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Aluminum hemotoxicity mechanisms

Both aluminum and its salts are commonly used by people. Aluminum plays an important role in
the production of kitchen utensils, packaging and other tools. Aluminum salts have been used in
pharmaceutical and cosmetic industries. Aluminum sulfate is used to purify turbid drinking water
from organic components. Aluminum salts are added to fodders and foodstuffs because of their loosening
properties. They also stabilize pH and prevent caking. Aluminum salts are components of drugs used
in stomach and duodenum ulcer treatment, buffered painkillers and drugs used in hyperphosphatemia
treatment (2).

Such a widespread use of aluminum was enhanced by the belief that it is not toxic and is quickly
excreted from the body with urine. It turned out, however, that this element has a negative impact on
human health. Post-dialysis encephalopathy of patients with kidney malfunctioning was ascribed to
the presence of aluminum in dialysis fluid. Therefore, the content of aluminum in dialysis fluid is
limited now. Alfrey et al. (1) state that water used in fluid preparation should not contain more
than 10 mg Al/. Currently it is suggested that Al level should not exceed 5 mg Al/l.

Aluminum cumulating in brain tissue is claimed to play a role in developing neurological disorders
(10). This element affects bones as well as it causes disturbances in phosphorus and calcium levels,
which is demonstrated chiefly by osteomalatia. Aluminium accumulation in the liver leads to cholestasis
and disturbances of liver microsomes. This element causes numerous changes in peripheral blood and
hemogenic system. It also causes normo- or microcytary anemia as it disturbs maturing of erythroblastic
series cells and heme biosynthesis; it decreases osmotic resistance of red blood cells. Aluminum inhibits
defensive mechanisms connected with white blood cells and macrophages.

A number of processes, namely aluminum’s hemolytic activity, blood cells’ shorter lifetime or
disturbed erythropoesis process, are responsible for hematological changes. Aluminum’s hemolytic activity
is connected with changes in cell membrane of red blood cells. Rabbit erythrocytes in hydrolytically
stable lipophilic aqueous Al(acac), solution assume the form of echinoacanthocytes (5). Changes in
blood cell morphology are connected with changes in membrane fluidity. This assumption was confirmed
by research in human erythrocytes exposed to aluminum hydroxide in micromolar concentration at pH
7.4 (13). It is commonly known that this element acts as a pro-oxidant. Similarly to other xenobiotics, it
generates free oxygen radicals that begin peroxidation of lipids which contain non-saturated fatty acids.
It enhances the appearance of numerous organic free radicals, dienes and aldehydes in a cell. Malone
dialdehyde (MDA), one of these compounds, while reacting with membrane protein amino acids forms
Schiff’s base-type bonds. It leads to the reduction in membrane fluidity and hence decreases its ability to
reshape which, consequently, may result in serious defects (15). Changes in cell membranes lead to
decreased activity of membrane ATP-ases. Adenylates accumulate inside a cell and the speed of ATP
changing into ADP is lowered. This reduces the amount of energy necessary to maintain membrane
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Fig. 3. Glycolysis in red blood cell

discovered that AI(OH), intraperitoneal injections in mice cause a very huge reduction of mitogenic
PAH effect for T lymphocytes and lyposaccharide (LPS) for B lymphocytes. It inhibits lymphocyte
blastic transformation and consequently causes the reduction of hormonal and cellular resistance (14).

Itis known that body resistance is reduced in case of iron deficits. Its deficits result in white blood
cells losing their ability of blastic transformation. During this process, blood cells need more iron,
which is transported by means of transferrin. Due to their physicochemical similarity, aluminum, after
overcoming the barrier of mucosa, competes with iron to take place in a bond with transferrin. It might
be one of mechanisms inhibiting defensive functions of white blood cells.

