighting its importance in maintaining mental health in elderly individuals at risk for dementia.

Vitamin E, with its eight constituents, including tocopherols and tocotrienols, found in nuts, seeds, and vegetable oils, 
may also aid in preventing AD. Vitamin E suppresses the decrease in glutathione and catalase levels, which are hallmarks 
of Alzheimer’s disease. It serves as an anti-inflammatory agent by inhibiting COX and reducing NF-B activity [27–29]. 
Observational studies suggest that vitamin E’s antioxidant properties protect against dementia.

In summary, bioactive molecules found in vitamins and essential fatty acids, such as DHA, vitamin D, and vitamin E, 
hold significant potential in preventing and mitigating AD by reducing oxidative stress, promoting neurogenesis, and 
regulating key processes involved in the development of AD. Further research and clinical studies are needed to fully 
understand and harness the therapeutic benefits of these bioactive compounds.

5.3  Isothiocyanates

Isothiocyanates represent an essential group of bioactive compounds with potential benefits in preventing Alzheimer’s 
disease. These compounds are derived from glucosinolates found in cruciferous vegetables. The presence of a sulfur 
atom in their molecules grants isothiocyanates antioxidant properties, especially those with an aromatic ring adjacent 
to the thiocyanate group. Additionally, they exhibit COX inhibitory and anti-inflammatory effects. Some isothiocyanates 
have been shown to suppress acetylcholinesterase activity, leading to increased acetylcholine levels, a neurotransmitter 
typically reduced in Alzheimer’s patients [21].

Among the extensively studied isothiocyanates is sulforaphane (Fig. 2i), derived from glucoraphanin during the pro-
cessing of plant tissues. Sulforaphane enhances the antioxidant activity of glutathione peroxidase and glutaredoxin. It 
boosts sulfiredoxin activity, which helps regenerate other antioxidant enzymes in neurons and glial cells. Furthermore, 
sulforaphane modulates the activity of proteasomes in nerve cells, aiding in clearance processes [30].

Epidemiological studies provide insights into the neuroprotective potential of isothiocyanates. Nurk et al. conducted 
a study on 2031 individuals aged 70 to 74, evaluating their dietary intake and cognitive abilities. Those who consumed 
more cruciferous vegetables like cabbage, cauliflower, broccoli, and Brussels sprouts exhibited better cognitive outcomes 
compared to those who consumed them less frequently [31]. Further research in this area also yielded positive results [32].

The presence of isothiocyanates in cruciferous vegetables highlights their potential role in maintaining cognitive 
health and potentially offering protection against AD. However, additional studies are required to fully comprehend their 
mechanisms of action and therapeutic benefits in the context of neurodegenerative diseases [92]

5.4  Carotenoids

Carotenoids are pigments obtained from plants, contributing vibrant yellow, orange, and red colors to various vegetables 
and fruits. They can also be found in microalgae, making them an essential part of the marine diet for marine creatures. 
Carotenoids play a crucial role in photosynthesis and protect against photooxidation. Among the carotenoids, astaxanthin 
stands out as one of the most beneficial compounds. It acts as a potent free radical scavenger, reducing oxidative stress, 
lipid peroxidation, and protein peroxidation. Additionally, astaxanthin enhances the activity of antioxidant enzymes 
like catalase and superoxide dismutase. Its neuroprotective effects include shielding neuronal cells from apoptosis and 
stimulating neurogenesis by inhibiting caspase-3 activity and modulating mitogen-activated kinases [33].

Clinical research by Katagiri et al. confirmed the neuroprotective benefits of astaxanthin (Fig. 2j) in volunteers aged 
45 to 64 who received an astaxanthin extract (6 or 12 mg/day) for 12 weeks. Both intervention groups showed better 
performance on cognitive and learning tasks compared to the placebo group [34]. Two other carotenoids, lutein (Fig. 2k) 
and zeaxanthin (Fig. 2l), have also been associated with cognitive benefits. A study of 2796 individuals over the age of 
60 found that higher intake of lutein and zeaxanthin was linked to enhanced cognitive abilities [35]. Another study by 



Vol:.(1234567890)

Review Discover Applied Sciences           (2024) 6:215  | https://doi.org/10.1007/s42452-024-05811-7

Power et al. showed that supplementation with lutein (10 mg), zeaxanthin (2 mg), and meso-zeaxanthin (10 mg) for 
12 months improved cognitive abilities and episodic memory in participants [26].

