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Aluminium is the most abundant, bountiful and copious metal which is extensively 

scattered in our atmosphere. Aluminium is extensively used for commercial 

applications. Aside from this, aluminium too used in cooking household utensils, 

pharmacological agents including antacids where molecules get into the body of 

individual. Several studies of evidences for neurological intoxication of aluminium have 

reported, but exact intoxication of aluminium mechanism is not known. However, the 

investigation studies indicate and  shows that the intoxication of aluminium give rise to 

disparity between the antioxidants and systemic indication of reactive oxygen species 

and ultimately leads to neuronal damage and necrosis of cell. Aluminium regarded as 

eminent and notable toxin, undergoes development of neuronal deterioration diseases, 

including Parkinsonism, Dementia, Amyotrophic lateral sclerosis (ALS), Alzheimer’s 

(AD), Gulf war syndrome. The circumstantial feasible pathogenesis and development 

of Aluminium toxicity of neurons was investigated and reviewed. This review outlines 

aluminium induced events like cell mediated toxicity, oxidative stress, apoptosis, 

glutamate toxicity, calcium homeostasis effects, effects on gene expressions, 

inflammatory events in the brain, glutamate toxicity, oxidative stress, Aluminium 

induced Neurofibrillary tangle (NFT) formation. Furthermore, this review provides a 

wide overview of systemic toxicosis like toxic ischemic stroke, anemia, Crohn’s disease, 

dementia, Alzheimer’s disease, myocarditis, cardiovascular effects, hematologic 

effects, gastrointestinal effects, neurologic effects, musculoskeletal effects, reproductive 

and developmental effects, hepato-renal and pancreatic effects, mammary gland and 

breast effects, breast cancer, oligospermia and infertility, diabetes mellitus, 

osteomalacia, inflammatory bowel diseases. Apart from these, we talk about various 

neurotoxins that are officially and frequently used for induction of neurotoxicity. 

 

INTERNATIONAL JOURNAL OF  

PHARMACEUTICAL SCIENCES 

[ISSN: 0975-4725; CODEN(USA): IJPS00] 

Journal Homepage: https://www.ijpsjournal.com 

 

Review Article 

Multifarious Lethal Effects and Systemic Toxicosis of Aluminium 

Praveen S*
1

, Jyotsna Shankar
2 

1 College of Pharmaceutical Sciences, Dayananda Sagar University, Bengaluru, Karnataka, India  
2 Department of Pharmacy, Shubham University, Bhopal, Madhya Pradesh, India 462010 

ARTICLE INFO                              ABSTRACT                      
Published:   16 Oct 2025    

Keywords: 

Aluminium Chloride, 

Neurodegenerative, 

Neurotoxicity, Toxicosis, 

Intoxication, Alzheimer’s 

disease 

  DOI:    

10.5281/zenodo.17370895 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

INTRODUCTION Most bountiful and rich metal is aluminium. To the 

individual body, it enters and approaches via 
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nutriment, water, household utensils, drugs. 

Aluminium gathers and piles up in delicate and 

sensitive sites such as hippocampus sectors and 

frontal cortex sectors in the brain and examined as 

promising, prospective and definitive element to 

occurrence and development of deterioration of 

neuronal disorders like Alzheimer’s and 

Parkinson’s diseases. Aluminium intervened 

neurodegeneration resulted in Cerebral 

deterioration has been linked and associated with 

upraised amyloid 𝛽 (A𝛽) deposition, elevated 

Amyloid precursor protein (APP) in individuals of 

Alzheimer’s, impaired cholinergic projections, tau 

over expression, apoptotic neuronal damage and 

neuronal death, are also seen. Hence cerebral 

deterioration induced by the aluminium been used 

extensively for the examining the preclinical 

molecules against Alzheimer’s diseases 

(Nampoothiri et al., 2015) 3-30mg/day is the 

measured dietary intake of aluminium (Bharathi et 

al., 2008).  In tissues accumulation of unresolvable 

aluminium precipitates give rise to functional, and 

structural alterations and Neurological sequel of 

lethal aluminium subjection includes motor 

neuron degradation, encephalopathy, seizures, 

Parkinson’s disease and death. Further aluminium 

intervened cerebral deterioration give raise to 

cerebral cognitive disability, increased amyloid 

precursor protein (APP) (Lin et al., 2008; Walton 

et al., 2009). amyloid beta (Campbell et al., 2000; 

Kawahara et al., 2001), disabled cholinergic 

projections, neuronal cell damage and finally 

apoptotic death of neurons (Gulva et al., 1990; 

Ghiribi et al., 2001; Kawahara et al., 2003). 

Disintegration of homeostasis of metals includes 

calcium, magnesium, and iron leads to the 

aluminium toxicity and many biochemical 

alterations (Kawahara et al., 2011). Reactive 

oxygen species (ROS) Rendering and iron 

gathering exerted by aluminium give raise to 

genotoxicity in human cells of neurons and finally 

give raise to degeneration of neurons and neuronal 

death (Wu et al., 2012). Ultimately they cause 

neuronal cell death and large number of signalling 

cascades by undergoing oxidative stress from the 

induction of aluminium (Kumar et al., 2014). 

