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Chapter 3
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1. AN APOLOGY

| have been asked to communicate my personal viewhe increasingly broad subject
area of aluminium and medicine. | have taken thism opportunity to put my thoughts into
print so that they might be widely shared with ateiested and informed community. These
thoughts concern only humans and little if any mefiee will be made to the impact of
aluminium in other biota including so-called aninmabdels of human disease. | have not
reviewed the vast subject area of aluminium andicimesl | have not attempted to write a
reference source for this field. You should notupset if your research is not specifically
cited herein. You might accept my word that | andely read in this subject and that your
research will have contributed to my personal viEvaluminium and medicine. | will take
this opportunity to thank you in advance for hefpin forming my opinions. | am hopeful
that these opinions on current understanding ghisdiwm and medicine will raise awareness
of that which is dogma, that which is actually kmowand that which remains to be
investigated and understood. It is my consideretcamcluding opinion that while the former
of these three (ie. the dogma) continues to domipapular as well as academic thinking in
the field of aluminium and human health we willther understand nor be able to react to the
consequences for modern life of livingThe Aluminium Age

2.A PERSONAL VIEW

It is not difficult to argue the case for at leastfew atoms of biologically reactive
aluminium being present in every space or compantmithe human body. Every organelle,
cell cytoplasm, systemic fluid, epithelial secratiand surface of the human body will be
experiencing some biological chemistry with alumimi The majority of these atoms of
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aluminium will not bebiologically availablein that the sum of their reactions will not result
in any net biological effect. Though biologicallyactive they will only become biologically
available when the sum of their reactions is sigfitto overwhelm a particular biochemical
system and to elicit a biological response front #yatem. The latter is a paraphrase of my,
though perhaps not the generally accepted, defindfbiological availability[1].

| have also argued that the greater majority o$éhaluminium atoms are where they are
as the direct result of the activities of modermhun beings [2]. We are the perpetrators of a
burgeoning body burden of aluminium. This is priityabecause we live iThe Aluminium
Ageand, subsequently we are no longer able to avgdsure to aluminium. However, it is
also because of human activities on a global seald) as the burning of fossil fuels and the
widespread application of intensive agriculturalagiices, which are resulting in the
acidification of the environment to the extent thhiminium is continuously leached from
inert edaphic stores to aqueous environments anckhis available to be taken up by living
things. The emergence of an aluminium burden amotfys primary producers must
inevitably result in its transfer through the foobdain and ultimately to human beings. |
would continue my argument in declaring that theleton of human biochemistry in the
presence of biologically available aluminium, thatumal selection of aluminium as an
element of biological essentiality, is very muchairprimordial state. Furthermore it is the
chemistry which underlies the processes which ddfie present and future state of this co-
evolution which we will need to address if we apeunderstand and predict the potential
impacts of human exposure to aluminium and itdimahip to medicine.

Living in The Aluminium Agdas the inevitable consequence of an increasaydzaxe
exposure to aluminium and this increase in expostlteesult in a burgeoning body burden.
The accumulation of aluminium in the body will ditly or indirectly define the impact of
aluminium on human health and, | would argue, heistg become a subject of serious
investigation and consideration in medicine. Thedsts a remarkable and difficult to explain
complacency in respect of our relationship with tlo®-biologically essential aluminium. It
would appear that we have been and that we renagipyhto accept dogma which continues
to purport such experimentally unproven concepts (Asaluminium’s chemical inertia
prevents its significant entry into the body, (Ondgently was | informed by a manufacturer
of sunscreens that the form of aluminium in theaduct cannot enter the skin and they are
happy to continue to give such advice without hgnamy experimental evidence to support
their claim.) and (ii) that if (unusually!) a smamount of aluminium did gain entry to the
systemic circulation then it will all be rapidly eeted in the urine, and finally (iii) that any
aluminium which (incredibly!) was not rapidly exted from the body would be deposited in
biologically inert stores such as bone. Theselardtiree commandments which heralded the
onset ofThe Aluminium Agand which continue today to serve to obscure aeggutionary
opinions concerning human exposure to aluminium. 3&em to have readily accepted the
idea, without serious questioning of what or whonght have put such an idea into our
minds, that there exists on Earth an inherent m@shmof protection of the human body
against exposure to biologically available alummiun fact there is no direct evidence that
the pathways which describe human evolution andbgically available aluminium have
coincided in the natural selection of the elemeftife. This surprising, since aluminium is
the most abundant metal in the Earth’s crust amdthlird most abundant element after
oxygen and silicon, though evidentially supporteelsis must then raise the possibility that it
is only now that we are experiencing indirect encke or effects, of such a coincidence?



Aluminium and Medicine 3

Thus, if we now proceed to examine the myriad datioos between aluminium and human
health which have already been documented in tlentfcc and medical literature do we

conclude with, (i) the recognition that the ‘symmpis of these associations are simply the
manifestations of the over active imaginations hadse whom display an ignorance of the
aforementioned three commandments, or (i) mightpnaffer the heretical suggestion that
they are plausible indications of physiologicalp@sses to biologically available aluminium

as the result of living ifhe Aluminium Adg&Which of these two views will improve in its

focus and clarity as we apply Occam’s razor to withink we know about aluminium and

medicine?

3. THE SCIENTIFIC VIEW

3.1. The Body Is an Effective Barrier to Exposured Aluminium?

There are probably only a few serious scientiste wbuld even attempt to dispute the
observation that humans in their everyday livesexgeriencing a burgeoning exposure to
aluminium. The phenomenal successes of aluminiugh @aominium salts as effective
materials in myriad applications will continue tosere that the human body will be
challenged by aluminium. However, while there mayalgeneral, if not sometimes reluctant,
admission that humans are in contact on a dailisheith potentially biologically available
aluminium there cannot be an informed consensuto dhe relative significances of the
different routes of human exposure. | am sayingj tfere cannot be such a consensus, and |
will explain why, even though this might not necedlg be the obvious conclusion which
would be drawn from recent reviews of this fieldr Example, the published literature often
identifies the diet as the primaspurceof exposure and gastrointestinal absorption as the
primary route of exposure to aluminium in everyday life. Indebis is the conclusion of a
recent review of aluminium and human health whiciisveponsored by the International
Aluminium Institute, a forum which represents thebgl aluminium industry. While at one
time this was certainly also the view of the ‘ndigieed’ academic community it is now
simply a view of convenience and is representatifeonly what the global aluminium
industry would wish to concede to the scientificncounity and interested other persons. It is
a convenient viewpoint in, (i) it serves to distrattention away from other potential
significant sources of exposure to environmentalmahium, and (i) it equates the
significance of exposure to the amount of aluminiwmich is involved rather than the
potential for that aluminium to participate in bi@enical reactions. It is also a convenient
conclusion in that while it is an accurate sumn@rghat which can be fully supported in the
scientific literature the latter is, in reality,tesmely limited in respect of human exposure to
aluminium. In fact it is the paucity of volume @search in this field which is being used to
support such a convenient view.

