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Commentary

Can Studiesof Aluminum Toxicity In Vivo
and In Vitro ProvideRelevant Information on
the Pathogenesis and Etiology of Alzheimer’s
Disease?
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The study reported in the present issue of the Journal
of Alzheimer’s disease by Mizoroki et al. [8] concludes
that the failure of treatment of transgenic mice with
aluminum maltolate to induce Alzheimer’s-like neu-
ropathological changes provides proof that aluminum
is not a causative agent in the etiology of Alzheimer’s
disease. In our opinion, this report by Mizoroki et al.
fails to provide an incisive analysis of previous work
on the possible role of aluminum as an initiator of neu-
rodegeneration, both in experimental animals and in
humans. Dietary aluminum has been shown to increase
brain amyloidosis in APP transgenic mice [11]. Since
neurofibrillary tangles and neuritic plaques appear to
be seen in only a few animal species, including aged
bears [1] and, of course, humans, it is not surprising
that aluminum compounds in most species fails to re-
produce the neuropathological and biochemical abnor-
malities seen in Alzheimer’s disease. Such a lack of
an exact match in abnormal features does not rule out
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this metal ion as a contributing factor in the etiology of
Alzheimer’s disease.

Aluminum should certainly be high on the list of
such possible candidates. Firstly, it is highly abundant
in the environment, being the most abundant metal in
the Earth’s crust. Secondly, it is extremely neurotox-
ic once it gains access to the central nervous system.
Its proven toxicity in dialysis encephalopathy attests
to this neurotoxicity, as do many experimental animal
studies including several from our own laboratory (see
for review [13]). Mizoroki et al. should not expect
mice to exhibit brain lesions exhibiting neurofibrillary
pathology upon exposure to aluminum since mice and
rats, for some reason, appear to be relatively resistant
to the induction of such lesions by aluminum. Rabbits
are much more sensitive to aluminum compounds, par-
ticularly if the route of administration is directly into
the central nervous system, as shown initially by Klat-
zo et al. [4]. Studies using rabbits may be particularly
relevant to the investigation of human disease since,
according to an impressive 88 protein sequences, they
belong to the mammalian order Lagomorpha, a group
which has been reported more closely to resemble pri-
mates than rodents [3].
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Most of our own work on this topic has used a sim-
ilar animal model system and we have demonstrated,
as cited by Mizoroki et al., that the intracisternal in-
jection of aluminum maltolate into New Zealand white
rabbits will induce abundant neurofilamentous aggre-
gates which contain hyperphosphorylated tau, ubiq-
uitin, α1-antichymotrypsin, and phosphorylated and
non-phosphorylated neurofilament protein, as well as
demonstrating evidence of oxidative stress and apopto-
sis. All of these features are seen in the Alzheimer’s
disease brain. Although such findings do not prove that
aluminum causes this disorder, it does show that once
this neurotoxic metal ion gains access to the brain, it
can induce some of the neuropathological and abnor-
mal biochemical changes found in Alzheimer’s disease.
Coupled with such findings in our laboratory and oth-
ers is the strong evidence that aluminum accumulates
in the neurofibrillary tangles of Alzheimer’s disease
patients [5,9].

There are a myriad of other considerations in
this “aluminum/Alzheimer’s disease” hypothesis that
are beyond the scope of this commentary but have
been reviewed by us in detail [13]. In addition,
there are many other recent publications on the sub-
ject [2,7,10]. Factors such as the lack of an in-
creased incidence of Alzheimer’s disease in individu-
als ingesting large quantities of aluminum-containing
antacids, and the question of the inconsistent presence
of neurofibrillary tangles in the brain of dialysis en-
cephalopathy caused by hyperaluminemia are just two
of such considerations. However, animal experiments
of aluminum-induced neurodegeneration provide sup-
porting evidence that aluminum can induce some of the
Alzheimer’s-like changes. The question as to whether
aluminum does cause or contribute to Alzheimer’s dis-
ease remains unanswered, but should still be a consid-
eration in light of several positive findings in the lab-
oratory (for a review see [12], and by epidemiologi-
cal studies [6]. In view of the vast effort in finding
a cause for Alzheimer’s disease focusing on many ex-
perimental models and other approaches, there is still
little progress in finding a cause. Aluminum accumula-
tion in the brain of elderly affected individuals should
not be discarded as a possible major, or perhaps minor,
contributor.
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