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ABSTRACT 

Neurological disorders like Alzheimer's and Parkinson's disease present substantial challenges globally. Despite 

advancements in health sciences, effective treatments for neurodegenerative conditions remain elusive. Tamarindus indica, a 

tropical tree with a rich history in traditional medicine, holds promise as a potential neuroprotective agent due to its diverse 

phytochemical composition. This narrative review aims to evaluate Tamarindus indica's neuroprotective potential by 

systematically analyzing studies published in English Language retrieved from PubMed, Scopus databases, and Google 

Scholar. The algorithm ("Tamarindus indica" OR "tamarind") AND (Brain OR neuroprotect* OR behavioural OR 

neurodegenerative diseases OR Alzheimer's OR Parkinson's) was run on the two databases and search engine on the 2nd of 

October 2023 without any filters. Tamarindus indica, possesses phytochemicals such as flavonoids, alkaloids, and tannins, 

contributing to its medicinal properties. Despite its medicinal significance, caution is advised regarding the toxicity of certain 

components like seeds and potential allergic reactions. Nevertheless, research indicates its anti-inflammatory and antioxidant, 

mainly attributed to its flavonoids content, suggesting neuroprotective effects that could mitigate oxidative stress, lipid 

peroxidation, neuroinflammation and neuroexcitotoxicity, which are pivotal factors in neurodegeneration. While promising, 

a comprehensive understanding of Tamarindus indica's mechanisms, clinical applications, and safety profile is warranted. 

Further investigation is essential to unlock its therapeutic potential in combating neurodegenerative diseases. Tamarindus 

indica stands as a hopeful natural resource, necessitating continued exploration to harness its neuroprotective properties for 

improved neural health.  
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1.0 INTRODUCTION 

Neurological disorders and Neurodegenerative 

disorders pose a significant challenge in 

healthcare systems worldwide, and impacts 

individuals' quality of life (1). These conditions, 

including Alzheimer's disease and Parkinson's 

disease are characterized by progressive neuronal 

dysfunction and cognitive decline (2). As these 

disorders advance, they severely compromise 

daily functioning, cognition, mobility, and, 

ultimately, autonomy (3). Moreover, they exert 

an emotional and financial burden on affected 

individuals and their caregivers (4,5). Despite 

ongoing scientific advancements, current 

regenerative therapies such as allopathic drugs, 

surgical procedures, tissue transplantation, and 

stem cell therapy primarily focus on alleviating 

symptoms rather than halting or reversing the 

underlying neurodegenerative processes (6).   

In the search for effective treatments, numerous 

plant-derived compounds have emerged as 

potential candidates to combat 

neurodegeneration; aligning with WHO 

proclamation that more than 75% of the world 

population still depends on plant-based 

traditional medicines for primary health care (7). 

Plant-based therapies, owing to their diverse 

phytochemical compositions, have garnered 

attention for their neuroprotective properties (8–

10). In this context, Tamarindus indica, 

commonly known as tamarind, stands as an 

intriguing botanical resource; a tropical tree with 

a rich history of traditional medicinal use that 

spans centuries (11–14). This fruit-bearing tree is 

native to Africa and has since disseminated to 

various tropical and subtropical regions worldwide. 

Beyond its culinary applications, Tamarindus indica 

has garnered attention for its potential medicinal 

properties, particularly its neuroprotective potential 

(6,15). 

The importance of studying Tamarindus indica for 

its neuroprotective potential cannot be overstated. 

Finding effective and safe neuroprotective agents is 

crucial in mitigating the impact of these conditions 

(16). Tamarindus indica, with its long history of 

medicinal use, presents a promising avenue for 

exploration. The presence of various 

phytocompound in the leave, stem, pulp, back, root 

of T. indica explain its possible use in folk medicine 

(17). Flavonoids present in T. indica include 

apigenin, luteolin, catechins and taxifolin; and have 

all been reported to possess anti-inflammatory, anti-

analgesic and antioxidative potentials (6). 

This review aims to comprehensively analyze the 

existing literature to shed light on Tamarindus 

indica's potential as a possible neuroprotective agent. 

This research can provide valuable insights into the 

utilization of Tamarindus indica as a natural 

neuroprotective resource, offering hope for the 

prevention and treatment of neurodegenerative 

diseases. 