There are, of course, examples of excellent rekaarthis field. A significant stumbling
block for research with the specific aim of invgating human exposure to aluminium has
been the provision of unequivocal evidence thatatueinium to which an individual has
been exposed was also the aluminium which thereafigld be identified systemically, for
example, in the individual's blood or urine. Thésa particular problem in studies concerned
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with everyday or normal exposures to aluminium sirmny consequent changes in the
concentration of aluminium in body fluids or tissugould be expected to be very small and
therefore, difficult to confirm by experimental rhetls. This problem of ‘provenance’ has
become accessible to experiment through the relgtirecent availability of an isotope of
aluminium, 2°Al, which has both a long half life and is not mally occurring in the
environment. The use of this isotope and accessctelerator mass spectrometry (AMS)
enabled the pioneering research of JP Day andagplés [3] to demonstrate unequivocally
that aluminium ingested in the diet is absorbedssthe gastrointestinal tract as it could be
identified subsequently in blood and urine. Theak dre very powerful in that they confirm
the absorption of aluminium into the body thought is required in their extrapolation to
provide accurate estimates of the fraction of thaltingested aluminium which is actually
absorbed. In my opinion data obtained usfy has been used erroneously to provide
estimates of the percentage of a bolus of ingeshi@ahinium which is absorbed across the
gut. There are a number of reasons why the estinmdimined are misleading not the least of
which are directly concerned with the plethora sfuanptions which are associated with the
use of serum aluminium concentrations as indicatbrsystemic aluminium. Measurements
of total aluminium in samples of plasma or serum rarely representative of the systemic
body burden of aluminium. The concentration of ahiom in, for example, plasma will
change following a change in an individual's expesto aluminium but, there is little
evidence that the changes are ever proportionateet@whange in conditions of exposure.
There are many barriers to obtaining reliable qtetiie estimates of the gastrointestinal
absorption of aluminium and in overcoming such vitt meed a full mass balance &fAl

into and out of (excretion) the body during a peérief time in which the
physiology/metabolism of the experimental partioigais controlled or at least closely
monitored. Of course, experiments of this naturdl wnly provide data which are
immediately relevant to the experimental conditicasd these will not necessarily be
representative of the absorption of dietary aluommnas it occurs in everyday life. In addition
they would also need to be carried out on a seffichumber of subjects so as to accurately
reflect the potential inherent differences whickseketween individuals. In the only example
of the use of?°Al to estimate the dietary absorption of aluminiima small group of
individuals (five) the results, taking into accouwik of the personal misgivings highlighted
previously, showed that the highest individual abance value was more than three times
that of the lowest individual absorbance value (e is left to speculate upon how a three-
fold difference in the so-called percentage absmbaof aluminium across only five
individuals would be manifested within a non-expemtal population of individuals who
were affected by all of the potential confoundiagtbrs of, for example, dietary differences,
gender, age and general and specific health-reédfedts. While diet clearly is an important
factor in human exposure to aluminium we shouldailmw ourselves to be lulled into the
state of mind which suggests to us that it is thlg omportant factor. We should avoid such a
conclusion for two main reasons, the first beirgyl have already tried to explain, that we do
not know enough about the absorption of aluminienoss the gut and the second being that
we know almost nothing about other potential routeexposure to aluminium. We need to
ensure that we are not hoodwinked into equatingck of information about a subject area
with a lack of interest or importance of that arBlais remains a successful ploy of those with
a vested interest in maintaining a high level obigince of human exposure to aluminium.
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There has been much ambiguity concerning the skia @arrier to the absorption of
aluminium. The apparent confusion has reconciletividuals to the potentially erroneous
opinion that the topical application of aluminiunalts contained within, for example,
antiperspirants, sunblocks/sunscreens and otheneatms will not result in any of the
aluminium being absorbed into or across the skilcelagain, the convenient view point, that
aluminium compounds found in such cosmetic prefarsitwill not cross the skin, has been
perpetuated by both suppliers and users alike withoy scientific evidence to support such
a claim. In fact, in a seminal piece of researcingugn antiperspirant formulation which
included®Al, Flarend and colleagues demonstrated the unegaivabsorption of aluminium
across the skin and its excretion in urine [5]. Bk@ is not a barrier to aluminium and we
now need urgent investigation of the absorptioalominium into and across skin when it is
applied in a range of different, primarily cosmeficteparations. For example, we recently
showed that we apply up to one gramme of aluminianour body surface in sunscreen
during an average day on the beach! Only two stdbjeere used in the seminal experiment
on aluminium absorption from antiperspirant anevéts of note that these two individuals
showed significantly different rates of urinary eetion of topically applied®Al. This, in a
similar way to what was found for the gastrointeaitiabsorption of aluminium, may be
indicative of inter-individual differences in thésorption of aluminium across the skin
and/or the way in which the body stores and exsrateminium. That there are significant
differences in the absorption of aluminium bothoasr different skin surfaces on the same
individual and between individuals was supportedabyunusual clinical observation which
concerned the admission of a woman to hospital syithptoms of aluminium overload [6,7].
The woman had been using an aluminium-based aspipant for four years prior to her
admission but had not used an antiperspirant foptlceding thirty-nine years. Cessation of
use of the antiperspirant reduced the individuplésma aluminium concentration fraza 4
UM to within the ‘normal’ range and resulted in thesappearance of her symptoms of
aluminium overload. It should be clear to all ttreg skin cannot be considered as an effective
barrier to topically applied aluminium. However, vi@ow nothing about the forms of
aluminium which are entering the skin or how diffieces in skin structure or integrity might
influence its permeability to aluminium. We alsocolnnothing about how pre-exposure to
aluminium either of the skin itself or another &rgite might subsequently influence the
permeability of skin to aluminium. The significaabsorption of aluminium from an
antiperspirant which was just highlighted might lbe example of an individual's
hypersensitivity to aluminium or it may be relataa the fact that the woman had not
previously used aluminium-based antiperspirant. [Bkter raises the possibility that regular
application of aluminium to the skin surface predises (or conditions) the affected skin to a
reduction in its permeability to subsequent apfiices of aluminium. The skin being made
less permeable in a similar manner to the waydhahinium salts are used to ‘cure’ leather.
If this were true then skin which does not receegular applications of aluminium may be
more permeable to aluminium when applied on a mooasional basis. This has important
implications for future research on the absorptbmluminium across skin and in particular
for aluminium absorption from other products whiablude aluminium and are applied to
the whole skin surface.

An example of how pre-exposure to aluminium at kermative target site might then
influence how the skin responds to a subsequemiaium challenge can be found where
muscle tissue is exposed to aluminium as an adjumaraccination. We know from research
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in rabbits that while aluminium, in this case laeelwith 2°Al, when injected into muscle as
an adjuvant, usually a preparation of aluminiumrbydale or aluminium hydroxyphosphate,
does persist at the site of injection it also ntggaway from the site and can subsequently be
identified in urine [8]. Adjuvant aluminium is noimplicated in a wide spectrum of human
diseases, including adverse skin reactions, byeasugknown mechanisms which will be
discussed at a later point in this chapter.

