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Squelching itself distant from the biological public-service corporation maps, 

in malice of being omnipresent in the environment, aluminum establishes its 

singularity as an component. 

Literally, aluminum is ubiquitous, throughout the universe ( Table 1 ) . As per

copiousness in the Earth’s crust, aluminum comes third as an component 

( after O and Si ) , and foremost as a metal. It is believed that about 8 % 

( w/w ) of Earth’s solid surface is contributed by aluminum. Bing the most 

often encountered metal in nature, in 270 different mineral signifiers, 

doubtless, aluminum is the most operable component on the Earth’s surface.

Interestingly, on the contrary, no aluminum compound is cognised to be 

used of course by any life signifier. Despite of pervasiveness, development 

has bypassed aluminum perchance because of – ( I ) its excess 

responsiveness and non-availability in free signifier in the environment, ( two

) high aqueous unsolvability at physiological pH along with mutual 

exclusiveness with other biologically active systems 1 , ( three ) its efficient 

cycling within the geosphere 2 and ( four ) carelessness or tolerance of life 

beings towards its presence. This inert attitude of aluminum towards the 

biology allowed it to be considered as ‘ biologically inert’ for long. 

The alone physic-chemical belongingss ( Table 2 ) of this metal might be 

instrumental for this attitude of aluminum towards the biological system. 

However, ubiquity of aluminum possesses the job of being included in the 

cellular microenvironment ; even though, it does non hold any proved good 

map in the biological system 3-6 . Contrary to this impression of ‘ biological 
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inertness’ , aluminum is found to be used with medicative values in varied 

occasions 7 ; as follows – 

 Aluminum carbonate in alkalizers. 

 Aluminium chloride anhydrous as antiperspirant. 

 Aluminium chloride hexahydrate as germicide in stallss and abattoirs, 

in deodourants and antiperspirants, as styptic ( in cosmetics ) . 

 Aluminum chlorohydrate in deodourants and antiperspirants. 

 Aluminium hydrated oxide as tummy alkalizer, in antiperspirants and 

dentifrices, as phosphate binder in nephritic failure patients. 

 Aluminum nitrate in antiperspirants. 

 Aluminum phosphate in tummy alkalizers. 

 Aluminum silicate in dental cement, alkalizers and nutrient additives. 

 Aluminum sulfate in antiperspirants, in agricultural pesticides, in 

aluminum ethanoate ear beads, to collar disgusting discharges from 

mucose surfaces locally applied on ulcers as 5-10 % solution. 

 Aluminium trioxide as scratchy. 

 Aluminium phthalocyanine-polymer conjugates are used as 

photosensitizers for photodynamic therapy of malignant neoplastic 

disease. 

The metal has a long history of being used for H2O purification and in 

medicines. For illustration, in ancient Rome, aluminum salts were used for 

the purification of H2O, and in the Middle Ages it was combined with honey 

for the intervention of ulcers 8 . There are many medicative utilizations of 
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Alum ( Potash Alum, Soda Alum, and Ammonium Alum ) , complex salts of 

aluminum. 

Some of them are listed below 9 : 

 As adjuvant, alum is used in many vaccinum readyings. Therefore, 

alum addition the bodily responses for the inoculation in which it is 

used. 

 As anti-hemorrhagic agent. 

 Bing styptic, alum is utile against scratchs and minor hurts, for human 

( as aftershave ) every bit good as for animate beings ( improper nail 

cutting ) . 

 The antibiotic nature against malodors bacteriums, credited alum as 

deodourant. 

 For canker sores, as domestic remedy, powdered alum is normally 

used. 

 To halt hemorrhage and discharge from hemorrhoids, dissolved alum 

pulverization ( 20 % ) is used to shrink them. 

 In unwritten toxicant instance, alum is besides used as an emetic 

agent. 

In homeopathic system besides, aluminum oxide , a medical specialty 

prepared from aluminum, is used in interventions for chronic weariness 

syndrome, dementedness, nervous upsets, irregularity, and appetency 

upsets 10 . Therefore, exogenic aluminum is non truly apathetic towards 

biological system, nevertheless, still now no good function of endogenous 

aluminum is reported. 
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This besides unfolds the exposure of biological system for the metal’s 

indecent deductions. Recently, Exley mentioned that the ‘ biological 

responsiveness of aluminum is such that there are countless possible ligands

which upon adhering Al 3+ ( aq ) could bring on neurotoxicity’ and explored 

the possibility of its coordination within a biomolecule to leave biological 

consequence of aluminum 11 . 

Biological Chemistry of Aluminium 

Chemical belongingss of aluminum pertinent to biological 
interloping 
The component aluminum is alone in regard of its many chemical 

belongingss. As a metal it is extremely reactive ; and, in nature ne’er 

aluminum is found in its free signifier 12 . Normally, natural being of 

aluminum is as compound of O, silicon oxide and F. As aluminum is a difficult

acid, it readily reacts with difficult bases like silicon oxide, oxides, 

phosphates and carboxylates 13 . Normally, aluminum exhibits merely one 

oxidization province ( Al 3+ ) and does non undergo any oxidation-reduction 

reactions. 

