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ABSTRACT 

Neurodegenerative disorders are one of the greatest threats to humankind as they inflict on 

millions of people globally ensuing debility dementia and neurobehavioral derangement. Aging, 

oxidative stress, excitotoxicity, neuroinflammation, exposure to neurotoxicants and heavy metals 

etc. are some of the principal elements contributing to neurotoxicity. Antioxidants play a 

promising role in curbing free radical-mediated induced by oxidative stress and neurotoxins. 

Herbal medicines and phytocompounds being the powerhouse of antioxidants are propitious in 

treating neurodegeneration with added perquisites as they’re nearly devoid of side effects. By 

embracing methods like drug discovery, combinatorial chemistry, through other modern means, 

these phytocompounds may be effectively developed into potential drug moieties that would aid 

in handling these complex diseases in a better manner. The molecular face aluminum-mediated 

neurotoxicity combined with a bunch of selected herbs and a few potential phytocompounds and 

their protective role in aluminium-mediated neurotoxicity have been mentioned in this article. 
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INTRODUCTION 

In the present world, millions of 

people are suffering from various 

neurodegenerative disorders, and are mainly 

prevalent in geriatric category causing 

debility that negatively impacts the quality of 

life. The main culprits behind these disorders 

are ageing, neurotoxicants, heavy metals and 

oxidative stress. Aluminium (Al) is an 

airborne industrial released intoxicant and is 

an obnoxious besotted metal present in 

copious amounts in the environment. The 

average exposure to aluminium is around 10–

20 mg /day which enters the system through 

environmental pollutants, food, aluminium 

cookware, drinking water [1] deodorants, 

cosmetics medicines [2] OTC drugs [3] 

sewage treatments [4] techniques such as 

waterproofing clothes, industrial filtration, 

hemodialysis, leather industry,  fire 

extinguishers and flame retardants, 

anticorrosives, certain food additives, 

vaccines which contains aluminum in 

adjuvant etc. and exerts oxidative stress-

induced damage. Aluminium induces serious 

neurological, hematopoietic, skeletal, 

respiratory, immunologic system toxicity and 

autoimmunity [5], long-term brain 

inflammation and associated neurological 

complications [6]. It is a mutagenic, 

teratogenic, carcinogenic, genotoxic agent and 

a pro-oxidant and induces bone disease, 

osteomalacia, microcytic anemia, renal 

failure, neurodegeneration, encephalopathy, 

AD, autism [7] etc. Aluminium weakens the 

antioxidant status of brain as it elevates 

reactive oxygen species, deranges 

neurotransmitter levels, and leads to 

neuroinflammation, neurodegeneration, 

protein aggregation, and accumulation and 

neuronal apoptosis [8]. It activates the 

inflammasome and induces the release of 

cytokines, interleukins and other mediators 

of inflammation resulting in lipid 

peroxidation [9]. In this review, a systematic 

examination of literature that depicts the 

oxidative stress inducer role of aluminum 

and its role in excitotoxicity and 

neurotoxicity, and the role of herbal plants 

and phytocompounds as neuroprotectants in 

combating aluminium-induced neuro-

degeneration is being discussed. Obstacles 

faced while carrying out this review was due 

to different physical and chemical forms of 

aluminium being used for the studies, 

different routes of administration different 

doses and duration of exposure to aluminium 

opted for the studies, and the damage it 

caused to different organ systems which 

involve different processes and various 

mechanisms through which different herbs 
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and phytocompounds work in ameliorating 

aluminium induced toxicity.  

Aluminium entering the mammalian 

system deposits in tissues such as the brain, 

bone, liver and kidney [10] and its 

elimination half-life from the human brain is 

around seven years. The brain is mainly 

susceptible to free radical-induced oxidative 

damage induced by aluminium due to its 

lipid composition, calcium and glutamate 

levels, auto-oxidation of neurotransmitters, 

and modest antioxidant defense. Aluminium 

is a neurotoxicant and excitotoxic and the 

main miscreant behind Alzheimer's disease 

[11] causing neural tube defects, and other 

neurodegenerative complications [12]. 