Finally, withdrawal of lethal metals from the 

individual body shows a functional and 

fundamental tool to circumvent the progression 

and development of many diseases, related to 

toxicity of metals (Fulgenzi et al., 2014). 

Various chemical molecules with Aluminium are 

in large use in sevaral products related with human 

activities, this compounds are aluminium chloride, 

aluminium nitrate, aluminium hydroxide, 

aluminium phosphate,  aluminium potassium 

(potash alum), aluminium silicate, aluminium 

ammonium sulfate (ammonium alum) (Anon, 

1982; Lewis, 2001) Other than this aluminium 

molecules are used in refining of crude oil, water 

treatment and purification , foils and cooking 

utensils manufacturing, glass, printing ink, 

ceramics, incandescent filaments, pottery, 

explosives, electric insulators, fire work, 

varnishes, paints, detergents, pesticides, 

cosmetics, vaccines, pharmaceuticals products. 

(Anon, 1982, 2008a; Malakoff, 2000; Lewis, 

2001). This overview is a global view of systemic 

toxic effects of aluminium and its compounds, 

make up some aspects of subjection or exposure 

and updated  toxicosis in human body. 

1.1. Impact on oxidative stress induced by 

aluminium 

Iron intervened lipid peroxidation is expedited by 

aluminium chloride which give rise and results 

notable disturbance in the reactive oxygen species 

production by elevating the iron concentration 

which is of redox active in the brain. Further 

elevation and rise of oxy-radicals & cellular 

homeostasis mislaying develop notable 

disturbance in the reactive oxygen species which 

is oxidative damage that give raise to cerebral 
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deterioration (Amjad et al., 2015). Enzymes like 

haemoxygenase-1, superoxide dismutase etc. and 

malondialdehyde, carbonyls, nitrotyrosines, 

peroxynitriles, are the oxidative products liberated 

and released in the neurons (Markewberry et al., 

1994). In glia, astrocytes and microglia, 

aluminium chloride status and its correlation to 

oxidative damage remain well detailed. Oxidative 

reactive oxygen species-antioxidant imbalance 

mainly characterized and categorised by elevated 

lipid peroxidation and a reduced level of 

antioxidant enzymes (Yokel et al., 1998) Against 

superoxide, super oxide dismutase function as a 

primary or frontline defence where the superoxide 

anion is transformed or converted and give rise to 

hydrogen peroxide and Oxygen, is a condition 

primarily under oxidative stress. It can 

furthermore detoxicate superoxide radicals to 

hydrogen peroxide, which is further converted to 

H2O by Catalase at the expense of reduced 

glutathione (GSH). In the reduced form 

glutathione is the great bountiful antioxidants 

intracellularly and is intricate and correlation in 

the uninterrupted forage of free radicals (Naidu et 

al., 2013).  Aluminium adapts the state of cellular 

redox by which enzymes are inhibited, correlated 

and intricate in defence of antioxidants which 

further results as inhibitors of free radicals process. 

In the regions of cerebrum, cerebral hemisphere 

and in the site of brain stem following aluminium 

subjection will be a notable and remarkable 

reduction in the activities of sodium oxide 

dismutase (Nehru et al., 2005). To the brain 

phospholipids which is negatively charged, 

aluminium get binds which contains 

polyunsaturated fatty acid and are striked simply 

by Oxygen (O2), Hydrogen peroxide (H2O2), and 

Hydroxide (OH) which are reactive oxygen 

species (ROS) (Verstraeten et al., 1997). In the 

fenton reaction aluminium energise and trigger 

iron initiated lipid peroxidation, which causes 

building of ROS and emergence of Fe3+. Al-O2 

complex is formed by Al3+ in which superoxide is 

neutralized and further increases and elevate the 

O2 oxidative capacity (Exley et al., 2004). 

Schematic representation shows relationship 

among the enzymes of anti-oxidants, Al, ROS, and 

lipid peroxidation which is shown in Fig.1 

(Customize from the exley research findings 

(Exley et al., 2004) (Halliwell and Gutteridge et 

al.,2007). 

 
Fig.1. (coloured) Schematic imaging and representation of ROS, enzymes of anti-oxidant, aluminium and 

lipid peroxidation. TBARS-Thiobarbituric acid reactive substances, SOD—Superoxide dismutase, GPx-

Glutathione peroxidase, GSSG—Oxidized glutathione. 
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1.2. Impact of aluminium as a Cholinotoxic 

agent 

Acetylcholine is very much responsible for the 

cholinergic purpose or concern of the central 

nervous system (CNS). After release and let out 

from the presynaptic nerve terminals, 

acetylcholine is abruptly withdrawn and abolished 

by acetylcholine esterase(Ache) from synaptic 

cleft, which is a member to the family of carboxyl 

esterase’s and undergoes breakdown of 

acetylcholine into choline and acetate which is an 

inactive metabolite (Maheswari et al.,2014) 

Aluminium accumulates in the brain slowly 

undergoes aluminium complex formation with 

elevated and increased affinity for the enzyme 

anionic site which increases the reactive oxygen 

species and undergo liberation and generation of 

oxidative stress in the neuronal region (Halliwell 

et al., 2007) Ultimately, it shows and give raise to 

the  cholinergic dysfunction and indicates the 

aluminium cholinotoxic activity as a sequel of 

oxidative stress and damage. 