The gut and skin are the only routes of uptakelaianium into the human body for
which there exists unequivocal scientific suppdhere are animal studies which have shown
that both respiratory and olfactory surfaces ase abutes of uptake of aluminium and these
are supported by myriad related data for humanshwprovide circumstantial evidence that
aluminium gains entry to the systemic circulatiaa both the lung and the nose. These
studies include evidence of enhanced urinary eeretf aluminium in, for example, tobacco
smokers and users of illicit heroin [9,10] and ural®bservations such as the immediate and
significant increases in the urinary excretion loim@inium which followed brief exposure of
individuals to aluminium-rich plumes of volcanic gke [11]! While we can be confident that
all mucosal surfaces are likely routes for the kptaf aluminium we have more or less no
information on the mechanisms by which aluminiumnpeates such surfaces. There are
clearly rapid mechanisms, as evidenced by the eafgarance of aluminium in urine, which
probably involve the transmembrane passage of tifioppluminium complexes as well as
slower mechanisms perhaps involving the phagogytasi aluminium particles by, for
example, dendritic cells. The latter, in particuleway have a central role in aluminium as a
factor in auto-immunogenic disease?

| hope that if only one thing is clear at this jtiure it is that we understand very little
about human exposure to aluminium and even lesatahe relationship between human
exposure and biological availability. Of coursertpane of the international aluminium
industry’s defence of why aluminium is actually dofor you, that is, the opinion just
discussed thataluminium doesn't really gain entry into the humaody in significant
amounts'is, as a precaution always seamlessly followedaytwo of its defence namely the
reassurance thaeven if aluminium does enter the systemic circoatit will be rapidly
excreted from the body in the urine’

3.2. Urinary Excretion of Aluminium Protects againg an Aluminium Body
Burden?

There can be no question that the urinary excretfaiuminium is a significant route of
removal of systemic aluminium from the body. It malgo be the most rapid route for
excretion of systemic aluminium but is the urinagycretion of aluminium effective
protection against the build up of aluminium in taly? Does it prevent a burgeoning body
burden of aluminium? How confident should we béhia view that following an exposure to
aluminium the aluminium which enters the blood whle rapidly, indeed almost
instantaneously, filtered out of the blood by tldnky and irreversibly stored in the bladder
prior to being excreted in the urine. What is adyuenown from the scientific literature is
that the kidney is a route of excretion of systermieminium and that a proportion of
aluminium in the blood is continually removed b tkidney. We know this since we always
measure some aluminium in urine. In addition, thevidence that following an abnormally
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elevated exposure to aluminium, such as, for exeyrfipbm volcanic plumes, the urinary
excretion of aluminium, when normalised for chanigethe glomerular filtration rate of the
kidney, will be increased transiently. The increasght be interpreted as either an increase
in the total concentration of aluminium in the kdoor as an increase in the proportion of the
blood aluminium which is available to be rapidiitéied by the kidney. An additional or
alternative interpretation might be that urinargretion is influenced by factors associated
with the reabsorption of filtered aluminium backoirthe systemic circulation. In truth we
only actually know that following the exposure madaminium was excreted than previous
to the exposure. We know virtually nothing abow thechanisms which underlie this effect
or indeed, and importantly, the proportion of tthen@nium which was absorbed following
the exposure which would subsequently be excreteithé urine. In other words does the
efficiency with which aluminium is excreted in theine change with the nature of the
aluminium challenge. Do we excrete proportionatelgre aluminium when there is more
aluminium to excrete? Clearly it would be an ilfeérmed decision which assumed that the
urinary excretion of aluminium provided a robustethee against the presence of aluminium
in blood and its distribution throughout the bodytlie systemic circulation. We do know that
the urinary excretion of aluminium does not prevaliminium from accumulating in the
body since both medical practice and experimemsdarch have shown that aluminium is
actively titrated from the body via the urine dgrimarious forms of chemical chelation
therapy [12]. For example, anyone, regardless eif thluminium status, who is given an
intramuscular injection of the iron chelator destetamine, DFO, will subsequently show an
increase in their urinary excretion of aluminiumF® binds aluminium with significant
avidity to form a stable and presumably ultraféigle DFO-aluminium complex (MV¢a
700Da). While we do not understand exactly how Dgf@motes the urinary excretion of
aluminium it can be assumed that its presencearbtbod and the formation of the DFO-
aluminium complex will influence the competitive ud@pria which normally define the
ultrafilterable fraction of aluminium such that yhesupport a higher proportion of
ultrafilterable aluminium than before. What cheatistudies show is that there are non-
ultrafilterable stores of aluminium in the body winican be converted to a form which can
subsequently be removed from the blood by the kidiibe data from such studies do not
give any indication as to the source of the addiicaluminium only that it is relatively
rapidly accessible via equilibrium shifts in thestdbution of aluminium in blood. The
observation that multiple administrations of DFCeogeveral days or even months are often
required to treat an aluminium overload and therebyeduce the urinary excretion of
aluminium to more usual levels does suggest thabiks by the titration of aluminium from
body stores into the blood where, presumably, theation of the DFO-aluminium complex
will allow its filtration by the kidney and subsezpt excretion in the urine. | write,
presumably, since there has not as yet been at dioedirmation of such a mechanism of
action only the observation of a peak in urinamyn@hium following the administration of
DFO. While there is evidence of the DFO-aluminiuomglex in blood it is unknown if it is
stable in urine. The latter may be of significafmethe potential reabsorption of aluminium
following its passage across the glomerulus asmptex of DFO. What should now be
abundantly clear is that while a proportion of afloiomm in blood is effectively filtered out by
the kidney this mechanism of elimination of systermiuminium cannot alone prevent its
build up throughout the body. However, is, as we ance again asked to believe, the
majority of the body burden of aluminium ‘safelydcked up in bone stores? Are we
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confident that even though some aluminium will bsaabed and thereafter not necessarily
rapidly excreted in the urine that the remaindér pase no health ristas it will be deposited
as an inert store in bon@'This is the third tenet of the international ahiom industry’s
defence of the safety of their product in humans!

3.3. The Majority of the Body Burden of Aluminium |Is “Safely” Deposited in
Bone?

There is an abundance of direct evidence, sucloas biopsies, and indirect evidence,
including the known links to adynamic bone diseabat bone is a sink for systemic
aluminium. There is also good indirect evidence, dgample from chelation studies using
DFO, that some of the aluminium which is deposiitedoone will only be very slowly
exchanged with other body compartments such adbltwd. The known association with
bone combined with a slow dissociation from bongnéea time-dependent accumulation of
aluminium in this tissue. Bone is a long term dioksystemic aluminium. However, bone in
acting as a slowly exchanged reservoir of bioldticeeactive aluminium should not be
equated with bone as affording protection agairssiple aluminium toxicity. This is
common sense as in the first instance we alreadwkhat aluminium is a contributor to if
not a cause of bone disease and in the secondidestee know that bone can act as a source
of aluminium and under certain physiological cowdis will enable the redistribution of
aluminium between other tissues and organs. Irtiaddiwvhile we know that aluminium is in
bone there is very little direct evidence that bdwe a higher content of aluminium per
weight of tissue than other possible sinks for eyst aluminium. Of course, the skeleton
could be considered as the body’s most massivenangeollection of tissues and so it clearly
has the potential to accommodate a significant gntagn of the body burden of aluminium.
However, none of the aforementioned analysis oftwi&a know about aluminium in bone
would support the contention that most systemianalium which is not immediately
excreted in the urine will be ‘safely’ locked awiaybone.