Aluminium interacts with water and 

generates superoxide which depletes 

mitochondrial Fe and promotes the 

generation of oxygen radicals that accounts 

for oxidative damage and apoptosis [13]. The 

safe amount of aluminium exposure is still a 

question. The tolerable weekly intake set by 

the European Food Safety Authority (EFSA) 

of 1 mg aluminum/kg body weight can be 

reached through dietary exposure alone 

whereas infants and patients with renal 

disorders can tolerate a very low level as 

there are chances for fatal systemic 

aluminium intoxication. The present review 

compiles recent studies on the role of 

aluminium in oxidative stress-induced 

damage in the living system, homeostatic 

alterations in the brain, the noxious effect of 

aluminium on the nervous system, oxidative 

stress, excitotoxicity and the neuroprotectant 

role of herbal plants in aluminium induced 

neurotoxicity. 

SOURCE OF INFORMATION: 

The information about the current 

article has been collected from PubMed, 

science direct, Medline, and various other 

databases including scientific traditional 

literature. 

Aluminium and excitotoxicity: 

Excitotoxicity is a complex process 

that results in the degeneration of dendrites 

causing neurodegeneration, and neuronal 

death resulting in conditions like Alzheimer’s 

disease, cerebral ischemia brain trauma, 

Huntington’s disease, and ALS. 

Excitotoxicity is triggered by the 

overactivation of glutamate receptors, 

resulting in Na+ and Ca2+ influx across 

through the plasma membrane [14]. The rise 

in cytoplasmic Ca2+ levels in response to 

glutamate receptor activation can induce Ca2+ 

uptake into the mitochondria which in excess 

generates reactive oxygen species, oxidative 

stress, and inhibition of adenosine 

triphosphate (ATP) production. By activating 

proteases and oxidative stress, Ca2+ acts as a 
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key mediator of excitotoxic cell death [15] by 

activating cyclooxygenases and 

lipoxygenases and disrupts mitochondrial 

metabolism, inducing membrane lipid 

peroxidation which in turn renders neurons 

susceptible to excitotoxicity [16]. 

Many signaling mechanisms can protect 

neurons against excitotoxicity such as those 

activated by neurotrophic factors such as 

brain-derived neurotrophic factor (BDNF). 

CREB appears to be the primary 

transcription factor involved in the 

transcriptional regulation of genes that are 

required for neuronal survival, and the 

inhibition of CREB signaling by the extra 

synaptic NMDAR likely contributes to 

excitotoxicity [17, 18]. Among the pro-

survival genes that are upregulated by CREB, 

BDNF has been extensively characterized, 

and it is critical to NMDAR/CREB-mediated 

neuronal survival signaling [19]. Specific 

sub-populations of the NMDAR mediate 

neuronal death and neuronal survival. Extra 

synaptic NMDAR has been shown to inhibit 

CREB-mediated BDNF gene expression.  

Excitotoxicity plays a vital role in the 

neurotoxic action of aluminum. Prolonged 

inflammation and excitotoxicity triggered by 

immune mediators like cytokine and 

glutamate receptors are responsible for most 

of the metal’s toxicity [20]. Aluminium apro-

oxidant entering the mitochondria of cells 

interrupts energy metabolism causing energy 

deficit, alters the glutaminergic pathway, 

interferes with calcium homeostasis, 

increases levels of reactive oxygen and 

nitrogen species and lipid peroxidation 

products like 4HNE, lowers the levels of 

SOD, catalase, GSH, impairs glutamate 

transporters, causes microglial activation [21] 

mitochondrial dysfunction and induce 

oxidative stress-induced damage in tissues 

and all above to contribute to excitotoxicity. 

The generation of superoxide triggers 

apoptosis of astrocytes excitotoxicity-

mediated neuronal death through the 

generation of peroxynitrite [22]. The 

excitotoxicity component rather than 

inflammation is the main culprit for actual 

damage to neurons and their processes [23].  