However, a really little fraction of aluminum is found as the simple Al 3+ ion 

in most natural systems 14 . Using the physiochemical parametric quantities 

of aluminum, limited anticipations can be made as to the biological destiny 

of aluminum in adult male 15 . Ligands available in biological system can 

interact with Al 3+ to organize wide-ranging composites and limit the 

handiness of free Al 3+ . Even, if no biological ligand is available, with clip Al 
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3+ salts form different hydroxy compounds. On the footing of high charge to 

radius ratio, thermodynamic penchant of electrostatic interactions by 

aluminum was predicted 16 . The high charge and little size give Al 3+ a 

strong polarizing consequence on adjacent atoms 17 . 

Krewski et Al 18 justly identified that the chemical science and biochemistry 

of the aluminum ion ( Al 3+ ) dominate the tracts that lead to toxic results. It 

has been suggested that in general, the toxic effects of aluminum 

consequence from its contention to adhere with sites within biological 

ligands meant for other metal ions. Not being the best tantrum on the site 

particular for some other ion, aluminium ion can non fit the affinity or 

eagerness of the specified ion. However, the competition created by 

presence of aluminum may hold formidable impacts. Though, aluminum is a 

really good Lewis acid accelerator, it exchanges ligands really easy 19 . With 

the available information about the ligand exchange procedure, it can be 

suggested that binding of aluminum with available biological constructions, 

which are moving as ligand for aluminum composite or capable of utilizing 

aluminum as ligand for them, would build a strong interlinking bond. 

However, as already mentioned, the slow exchange rate for ligands would 

slow the reaction procedure. 

Solubility of aluminum in biological fluid 
Limited H2O solubility of aluminum and its compounds is believed to be the 

ground of its restricted usage in the biological system. The solubility of Al 3+ 

is lowest at pH 6. 2 but additions with acidic or alkalic solutions and by some 
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complexing ligands 20 . In nature, most of aluminum is in the complex 

signifier. However, easy passage of it from solid to liquid stage and high 

solubility of the metal in acid environments are decisive factors for its 

harmful impacts 21 . 

Aluminium besides forms legion mineral and organic composites 

characterized by different grades of hydration. The signifiers of aluminum 

happening and their solubility are crucially determined by the pH of the 

solution. If pH is less than five, aluminum in H2O occurs as [ A1 ( H 2 O ) 6 ] 

3+ ion, a simple signifier. Hydrocomplex ions, like [ A1 ( H 2 O ) 5 ( OH ) ] 2+ 

and [ A1 ( H 2 O ) 4 ( OH ) 2 ] + , get down looking in the solution with the 

addition of pH. In combination with organic and inorganic ligands, [ A1 ( H 2 

O ) 6 ] 3+ ions form legion composites which can be farther polymerized into 

multimolecular constructions when the pH ranges from 4. 5 to 5. 

5. Soluble A1 ( OH ) 3 Begins to happen when the pH is come closing 6 and 

more soluble ionic signifiers like [ A1 ( H 2 O ) 2 ( OH ) 4 ] – and [ A1 ( H 2 O ) 

( OH ) 5 ] 2 come along when pH is 6. 2 or more 22 . Acidity and alkalinity of 

solutions greatly promote the solubility of aluminum 12, 13 . Highly 

differentiated concentrations of aluminum ( scope: 0. 001 – 1. 

0 mg/dm 3 in impersonal to alkaline pH ; may make to 100 mg/dm 3 in acerb 

pH ) in H2O is the consequence of alteration in solubility accompanied with 

alteration in chemical signifiers 22 . In close impersonal pH, as in most 

biological systems, aluminum composites undergo extended hydrolysis and 
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generate hydrated oxides [ Al ( OH ) 3 ] that precipitate out of solutions 12, 13

. At pH ~4. 0, where the presence of [ A1 ( H 2 O ) 6 ] 3+ ion is reported, the 

conditions are best suited for aluminum soaking up. Interestingly, this ion 

and its hydrolytic signifiers i. 

e. [ A1 ( OH ) ] 2+ , [ A1 ( OH ) 2 ] + are considered as toxic 22 . 

Aluminium speciation in biological fluid 
Trivalent hexa-aqua cation of aluminum is the biologically reactive signifier 

11 . 