1.3. Impact on Neurotoxicity induced by 

Aluminium 

Aluminium is reported and details to influence a 

number of reactions in the central nervous system 

which is vital and it sequels various adverse side 

effects. Major and salient retort for growth of brain 

such as formation of neurotransmitter synthesis, 

axonal transport, inflammatory responses, 

transmission of synapsis and protein 

phosphorylation, protein Deterioration, 

inflammatory retort and gene expression. Al3+ 

getting on for negatively charged, ligands of 

oxygen donor where it has a greater affinity. Other 

class like organic and inorganic phosphates, 

deprotonated hydroxyl groups and carboxylate 

groups forms a powerful bond with Al3+. These 

feasible aluminium (Al3+) characteristic undergo 

secure, powerful affix with phosphate group of 

RNA and DNA, where topology of DNA is 

affecting and impacting the expression of gene 

essential for brain functioning. Moreover, 

Aluminium has powerful positive charge and 

small ionic radius in contrast to Ca2+, Zn2+, and 

Na+. Therefore, aluminium powerfully affix and 

attach to metal-binding amino acids like (tyrosine, 

arginine, histidine etc.). Ultimately, protein 

oligomerization induces and give raise to some 

important configurational difference that can 

restrict their deterioration and breakdown by 

proteases (Kawahara et al., 2011). Eventually 

aluminium undergoes damage and results death of 

neuronal cells and glial cells which is apoptosis. 

Moreover, it weakens the enzyme that intricate in 

the genesis of neurotransmitter and govern content 

of neurotransmitter. Aluminium also restricts 

receptors of neurotransmitter and Ca2+ channels 

which is voltage gated and further impedes 

synaptic transmission and ultimately leads to 

neurotoxicity, and weakens functions of the brain 

related learning and memory (Kawahara et al., 

2011). 

1.4. Impact on gene expression induced by 

aluminium 

By redoing or altering the cerebral proteases 

expression and by operating the monoamine 

oxidase isotypes in the brain region, aluminium 

affects gene expression (Huh et al., 2015), induces 

to configurational changes and also further induce 

and give raise to topological DNA changes by 

binding to histone-DNA complex (Lukiw et al., 

1978; Latha et al., 2002). The studies or research 

reveal that there is a raise in the level of glial cell 

marker, TNF-a and glial fibrillary acidic protein 

(GFAP) (Nedzvetsky et al., 2006). Furthermore, 

aluminium produce and induce the expressions of 

interleukin-1𝛽 precursor, DAXX, phospholipase 

A2, NF-KB subunits. That intricate in the pro-

apoptotic and pro-inflammatory signalling 
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mechanisms (Alexandrov et al., 2005). The 

changed expressions of gene, gives induces the 

drop-in or lowered expressions of tubulin, 

Amyloid beta protein precursor, neurofilament and 

enolase which is neuron specific (Muma et al., 

1996; Parhad et al., 1989)  mitochondrial 

cytochrome C oxidase receptors which is of 

reduced or lower number are induced by the 

aluminium and lowers the expressions of  brain 

derived neurotropic factor (BDNF) and finally 

neuron growth factors(Johnson et al., 2003). 

Protein binding intricate in the gene expressions 

are the expected and probable mechanism of 

altering the gene expressions. In the zinc finger 

domain Aluminium attach to the IIIA transcription 

factor and further inhibits its promoter binding 

(Hanas et al., 1996). 

1.5. Impact on cell mediated excitotoxicity 

induced by aluminium. 

Mitochondrial injury caused by the aluminium 

leads to triggering of overpriced highly reactive 

oxygen free radicals and hydroxyl free radicals 

and eventually cause hydrogen peroxide amass 

and gathering. Further the raise in amass of 

hydrogen peroxide intensify the influence of redox 

active iron further from relatively bound iron or by 

modulating the electron transport chain (Bondy et 

al., 1996). In addition, aluminium gives raise to 

oxidative damage through triggered Fenton 

reactions which is iron arbitrated, by enhancing the 

concentration of redox active iron. Also research 

manifests by aluminium superoxide dismutase is 

activated and further catalase is inhibited by 

aluminium (Bondy et al., 1996; yousef et al., 

2004). Moreover, aluminium may enhance the 

excitotoxicity, which is glutamate induced and 

ultimately suggested and theorize that the outcome 

of neurotoxic of aluminium be arbitrated through 

an excitatory amino acid and glutamate (Nayak et 

al., 2001). neurodegenerative sequel of Aluminium 

and the probable mechanisms as related to 

excitotoxicity is outlined in Fig. 2. 

 

Fig.2. (coloured) Schematic representation and imaging of mechanisms of aluminium on 

neuroexictotoxicity 

1.6. Impact on calcium homeostasis induced by 

aluminium. 

Neurodegeneration and neuronal injury is induced 

by aluminium by interfering calcium homeostasis. 