Aluminium, inflammatory markers and 

homeostatic alterations in the brain: 

Membrane lipids attacked by reactive 

nitrogen and oxygen species result in highly 

destructive lipid peroxidation products, 4-

hydroxynonenal (4-HNE), and acrolein 

which intensifies the responsiveness to 

excitotoxicity. The nicotinic receptors which 

are responsible for toning down brain 

inflammation are inactivated by aluminium 

and on the other side activate cholinergic 

neurotransmission resulting in brain 
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inflammation. The microglia and astrocytes 

form the main components of the brain’s 

innate immune system maintains homeostasis 

and secretes basal levels of neurotrophic 

substances to maintain connectivity and the 

integrity of the circuit. Any external stimuli 

provoke the microglia whereby it assumes a 

reparative or neurorestorative phenotype and 

as a protective mechanism, releases a number 

of anti-inflammatory and trophic factors for 

neuronal survival. It may also release pro-

inflammatory cytokines, cytotoxic factors, 

and toxins responsible for the neuro-

destructive phenotype. Neurodegenerative 

conditions exhibit activated 

microglia/microgliosis which releases 

glutamate and the cells exhibit disease 

pathology [24. The release of glutamate from 

dying astrocytes is accountable for 

neurotoxicity and excitotoxicity and this 

serves as the main pathological mechanism 

for neuronal damage.  

Aluminum elevates the levels of pro-

inflammatory cytokines and this rise in levels 

of TNF-alpha triggers the release of 

glutamate from microglia. In the immature 

and developing brain, immune excitotoxicity 

might lead to a number of 

neurodevelopmental conditions, such as 

autism spectrum disorders and seizures. In 

the mature, and aging brain, these 

mechanisms can lead to progressive 

neurodegeneration, as seen with Alzheimer’s 

disease, Parkinson’s disease, and 

amyotrophic lateral sclerosis [25]. Microglia 

play a crucial role in defense mechanisms 

after trauma, injury, tumor formation, and 

infections in the central nervous system and 

can pave the way for an autoimmune 

inflammatory reaction in the brain. 

Astrocytes direct metabolic activities like 

potassium homeostasis, lactate supply, pH 

regulation neurotransmitter uptake, and 

turnover. Neurons reckon the metabolic 

coupling with astrocytes to combat oxidative 

stress. In the nervous system, a superlative 

glial–neuronal interaction is entailed in gene 

expression regulation at transcriptional and 

translational levels [26]. Chaotic and 

dysregulated microglial activation is a pivotal 

factor that accords to several neurodegenerative 

diseases.  

Immunohistochemical studies 

indicates the expression of CD32+ (FcγIIa) 

in the microglial cells of the hippocampus 

and also near the site of injection of 

aluminum which depicts the phagocytic role 

of microglia aluminum-induced excitotoxicity 

in the brain.  

Aluminium exposure also elevates 

MDA levels in both blood and brain tissue 

homogenates. The active tion of microglial 
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cells during aluminium-induced 

neurodegeneration is substantiated in the 

study using an anti-CD68 antibody as a 

marker for cells of the macrophage lineage. 

The outcome of the study reveals a shoot-up 

in CD68 positive cell count in high-dose NaF 

and AlCl3 group when compared with the 

control group [25]. The induction of 

oxidative stress by aluminium corresponds to 

activation of glial astrocytic cells, microglial 

cells and B-cells [27]. 

Aluminium-induced oxidative stress: 

Pro-oxidant action of aluminium 

promotes degenerative changes in biological 

tissues as it attenuates the ability of iron salts 

to promote reactive oxygen species (ROS). 