Solubility, bioavailability, tissue consumption, elimination and toxicity of 

aluminum are influenced by the signifier or chemical speciation of aluminum 

in environment and organic structure fluid 23, 24 . Recently, Liang et Al 25 

hold reemphasized the same and mentioned that speciation is besides of 

import for transportation of aluminum into the encephalon. Aluminium is 

present in blood as ionic species, although, composites with low molecular 

weight organic molecules, such as citrate and hydrogen carbonate, are 

formed. As mentioned earlier, at physiological pH aluminum undergoes 

hydrolysis and signifiers polymeric species, such speciation is precluded. The

extremely polarizing power of the aluminum ion dictates its fastidious affinity

for O givers that exist in big measure within the dietetic substances and 

finally diversify its chemical attaractions towards the indispensable 

biomolecules 26 . On the other manus, presence of complexing anions and/or

other adhering species in blood inhibit the aforesaid hydrolytic reactions of 

aluminum. 
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Consequently, in blood and tissue fluids aluminum ions are found complexed 

with organic molecules 12 . Interaction with organic molecules is besides 

substantiated by permutation of Mg and Fe by aluminum in mammalian 

system and besides can change the metabolic processes 22 . There are three 

chief classs of aluminum species relevant to biological handiness. These are 

monomeric, polymeric ( formed through activation of co-ordinated OH groups

going deprotonated and bridging between the metal Centres ) , and 

metastable polynuclear aluminum composites, which grow in size and finally 

form microcrystalline gibbsite 27 . At impersonal pH, the salt undergoes 

extended hydrolysis and Al ( OH ) 3 is produced. As the solution ages, Al 3+ 

salts form monomeric hydroxy compounds, which form polymeric hydroxy 

compounds and subsequently colloidal atoms 14 . 

The pH of a solution determines the aluminum species and ionic signifiers 

present 28 . Therefore, in basic media, aluminum exists as the anionic 

signifier while in acidic solutions it is found in the cationic signifier 14 . Since 

aluminum is a really strong O acceptor, it besides tends to adhere to other O 

givers such as citrate, phosphate, lactic acid, oxalic acid, citric acid and 

catecholamines 29 . Because of the formation of these indissoluble aluminum

species, it was taken for granted that limited soaking up would render 

innocuity to aluminium 14 . Besides, the dominant signifier of aluminum in 

physiological pH is Al ( OH ) 4  ? and this signifier of aluminum does non 

respond with ligands or proteins in aqueous media 2 . Therefore, this self-

precipitation and non-reactivity of aluminum species may be the hinderance 
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of the element’s engagement in biological development and regarded as ‘ 

biologically inert’ . Taking together – the speciation and ligand binding 

( Figure 1 ) – it has been suggested that the concentrations of H ( pH ) and 

suspension ( perkiness ) of a solution influence the handiness of monomeric 

signifier of inorganic aluminum ( Al 3+ ) . 

In add-on, handiness of active ligands besides plays of import function in 

spoting this toxic fraction of aluminum in the solution 22 . There are two 

major groups of biological ligands responding / adhering with aluminum – 

( a ) high molecular multitudes like beta globulin, and ( B ) low molecular 

multitudes like citrate. As these interactions influence the bioavailability and 

speciation of aluminum, on the other manus, structural and chemical 

changes of these ligands are besides extremely possible under the influence 

of interactions with aluminum. Therefore, aluminum has the potency of 

biface impacts on the biological interactions. 

In malice of turning information and concern sing the aluminium-borne 

wellness issues, till the terminal of 20th century, the construct of limited 

bioavailability prevailed. Release of aluminum into the environment was 

regarded as harmless and human intercessions continued to increase the 

biologically reactive aluminum in environment. Complexation and 

interactions of aluminum with broad scope of neuroactive biomolecules like 

high-energy phosphate compounds, substrate and cofactors of assorted 

enzymes, phospholipids, etc. are reported for long. 
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Recently, aluminium’s derivatization with superoxides is pulling attending as 

putative agent involved in neurodegeneration. 

Are superoxide species besides possible for aluminum? 
Possibilities of complexation between aluminum and superoxide have been 

suggested for long 30 . In malice of several indirect groundss in support of 

the construct, till now the aluminium-superoxide species is non identified. 

With the aid of negatron paramagnetic resonance ( EPR ) survey, Exley 31 

predicted that possible aluminium-superoxide composite would be a strong 

one and associated with high oxidising power. Confirmation of putative 

aluminum superoxide semi-reduced extremist ion [ AlO 2 • ] 2+ might 

explicate the prooxidant activity of aluminum, every bit good as span the 

catalytic activity of this redox-inactive metal and both superoxide-driven and

iron-driven biological oxidization 32 . 

However, to explicate the association of oxidant instabilities with aluminum 

exposure while aluminum itself is a redox-inactive metal, being of Al 3+ -

superoxide composites ( Figure 2 ) have been hypothesized and theoretical 

( simulative ) testings are being carried out 2 . Detecting strong affinities and

exoergonicity of Al 3+ toward the superoxide, Mujika et Al 2 suggested that 

even little concentrations of Al 3+ free species would be relevant for oxidant 

activity. They have besides suggested that low molecular mass ligands may 

hold double impact on the oxidization capacity of aluminum. One manner 

low molecular mass ligands may augment the [ AlO 2 • ] 2+ formation by 

heightening the bioavailability of Al 3+ species, while these ligands may 
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besides act upon the thermodynamic equilibrium of [ AlO 2 • ] 2+ formation. 

Once an [ AlO 2 • ] 2+ species is formed, how this extremist ion leads to 

oxidative harm is still bad. 
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