Voltage dependent calcium channels are detained 

by aluminium and further obstruct the calmodulin 

dependent Ca2+/Mg2+ ATPase, in which very much 

accountable for protective activity in opposition to 

excitotoxicity (Exley et al., 1999). Furthermore, 

research in addition exhibit that there is a raise in 

levels of glutamate while gamma-aminobutyric 

acid(GABA) levels of brain were reduced, a 

circumstance that undergo maximizes excitotoxic 
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damage experimental rats (Blaylock et al., 2012). 

Raising aluminium to metabolic changes similarly, 

in neuronal cytoplasam furtherance of the resting 

ca2+ and peak ca2+ levels, lowering of influx of 

ca2+, a modest inhibition of phosphatidylinositol 

4,5-biphosphate (PIP2) hydrolysis by 

phosphatidylinositol-specific phospholipase-C 

(PI-PLC) in phosphoinositide signalling pathways, 

resulting in lowering inositol triphosphate (IP3) 

formation less protein kinase C (PKC) activation, 

and a obtuse rate of Ca2+ withdrawal from the 

cytoplasm. Analytical modifications in the Ca2+ 

homeostasis and Ca2+ signalling could occur from 

the continued gathering and amass of aluminium 

in neurons and eventually leading to the more 

considerable and damaged disruptions that 

influence ca2+ metabolism in neuronal 

disorder(Walton et al., 2012). By altering Ca2+ 

homeostasis neurodegenerative sequel of 

Aluminium and the probable pathways as related 

to excitotoxicity is outlined in Fig. 3. 

 

Fig.3.(Coloured) Schematic imaging of  pathways that the aluminium intercede or mediate 

neurodegenerative disease processing by modifying Ca2+ homeostasis. Ca2+ _ Calcium, Na+ _ Sodium,  K+- 

Potassium. 

1.7. Impact on apoptosis induced by 

aluminium. 

Mitochondria are where cytochrome C is liberated 

and released. This is induced by aluminium, 

lowering in Bcl-2 in twain or both endoplasmic 

reticulum and mitochondria, translocation of Bax 

into mitochondria, triggering of caspase-3 & 

activation and fragmentation of DNA (Ghiribi et 

al., 2001). Triggered cytochrome C from 

mitochondria gets binds to Apaf-1 and further  

begin with apoptosis event which is induced by the 

aluminium (Savory et al., 2003) Caspase-9 is 

activated by the formed complex, that in 

succession operates the caspase-3 which is the 

effector caspase. Cytochrome C which eventually 

released and liberates, involve distinct pathways 

like, mitochondrial transition pore (MTP) opening, 

pro-apoptogenic Bax translocation of 

mitochondria which can shape the channel by 

itself, and Bax interaction with the voltage 

dependent anion channel (VDAC) to shape a 

larger channel which is cytochrome C permeable. 



Praveen S, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 10, 1737-1758 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1743 | P a g e  

Changes in mitochondria following cytotoxic 

stimuli is the considered primary event in the 

apoptosis (Vasudevaraju et al., 2008). Moreover, 

due to induction of aluminium the research shows 

that the incitement or triggering of SAPK/JNK 

(stress-activated protein kinase or c-jun N-

terminal kinase) signal transduction pathway [39]. 

Ultimately due to the aluminium toxicity, 

apoptosis is found to be the common and broad 

mechanism of activity of the cell. Some attributed 

apoptotic properties like cell body shrinkage, 

chromatin and DNA fragmentation, and non-

uniformed and irregularly shaped chromatin 

(Ghiribi et al., 2001; Maroney et al., 1998). 

1.8. Impact on neurofibrillary tangles (NFTs) 

induced by aluminium. 

Neurofibrillary tangles are found as a marker for 

neuronal diseases, such as Alzheimer’s diseases 

and Amyotrophic lateral sclerosis (ALS), and are 

the agglomeration of tau protein. Studies and 

research shows that abnormality induced by 

aluminium such as neurofilaments or tau in 

cytoskeletal, and further bring out the initiation of 

neurofibrillary tangles and degeneration of 

neurons of motor neurons in ALS. 

(Kihira et al., 1993). In healthy neurons 

microtubules bounds tau proteins and is very much 

required and is vital to neuronal cytoskeleton 

formation and function. Al-ATP, glutamate 

receptor stimulated by glutamate and give raise to 

a maximized level of neuronal tau (Esclaire at al., 

1997). The potentiality to individual self-gathering 

into structures of filamentous are the important 

feature of tau proteins that are the pathological 

signs of taupathies (Haase-Kohn et al., 2004).  

Research studies show that the tau aggregates 

which is induced by the aluminium are not in the 

form of fibrillary but seems like amorphous form. 

Fibroblast toxicity could be produced by the 

induction of aluminium that expressed tau. 

Moreover, in these cell tau did not accumulate, but 

undergoes accumulation of neurofilaments in 

aluminium treated cells (Leterrier et al., 1992). 

Induction of aluminium in soluble form causes 

neurofilament monomers and tau. Further undergo 

results in the formation of accumulation in to non-

fibrillar materials. Eventually Induction of 

aluminium to form neurofibrillary tangles and 

fibrillary bundles of neurofilaments (Leterrier et 

al., 1992; Troncoso et al., 1990).  Ultimately 

aluminium induces and gives rise to tau 

hyperphosphorylation in which protein 

phosphatase-2A (PP2A) is inhibited actively in 

pyramidal cell. Further, caspases is operated by 

aluminium which shortens tau protein which is 

hyperphosphorylated, and amass it into granules. 