Lycopene (Fig. 2m), another neuroprotective carotenoid, is a potent antioxidant that neutralizes singlet oxygen, 
reduces lipid oxidation, and protects DNA from oxidative damage [36]. In vitro research by Hwang et al. demonstrated 
that lycopene increased cell survival and reduced apoptosis in human neural cultures exposed to A. It also lowered free 
radical levels and protected mitochondria from amyloid-induced dysfunction [29]. These findings suggest that lycopene 
may have a role in preventing neurodegenerative processes. Overall, carotenoids show promise in supporting brain 
health and protecting against neurodegenerative conditions.

6  Future prospective

The exploration of ethnomedicinal plants as treatments for Alzheimer’s disease (AD) holds considerable promise due to their 
potential to target the disease’s multifaceted nature. Yet, critical knowledge gaps must be addressed to harness their full 
potential. Future research should prioritize the identification of active compounds within these plants, supported by robust 
clinical trials to validate efficacy and safety. Standardization of extracts and dosing, along with detailed toxicology profiles, will 
be essential for safe integration into treatment regimes. Additionally, a deeper understanding of the mechanisms of action, 
pharmacokinetics, and drug interactions is needed, alongside considerations of genetic factors that may influence thera-
peutic outcomes. Importantly, this research must be conducted with an appreciation for the cultural contexts from which 
these plants are derived, ensuring ethical practices in bioprospecting and a respectful integration of traditional knowledge 
with scientific innovation. Addressing these areas could lead to breakthroughs in AD treatment and a greater recognition of 
the value inherent in traditional medicine.

7  Conclusion

The potential of ethnomedicinal plants in the treatment of Alzheimer’s disease (AD) is rooted in their ability to influence 
a variety of mechanistic pathways implicated in the disease. These plants offer a range of bioactive compounds that may 
act on key pathological targets, such as amyloid-beta aggregation, tau protein hyperphosphorylation, oxidative stress, 
metal dysregulation, inflammation, and cholinergic deficit. The anti-amyloidogenic properties of some plant extracts can 
interfere with the formation or aggregation of amyloid plaques, while others may modulate tau phosphorylation, which 
is crucial in the development of neurofibrillary tangles. Antioxidant compounds found in ethnomedicines can mitigate 
oxidative stress, and metal-chelating agents within these plants can address the imbalance of metals that contribute to 
AD pathology. Anti-inflammatory agents can reduce the neuroinflammation often observed in AD, and compounds that 
enhance cholinergic transmission can address the neurotransmitter deficits associated with cognitive decline. However, 
the translation of these mechanistic insights into effective treatments remains a challenge due to the complexity of AD. 
Future research must continue to dissect these pathways and validate the therapeutic potential of ethnomedicinal plants 
through clinical trials, ensuring safety and efficacy for patients and embracing a multifaceted approach to managing this 
debilitating disease. The approach to drug discovery for neurodegenerative diseases has become increasingly expen-
sive, risky, and ineffective, posing significant challenges for the pharmaceutical industry. As a result, there is a growing 
interest in exploring alternative sources of drugs, particularly from herbal products. Synthetic pharmaceuticals are often 
associated with undesirable side effects, highlighting the need for drug alternatives with minimal or no adverse effects. 
Medicinal plants offer a promising avenue for treating Alzheimer’s disease, and several studies have demonstrated their 
potential efficacy. By incorporating medicinal herbs into treatment, the quality of life for Alzheimer’s and memory-
impaired patients can be improved. While these plants show promise in treating the disease, further research is needed 
to fully understand their mechanisms of action. Future clinical trials with larger sample sizes should investigate the role 
and underlying mechanisms of various therapeutic herbs in the treatment of Alzheimer’s disease.
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