In fact what is highlighted by such an Occam’s rdik@ approach to the literature is the
general lack of understanding that persists of vilagipens to aluminium upon its entry into
blood. The ‘behaviour’ of aluminium in blood willebcritical to its subsequent distribution
throughout the body. Aluminium in blood is anotlaeea of our understanding of aluminium
toxicokinetics which is mainly informed by dogmadaprincipally by the view that the
majority of aluminium entering the blood will be rtd and transported around the body by
the iron transport protein transferrin. This viesvbased upon the best available data to
describe the chemical fractionation of aluminiumplasma but it is dogmatic in that it is
actually an interpretation of scientific evidencehieh does not by itself address the
fundamental question of the pre-eminence of thiser@s a mechanism for the transport and
distribution of all aluminium entering the blood.eWhave called this dilemmithe blood-
aluminium problem’and we are currently applying a combination ofteays biology and
computation to explori silico the role played by transferrin in the transpod drstribution
of aluminium [13,14]. This is fundamental in thafrainderstanding of the ‘transferrin route’,
it being of such importance to the transport arglrithution of iron, has already been well
established and if it was also the pre-eminenterdort aluminium then it should be possible
to accurately predict the fate of systemic alumimitHowever, in spite of the paucity of
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information which concerns the distribution of alaiam throughout the human body it can
still be safely assumed that it is not adequatetyligted by the transferrin route. There is no
evidence, for example, that those cells or tissmbgch express the highest density of
transferrin receptors also accumulate more aluminién example of why the transferrin-
route may not be the best indicator of the distrifsuof aluminium is conveyed in studies of
the urinary excretion of aluminium. If one keepsth® back of one’s mind that the
transferrin-aluminium complex has a molecular weif#fa 78K Da) which is several fold
higher than the molecular weight cut-offa(18K Da) of the glomerulus of the kidney, then
the rapid changes in the urinary excretion of ahinm which are observed following
environmental exposure, cannot be easily accoufidedy ca 90% of all blood-borne
aluminium being bound and transported by transferfihe form in which aluminium is
present in blood will be significant in respect it§ fate such that it will influence its
association with myriad compartments, both physéral chemical, and importantly it will
influence the rates at which such associationstaka place. Kinetic constraints under the
direction of thermodynamic forces are driving th@mmplexation, transport and subsequent
tissue distribution of blood-borne aluminium. Thease neither defined by nor limited by the
mantra of aluminium’s perceived inertia in biolagicnilieu.

4. WHERE ARE WE Now?

Let us suppose that there exists an hypothetidahba which will define putative roles
for aluminium in human disease and hence medicine.

EXPOSURE - BURDEN «~ EXCRETION

4.1. How Are We Exposed?

It is probably naive to continue to assume thdtumans the diet, our food and drink, is
the main route of exposure to biologically avaigabluminium. This widely held assumption
places the gut as the focal point of understandihfpuman exposure to aluminium and,
thereby, immediately negates the surfaces of tire #e lung and the nose as significant
routes of exposure to aluminium. The focus upondiet also tends to lead to an under-
estimation of the significance of aluminium gainiegtry to the body as the result of
therapeutic and medicinal applications including #dministration of parenteral solutions
and vaccination.

There are clearly a number of ways in which humares exposed to aluminium and
while each of these will result in aluminium entgrithe systemic circulation the different
pathways are not necessarily equivalent in the gesfrthe amount of aluminium that each
might deliver per unit of time or indeed, the bgikal availability of the aluminium that has
been delivered. In understanding how the body re#ipond to an aluminium challenge we
have to think beyond such gross concepts as ‘metivels’ and similarly vague criteria. An
argument which is regularly put forward is; ‘howncauch an insignificant amount of
aluminium which impacts the body via route ‘A’ bkamy consequence in comparison to the
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much larger amount of aluminium which impacts tleelovia route ‘B’? There are many
reasons why such thinking should be considered \a&3lyo simplistic. For example,
aluminium which is absorbed across the gut woulaéXmected to have to pass through the
liver before it had any opportunity to, for exampémter the brain. However, aluminium
absorbed across lung or olfactory epithelia woudthbe subject to ‘first pass’ removal by the
liver before encountering the blood-brain barrigdditionally, aluminium absorbed via the
olfactory system would bypass the defences of tbedsbrain barrier and gain direct access
to the hippocampal region of the brain.

Similar possibilities apply to aluminium enteringet systemic circulation via its
absorption across the skin. If these types of mfdron are combined with additional data
concerning the form of aluminium, for example, ainimim entering the lung or nose in an
aerosol may be completely different to aluminiunfand or drink, then it is clear that the
exposure route may be just as important as the amafualuminium in determining its
eventual biological availability and potential toity. There has also been a tendency to
assume that aluminium must gain access to the msigsteirculation, and the blood in
particular, in order to elicit a biological respens

The biological availability of aluminium which i®tained at or within surfaces such as
skin or lung and olfactory epithelia has largelgfégnored and this is in spite of a wealth of
scientific data which, for example, has reportedeaske reactions to aerosols and topically
and intramuscularly administered aluminium sattgs Abundantly clear that aluminium at the
surface of the skin or within lung or olfactory nesa or when injected as an adjuvant into the
muscle can be biologically available and will peigate in biochemical reactions in these
regions, for example, promoting oxidative reactieush as those implicated in asthma or
cancer.

Sound scientific data which relates specifically ttee individual significance for
medicine of each of these routes of exposure tmiailum are scarce though the lack of data
should not be used to suggest that any particalaerwill pose less risk to human health than
another. What can be taken from the informationcvlié available to date is that the general
attribution of primacy of aluminium effect to anwarticular route of exposure cannot be
justified. The focus needs to be widened from ahiomh exposure via the diet and
gastrointestinal absorption to include the myriadysv that the body is challenged by
aluminium on a daily basis.

So, by way of a brief summary, what we can be siiie that in addition to the diet we
are exposed to aluminium through; (i) smoking ahdwing of tobacco; (ii) smoking and
ingestion of cannabis; (iii) inhalation of heroindacocaine; (iv) injection of heroin/heroin
substitutes; (v) aerosol and topical applicationanfi-perspirants; (vi) aerosol and topical
application of sunscreens and sun blocks and atkiercare products; (vii) ingestion of
prophylactics such as anti-acids and buffered spifviii) allergenic and antigenic
vaccinations which include aluminium-based adjusa(ik) intravenous parenteral solutions;
(x) occupational exposure both within and not witthie aluminium industry.

This cannot be an exhaustive list of potential @suif exposure to aluminium but should,
at least, serve as a precautionary note as to hdwvaere the human body may come into
contact with aluminium.
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Table 1. The routes of exposure to aluminium in humins. The ranking is not based upon
the amount of aluminium but on the potential for that route to consistently and
regularly deliver biologically available aluminium. Thus, the nose ranks highest as it
provides direct access for aluminium to the brainan organ with a high propensity to
accumulate aluminium

ROUTE OF EXPOSURE RANKING 1(LOW) — 10(HIGH)
Gastrointestinal Tract 5-7

The Skin 6-8

The Lung 7-9

The Nose 9-10

Intravenous eg. Parenteral Solutions 5-7

Intramuscular eg. Vaccination 6-8

4.2. What Is the Body Burden of Aluminium?

What do we mean when we refer to the body burdesdwhinium? Can we develop a
strict definition of this term, a definition whighill be useful in linking aluminium exposure
to medicine? While there are figures for the tdtatly content of aluminium and there are
data concerning its accumulation in almost everyanrand tissue of the body there are
actually very few modern data which have attemptedefine the exact nature of the body
burden of aluminium. Indeed it is not altogethesacl what is inferred by the term body
burden in that it is often used exclusively to dise systemic accumulation and, therefore,
would exclude extracellular aluminium which wasazsated with body surfaces such as the
mucus-lined epithelia of the gastrointestinal, medpry and reproductive systems. These
external surfaces of the body, along with the slare initially barriers to exposure to
aluminium though they are also likely transitorpks for biologically available aluminium
and potential sources of the systemic body burden.