When joining the pile of gatherings appears as 

cytoplasmic pools. Elevated agglomeration of 

aluminium/shorten tau which is 

hyperphosphorylated may give raise to trigger 

polymerization. Polymerization of neurofibrillary 

tangles filaments within the aluminium/shorten tau 

which is hyperphosphorylated composite of the 

cytoplasmic pools (Walton et al., 2010). 

Formation of NFT by the effects of aluminium is 

outlined in Fig. 4  
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Fig.4. (coloured) Schematic representation of Aluminium induced NFT formation

2.   Systemic Toxicosis 

2.1. Aluminium effects on pulmonary system. 

Due to Aluminium exposure, there will be 

causation of pulmonary lesions in humans during 

the generation of aluminium products comprises, 

pulmonary granulomatosis, granulomatous 

pneumonia, pulmonary alveolar proteinosis, 

pulmonary fibrosis, and interstitial desquamative 

pneumonia (Chen et al., 1978; Herbert et al., 1982; 

de Vuyst et al., 1987). Due to exposure of 

aluminium there may be causation of asthma 

(Burge et al., 2000) Among the aluminium 

exposure and aluminium smelter workers reactive 

airways dysfunction syndrome was rarely reported 

(Wesdock et al., 2014) In person following 

incidental or volitional ingestion acute duration 

oral subjection to aluminium phosphide has been 

well outlined to seat pulmonary edema (Chopra et 

al., 1986; Khosla et al., 1988;) Rather than to 

aluminium exposure lethality was likely due to the 

emergence of highly lethal phosphine (Alter et al., 

2001; Kamanyire et al., 2003; Moghadamnia et al., 

2012) In experimental animals pulmonary lesions 

are infrequent and exposure of aluminium is not 

through aerosol vehicles. 

2.2. Aluminium effects on cardiovascular 

system. 

In case of aluminium exposure and aluminium 

phosphide poisoning, Toxic myocarditis, 

myocardial hypokinesia, left ventricular 

thrombosis and myocardial dysfunction were 

detailed (Hangouche et al., 2017).  As the delayed 

and detained complication of aluminium exposure 

and aluminium phosphide poisoning in the right 

middle cerebral artery due to thrombosis, ischemic 

stroke was detailed and reported (Abedini et al., 

2014). Moreover, other aluminium compounds 

intoxication may not cause cardiovascular lesions. 

In embryonic chick heart cardiac teratogenesis was 

reported where also faults in ventricular 

myocardium as well as ventricular septation were 

detailed and reported (El Mazoudy et al., 2014) 

Further there was a notable and remarkable 

association between increase in maternal hair 

aluminium components and in offsprings risk or 

menace of total congenital heart weakness was 
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seen. Eventually in subtypes such as septal defects, 

conotruncal defects and right ventricular outflow 

obstruction in female rat are seen (Wang et al., 

2012). Ultimately due to aluminium toxicity 

cardiovascular effects are congenital heart defects, 

dysfunction of the myocardium, inflammation and 

cardiovascular thrombosis. 

2.3. Aluminium effects on gastrointestinal 

system. 

Aluminium intoxication and its ingestion orally 

may influence the intestinal microbiota, 

permeability and immune reaction which effect the 

conditions of inflammation locally (Vignal et al., 

2016). Crohn’s diseases are genetically susceptible 

in individuals, aluminium relates to bring about 

and persistence of the chronic relapsing intestinal 

inflammation (Lerner et al., 2007). Excessive 

intestinal inflammation are characterized by 

inflammatory bowl diseases, comprise of diseases 

entities like crohn’s diseases and ulcerative colitis 

and experimental investigation in mice shows 

aluminium promoted intestinal inflammation, so 

that imply aluminium in the pathogenesis and 

development of inflammatory bowl dis78eases (de 

Chambrun et al., 2014) In transgenic mice, acute 

colitis and chronic colitis in which induced 

chemically are lacking interleukin 10 were 

aggravated by aluminium exposure orally, where 

aluminium increased the duration and force of 

intensity of intestinal inflammation and lowers the 

renewal of the intestinal epithelial mucosal cells 

(de chambrun et al., 2014) Eventually due to 

intoxication of aluminium intestinal barrier 

function was disabled and impaired beneath the 

basal circumstances; by aluminium and 

lipopolysaccharides there was a synergistic excite 

of expressions of  pro-inflammatory cytokine (de 

Chambrun et al., 2014) Furthermore in the mucosa 

of the small intestines of wistar rats aluminium 

chloride intoxication and exposure orally causes 

epithelial degeneration, goblet cell proliferation 

and lymphocyte infiltration (Buraimoh et al., 

2012) 

2.4. Aluminium effects on Musculoskeletal 

system. 

Macrophagic myofasciitis (aluminic granuloma) is 

the major myopathy induced by aluminium 

intoxication and aluminium exposure associated 

and correlated with chronic fatigue syndrome and 

chronic arthromyalgia or myalgia (Exley et al., 

2009; Gherardi et al., 2012; Rigolet et al., 2014). 