2.0 METHODOLOGY 

2.1 Search Strategy 

 

For our extensive literature review on Tamarindus 

indica's neuroprotective potential, we used a 

structured and systematic approach. This 

methodology involved carefully selecting databases, 

search terms, and inclusion criteria to ensure we 

gathered relevant and up-to-date research articles. 
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We systematically searched various academic 

databases, including PubMed and Scopus, and 

Google Scholar search engine. The algorithm 

("Tamarindus indica" OR "tamarind") AND 

(Brain OR neuroprotect* OR behavioural OR 

neurodegenerative diseases OR Alzheimer's OR 

Parkinson's) was run on the two databases and 

search engine on the 2nd of October 2023 without 

any filters. 

2.2 Study Selection Criteria 

The search yielded one hundred and fifty-one 

articles from PubMed, Scopus, and Google 

scholar. The articles were downloaded as comma 

separated value (CSV) files. The documents were 

merges and duplicates were removed. The 

remaining articles were retrieval and screened for 

eligibility. Only peer reviewed studies which 

focused on the neuroprotective potential of 

Tamaridus indica and were published in English 

language were included. All authors, EME, JAM, 

DM, JI, VBA, and IMU carried out blinded and 

overlapping screening of titles and abstracts to 

determine eligibility. At the end of screening 

process, eleven (11) studies met the inclusion 

criteria for the study, hence were included 

(Figure 1) 

2.3 Data Extraction 

In unison, EME, JAM, DM, JI, VBA, and IMU 

extracted the following information: the names 

of the author, publication year, part of plant used, 

extract intervention/duration & dosage, study 

population/ model, parts of brain and possible 

mechanism of action (Table 1). 

3.0 Results  

3.1 Study Characteristics 

Eleven studies made the inclusion criteria and were 

all published between 2016 and 2023. Tamarindus 

indica leaves were used in 36.4% (n=4) of the 

studies, 27.3% (n=3) used the pulp and 9% used the 

seed, seed and bark, and seed coat respectively. Ethyl 

acetate is the commonly used solvent 27.3% (n=3) 

and 45% (n= 5) of the studies used the Wistar rat as 

the preferred animal model. In regard to the brain 

part targeted; cerebral cortex was the widely targeted 

part of the brain in 36.4% of the studies followed by 

the hippocampus.  

4.0 DISCUSSION  

4.1 Toxicology of Tamarindus Indica 

Tamarindus indica is generally considered safe for 

consumption, and it has a long history of use in 

traditional medicine and cuisine (18). However, 

there are some considerations related to its 

toxicology; Hence, it is essential to emphasize that 

these toxicological concerns are primarily associated 

with specific parts of the tamarind tree, such as the 

seeds, and are generally not a concern when 

consuming the edible pulp or using tamarind in 

culinary preparations. Nonetheless, as with any 

substance, moderation and awareness of individual 

sensitivities are advisable. 

Various tests involving different parts of the 

Tamarindus indica (T. indica) plant have been 

conducted, including acute, sub-chronic, and chronic 

toxicological assessments (6,19). In an acute toxicity 

study on Wistar rats using the aqueous pulp extract 

at a dose of 4500 mg/kg, there were no observable 

harmful effects in the gastrointestinal tract, liver, or 

kidneys. Despite minor behavioral changes in the 
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animals, survival was 100%. The oral LD50 

(lethal dose for 50% of the subjects) of the 

ethanolic pulp extract exceeded 5000 mg/kg with 

100% survival rate. Evaluation of the ethanolic 

leaf extracts at 5000 mg/kg did not show any 

adverse changes in skin, hair, behavior, or vital 

organs (6). However, the ethanolic stem bark 

crude extract and fractions, at concentrations of 

25% and 50%, increased certain blood enzymes 

in chicken embryos but did not reach levels 

indicating a disease state. High doses of the 

ethanolic stem bark crude extract caused 

significant mortality in test brine shrimp models. 

In a sub-chronic toxicity test with rabbits, the 

aqueous of T. indica pulp extract showed overall 

safety, enhancing white and red blood cell 

production, but resulted in mild liver and kidney 

pathologies (6). Nonetheless, the dosage used 

was below the suggested therapeutic level from a 

prior acute toxicity study. A chronic toxicity 

study indicated the safety of the pulp water 

extract with no significant changes in body 

weight, blood parameters, or clinical 

biochemistry at doses up to 1 g/kg daily for six 

months (6). 

Despite these findings indicating the general 

safety of T. indica, further in-depth studies are 

warranted, specifically sub-acute, sub-chronic, 

and chronic toxicological investigations, to 

ensure long-term safety and establish a strong 

basis for future clinical trials. 

4.2 Neuroprotective Potential of Tamarindus 

Indica 

Tamarindus indica has gained attention for its 

potential neuroprotective properties, a reputation 

built on the following activities: antioxidant potential 

and anti-inflammatory activity.  