| have already argued herein that a burgeoning huexposure to aluminium has
resulted in its ubiquitous distribution throughdhé body. With this in mind the potential
importance not just of the burden but its distidutthroughout the body is probably a
combination of the propensity for aluminium to atelate over time in individual
compartments and the physiologically-defined sutdodipes of such compartments to
biologically reactive aluminium. Thus, where alummim accumulates in the body will depend
upon a compartment’s accessibility by aluminium aisdsusceptibility to an aluminium
burden. The latter will not become a factor if, é&@ample, rapid rates of mitosis continually
repackage and dilute the cellular aluminium burded thereby prevent its accumulation
towards a cytotoxic threshold. Alternatively sigeait cytosolic pools of ligands which are
capable of binding and ‘hiding’ aluminium, suchcitsate or ATP, will act so as to buffer an
intracellular aluminium challenge. The cell typesieth combine a rapid cell-cycle with
significant cytosolic pools of ligands for alumimushould be least affected by an aluminium
challenge whereas longer-lived cell types, sucheasones and macrophages, will be prone
to accumulate aluminium over their extended lifegnwith potential consequences for cell
function and cell viability in the longer term. Cslisceptibility to an aluminium challenge is
not only influenced by its burden of biologicallgactive aluminium but also by how much
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target ligand is present. For example, activelypiresy cells which are replete with
mitochondria would be expected to be more prontheégpro-oxidative effects of aluminium
than other cell types. In addition the fact thatagro-oxidant, aluminium may be acting via a
catalytic mechanism involving the superoxide raldaaon may compound any such effects
as the aluminium may be recycled and used overomed again in promoting oxidative
damage [15]. There may be situations where the sigpanight be the case such that
comparatively large amounts of aluminium are inachrély stored in slowly exchanged
chemical compartments associated with such tissasid®ne, hair and skin. While these may
represent significant burdens of aluminium they raaly be insignificant in the terms of the
biological availability of that aluminium. It is &hr that as a consequence of a burgeoning
exposure to aluminium we should expect aluminiunbeoeverywhere in the body and that
wherever it is found it will be biologically reaeé and it will be subject to normal cellular
metabolism. | am using ‘normal’ in reference to g&h mechanisms of cellular metabolism
since there is no evidence to date of any alumirgpecific metabolism. All of the evidence
points towards aluminium being a ‘silent’ visitay the human body and to it ‘adopting’
metabolic pathways which have been selected fordawdloped during the course of human
evolution in its absence. In many ways the laclspécific pathways for dealing with the
systemic burden of aluminium explains why we underd so little about its fate in and
excretion from the body. Aluminium is not ‘used’ the body and so its eventual fate should
be its excretion though as to how this fate is apphed and effected in normal physiology
has remained for the most part unknown.

Table 2. The major sinks which together constituteghe body burden of aluminium. The
ranking indicates the potential for aluminium to accumulate in the sink and not the
relative importance of each sink to the overall bog burden. Thus, the high ranking of
the brain reflects the longevity of neurons

SINKS FOR ALUMINIUM RANKING 1(LOW) — 10(HIGH)
Skin 5-7
Kidney 3-5
Liver 5-7
Heart 6-8
Brain 8-10
Bone/Skeleton 8-10
Gastrointestinal Tract 5-7
Lungs 7-9
Reproductive System 6-8
Foetus 6-8
Blood Cells 7-9
Blood Vessels 5-7
Serum/Biological Fluids 3-5
Hair 7-9
Nails 6-8
Teeth 5-7
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4.3. How Does the Body Excrete Aluminium?

How does the body excrete aluminium? What are thehanisms by which aluminium is
removed from the body? There are surprisingly fatadn the excretion of aluminium in
humans and there has not, to my knowledge, beerat@mypt to undertake a mass balance
study of the ingestion and excretion of aluminiumhumans. It is probably valid to assume
that the majority of ingested aluminium will be exied in faeces though this assumption has
not actually been tested. There has not been ariexgnt in which the amount of aluminium
excreted in faeces has been measured. It is wedlirty in mind that those studies which
purportedly measured the proportion of ingestednalium which was absorbed across the
gastrointestinal tract all failed to support thamalyses with measurements of aluminium
excreted in faeces. A further assumption which @dxd made is that the main route for the
removal of systemic aluminium is via its filtratiam the kidney and subsequent excretion in
urine. We all excrete about 10-1f of aluminium in urine each day though there aw f
reliable data to indicate if this is the main rowfeexcretion of systemic aluminium. For
example, the few data which exist for the aluminicomtent of human bile would suggest a
role for biliary excretion in the removal of systemaluminium.

Whether, of course, aluminium excreted in bile wiotllen be re-absorbed in the gut is
unknown. Similarly, how aluminium in bile influeneds role in the emulsification of fats is
also largely unknown. The liver is a likely sinkr feystemic aluminium and as such biliary
excretion must be considered a potentially sigaificpathway for the excretion of systemic
aluminium. Other mechanisms of excretion of systeahiiminium will include the shedding
of hair, skin and nails. Each of these tissues stk for systemic aluminium and, as such,
will also be involved in its removal. Similarly, emimight expect some systemic aluminium to
be excreted in secretions such as semen, swe&tansd

Of course, in addition to the systemic burden eimahium there is still a substantial
additional burden associated with lung, primardyd olfactory, probably less significant,
epithelia and activities such as mucociliary cleaeawill continuously slough aluminium
from these surfaces and direct it towards the gut.

Table 3. Primary routes of excretion of aluminium n humans. Secondary routes which
involve primary routes would include biliary secreion and mucociliary clearance. The
ranking is an indication of the relative importanceof each of these routes in terms of the
total amount of aluminium which is excreted. Thusthe ranking suggests that urine is

the major route of excretion of aluminium

ROUTES OF EXCRETION RANKING
1(LOW) — 10(HIGH)

Faeces 5-7

Urine 7-9

Skin 4-6

Hair/Nails 3-5

Sweat/Tears/Semen 3-5

There are no data on how much aluminium will bepesd and passed through to the gut
by these processes though the few data which d&i fod the aluminium content of lung
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tissue do suggest that they will contribute siguaifitly to the overall body burden and, hence,
excretion of aluminium.

While it may come as a surprise to many, contrargurrent dogma, definitive data
which specifically address the excretion of alummifrom the body are scarce and until
whole body metabolic studies under tightly cone&dltonditions are carried out we can only
guess as to the relative importance of each ofafbeementioned routes of excretion of
aluminium. Importantly, without such studies we Islnamain uninformed also about the
body’s retention of aluminium and the burgeoningyburden.