After intraperitoneal injection of aluminium 

lactate there will be take place of necrosis of  

skeletal muscle which is transpire in the rats 

muscles of  diaphragm and abdominal regions 

adjacent to the peritoneum (Levine et al., 1992) 

Due to induction of dietary aluminium hydroxide 

supplementation Muscle fiber atrophy, with 

growth retardation, was detailed and outlined  in 

hypophosphatemia pigs (Haglin et al., 1994). 

Eventually due to aluminium subjection, 

contraction of smooth muscle which is give rise by 

k+ ion was impedes or inhibited (Nasu et al., 

1998).  Osteoporosis, osteomalacia, rickets, 

exostosis, osteodystrophy and osteitis fibrosa are 

the bone diseases associated with Aluminium 

exposure (Sherrard et al., 1985; Chappard et al., 

2016; Klein et al., 2019) Ultimately increase in 

aluminium levels in the bone results in long term 

exposure of aluminium orally (Ahn et al., 1995, 

Konishi et al., 1996) 

2.5. Aluminium effects on reproductive system. 

By Aluminium exposure Human reproduction 

may be affected negatively (Klein et al., 2014; 

Mouro et al., 2017) Studies shows that higher 

aluminium concentration had been reported in 

oligospermia patients than healthy individuals as 

human semen spermatozoa contain aluminium 

(Klein et al., 2014). Eventually, at human dietary 
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level of aluminium and constant subjection of 

aluminium for 60days, the rat testes contain 

reduced levels of aluminium of 3.35 µg/g and 

associated with raise in oxidative damage, stress 

and inflammation, reduced daily sperm 

production, raise in abnormal spermatozoa, 

reduced sperm count and motility (Martinez et al., 

2017). Ultimately bank voles (myodes glareolus) 

exhibits aluminium generate or bring about lesser 

standards and lower quantity of sperm than normal 

standard, but was not remarkably govern or 

influence in womens (Miska-Schramm et al., 

2017). Aluminium effects on reproductive system 

is outlined in Fig. 5. 

 

Fig.5. (coloured) Reproductive and developmental disorder in aluminium toxicity. 

2.6. Aluminium effects on hepato-renal and 

pancreatic systems 

Aluminium intoxication in the kidney and liver 

causes oxidative damage which leads to 

deterioration of the tissue and cell death or 

necrosis, and associated serum biochemical 

derangements (Nikolov et al., 2010; Mailloux et 

al., 2011; Bai et al., 2012). Eventually after 

aluminium chloride ingestion of 20mg/kg orally 

for 30days there was a notable and significant raise 

in the action of aspartate aminotransferase (AST), 

alkaline phosphatase (ALP), alanine 

aminotransferase (ALT), and bilirubin, as well as 

raise in serum urea and creatinine levels in the 

experimental animals (Abdel-Wahab et al., 2012). 

Studies shows aluminium phosphide pellets 

consuming was well outlined and reported to give 

raise to acute pancreatitis in one patient (Verma et 

al., 2007). After intermediate oral exposure (50 

mg/kg for 28days) to aluminium chloride rats had 

moderate pancreatic islet necrosis, which was 

associated and correlated  with weaken fasting 

blood glucose and weaken tolerance of oral 

glucose (Igwenagu et al., 2017, 2019). Changes in 

metabolism due to hepatic and pancreatic lesions 

which results in hyperlipidaemia, 

hypercholesterolemia, hypertriglyceridemia, 

hyperglycaemia, hypoproteinemia (Omar et al., 

2003; Kowalczyk et al., 2004; Turkez et al., 2011). 

2.7. Aluminium effects on mammary gland or 

breast. 

Aluminium intoxication may be involved in the 

causation and development of mammary gland 

conditions such as breast cancers and cyst (Darbre 

et al., 2016). In antiperspirant and other underarm 

cosmetics products, aluminium chlorohydrate may 

be an significant or major initiator of aluminium 
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subjection (Pineau et al., 2014). In case control 

study (Linhart et al., 2017) The degree of 

aluminium levels in the tissues of breast were 

remarkably arise in breast cancer individuals than 

control (5.8 versus 3.8nmol/g). In which 

aluminium was notably associated with breast 

cancer incidence as the use of underarm cosmetics 

products containing aluminium. Patients of breast 

cancer had raise in levels of aluminium in tissues 

of breast than in blood serum (Darbre et al., 2013).  

In cancer patients there were a raise in level of 

aluminium in nipple aspirates than healthy 

controls and raise in degree of fluid breast cyst 

than serum or milk (Darbre et al., 2011). Biological 

feature of epithelial cells of breast and 

carcinogenesis is contemplated an expected results 

which may influenced by the accumulating of 

aluminium in the tissues of the breast (Pineau et 

al., 2014). Eventually studies shows aluminium 

can induce injury of DNA in epithelial cells of 

human breast and later bring on cell proliferation 

(Darbre, Bakir et al., 2013; Darbre, Mannello et 

al., 2013). Ultimately by acting as a 

metalloestogen aluminium may increase the risk of 

breast cancer (Darbre et al., 2016). 