Lipid peroxidation triggered by iron leads to 

a build-up of reactive oxygen species and 

super-oxides. Superoxides are neutralized by 

Al3+ resulting in AlO2 which increases 

oxidative damage. Through these 

peroxidative changes along with a fall in 

antioxidant status, aluminium impairs 

mitochondrial bioenergetics and causes a 

gradual accumulation of oxidatively 

modified cellular proteins [28]. Aluminium 

complexes with superoxide anion forming 

aluminium superoxide anion, which is a more 

potent oxidant than superoxide anion on its 

own and promotes the formation of hydrogen 

peroxide and hydroxyl radicals that 

contribute to an oxidizing environment. The 

brain exhibits a high affinity to aluminium, 

but has relatively low free-radical scavenging 

enzymes, levels of endogenous antioxidants, 

and possess membranes rich in oxidant-

sensitive polyunsaturated fatty acids. All the 

above added to a high level of oxygen 

metabolism makes the brain prone to free-

radical-induced damage [29, 30]. 

Aluminium alters glutamate levels at 

the same time exerts its toxic effects also by 

altering cholinergic transmission, which is 

ultimately reflected in neurobehavioral 

deficits [31]. Cholinergic dysfunction is the 

main culprit behind cognitive deficits 

following intracerebral aluminium 

intoxication. AChE causes acetylcholine 

inhibition and interacts with Abeta to 

promote the deposition of amyloid plaques in 

the brain. Nitric oxide involved in AlCl3-

induced neurotoxicity, leads to temporal and 

spatial spreading of damage to the selectively 

vulnerable brain structures with impairment 

of cognitive functions and cholinergic 

transmission [32].  

Aluminum-induced Neurodegenerative 

Disease: Protective role of herbs: 

 Many scientific studies confirm the 

neuroprotective role of various herbs such as 

Guduchi (Tinospora cordifolia (Willd). 

Miers) Elettaria cardamomum, Centella 
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asiatica, Glycyrrhiza glabra, Coptis 

chinensis, Curcuma longa, Celastrus 

paniculatus, Allium cepa , Moringa olifera, 

Terminalia bellerica, Coriandrum sativum, 

Bacopa monnieri, Salvia officinalis, Gingko 

biloba, Withania somnifera, and many other 

species, etc. Following are a few herbs and 

compounds that have been proven for their 

neuroprotective role in aluminium-induced 

neurotoxicity. 

Cardamom oil from Elettaria 

cardamomum of family Zingiberaceae 

consisting of 1,8 cineole as a major 

constituent proved effective against in vitro 

inhibition of AChE, improved cognition, 

showed anti-anxiety and anti-inflammatory 

action in AlCl3-induced neurodegeneration. It 

also inhibited acetylcholinesterase 

activity,amyloid β expression in the 

hippocampus and cortex, and improved 

antioxidant status and brain levels of BDNF 

[33].  

Centella asiatica (L.) Urban 

(Apiaceae) with Asiatic acid (AA) being its 

major component showed a protective effect 

in the AlCl3-induced rat model of 

Alzheimer's disease. It lowered aluminium 

levels, acetylcholinesterase activity, 

expressions of the amyloid precursor protein, 

amyloid beta1-42, beta and gamma secretases, 

glial fibrillary acidic protein, ionized 

calcium-binding adaptor molecule 1, 

interleukins, TNF-α, nuclear factor- k beta 

and COX-2. The results are indicative of the 

neuroprotective action of Asiatic acid [34]. 

The neuroprotective role of Ononin in 

AlCl3-induced Alzheimer’s showed that 

ononin lowered AChE, Aβ1-42, and MDA 

and improved the SOD and TAC in the brain 

tissues of AD animals. The status of IL-1β, 

TNF-α, p38MAPK, and NF-κB were 

suppressed and the BDNF and PPAR-γ 

contents were elevated in animal brains. 

Ononin could ameliorate cognitive 

impairment, and suppress neuroinflammation 

and oxidative stress in animals [35]. 

Glycyrrhizic acid, a phytocompound 

present in Glycyrrhiza glabra or liquorice 

(Fabaceae) effectively inhibited AlCl3-

induced memory deficit and activation of 

TLR4 signaling pathway including the 

downstream activation of NF-jB, mediated 

through their antioxidant and anti-

inflammatory effect [36]. 