5.BIOLOGICAL AVAILABILITY AND THE BODY BURDEN OF
ALUMINIUM

How does medicine inform us about the burgeoningdmbody burden of aluminium?
Where is the evidence that this burden of aluminisitiologically available? We know that
the burden is biologically reactive we now needdentify those conditions under which
biologically reactive aluminium has produced a bdgital response in the affected system.
Much has already been written about human diseasief have been attributed to exposure
to aluminium. Aluminium exposure is controversidilyked to neurological conditions such
as Alzheimer's disease [16] and recently, multgdéerosis [17], and less controversially to
conditions variously described as dialysis enceygathy [18], osteomalacia [19] and iron-
hyporesponsive microcytic anaemia [20]. With resptc the latter three conditions a
consensus of opinion has accepted aluminium assatige factor in their aetiologies though
it has done so with the proviso that these arenéiaflg one-off situations which are
exceptions to the more likely benign presence ofmatium in the body. Even though
aluminium is non-essential for all forms of life carserves no known role, essential or
otherwise, in human physiology this does not peliis participation in a wide and varied
biochemistry. It remains one of the great paradmfdfe on Earth that the most abundant
metal in the lithosphere, a metal which is unpelal in the diversity of its chemical
properties (cf.The Aluminium Ade has no biological function. There are few satibry
theories to explain this paradox and the leassfsatiory of these has attempted to define
aluminium and its compounds as inert from a biodhahstandpoint. Nothing could be
further from the truth. It is worth recalling thall of the problems which come under the
umbrella of ‘Acid Rain’ are related to an incre&séhe biological availability of aluminium
and that the concentration of aluminium which under legislation is allowed in drinking
water, 0.200 mg/L, will kill salmon fry within 48iVe need to take our collective heads out
of the sand and accept that at all times the boxigidn of aluminium will be participating in
some form of biochemistry and that at some poiatléfvel at which this biological activity is
taking place may be manifested as a change in@hgsi which in turn may take the form of
disease. The latter being the body’s signature tmmng mechanism which may become
slowly overwhelmed by a burgeoning body burdenlaf@ium. This must be one possible
outcome of the continuous presence of a biologicakctive element which is inimical to all
known forms of life.

If we can accept the potential for aluminium to tcitnute towards human disease then, in
considering this likelihood, it is important to aippiate that aluminium is actually a foreign



Aluminium and Medicine 15

substance in the body. It is a foreign substandbahit is not recognised as something either
to be used by the body or to be excreted from duy bAluminium as a foreign substance has
major implications both in respect of its role apaiential antigen and in its propensity to
‘piggy-back’ upon systems (biochemistry) which afhoertainly evolved functionality in its
absence. We will consider these general implicatiaf aluminium in the biological
environment in their turn beginning with aluminiwmpropensity to substitute for other
metals.

5.1. Aluminium Substitutes for Other Metals in Biothemistry

An important and well known example of the capaédy aluminium to ‘piggy-back’
upon a biological system is its binding in the lalday the iron transport protein, transferrin.
While this interaction may play a role in the disiition of aluminium in the body it is not
generally considered to have any immediate impaonuhe transport and distribution of
iron. Because the occupancy of transferrin by isolow in normal physiology, perhaps only
30%, and there is little evidence of the compatitivinding of iron and aluminium by
transferrin it is assumed that this pathway isisigffitly robust to protect the body against the
biological availability of aluminium. However, theresence of aluminium in blood must
influence the equilibria which define the transpairtiron by transferrin, if only through its
changing of the proportion of unoccupied transferts the low occupancy of transferrin by
iron simply a physiological anomaly or has it bebe result of an extended process of
evolution by natural selection. The latter wouldkenahe most sense as this transport route
for iron is an integral part of an highly speciatismechanism controlling iron homeostasis
and it is plausible that it will and indeed doespend in some way to its interference by
aluminium in occupying previously unoccupied birglisites on transferrin. Under which
conditions the response results in some form ofciigxare probably unknown though
evidence for effects relating to, for example, lrgpoeisis, are found in individuals with
aluminium overload. Similarities in the bioinorganthemistry of iron and aluminium do
highlight iron homeostasis as an obvious targetifitgrvention by aluminium while, as
another example of aluminium’s tendency to ‘piggekl upon biochemical pathways, its
putative in vivo associations with amyloid-forming peptides and @irst are not so
immediately apparent.

There are a significant number of proteins andigeptwhich are known to precipitate
vivo as 3-conformers of amyloid fibrils. While this proteiconformation, which is often
manifestedn vivo asp-sheets arranged in plaque-like deposits, was ghydrelieved to be
aberrant there is strong evidence in lower orgasisnth as yeasts and increasing evidence in
humans that amyloids may also be functional [2hErE is bothin vitro andin vivo evidence
that aluminium co-deposits with amyloid (perhapsfaims, it is yet to be ascertained) a
number of which have been heavily implicated in ¢hotoxicity which underlies particular
chronic conditions. These amyloids includiB, andAB,, in Alzheimer's disease [22,23], the
ABri peptide in British familial dementia [24], NA@ Alzheimer's and Parkinson’s disease
[25], a-synuclein in Parkinson’s disease [26], prion protae Creutzfeldt-Jakob disease [27]
and amylin in type 2 diabetes mellitus [28]. Whewteof these amyloidogenic peptides binds
aluminium its precipitation as tiisheet conformer is promoted, a process which &aah to
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increased cytotoxicity. The secretion of amyloidugepeptides is physiologically normal
while their precipitatiorin vivo as amyloid is not favoured by their known concatigns in
body fluids. Indeed their precipitation would se@ngo against any putative function that
they might have in, for example, cell signallingowkver, super-saturated solutions of these
peptides do form amyloioh vitro and something does act as a nidus for their ptatign as
amyloid from under-saturated concentrationgivo. Whether aluminium, an infamous cross-
linker, (it was probably used to cure the leatimeydur shoes!) acts as such a nigusivo is
unknown though there is evidence that amyloid whglto-deposited with aluminium is
stabilised against both proteolytic and macrophdggradation. The other metal which is co-
deposited with amyloids in significant amountsraniand recent research has shown that the
combination of amyloid, iron and aluminium is extiely redox active with aluminium acting
in the essential role of a pro-oxidant in promotamgyloid deposits as significant sources of
reactive oxygen species (ROS) [29]. The latter h&een heavily implicated in the
cytotoxicity which is attributed to these amyloiépisitsin vivo in conditions such as
Alzheimer’s disease. The ‘piggy-back’ element a ihteraction of aluminium with amyloid-
forming peptides may arise from the observation tiwe majority of amyloidogenic peptides
which have been thus far investigated are knowirid copper with great avidity. Contrary
to the effect from binding aluminium when, amylinAB4, or ABri bind copper it prevents
them from forming3-sheets of amyloid. Copper binding does resulheirtprecipitation but
as amorphous, diffuse deposits which as far askhown, are not resistant to proteolytic or
macrophagic degradation. Copper binding by amylpéddic peptides may be an integral part
of their normal metabolism and may even play a ileopper homeostasis and, importantly,
should protect against amyloid involvement in dissasuch as Alzheimer’s disease and type
2 diabetes mellitus. However, the additional, ppshiavolutionarily unexpected’, presence of
biologically available aluminium can antagonise fretection afforded by copper binding.
The mechanism underlying such an effect is notylike be as straightforward as a one-for-
one, metal for metal substitution as the bioinoigahemistry’s of copper and aluminium are
probably sufficiently different to discount any elit competition between these metals for
being bound by the same functional groups on pegtithd proteins. The antagonism is more
likely to be similar to aluminium’s role in inhiliity the activity of the calcium binding
protein calmodulin, a mechanism in which aluminiigvbound to an alternative site to the
calcium-binding group. The observation of a burgegmumber of studies highlighting
aluminium as a putative antagonist of copper biotbey might suggest that we should be
looking beyond ‘like for like bioinorganic chemigtras the only prerequisite for aluminium
‘piggy-backing’ on a biochemical system.

The co-precipitation of aluminium with amyloids as example of how the additional
presence of aluminium in a biochemical system conidéke the difference between normal
and aberrant physiology. An excellent example afmmahium ‘piggy-backing’ upon a
biochemical system which is of fundamental sigaifice is the substitution of magnesium for
aluminium in adenosine trisphosphate, ATP, anceedd other related nucleotides.