The reduction of monocyte number observed in experiments on animals may be explained by the
fact that aluminum together with low-molecular proteins is absorbed by peripheral macrophages and
reticular-endothelial system, which leads to the disintegration of a cell undergoing phagocytosis. Lower
level of monocytes might also cause hindering of lymphocytes’ defensive functions. It was demonstrated
that in order for the immunological response to be proper, a specific number of white blood cells must
be proportional to macrophages. The latter excrete special substances — monokine, which can be both
activating and suppressing. Lymphocyte activating factor (LAF), which stimulates DNA synthesis
and increases T lymphocyte response to mitogen activity, is the best known activating factor (3).

Aluminum’s immuno-inhibitory activity can also be related to phagocytosis, deficits. Both
granulocytes and monocytes present in blood of rats intoxicated with aluminum exhibited reduced
phagocytic activity and lower levels of the following enzymes: glucoso-6-phosphatic dehydrogenase,
glutathion peroxidase and myeloperoxidase. These enzymes are necessary to maintain all phagocyte
anti-bacteria properties. As might be expected, the reduced level of L-ascorbine acid, indispensable
for the proper course of phagocytosis can also be accounted for by reduced phagocytic activity (14).

On the basis of the above-mentioned data it appears that aluminium is an environmental factor
that plays an important role in some hemogenic system disturbances. It seems justified that in'case of
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anemia with simultaneous disturbances of heme biosynthesis and iron metabolism the level of this
element in blood should be determined.
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SUMMARY

Both aluminum and its salts are commonly used by people. Aluminum salts are components of
drugs. Such a widespread use of aluminum was enhanced by the belief that it is not toxic and is
quickly excreted from the body with urine. It turned out, however, that this element has a negative
impact on human health. Post-dialysis encephalopathy of patients with kidney malfunctioning was
ascribed to the presence of aluminum in dialysis fluid. Aluminum cumulating in brain tissue is claimed
to play a role in developing neurological disorders. This element affects bones as well as it causes
disturbances in phosphorus and calcium levels, which is demonstrated chiefly by osteomalatia.
Aluminium accumulation in the liver leads to cholestasis. This element causes numerous changes in
peripheral blood and hemogenic system. It also causes normo- or microcytary anemia as it disturbs
maturing of erythroblastic series cells and heme biosynthesis; it decreases osmotic resistance of red
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blood cells. Aluminum inhibits defensive mechanisms connected with white blood cells and
macrophages. A number of processes, namely aluminum’s hemolytic activity, blood cells’ shorter
lifetime or disturbed erythropoiesis process, are responsible for hematological changes.

Mechanizmy hemotoksycznosci glinu

Zar6éwno glin, jak i jego sole sg powszechnie stosowane w codziennym zyciu czlowieka. Stanowig
one réwniez skladnik wielu lekéw. Tak szerokie zastosowanie glinu bylo oparte na przekonaniu, ze nie
jest on toksyczny dla organizmu, z ktdrego jest szybko wydalany wraz z moczem. Okazalo si¢ jednak,
ze pierwiastek ten ma szkodliwy wplyw na zdrowie czlowieka. Powigzano wystgpowanie encefalopatii
podializacyjnej u chorych z niewydolnoscia nerek z obecnoscia glinu w plynie dializacyjnym. Kumulacji
tego pierwiastka w tkance mézgowej przypisuje si¢ rolg w powstawaniu wielu zaburzeri neurologicz-
nych. Glin dziata tez na uktad kostny, powodujac zaburzenia w gospodarce fosforanowej i wapniowej,
przejawiajace si¢ gléwnie osteomalacjg. Jego kumulacja w watrobie prowadzi do cholestazy. Pierwiastek
ten wywoluje tez szereg zmian we krwi obwodowej i ukladzie krwiotwérezym. Jest przyczyng anemii
o charakterze normo- lub mikrocytarnym, zaburza bowiem dojrzewanie komdérek uktadu erytroblastycz-
nego i biosyntezg hemu, obniza opornos$¢ osmotyczng erytrocytéw. Glin uposledza tez mechanizmy
obronne organizmu, zwigzane z limfocytami i makrofagami. U podstaw zmian hematologicznych lezy
kilka mechanizméw: hemolityczne dzialanie glinu, skrécenie czasu przezycia krwinek, zaburzenia
procesu erytropoezy.