3. Chemicals used frequently to induce 

Alzheimer disease like symptoms in 

rodents. 

3.1. Aluminium 

Heavy metals are promoter that through 

neurotoxicity it has been well set and accepted to 

knock the progress of the brain (Nallagouni et al., 

2017).  It was identified and recognized that heavy 

metals which have been induced and give raise to 

elevated level of lethality is got connected with 

various conditions of diseases, which comprise 

cognitive disorder (Nallagouni et al., 2017). 

Nervous system is well deteriorated through heavy 

metals. Effect of aluminium on nervous system of 

all the heavy metals is well reported (Mujika et al., 

2014; Chiroma et al., 2018; Exley et al., 2013). 

Aluminium is an omnipresent, ubiquitously 

dispersed industrial and environmental toxicant 

associated with anemia, osteomalacia, hepatic 

neurological disorders (Han et al., 2013). Patient 

suffering from Alzheimer’s diseases has been 

identified with high amount of aluminium which 

gives raise to effects of toxicological behaviour, 

encompass encephalopathy, anemia and bone 

disease. Eventually recent studies show, orally 

administered aluminium (300mg/kg) in the brain 

of rat was detailed to give raise oxidative stress, 

cholinergic deficit and Aβ & NFTs accumulation 

(Chiroma et al., 2018). 

3.2. Scopolamine 

Scopolamine which is parasympatholytics and 

predominantly approved and accepted chemical in 

pilot studies to show deterioration of memory 

(Burbser et al., 2012) Scopolamine ingestion 

eventually give raise to deterioration in verbal 

recall, visual recognition memory, visuospatial 

recall psychomotor speed, visuospatial praxis and 

visuoperceptual processes (Flicker et al., 1990). 

This parasympatholytics has been well recognized 

to cause deterioration of ability to remember or 

recall. Furthermore it give raise to the excitation of 

glycogen synthase kinase-3 beta (GSK-3β), 

arborization of dendrites connected with 

alterations in CREC, amino-3-hydroxy-5-methyl-

4-isoxazole propionic acid receptor (AMPA), 

Homer1, and inadequate spine maturation (Wu et 

al., 2013). 

3.3. Colchicine 

Colchicine are promising potential drug, through 

cholinergic neuron dysfunction  induce dementia, 

further by impede cholinergic reversal or eroding 

cholinergic passage cascades (Kumar et al., 2006; 

Kumar et al., 2009). Hippocampal lesions could be 

induced by colchicine resulting in cognitive 
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decline and  colchicine could cause toxicity of 

neurons and deterioration of memory by inhibiting 

cholinergic pathways, there by number of 

cholinergic neurons are reduced and in the same 

way decline cholinergic renewal in essence within 

the hippocampal region of brain (Evrard et al., 

1998). Deterioration of memory was seen due to 

induction of colchicine perhaps an outcome of a 

decline in levels of serotonin, norepinephrine, 

dopamine within the area of caudate nucleus 

region, hippocampus region and entire cortex 

region (Ganguly et al., 2008). Moreover, 

generation of protein carbonyls following lipid 

peroxidation was caused by colchicine (Saini et 

al., 2012). Expression degree of cyclooxygenase 1 

and 2 (COX-1 and COX-2) levels had also been 

found to raise by colchicine (Subbaramaiah et al., 

2000) And generation of  ROS (Kumar et al., 2010) 

Further elevates glutamate/GABA ratio in the 

cortex (Yu et al., 1997). 

3.4. Streptozotocin 

Streptozotocin found in the strain of Streptomyces 

achromogenes, a compound derived from 

glucosamine nitrosourea (Neha et al., 2014).  

Streptozotocin used in anti-cancer treatment is 

another alkylating agent it has been shown to spoof 

or impersonate certain quality of nitrosourea, an 

anti-cancer agent further more cause deterioration 

of memory (Klinkenberg et al., 2010). Induction 

and give raise of neuronal toxicity and tau 

hyperphosphorylation is bring about by 

streptozotocin, which result in generation of 

Reactive oxygen species (ROS) and Reactive 

species of nitrogen (RNS) (Zhou et al., 2013). 

Studies shows that streptozotocin damage the 

enzyme glycolytic action in the brain region which 

ultimately outlined in the decreasing of 

concentration of creatine phosphate and ATP. 

These devastated  system of energy and decreased 

synthesis of acetyl CoA can impede cholinergic 

conductance (Neha et al., 2014).  

3.5. Ethanol 

Persistent ingestion of alcohol is related with lots 

of  complications, which encompass deterioration 

of social skills, languages, hyperactivity, motor 

dysfunction and learning deficits (Spinetta et al., 

2008). Pre-existing research has manifest that 

ingestion of ethanol elevates the productions of 

reactive oxygen species and sequel in lowering of 

antioxidants in the region of brain (Patil et al., 

2015). Further research and investigation shows 

that ethanol could deteriorate cholinergic neurons 

and hippocampal neurons with resultant effects on 

disruption of learning and memory (Mailliard et 

al., 2004). Eventually elevated treatment of 

ethanol sequels in nitric oxide(NO) in excessive 

manner, which have been establish to devastate  

memory recollection and learning skills, while 

further elevated dose of ethanol devastate the 

glutamatergic system and elevates GABAergic 

conveyance in the region of brain that relates with 

memory (Mailliard et al., 2004). Ultimately 

ethanol further increases the amount of adenosine, 

which may give rise to deterioration of memory 

(Cui et al., 2015). 