The role of ATP as both an energy currency anchaxtracellular signalling molecule is
heavily dependent upon the binding of its naturatahco-factor, magnesium and yet, given
the opportunity, ATP will always prefer to bind alinium in competition with up to a one
thousand fold excess of magnesium. The naturatts@heof magnesium over aluminium as
the metal co-factor for nucleotides would suggeshes biochemical advantage and yet the
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consequences of a change in metal co-factor arealmays altogether predictable. For
example, while aluminium-ATP does appear to be asuitable substrate for some
biochemical reactions, such as the phosphorylaifaglucose in the presence of hexokinase
[30], it would seem to be entirely suitable for @th, such as the hydrolysis of extracellular
ATP by certain ectonucleotidases [31]. Where tHesttution of aluminium for magnesium
is disruptive the dysfunction would appear to bes dao the enhanced stability of the
aluminium-ATP complex compared to the magnesium-&Admplex with the result that the
reaction pathway may be slowed down to the extettit is no longer physiologically viable.
However, there are other functions of ATP whereeahanced stability of the metal co-
factor-ATP complex could potentiate a reaction path For example, while we are all
aware of the role played by ATP in the supply ofrgly it is less well known that ATP is of
fundamental importance as an extracellular sigmalfholecule [32]. In fact, ATP should be
considered as the pre-eminent extracellular sigrgaiholecule since it is involved in myriad
signalling systems acting all over the body. Trememany known receptors for extracellular
ATP which communicate both ionotropically (knownRg receptors) and metabotropically
(known as B receptors) with the intracellular environment aath of these has specific
affinities for binding ATP. While it is not complgdty understood whether or not the form of
ATP which acts at its receptor is the free (protedpanion or its magnesium complex the
former, upon its secretion into extracellular miliewill exist only briefly before binding
magnesium and as such it is likely that it is magma-ATP which is the signalling moiety.
In support of this view we have shown that the dlextracellular ATP in cell signalling in
the coronary epithelium was influenced by the preseof aluminium [33] to the extent that
we have speculated that the substitution of alwmkRATP for magnesium-ATP at an ATP
receptor will potentiate the signalling mechanisaeduse aluminium-ATP will remain bound
to the receptor for a longer period of time. Thalsiminium does not actually disrupt the
functioning of the ATP receptor but it keeps theegtor switched on for longer than usual
which we suggested would contribute to a higherrgatee load on affected cells and,
thereby, would reduce their effective longevity. \Wave proposed such a mechanism to
explain the putative role of aluminium in the aggpendent accelerated loss of neurones
which is typical of Alzheimer’s disease [34]. Clgaif signalling via extracellular ATP is a
target for the body burden of aluminium then thisild have implications for a very wide
range of chronic conditions from asthma to Alzheimdisease.

5.2. Aluminium as an Antigen

One of the most interesting areas of future researaelation to aluminium’s impact
upon medicine is the concept that was outlinederasf the potential for aluminium to act as
an antigen. Is aluminium really an antigen? Doeshibdy actually raise an immune response
against aluminium? The enhanced antigenicity wiiassociated with the use of aluminium-
based adjuvants in a wide range of common vacomstias well as in allergen
immunotherapies would suggest very strongly thatathswer to both of these questions must
be yes though there is little consensus as to mummederstanding of the exact mechanism of
action of aluminium adjuvants [35]. While histodlgaaluminium-based adjuvants were
thought of as simply long-lived depots of antigee mow know that aluminium adjuvants
activate innate immune signals even in the abseficen adsorbed antigen. Monoclonal
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antibodies have been raised against an immunogéchwias prepared from aluminium
chloride and bovine serum albumin and these antisdthve been labelled with a fluorescent
tag and used to identify aluminium in human tiss[88]. Thus, if we are to accept that
aluminium is antigenic then this must raise thestjoa as to the exact nature of aluminium-
based immunogens. Is the immunogen; (i) the framiaium cation, Aﬂaq), or, (i) is it a
cluster of aluminium atoms which have been arrangesl specific orientation through their
binding by a biomolecule(s) or, (iii) is the immgam an aluminium hydroxide
(hydroxyphosphate/sulphate) surface which can lesgmted to biological milieu either
directly as the injected adjuvant itself or indifgcaas a product of the injected adjuvant's
dissolution and re-precipitation within a partiqulircumneutral environment? There are
clearly a number of ways in which aluminium adjuvaactts as an immunogen and
understanding which if any of these mechanismbesctosest to what is happeniimgvivo
will significantly expedite our understanding ofishunusual’ example of the biological
reactivity and availability of aluminium. For exahapit would help to understand whether
aluminium acts as an antigen in the classic samngethat following the initial exposure to an
antigen (aluminium) the immune system retains a amgnthereafter of that exposure and
responds more rapidly to subsequent exposureseosdime antigen (aluminium)? Such
guestions as to the mechanism of action of alumitduantigenicity must raise important
issues concerning whether or not, for example, nvasgination programmes involving
aluminium-based adjuvants, as is happening todayg hthe potential to influence the
vaccinated individual's susceptibility to a futuexposure to aluminium? Is the use of
aluminium-based adjuvants predisposing individualghin the general population to an
increase in their sensitivity to aluminium in latde? These questions may be particularly
pertinent for childhood vaccination programmes lavg aluminium-based adjuvants. While
there have been only a few studies in this fielten¢ research from Sweden showed that in
60,000 children vaccinated with the pertussis vagcivhich included an aluminium-based
adjuvant, as many as 1% of these children showdalyeld hypersensitivity to a future
exposure to aluminium [37]. We should be conceraleolut something which could be pre-
disposing as many as 1% of the population to livm@he Aluminium AdeThe ubiquitous
and indeed burgeoning use of aluminium-based adfsvia vaccinations which both cover
the full spectrum of human diseases and are admiad from new born babies through to
the elderly may already have created cohorts avieaals which are hypersensitive to an
aluminium exposure. In addition the use of alumimibased adjuvants in allergen
immunotherapy may already be acting so as to mgafany such hypersensitivity and
particularly since these treatments are often tepgaadministered over extended periods of
time. Many of the symptoms of an hypersensitiviyatuminium may not be recognised as
such and will not be recognised until it is recaegei by medical practioners as a real
condition. At this point in time hypersensitivity taluminium will probably only be
diagnosed following patch tests on skin. Howeveigence of such a condition might also
take the form of; (i) an irritable skin conditicior example, in relation to the application of
aluminium-based anti-perspirants; (ii) an asthmatimdition induced by, for example,
particulate aluminium which had been trapped inglmmucosa following the inhalation of
cigarette smoke; or (iii) an auto-immune respowsiné accumulation of aluminium as might
be the case in diseases such as arthritis andreuliple sclerosis. There are many chronic
conditions within the general population which ardikely in the first instance to be linked
to vaccination or allergen immunotherapy. Howetbe number of vaccine and allergen
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immunotherapy-related illnesses which have beeibatitd to aluminium-based adjuvants is
burgeoning and includes macrophagic myofasciitisM@ and cutaneous lymphoid
hyperplasia (CLH) both of which have been linkedh® persistence of aluminium adjuvants
close to the point of vaccination. What is most jimig about aluminium adjuvant-related
disorders is not necessarily the pathology whicHiisctly associated with the muscle at or
close to the injection site but the myriad non-#iesymptoms and conditions which have
been associated with these diseases. These indodmic fatigue syndrome (CFS),
autoimmune disease, type one diabetes and mukigerosis. Environmental factors are
implicated in the aetiology of each of these cand# and there are direct links to exposure to
aluminium in all but type one diabetes. (Note thatre is a link between aluminium and type
two diabetes [38].) We have recently suggested ialum as an environmental factor in
multiple sclerosis and research from our laboratay identified elevated urinary excretion
of aluminium in individuals suffering from the dase [17]. Significantly, there is also
evidence for an increased body burden of alumininnCFS [39] and MMF [40]. These
findings have raised the possibility that aluminiwadjuvant-induced hypersensitivity to
aluminium might take the form of an increased tegleto accumulate aluminium in the
body. The identifiable diseases may then be thdfesation of immune-mediated responses
to the burgeoning body burden of aluminium.

