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of Japan, and western New Guinea, and the pathogenesis of osteopenic bone disease and 
cholestatic liver disease in the premature infant receiving therapy with TPN. In addition 
there has been recent controversy over the risks posed by the presence of substantial 
quantities of Al in a wide variety of infant formulas. 

First, the conditions in which strong evidence of A1 involvement exists will be discussed. 

L O W - T U R N O V E R  BONE D I S E A S E  
In the late 1970s two distinctly different groups of patients were found to have an unusual 
painful and fracturing bone disease associated with decreased bone formation, and in some 
cases osteomalacia. Patients with end-stage renal disease were undergoing haemodialysis 
with Al-contaminated water (Platts et al. 1977; Parkinson et al. 1979) or receiving oral Al- 
containing phosphate-binding gels, or both (Bournerais et al. 1983; Andreoli et al. 1984). 
Patients receiving long-term therapy with TPN for a variety of intestinal diseases (Klein 
et al. 1980) inadvertently received Al as a contaminant of casein hydrolysate, the protein 
source in the TPN solutions (Klein et al. 1982~) .  Uraemic and TPN patients developed 
reduced bone formation and osteomalacia (Ott er al. 1982, 1983; devernejoul er al. 1985) 
and both groups had substantial bone accumulation of Al (Hodsman er al. 1981 ; Klein 
et al. 1982a. 

In both types of patients Al was located in the bone-osteoid surface either by 
histochemical staining with aurin tricarboxylic acid (Buchanan et al. 1981 ; Ott et al. 1982, 
1983) or by electron-microprobe analysis (Cournot-Witmer et al. 1981). The stain was 
quantified by measuring the amount of surface taking up the stain. This measurement was 
found to correlate highly with quantitative bone Al, as determined by flameless atomic 
absorption spectroscopy, and in both groups of patients there was an inverse correlation 
between surface stainable Al and rate of bone formation (Ott el al. 1982, 1983). 

Desferrioxamine treatment to chelate Al from bone of patients with end-stage renal 
disease and dialysis osteomalacia was found to improve this condition (Ott et al. 1986; 
Nebeker er al. 1987; Felsenfeld et al. 1989). Furthermore, substitution of crystalline amino 
acids for Al-containing casein hydrolysate in TPN patients also improved bone formation 
(Vargas et al. 1988). However, in this latter group of patients, although stainable Al at the 
mineralization front was greatly reduced, total bone A1 concentration, as determined by 
flameless atomic absorption spectroscopy, was still abnormally elevated. Furthermore, 
these same investigators found an inverse relationship between plasma Al and bone 
formation rate, confirming an earlier report by devernejoul et al. (1985). Thus, since 
plasma A1 is likely to be more reflective of recent dosing with A1 it is possible that decreased 
bone formation results from chronic repeated exposure to A1 rather than to the direct effect 
of the total amount of A1 that accumulates in bone. The Al accumulating at the 
mineralization front may reflect Al accumulation in and localized toxicity to osteoblasts, 
as has been suggested by some of the experimental evidence (Plachot et ul. 1984; Lieberherr 
et al. 1987; Sedman et al. 1987) and formation of new bone on top of areas with Al 
accumulation may reflect Al egress from osteoblasts, as postulated by Ott et al. (1987) from 
their studies in rats. 

With regard to effects of A1 on other factors that may affect bone formation and 
mineralization, the findings have been equivocal. While serum concentrations of 
parathyroid hormone have been relatively reduced in dialysis osteomalacia (Hodsman et al. 
198 1 ; Andress et al. 1983 ; Kraut et al. 1983) and in the lower range of normal in adult TPN 
patients (Klein et al. 1981), secretion of parathyroid hormone was vigorous in TPN patients 
who were made hypocalcaemic (Klein et al. 1981, 1985~).  Thus, as in experiments in vitro 
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and in vivo, any Al-induced suppression of parathyroid hormone secretion was overridden 
by a hypocalcaemic stimulus. However, Andress et al. (1  985) have shown that 
parathyroidectomy in patients with end-stage renal disease may result in increased surface 
bone accumulation of A1 from oral ingestion of Al-containing phosphate binders. 
Furthermore, Vargas et al. (1988) found an inverse correlation between stainable bone Al 
and serum levels of parathyroid hormone. Although these findings might suggest that 
parathyroid hormone may help to reduce bone Al accumulation, there is no evidence that 
total bone A1 is altered. In fact VukiEeviC & StavljeniC (1989) reported that, after 
parathyroidectomy in rats, A1 accumulated on inactive bone surfaces but total bone A1 did 
not increase. 