4.2.1 Antioxidant Potential 

Many neuropathological illnesses are exacerbated by 

oxidative stress, and a decrease in enzyme 

antioxidants in the brain has been linked to a variety 

of diseases, including Alzheimer's and Parkinson's 

(20). From the studies evaluated, it was observed that 

Tamarindus indica increased levels of oxidative 

stress biomarkers such as Glutathione (GSH), 

Catalase (CAT), and Superoxide Dismutase (SOD) 

with a corresponding elevation in Total Antioxidant 

Capacity (TAC) levels, implying its neuroprotective 

role in the brain (13,14). 

In conjunction with GSH, Glutathione peroxidase 

(an enzymatic antioxidant) converts hydrogen 

peroxide (H2O2), hydroperoxides (R-OOH) and 

peroxide lipids to water (H2O) (21). It is worth noting 

that the redox state of the thiol residue inside the 

GSH molecule is involved in important biological 

functions of GSH (22).  

SOD works by catalyzing the dismutation of two 

molecules of superoxide anion (a free radical) to 

hydrogen peroxide (H2O2) and molecular oxygen 

(O2) with the aid of certain metal ions, therefore 

reducing superoxide anion's harmful effects (23) 

while CAT uses iron or manganese as a cofactor to 

catalyze the dissolution or reduction of H2O2 to water 

and molecular oxygen, completing the task of 

detoxification begun by SOD (24). 

T. indica decreased MDA levels which is a 

byproduct of cellular lipid peroxidation (LPO) 

remarkedly seen in membrane phospholipid 
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breakdown (25,26). Myelin sheath is constituted 

of around eighty percent lipids and lipid 

peroxidation is a result of increased oxidative 

stress (27). This implies that LPO can disrupt 

neurotransmission. Raised LPO is the 

fundamental cause of many neuropathological 

disorders, including Alzheimer's disease, and 

LPO lowering is a neuroprotective strategy (28). 

Tamarindus indica”s neuroprotective potential is 

demonstrated by lowering LPO and oxidative 

stress in the brain. Tamarindus indica has 

phytochemicals such as polyphenols and 

flavonoids, both of which are powerful 

antioxidants. (6). These compounds aid in the 

neutralization of free radicals and the reduction 

of oxidative stress, which is a major contributor 

to brain damage and neurodegenerative diseases, 

highlighting Tamarindus indica’s antioxidant 

capacity as a protective function in sustaining 

brain health. 

4.2.2 Anti-inflammatory Potential: 

Neuroinflammation and neurodegeneration are 

interrelated (29). Neuroinflammation (NiF) is the 

underlying cause of various neurodegenerative 

diseases including Alzheimer’s disease (AD) and 

Parkinson’s disease (PD) (29). Tamarindus 

indica exhibits significant anti-inflammatory 

effects by inhibiting pro-inflammatory cytokines, 

such as tumor necrosis factor-alpha (TNF-α), 

interleukin-6 (IL-6) and Interferon-gamma (IFN-

γ) (30–32) thereby highlighting its 

neuroprotective potential.  

Interleukin 1 beta (IL-1β) and Tumor Necrosis 

Factor alpha (TNF-α) are pro-inflammatory 

cytokines involved in the body's immune 

response(33). In the brain, they play significant roles 

in neuroinflammation (34,35). IL-1β is produced by 

activated microglia, astrocytes, and neurons in 

response to infection, injury, or stress. It promotes 

inflammation by activating immune cells and 

inducing the production of other cytokines and 

chemokines (36). Uncontrolled elevated IL-1β levels 

can affect the blood-brain barrier, leading to its 

disruption and allowing immune cells and molecules 

to enter the brain, exacerbating neuroinflammation. 

IL-1β can modulate synaptic transmission and alter 

neuronal excitability, potentially affecting cognitive 

functions (29,37,38). 

TNF-α is produced by microglia and astrocytes in 

response to various stimuli (39). It triggers a cascade 

of inflammatory responses, promoting the 

recruitment and activation of immune cells. TNF-α 

can induce neuronal death directly or indirectly by 

promoting the release of other neurotoxic molecules 

and activating cell death pathways. It can modulate 

synaptic plasticity and neurotransmitter release, 

potentially affecting neuronal communication (40). 