The twenty-first century human body is, through amproved and improving
understanding of medicine, offering clear indicas®f not only a burgeoning body burden of
aluminium but also the physiological response ténarease in the biological availability of
this body burden. Since aluminium has no known tiondn life then the first manifestations
of the evolution of human physiology in its presendll almost certainly be negative and
most likely in the form of chronic disease. TheeBh of the most recent writings on
aluminium and health which was published more thmenty years ago included in its
summary a statement of surprise that aluminiumcabel linked to so many different human
diseases [41]. Indeed the disbelief that biologjcalailable aluminium could have such a
profound influence upon human physiology has bdamiaium’s best defence against its
inimical nature in all biota. There are few who \Wbudoubt the overt toxicity of an acute
exposure to aluminium. When aluminium was dialysed the brain in huge amounts, as it
was in cases of dialysis encephalopathy, no onstigned aluminium’s role in the acute
toxicity which ensued. However, living ifihe Aluminium Agés not about acute exposure,
though this does still occur, it is about how thleelyds physiology responds to an increasing
burden of biologically available aluminium. The loigical ‘reactivity’ of aluminium should
not be in doubt as there are literally thousandputdlications over the last several decades
which have demonstrated the incredible diversitglaminium’s biochemistry. Some aspects
of the major themes of this biochemistry have bemrered in this Chapter and include; (i)
aluminium’s antagonism of magnesium biochemistny aot least that of ATP and DNA,; (ii)
aluminium’s disruption of iron homeostasis; (iiijuminium’s role as a pro-oxidant, a
function which requires only catalytic amounts b tfree cation and (iv) aluminium’s
antigenicity, which has serious implications fawhole raft of auto-immune-like conditions.
When in 1986 Ganrot wrote of his surprise that ahimm could be so widely implicated in
human disease he was not as aware of the potbitictiemistry of aluminium as we are
today. The surprise today is not that aluminiumusthdve a cause for concern but that we are
so complacent about its potential role in the dissaf modern life. There has never been any
guestion in my mind that we should in some way tumok the clock to a pre-Bayer process
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era and cease to use aluminium. We live in Ahaninium Ageand our aim should be to
ensure that where we continue to use aluminiumwieado so effectively and safely.

Table 4. Human diseases which have been linked tepmsure to aluminium. The
ranking is an indication of the probability that in the future aluminium will be shown to
play some role in the aetiology of the disease. Thua ranking of 10 for dialysis
encephalopathy shows that aluminium is already knowto be involved in this disease

DISEASE RANKING 1
(LOW) — 10(HIGH)
Alzheimer’s Disease 7-8
Parkinson’s Disease 4-6
Motor Neurone Disease (MND/ALS) 3-5
Dialysis Encephalopathy 10
Multiple Sclerosis 4-6
Epilepsy 7-8
Osteomalacia 10
Osteoporosis 4-6
Arthritis 5-7
Anaemia 10
Calciphylaxis 2-4
Asthma 7-9
Chronic Obstructive Pulmonary Disease 5-7
Vaccine-related Macrophagic Myofasciitis 8-10
Vaccine-related Cutaneous Lymphoid Hyperplasia 8-10
Vaccine-related Hypersensitivity to Aluminium 8-10
Immunotherapy-related Hypersensitivity to Aluminium | 8-10
Cancer 4-8
Diabetes 5-7
Sarcoidosis 7-9
Down’s Syndrome 5-7
Muscular Dystrophy 4-6
Cholestasis 6-8
Obesity 5-7
Hyperactivity 4-6
Autism 4-6
Chronic Fatigue Syndrome 5-7
Gulf War lliness 4-6
Aluminosis 10
Crohn’s Disease 7-9
Vascular Disease / Stroke 6-8
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6. How TO CONTINUE TO LIVE SAFELY IN THE
ALUMINIUM AGE?

So, other than the unrealistic aim of totally awajdexposure to aluminium in everyday
life how do we live safely inThe Aluminium Ade The lack of an aluminium-specific
mechanism to enable its excretion from the bodyvadlfor the accumulation of aluminium
and the persistence of any symptoms which mighthkeconsequence of a body burden.
Remission from the symptoms of an aluminium bodydbn may be obtained through either
physiological changes which enable the enhanceg#oa of aluminium in the urine, as, for
example, may be occurring as demyelination in tapremitting multiple sclerosis, or
through specific intervention such as the intramlacinjection of the iron chelating drug
desferrioxamine (DFO). The latter has been useeénsitely to treat individuals with
suspected aluminium overload and, in spite of theificant side effects associated with its
use, DFO remains, as yet, the only accepted cadrseatment for the removal of systemic
aluminium. While there is evidence that the symmahaluminium overload can be reduced
or even reversed following DFO-facilitated excrati@of aluminium, perhaps a more
straightforward solution would be a preventativechamism which helped to preclude the
accumulation of a body burden of aluminium. We @argently investigating a non-invasive
therapy which would concurrently reduce the gastssitinal absorption of aluminium and
facilitate the excretion of systemic aluminium e turine. The latter objective is of particular
importance as simply reducing human exposure tmialum via its absorption across the
gut, cannot be guaranteed to significantly inflleetite body burden of aluminium. We have
shown over many years of research that the reactioaluminium with the biologically
available form of silicon, silicic acid, is fundameal to the biogeochemical cycle of
aluminium [42]. Nature has acted so as to keep ialum out of biota throughout the
evolution of life on Earth by cycling potentiallyidiogically reactive aluminium between
sparingly soluble secondary mineral phases maddgoprmantly of aluminium, silicon and
oxygen [2]. We showed that such processes couldiseel in reverse to protect against
aluminium toxicity in fish [43]. We speculated atttime that silicic acid would also protect
against aluminium toxicity in humans and we haveently shown that silicic acid-rich
mineral waters can be used to titrate aluminiunmfitbhe bodies of healthy individuals and
individuals with diseases such as Alzheimer’s died44]. We are currently in the process of
planning clinical trials in which silicic acid-richmineral waters will be used to follow the
urinary excretion of aluminium in healthy individsaand persons diagnosed with dementia.
We are confident that by using this non-invasivethoé the human body burden of
aluminium can be maintained at a sufficiently losvdl to prevent many if not all of the
symptoms of living inThe Aluminium Ade

7.AND SO TO CONCLUDE

Medicine, the study of human disease, is providmgable information pertaining to the
biological availability of a burgeoning body burdehaluminium. There is no evidence that
human physiology is prepared for the challengeiologically-reactive aluminium and it is
naive to assume that aluminium is a benign presenitee body. Aluminium is contributing
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to human disease and will continue to do so idsumulation in the body is not checked or
reversed. If such a conclusion does not ‘sit wallth the current inhabitants ofhe
Aluminium Agehen | am reliably informed of an aluminium-basetéstherapy for such an
uncomfortable condition [45].
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