Clinical studies of the effects of Al on vitamin D metabolism have also been equivocal. 
Patients with end-stage renal disease generally have low serum levels of 1,25- 
dihydroxycholecalciferol as a result of their renal impairment. However, initial studies of 
adult patients receiving TPN therapy revealed that serum concentrations of 1 3 -  
dihydroxycholecalciferol were low despite normal serum levels of the other major vitamin 
D metabolites (Klein et al. 1981; Shike et al. 1981). When adult patients were made 
hypocalcaemic and a vigorous parathyroid secretory response was elicited, serum 
concentrations of 1,25-dihydroxycholecalciferol failed to rise in response to this stimulus 
(Klein et al. 1981, 1985~).  One patient who was followed after TPN therapy was transiently 
discontinued did not experience a rise in serum levels of 1,25-dihydroxycholecalciferol to 
normal until 8 weeks after discontinuation of TPN (Klein et al. 1981). Following 
resumption of TPN treatment, serum levels of 1,25-dihydroxycholecalciferol fell again. At 
3 years after discontinuation of Al-containing casein hydrolysate the serum levels of 1,25- 
dihydroxycholecalciferol were normal or improved in patients studied initially (Vargas 
et al. 1988). Furthermore, studies of other groups of patients receiving TPN therapy with a 
low A1 content failed to reveal low serum levels of 1,25-dihydroxycholecalciferol (Klein 
er al. 19856; Shike et al. 1986). In addition, in uraemic patients Fanti et al. (1987) found that 
chelation of A1 with desferrioxamine resulted in increased circulating levels of 1,25- 
dihydroxycholecalciferol. Thus, Al loading may affect vitamin D metabolism, but whether 
directly or indirectly is unknown. 

D I A L Y S I S  E N C E P H A L O P A T H Y  
The other major clinical condition associated with A1 loading is dialysis encephalopathy, 
the clinical features of which are dyspraxia, hesitancy, dementia, myoclonus, seizures, 
hallucinations and progressive muteness and obtundation. Characteristic multifocal slow 
wave and spike activity were seen in bursts on electroencephalography. This syndrome was 
first described by Alfrey et al. (1972) and first attributed to A1 by Alfrey et al. (1976), who 
found generalized Al loading in these patients. More dramatic still was the description by 
Bakir et al. (1986) of four patients with end-stage renal disease who developed acute 
encephalopathy leading to death within 1 month. All four were receiving Al(OH), and 
Shohl’s solution (citrate-containing) and it is postulated that the citrate led to enhanced Al 
absorption. 

Histopathological studies initially failed to demonstrate features characteristic of this 
encephalopathy (Burks et al. 1976). However, more recent studies of brains from patients 
who died of dialysis encephalopathy suggest that there are also neurofibrillary tangles 
similar, although not identical, to those seen in other putative Al-associated neuropathies 
(Sabouraud er al. 1978; Brun & Dictor, 1981; Scholtz et al. 1987). Further evidence 
implicating A1 as a cause of dialysis encephalopathy is neurological improvement with the 
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A1 chelator desferrioxamine, provided treatment is begun early (Alfrey, 1986; Ackrill et al. 
1986). 

THE ROLE OF ALUMINIUM I N  THE PATHOGENESIS OF 
OTHER CLINICAL DISORDERS 

A series of clinical conditions will be discussed in which the role of Al is less well 
established. These are neurodegenerative disorders such as Alzheimer’s disease and the 
neurodegenerative diseases of Guam, the Kii Peninsula of Japan, and western New Guinea, 
the osteopenic bone disease associated with TPN therapy in the small infant, cholestatic 
liver disease associated with TPN therapy in the small infant, and the possible risks posed 
to infants by A1 contamination of commercially prepared infant formulas. 