Celastrus paniculatus (Celastraceae) 

effectively corrected the deranged 

neurobehavioral parameters, regulated AChE 

levels, and reduced lipid peroxidation and 

SOD levels, improved the number of viable 

and healthy neurons and cortical histology 

proving its antidementic effect [37]. 

Supplementation of Allium cepa (Liliaceae) 
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hydroethanolic extract in aluminium-exposed 

animals ameliorated muscle coordination and 

memory deficits as well as reduced oxidative 

stress, and corrected abnormal AChE levels, 

and aluminium deposition in the brain [38]. 

Nigella oil isolated from Nigella 

sativa (NS) (Ranunculaceae) rich in 

thymoquinone (42.3–56.1%), p-cymene (33–

38%) improved the neurobehavioral 

parameters, cognition, memory and lowered 

anxiety in AlCL3 treated rats and ameliorated 

indices of psycho-cognitive functions and 

augmented Ki-67 expression in AlCl3 treated 

rats [39]. 

Withania somnifera (Solanaceae) or 

Ashwagandha ameliorates cognition and is a 

powerful neuroprotectant. Ashwagandha 

extract (200 mg/kg, orally) prevented the 

increase in AchE activity induced by AlCl3 

and prevented the increase in MDA, NO, free 

radicals and TNF-αlevels [40]. 

A study employing naringin and 

hesperidin isolated from citrus fruits 

(Rutaceae) on behavioral impairments caused 

by aluminum showed that hesperidin 

reversed aluminium-induced memory loss 

and toxicity and preserved the normal 

histoarchitecture of hippocampus and cortex 

in rat brain through attenuation of AChE 

activity and amyloidogenic pathway [41].  

Syringic acid a phytocompound, 

when studied for its neuroprotective action in 

AlCl3, stimulated AD showed improved 

memory and learning impairments, 

augmented short-term memory loss, lowered 

acetylcholinesterase (AChE), and 

inflammatory protein expression in the brain. 

The NF-ƙB, IL-1β, IL-6, and TNF-α 

expressions were assuaged via the syringic 

acid supplementation to AD rats confirming 

the protective effect of syringic acid inAlCl3-

stimulated AD [42]. 
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Figure 1: Mechanism of action of aluminium induced neurotoxicity 

 

DISCUSSION: 

Herbal plants are miraculous store 

houses of phytocompounds and are 

contemplated as an incredible source of 

curative drugs with minimal side effects 

which may be developed into promising 

novel therapeutic agents. The current review 

emphasizes various mechanisms involved in 

aluminium-induced neurotoxicity and it 

highlights the role of some Indian plants and 

the few phytoconstituents against AlCl3-

induced neurotoxicity. It also includes the 

possible course of action by which these 

herbs and Phytocompounds help to combat 
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the damage induced by aluminum on the 

brain and how far they can be made of use 

for their therapeutic potential. Progressive 

and futuristic literature encompassing study 

evidence are assessed, and the most 

admissible findings are tracked down in the 

work, which focuses on future researchers 

and the scientific community as a whole. 

CONCLUSION 

The medical industry is surfacing 

enormous defiance as a clearcut solution and 

cure for neurodegenerative disorders. The 

currently available treatments optionaresky-

high in terms of cost at the same time are 

speculative and not very efficacious. 

Traditional medical practitioners, and 

systems of medicine like Ayurveda, Siddha 

etc. are regaining their importance these days 

as these treatments are completely plant-

based or derived from natural sources which 

makes them free from side effects, without 

any compromise on the therapeutic efficacy. 

Though the herbal preparations and 

medicaments were prescribed from quite 

many centuries without much clinical trials 

and studies performed on them, the wonders 

they bring forthurged the researchers to 

investigate them in detail unveiling the 

prototype and mechanism of action of these 

astounding powerhouses of healing. Through 

drug development, these marvelous 

phytocompounds could be made useful for 

treating neurodegenerative disorders and 

other complex diseases. 
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