Interferon-gamma (IFN-γ) is a cytokine primarily 

known for its crucial role in the immune system's 

response against infections and tumors (36). In the 

brain, microglia and astrocytes release IFN-γ (41). It 

helps in activating microglia, the resident immune 

cells of the central nervous system (CNS), to respond 

to infections or injuries (42). IFN-γ is involved in the 

regulation of neuroinflammatory processes (43). It 

can induce the production of other cytokines and 

chemokines by microglia and astrocytes, 

contributing to the inflammatory response in the 
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CNS (42,43). Prolonged or excessive IFN-γ 

levels may contribute to neuroinflammation-

associated neuronal damage (44). IFN-γ has a 

dual role in the brain. While it plays a role in 

immune defense, excessive or chronic levels 

might have detrimental effects on neurons. It can 

induce oxidative stress and activate pathways 

leading to neuronal damage, contributing to 

neurodegenerative conditions (45). IFN-γ 

dysregulation is linked to various neurological 

conditions, including multiple sclerosis, 

Alzheimer's disease, and Parkinson's disease 

(44,46,47). It's implicated in the pathogenesis of 

these disorders due to its involvement in 

inflammation and immune responses within the 

CNS. 

Chronic neuroinflammation is associated with 

various neurodegenerative diseases, and 

Tamarindus indica can reduce pivotal anti-

inflammatory cytokines propagating 

neuroinflammation. Balancing the actions of 

proinflammatory cytokines is an effective way of 

reducing neurodegenerative changes in the brain 

thereby offering protection to astrocytes and 

surrounding cells in an unharmful manner. 

Tamarindus indica suppressed the activities and 

levels of key proinflammatory cytokines. This 

makes the anti-inflammatory properties of 

Tamarindus indica a valuable avenue of research 

for potential neuroprotection (48). 

4.2.3 N-methyl-D-aspartate Receptor and 

Acetylcholinesterase Activity Inhibitory 

Potentials  

Neuroexcitotoxicity is phenomenon which 

contributes to neuronal degeneration in various 

neurodegenerative diseases (49). NMDA (N-methyl-

D-aspartate) receptors and Acetylcholinesterase 

(AChE) enzyme have been implicated negatively in 

these diseases with evidences of neuronal death. 

Tamarindus indica showed significant NMDA and 

AChE inhibitory potentials (50,51). 

N-methyl-D-aspartate (NMDA) receptors are a 

subtype of glutamate receptors, playing crucial roles 

in various neurological functions, particularly in 

synaptic plasticity, learning, and memory processes 

in the brain (51). They are essential for synaptic 

plasticity, a process where synapses undergo 

structural or functional changes in response to 

experiences or stimuli. They are particularly 

involved in long-term potentiation (LTP) and long-

term depression (LTD), mechanisms underlying 

learning and memory formation (50). NMDA 

receptors are part of the glutamatergic system and 

mediate excitatory neurotransmission. This implies 

that they respond to the neurotransmitter glutamate 

and are involved in regulating neuronal excitability 

and communication between neurons (52,53). 

Overactivation of NMDA receptors can lead to 

neuroexcitotoxicity, a process where excessive 

activation of these receptors results in an influx of 

calcium ions into neurons, causing cellular damage 

or death (50,54). Dysregulation or malfunction of 

NMDA receptors has been implicated in various 

neurological and psychiatric disorders, including 

Alzheimer's disease, Parkinson's disease, 

schizophrenia, and epilepsy (49,55). Abnormalities 

in NMDA receptor function can lead to altered 

synaptic plasticity, cognitive deficits, and 
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neurodegeneration (56). 

Acetylcholinesterase (AChE) is an enzyme 

responsible for breaking down the 

neurotransmitter acetylcholine (ACh) (57). In 

AD, the cholinergic hypothesis suggests that the 

decline in cognitive function is partly due to 

reduced cholinergic neurotransmission caused by 

the loss of cholinergic neurons and decreased 

ACh levels (58). AChE is not only involved in 

the breakdown of ACh but also plays a role in 

neurodevelopment, synaptic plasticity, and 

regulation of neurotransmission (59). 

Dysregulation of AChE activity can impact these 

processes and contribute to neurodegenerative 

conditions (60). Inhibitors of AChE are used as a 

therapeutic strategy in AD (61). AChE inhibitors 

aim to increase the availability of ACh in the 

synaptic cleft, temporarily enhancing cholinergic 

transmission and potentially alleviating cognitive 

symptoms in some individuals with AD (62). The 

NMDA and AChE inhibitory potentials of 

Tamarindus indica reveals important mechanism 

by which this plant can offer neuroprotection. 

5.0 CONCLUSION 

In conclusion, Tamarindus indica shows promise 

as a natural neuroprotective agent, offering a 

multi-faceted approach through its anti-

inflammatory, antioxidant, neuroexcitotoxicity 

reducing, and specific flavonoid-based 

mechanisms. As research in this field advances, 

Tamarindus indica may find its place in the 

prevention and treatment of neurodegenerative 

diseases, providing a valuable and natural 

resource for improving neural health. Further 

investigations and clinical trials are necessary to 

unlock the full potential of this remarkable tropical 

tree in the field of neuroprotection. 