N E U R O D E G E N E R A T I V E  DISEASES 
As mentioned earlier, brain concentrations of A1 have been considerably lower than those 
in other organs, even in cases of dialysis encephalopathy. Al accumulation in the brain 
appears to be patchy (Perl er al. 1982) and concentrated primarily in grey matter (Alfrey 
et al. 1976). Recently, electron microprobe studies combined with immunocytochemical 
studies have detected similarities in the brain histopathology of patients with Alzheimer’s 
disease and the ALS-PD of Guam, the Kii peninsula and western New Guinea. Perl & 
Brody (1 980) and Perl et al. (1 982), using electron microprobe techniques, have found Al 
in the brains of patients with Alzheimer’s disease and ALS-PD of Guam, with a particularly 
prominent X-ray spectrum in the neurofibrillary tangles. Furthermore, Shankar et al. 
(1989) have demonstrated by immunocytochemical studies the antigenic similarity in the 
structure and configuration of the neurofibrillary tangles in the brains of patients with 
Alzheimer’s disease and ALS-PD of Guam. Moreover, as mentioned previously, although 
previous studies of the histopathology of the brain in patients with dialysis encephalopathy 
failed to reveal neurofibrillary tangles (Burks et al. 1976), more recent studies have in fact 
found them. (Sabouraud er al. 1978; Brun & Dictor, 1981 ; Scholtz et al. 1987). Although 
the neurofibrillary tangles in dialysis dementia do not appear to be entirely the same as 
those in Alzheimer’s disease, similar findings in three different disease entities, in addition 
to the experimental evidence previously cited, suggest that there may be an Al-associated 
histopathological signature in the brain in three different clinical dementias. Although this 
association is quite striking, how A1 reaches the brain and what it does there still need to 
be better understood. It is not at all certain that Al entering the brain causes pathological 
changes to occur in all the conditions in which it is found. It cannot be ruled out that A1 
accumulation in the brain is secondary to the pathological changes that have already taken 
place. 

The intestine is generally considered a barrier to A1 absorption. Thus, in the case of 
patients with Alzheimer’s disease and ALS-PD of Guam it is unclear as to how 
considerable amounts of A1 could be absorbed and cause general A1 loading in patients 
with apparent normal renal function. However, it is possible that factors which mediate 
intestinal A1 absorption, such as intraluminal pH, high dietary citrate, unspecified season- 
related environmental factors, Zn or Ca deficiency and perhaps, though not likely, vitamin 
D sterols, combine in some way to enhance Al absorption. 

Per1 et al. (1982) suggest that in Guamanian patients with ALS-PD the low Ca content 
and high A1 content of the water may create a hyperparathyroid state which would 
facilitate A1 absorption and tissue deposition. However, other reports suggest that 
parathyroid hormone may at least protect against bone Al accumulation in patients with 
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renal failure (Andress et al. 1985) or with normal renal function (Vargas et al. 1988). 
Furthermore, if hyperparathyroidism facilitated Al deposition in tissue, especially in brain, 
why are there not more cases of dementia in patients with renal failure and secondary 
hyperparathyroidism who ingest large quantities of Al-containing phosphate binders? 

In consideration of what A1 might do when it reaches the brain, patients with dialysis 
encephalopathy are A1 loaded from a parenteral source. However, adult TPN patients who 
received comparable quantities of Al over a similar time period failed to demonstrate any 
form of neuropathy (Klein et af. 1982~).  Thus, even if Al were to cross the blood-brain 
barrier it is unclear that A1 alone could directly produce clinical toxicity. 

O S T E O P E N I C  BONE D I S E A S E  
The premature infant requiring nutritional support with TPN therapy is a very complicated 
individual. Often the infant suffers from respiratory distress with consequent hypo- 
oxygenation of tissues in addition to infection, underdeveloped suck and swallowing 
abilities, and gastrointestinal disease. In addition, glomerular filtration rate is normally 
reduced until 34 weeks of gestation (Sedman et al. 1985). 

Approximately 20% of the premature infants in the intensive care nursery at the 
Children’s Hospital and Medical Center in Cincinnati develop rickets or fractures, or both. 
The majority of these infants receive TPN treatment and the peak incidence of severe bone 
disease was at approximately 2 months of age (Koo et al. 1986~) .  Many more develop 
‘osteopenia’ on X-rays of the long bones. 