3.6. Excitotoxin (Ibotenic acid) 

Ibotenic acid a strapping neurotoxicant that 

irritates signs and pathophysiology which is 

abnormal development similar to Alzheimer 

diseases (Clark et al., 2012; Karthick et al., 2016). 

In avoiding Alzheimer’s diseases pathology it is a 

functional model to admire drug efficiency. 

Furthermore it has found that intra hippocampal 

ingestion of ibotenic acid (5 µg/µl PBS) shows 

deterioration of recollection, learning and outlines 

raise in activity of AChE as well as increased 

MDA levels, there by induce toxicity of neuron 

(Rattan et al., 1992). Bilateral ICV injection of 
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ibotenic acid may bring out Alzheimer diseases-

like symptoms and pathology, ultimately research 

and certain investigation shows that ibotenic acid 

lowers the cholinergic neurons activity in rats 

(Kumar et al., 2011). 

3.7. Sodium azide(NaN3) 

Sodium azide (NaN3) a mitochondrial toxin is a 

white crystalline solid embroil in the output or 

generation of explosion of lead azide (Neha et al., 

2016). Sodium azide intake has give raise 

dysfunction of mitochondria and further critical 

enzymes of mitochondria, cytochrome oxidase is 

further inhibited (Wong-Riley et al., 1997). In the 

mitochondrial respiratory chain Cytochrome 

oxidase enzyme is critical one. Its involvement 

obstruct with mitochondrial complex-IV and 

declines the degree of  ATP, which induce or give 

raise to metabolic deterioration and reactive 

species of oxygen production (Bennett et al., 

1996). NAN3 causes oxidative deterioration that 

results in breaking of the cell and necrosis which 

is death of the cell. In the cortical and hippocampal 

regions of NaN3 treated rats, progressive and 

continuous neuronal depletion and necrosis were 

well observed, thus shows the dominance of 

sodium azide. These studies and investigations 

affirm that intraperitoneal injection of sodium 

azide for 15days give raise and resulted in 

comparable level of dementia, and moreover 

ultimately inducing neurodegenerative disorder 

suggesting the involvement of NaN3 (Gao et al., 

2018). 

3.8. Okadaic acid 

Okadaic acid (OKA), is a marine microalgae 

product and major polyether toxin, that causes 

toxicity of diarrhetic shell fish (Kamat et al., 

2010). It has been reported that the IC injection of 

OKA induce cognitive disorder in rats, Thus 

building it as approachable and worth model to 

investigate and screening anti-dementia drug 

(Kamat et al., 2011). Okadic acid has been 

established to be a prohibitive and tolerable 

antagonist of serine/threonine phosphatases 1 and 

2A  in terms of mechanism of action (Cohen et al., 

1990; Ishihara et al., 1989)  is connected with small 

term and protracted deterioration of memory in 

rats (Maidana et al., 2006) and undergo tau hyper 

phosphorylation and death of nerve cell in both 

invivo (He et al., 2001) and in vitro (Cagnoli et al., 

1996) From the pre-existing research recognized 

that okadaic acid lowers basal synaptic 

transmission and impedes the synaptic plasticity 

formation (Koss et al., 2007). Further, Okadic acid 

has established to develop Ca2+ in a cells of 

hippocampal neurons by inotropic receptors of 

excitatory amino acid, Thus give raise to neuronal 

loss (Femandez et al., 1993) Moreover studies and 

research has signify that Okadic acid activates the 

generation of Reactive species of oxygen in the 

site of hippocampus in the region of brain and 

declines potency of mitochondria and activity, 

Finally results in deterioration of mitochondria in 

the  rats brain (Kamat et al., 2011). 

CONCLUSION 

There is a lot of studies and evidences that suggest 

aluminium in the development of circumstances 

that give raise to cognitive decline, it is greatly 

undertake that aluminium is well acknowledge 

toxin of neuron and that bring out deterioration of 

neuron and death of neuron. Aluminium is 

extremely plentiful and dispersed as industrial and 

atmospheric poison and is also contain in edibles, 

further involve in skeletal, neurological, 

haematological disorders. Aluminium get into the 

human form in higher amount it can enhance and 

undergo the emergence of reactive oxygen species, 

and triggers glial cells. Eventually reactive oxygen 

species generation and events of inflammation at 

last give raise to necrosis. Ultimately summarizes 
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that neurotoxicity caused by aluminium in various 

way by enhancement of ROS production, 

modulating inhibition of DNA repair enzyme, and 

pathways alterations like NF-KB, JNK, DNA 

binding etc. All these episodes especially and 

finally leads to death of cell, genomic instability, 

and cognitive decline. More ever it is very much 

understandable that additional scientific approach 

and investigations are crucial against this type of 

episodes to find superior way to avert the 

Alzheimer induced cognitive disease progressions. 
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