While these findings are promising, several areas 

warrant further investigation: 

1) Mechanistic Understanding: Future research should 

focus on elucidating the precise mechanisms by 

which Tamarindus indica exerts its neuroprotective 

effects. Understanding the underlying pathways and 

interactions will provide a more comprehensive 

picture of its potential. 

2) Safety and Toxicology: While tamarind is generally 

considered safe, further studies should explore 

potential adverse effects and optimal dosages to 

ensure its safe use in therapeutic contexts. 
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Table 1: The Various Neuroprotective Mechanisms of Extracts from Different Parts of Tamarindus indica 

 
Part of Plant 

Used 
Extract Intervention/Duration 

& Dosage 
Study 

population/ 

Model 

Parts of 

Brain 

 

Possible Mechanism 

 
References 

 

Seed Methanolic 10 weeks             25-50 

mg/kg/day 
Wistar rat Cerebral 

Cortex 
Improved memory in neurobehavioral studies. 

Restores level of Ilβ and TNFα to normal levels. 

Reduced NMDA levels 

[32] 

Pulp Ethanol 6 weeks 

500 mg/kg/bwt 
Wistar rats Cerebral 

cortex and 

hippocampus 

Improved cognitive abilities and motor coordination 

in neurobehavioral studies. Increased GSH, CAT, 

SOD and TAC levels. Reduced MDA levels. 

Increased Ach levels and reduced AChE, Tau and β-

amyloid proteins with improved histomorphology in 

brain regions. Protected astrocytes and reduced 

GFAP reactivity. 

[15] 

Leaf Ethyl acetate  14 days (7-21 PoND) 

400-800 mg/kg/bw 
Wistar rats Cerebral 

cortex 
Improved sensory-motor development, anxiety-like 

and motor activities in neurobehavioral tests. 

Increase Nissl intensity and GFAP expression. 

[26] 

Leaf Ethyl acetate 14 days (7-21 PoND) 

400-800 mg/kg/bw 
Wistar rats Cerebral 

cortex and 

Hippocampus 

Moderate brain trace elements Cu, Zn, Fe and 

Calcium levels. Improved memory and increased 

brain sialic acid. Improved Nissl staining 

[12] 

Leaf Ethyl acetate 14 days (7-21 PoND) 

400-800 mg/kg/bw 
Wistar rats Hippocampus Increased SOD and reduced MDA levels in brain. 

Reduced GFAP immunoreactivity scores. Improved 

spatial memory and learning in neurobehavioral 

tests. 

[13] 

Not specified Phytochemical 

extracts from 

sweet tamarind 

Not specified Human 

neuroblastoma  

SH-SY5Y cells 

Not 

applicable  

(in vitro cell 

study) 

Increased cell survival [63] 

Bark and seeds  Crude methanolic 

extracts (CMEs) 
Not specified Not applicable (in 

vitro study) 
Not 

applicable 
Higher AChE inhibitory activity suggesting potential 

therapeutic uses of these extracts in the treatment of 

Alzheimer's disease and clotting disorders 

[64] 

Pulp Not specified 200mg/kg bw  Prenatal ethanol-

exposed Wistar 

rats 

Cerebral 

cortex 
Potential protective effects on the cerebral cortex 

during prenatal ethanol exposure. Increased CAT 

and Glutathione, Reduced MDA. 

[14] 

Seed coat  Not specified In vitro: 0.2–200 

μg/mL; In vivo: 100–

500 mg/kg (B6C3F1 

mice); 

Murine 

macrophage-like 

cell line RAW 

264.7; B6C3F1 

and BALB/c mice 

Not 

applicable 
In-vitro: attenuated NO production induced 

by lipopolysaccharide (LPS) and interferon 

gamma (IFN-γ). 

In-vivo: suppressed TPA, LPS, and/or IFN-γ induced 

NO production in isolated mouse peritoneal 

macrophages 

[31] 
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pulp Aqueous extract  21 days 

200 - 800 mg/kg 
Adult Wistar rats Cerebral 

cortex 
Preserved normal histology of the cerebral cortex [65] 

Leaf Ethanol and 

hexane extracts 
Not specified In vitro study Not 

applicable 
Ethanolic extracts exhibited significantly higher 

Acetylcholinesterase inhibitory activities compared 

to other plants Useful against AD based on 

cholinergic and beta-amyloid formation hypotheses 

[66] 

 