Current thinking as to the pathogenesis of this condition favours inadequate provision 
of phosphate or Ca or both, in quantities to equal the in utero mineral accretion rate in the 
last trimester of pregnancy. While this may well be a very important part of the problem, 
various other factors may also play a role in modulating the phosphate and Ca 
requirements of these individuals. These would include initial exposure to gravitational 
force, which is beyond the scope of the present review, and exposure to Al. The reason for 
the A1 exposure is that the TPN solutions are still contaminated with Al, particularly the 
Ca and phosphate salts, heparin and albumin. These observations were initially made by 
Sedman et al. (1985) as well as devernejoul et al. (1985) and Milliner et al. (1985) (Table 
I) .  TPN solutions prepared at medical centres around the United States have demonstrated 
a wide variation in A1 content. Nonetheless the A1 administered to premature infants 
averages 15-30 pg/kg per d - midway between the Al administered parenterally to Al-toxic 
adults receiving TPN (60pg/kg per d) and that given to adults receiving TPN therapy 
without evidence of A1 accumulation in tissue (1-5 yg/kg per d ;  Klein, 1990). 

In premature infants receiving TPN with present levels of A1 contamination and a 
developmentally appropriate decrease in glomerular filtration contributing to Al retention, 
Sedman et al. 1985) found that bone A1 concentration was tenfold higher in infants fed 
intravenously for 3 weeks to 3 months than in non-parenterally treated infants. The 
elevated bone A1 concentration was accompanied by elevation in both serum A1 
concentration and urinary Al excretion, indicating an increased tissue burden of Al. In 
addition, Koo et al. (1986b) found that on staining vertebral bone of infants with aurin 
tricarboxylic acid, as in adults, A1 accumulates at the osteoid-mineralized bone interface. 

Histomorphometric variables for low-formation bone disease are not at present as well 
established for infants as for adults. Thus, the determination of whether the A1 that 
accumulates in the bones of these premature infants is actually causing disease is more 
difficult. However, anecdotal evidence suggests that present levels of Al contamination in 
infants is harmful to bone. 

Recently an infant patient who had a demineralizing bone disease while receiving long- 
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term treatment with TPN was studied by Klein et al. (1989~). The infant maintained 
normal serum concentrations of Ca, P, Mg and vitamin D, most probably due to the 
continuous infusions of these nutrients in the TPN solution. Nonetheless, she did have mild 
hyperparathyroidism, which may have been responsible for at least some of the bone 
demineralization. However, provision of as much Ca and phosphate as could be mixed in 
the TPN solution without calcium phosphate precipitation and supplementation with 
vitamin D given intramuscularly failed to improve bone mineralization. Serum Al 
concentration and urine A1 excretion were both markedly elevated and a trial of chelation 
therapy with desferrioxamine was begun. After only four doses the patient developed 
sustained hypocalcaemia despite the continuous infusion of Ca in the TPN solution, the 
lack of increased calciuria, probably due to the mild hyperparathyroidism, and the lack of 
affinity of desferrioxamine for Ca. 

It appears possible that, with chelation of A1 from the bones of this patient, Ca was taken 
up by bone. This would imply that Al in bone prevents bone Ca uptake. This is consistent 
with findings reported by Alfrey (1985), who gave 4’Ca to two uraemic patients. One of the 
patients had osteitis fibrosa and secondary hyperparathyroidism and demonstrated a high 
rate of 47Ca incorporation into bone. The other patient had osteomalacia and presumed Al 
loading and demonstrated a low rate of 47Ca incorporation into bone. Certainly this occurs 
in adults receiving TPN. Vargas et al. (1988) found a positive correlation between urinary 
excretion of Al and Ca, a finding consistent with A1 in bone impairing bone Ca uptake and 
increasing the filtered load of Ca in the urine. Earlier studies by Klein et af. (1980, 1 9 8 5 ~ )  
demonstrated that hypercalciuria was a feature of the TPN-associated bone disease in 
adults and that this was primarily due to an increased filtered load of Ca. 

Furthermore, in one patient (G. L. Klein 8z J. W. Coburn, unpublished results) urinary 
Ca excretion increased as the Ca content of the TPN solution increased, while the protein 
content of the TPN solution remained constant. Thus, although protein content may play 
a role in the hypercalciuria of TPN (Bengoa et af. 1983), the increased filtered load of Ca 
in conjunction with increased Ca administration suggests that the bones are not taking up 
Ca in Al-loaded patients. 

Thus, an argument is made that A1 may exacerbate osteopenic bone disease in premature 
infants receiving TPN therapy at least in part by blocking bone Ca uptake. The continued 
presence of A1 in TPN solutions, its administration to infants at a rate exceeding known 
safe levels in adult patients, and its accumulation at the mineralization front of bone all 
bear a striking resemblance to its currently understood pattern of accumulation and action 
in adult TPN patients with Al-related bone disease. 

C H O L E S T A T I C  LIVER D I S E A S E  O F  T P N  
Like the osteopenic bone disease, cholestatic liver disease is another complication of TPN 
therapy, especially in the young infant. This condition, which usually involves only mild 
localized periportal inflammation and bile stasis and occasionally fatty deposition may in 
certain cases progress to cirrhosis. Causes are felt to be multifactorial, including lack of 
intestinal stimulation and both the glucose and amino acid components of the TPN 
solution (Balistreri et al. 1986). 

In adults and children who received long-term TPN therapy with casein hydrolysate as 
the protein source, liver Al concentration was elevated up to twentyfold normal values 
(Klein et al. 1982b, 1984). In infants receiving TPN therapy with crystalline amino acids 
instead of casein the liver A1 concentration was five times greater than that in control 
patients (Klein et af. 19854. All the TPN patients who received casein hydrolysate had 
histopathological evidence of liver dysfunction, as described previously. 

However, in contrast to experimental evidence for bone and brain, A1 appeared to cause 
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no distinctive histopathological change in the liver, except for one report of lysosomal 
distortion (Galle 8c Giudicelli, 1982). Therefore, it is not clear that A1 is entirely responsible 
for pathological changes seen in the human livers. However, A1 might contribute in some 
way to the cholestasis observed, since serum bile acid concentrations are elevated in infants 
receiving TPN (Balistreri et al. 1986) and in piglets and rats. Although there is currently no 
evidence suggesting that the quantities of Al in the liver actually contribute to cholestatic 
liver disease, A1 may theoretically impair hepatocellular uptake of bile acids, thus 
contributing to cholestasis without contributing to the histopathological changes seen with 
TPN. 

A R E  T H E R E  R I S K S  P O S E D  BY A L U M I N I U M  I N  
I N F A N T S ’  F O R M U L A S ?  

The final subject to be considered is whether the Al that has been found to contaminate 
infant formulas poses a threat to the health of normal infants or either premature infants 
or term infants with impaired renal function. 

Sedman et al. (1985) were the first investigators to detect Al in commercially prepared 
infant formulas. These findings have been confirmed by a number of groups, including 
Freundlich et al. (1985), McGraw et al. (1986), Koo et al. (1988), Semmerkrot er al. (1989) 
and Fisher et al. (1989). The specialized infant formulas, such as premature formula that 
is supplemented with energy up to 100 kJ (24 kcal)/30 ml and Ca and phosphate, formulas 
containing hydrolysed casein (Koo et al. 1988), and most of all soya-bean-based formulas, 
are all contaminated with A1 to a greater degree than are standard infant formulas. 

These reports have recently raised a great deal of concern in medical journals and in the 
lay press, as cited by Lawson et al. (1989), about the possible risks run by infants ingesting 
such formulas. Table 2 lists the formulas evaluated for A1 content and published references 
for the citation. 

At the time of writing, risks run by infants with normal renal function ingesting Al- 
contaminated formulas is theoretical as there have been no reports of A1 toxicity in this 
population. 

Almost certainly some of the A1 is absorbed. Sedman et al. (1985) showed that the 
urinary A1 : creatinine excretion in normal, growing term infants was sixfold greater than 
that in normal adults. This provides some evidence for absorption. However, serum Al 
concentration in these infants was normal. Serum Al concentration may not be as good an 
indicator of body burden of A1 as urinary A1 excretion or urinary Al : creatinine (Kaehny 
et al. 1977; Sedman et al. 1985). This is similar to the findings of Kaehny et al. (1977) in 
adult volunteers consuming larger doses of Al-containing antacids. Also, Litov et al. (1989) 
found normal serum A1 concentrations in term infants consuming soya-bean-based 
formulas. However, urine Al was not measured: There is no published information to date 
suggesting that there is tissue Al loading in infants with normal renal function consuming 
infant formulas. Furthermore, experimental studies have confirmed that A1 is poorly 
absorbed (Alfrey, 1983), and that even if sufficient amounts are absorbed so as to raise 
serum A1 concentration and urinary A1 excretion, there is no evidence that it accumulates 
in human tissue. 

In cases of impaired renal function, Freundlich et al. (1985) attributed encephalopathy 
in two infants to A1 accumulation in the brain. The only A1 source received by either infant 
was milk formula. However, aspects of this study have been questioned by Koo et al. (1988) 
and by Sedman & Klein ( 1  990), including the calculation that the brain A1 concentration 
in one of the infants exceeded the total calculated A1 intake. Thus, the culpability of 
formula A1 in producing toxicity in patients with impaired renal function is uncertain and 
requires confirmation. 
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Table 2. Aluminium content of infant formulas 

Formula 

A1 Olg/u 

Mean SD References 

Cow’s-milk-based 
premature formulas 
(100 kJ (24 kcal)/30 ml) 

Soya-bean-based formulas 
(84 kJ (20 kcal)/30 ml) 

Breast milk 9.9 6.9 Sedman et al. (1985) 
4 Freundlich et al. (1985) 

14 Koo et 01. (1988) 
3 Semmerkrot er al. (1989) 

Cow’s-mil k-based 266 192 Sedman et al. (1985) 
formulas 173 56 Freundlich et al. (1985) 
(84 kJ (20 kcal)/30 ml) 

128 53 McGraw et al. (1986) 
154 1 1 1  Koo et al. (1988) 
113 55 Fisher er al. (1989) 
780 Semmerkrot et al. (1989) 

699 321 Sedman et al. (1 985) 
343 Freundlich et al. (1985) 
407 164 Koo et al. (1988) 

1478 103 Sedman et al. (1985) 
330 McGraw et al. (1986) 
670 422 Koo et al. (1988) 
981 268 Fisher et al. (1989) 

520* 

8. 

I560 Semmerkrot et al. (1989) 

Commonly used specialized formulas 
Nutramigen 1204 Koo et al. (1988) 
Pregestimil 729 Koo et al. (1988) 

* Using standard and Al-free methods. 

Furthermore, Salusky et al. (1 990) followed uraemic infants consuming an Al-containing 
cow’s milk-based formula for a mean period of 20 months. No increases were found in 
plasma Al concentration and bone biopsies failed to stain for the presence of Al. Thus, 
cow’s-milk-based infant formulas appear to be safe for infants with renal failure. 

Nonetheless, after having expressed doubt that the A1 in infant formula is harmful, it 
should be noted that the Committee on Nutrition, American Academy of Pediatrics (1986) 
recommended that it would be prudent for premature infants and infants with impaired 
renal function not to be fed on soya-bean-based formulas as long as safer alternatives are 
available. 

S U M M A R Y  
In summary, Al, a metal with no known biological requirement, has been shown both 
clinically and experimentally to be toxic to bone and to the central nervous system and, 
experimentally at least, to the liver. A1 is a contaminant of a number of substances given 
parenterally, most often intravenously. 

The present review attempted to examine some of the more recent concerns with regard 
to Al toxicity and has concluded that patients at risk for Al toxicity include primarily 
infants with impaired renal function and those infants who are given Al as a contaminant 
of intravenous solutions which are provided with the aim of nutritional support. With 
regard to the likelihood that Al is a causative agent in Alzheimer’s disease or the 
neurodegenerative diseases of the western Pacific, there are some consistencies between Al- 
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associated changes experimentally and some of the histopathological changes seen 
clinically. These suggest that A1 may have a histopathological signature on the central 
nervous system. However, how A1 reaches the brain and whether it can do so under the 
conditions that produce the previously mentioned neurodegenerative diseases must be 
explained. The action of A1 in the brain under these circumstances also requires further 
study. 

There is clear evidence for bone accumulation of Al in infants, especially premature 
infants, and an isolated experience with one case that suggests that A1 may impair bone Ca 
uptake in infants receiving TPN therapy. There is some experimental evidence for an Al- 
associated cholestasis in various animal species, including pigs and rats, but no firm 
evidence yet that it might occur in humans. Finally, there are currently no findings to 
suggest that Al from infant formulas may have adverse effects on the health of infants even 
though there may be some increased A1 absorption in comparison with the adult diet. In 
fact, existing findings suggest that cow’s-milk-based formulas are safe for even uraemic 
infants (Salusky et al. 1990). 

Much needs to be done to understand better the behaviour of this ubiquitous metal, and 
efforts need to be made to obtain a reduction of the A1 content of intravenous fluids as well 
as infant formulas in order to minimize Al-associated toxicity. 

The author is especially grateful to Jack W. Coburn and Arnold J. Felsenfeld of the West 
Los Angeles Veterans Administration Hospital and the UCLA School of Medicine, Los 
Angeles, CA, for their review of the manuscript and their helpful suggestions. 
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