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ABSTRACT 

The dietary intake of fluoride and the fluoride excretions in urine and stool were 
determined under controlled conditions in man. Fluoride balance studies have shown that 
the urinary fluoride corresponds to 50--60% of  the intake, the fecal fluoride was very 
low, corresponding to 6% of the intake, and approximately 1 mg fluoride was retained per 
day during an average fluoride intake of 4.3 rag/day. The fluoride intake depended on the 
amount  of  fluoridated water consumed. The dietary fluoride content ranged from 1.2 to 
1.5 rag/day. During the intake of supplemental fluoride the fluroide excretions increased 
but the ratio of  the urinary/fecal fluoride was similar. Added fluoride i~ well retained. 
Following its discontinuation, very small amounts of the retained fluoride are excreted 
for several days. Inorganic elements, such as calcium, phosphorus, and magnesium, which 
have been shown to decrease the intestinal absorption of fluoride in animals were ineffec- 
tive in man, while aluminum, given as aluminum-containing antacids, markedly decreased 
the intestinal absorption of  fluoride and thereby decreased the retention of  fluoride. 

INTRODUCTION 

In recent years fluoride has been recognized as an essential trace element 
that affects the growth of  animals (Schwarz and Milne, 1972). However,  a 
subsequent  publication clarified that  the growth-depressing effect  of  a low 
fluoride intake can be counteracted by an adequate dietary iron intake (Tao 
and Suttie, 1976). The concentration of  fluoride in natural water varies 
widely and values ranging from 0.7 to 7.7 ppm have been reported for the 
United States (WHO Monograph, 1970). Artificial fluoridation of the water  
supply has been shown to be effective in preventing dental caries (McClure 
and Likins, 1951; Hayes et al., 1957) and water fluoridation has been 
introduced as a public health measure, particularly in areas where the natural 
fluoride content  of water is low. Also, fluoride improves the crystal struc- 
ture of  bone (Zipkin et al., 1962). Due to the fact that  fluoride is a bone 
seeker, it may also be of  importance for the maintenance of  the normal 

* Supported by U.S. Public Health Service grant DE-02486. 

0048-9697/81/0000--0000/$02.25 © 1981 Elsevier Scientific Publishing Company 



skeletal structure. A survey in the United States showed that the incidence 
of osteoporosis was lower in naturally high fluoride areas than in localities 
where the fluoride content  of  water is low (Bernstein et al., 1966). Also, the 
incidence and extent  of aortic calcifications was reduced in the high fluoride 
areas. Also, a survey in Finland revealed a lower incidence of  aortic calcifi- 
cations in naturally high fluoride areas (Luoma et al., 1973). In view of the 
fact that  fluoride improves the crystal structure of bone (Zipkin et al., 1962) 
and decreases bone resorption and the solubility of  bone, fluoride has been 
used as a form of  t reatment  for osteoporosis for the past two decades. The 
metabolic and therapeutic effects of this type of  t reatment  of  calcium and 
fluoride metabolism have been reported (Rich et al., 1964; Rose, 1965; 
Bernstein and Cohen, 1967; Spencer et al., 1970). However, a recent publi- 
cation suggests caution and the need for further investigations regarding the 
use of  fluoride for the t reatment  of  osteoporosis (Riggs et al., 1980). 

As fluoride enters into the human food chain the metabolism of fluoride 
in man becomes of  importance. This communicat ion therefore deals with the 
intake of  fluoride which is due to the fluoride content  of the diet and of the 
drinking water, with the subsequent  disposition of the ingested fluoride from 
the human body and with the retention of  fluoride. The dietary fluoride 
content  and the extent  and the pathways of  fluoride excretions were deter- 
mined. These data permit ted the calculation of  the retention of  fluoride in 
the human body.  As various minerals may affect  the metabolism of fluoride, 
the interaction of  fluoride with several inorganic elements, such as calcium, 
phosphorus,  magnesium, and aluminum, was investigated in man. 

EXPERIMENTAL 

The studies of fluoride metabolism in man were carried out  in fully 
ambulatory adult  men by analyzing the dietary intake of fluoride and the 
excretions of fluoride in urine and stool. These studies were performed 
under strictly controlled dietary conditions in a Metabolic Research Ward. 
The diet contained an average of 1 .6mg fluoride per day (Spencer et al., 
1970; Osis et al., 1974; Osis et al., 1974) but  the total fluoride intake was 
greater due to the intake of  water which contained about  I ppm fluoride. 
Depending on the amount  of  water consumed, the total fluoride intake 
ranged from 3.5 to 5.5 mg per day. The diet and the fluid intake were kept  
constant  throughout  the studies and therefore the fluoride intake varied 
little. Complete collections of  urine and stool were obtained and these were 
analyzed for fluoride by methods previously described (Osis et al., 1974; 
Singer and Armstrong, 1965). The retention of  fluoride was determined by 
fluoride balance studies, i.e., by relating the fluoride intake to the fluoride 
ou tpu t  in the excreta. The loss of  fluoride in sweat was not  determined and, 
therefore, the retention of  fluoride has to be considered as maximal. Studies 
were also carried ou t  on the metabolic effects of  a high fluoride intake which 
was given orally as sodium fluoride. Three different dosages of fluoride, i.e., 



10, 20, and 45 mg of fluoride, as sodium fluoride, were used in these studies. 
These fluoride supplements were given daily for several weeks or months 
under the same strict s tudy conditions. The 45-mg dose of  fluoride was given 
for the t reatment  of patients with osteoporosis (Spencer, et al., 1970), 
usually for a 3-month period. 

Investigations were also carried out  to determine the release of  retained 
fluoride following the discontinuation of  fluoride supplements which were 
given for several weeks. This release was determined by analyzing the fluor- 
ide excretions in urine and stool after the fluoride supplements were dis- 
continued and by comparing these excretions with the fluoride excretions 
prior to the intake of the fluoride supplements. The difference between 
these fluoride excretions permit ted the calculation of  the release of the 
previously retained fluoride. 

As the metabolism of fluoride may be altered by the interaction with 
other minerals, fluoride balance studies were carried out  during different 
intakes of  calcium, phosphorus,  magnesium, and aluminum. The calcium in- 
take was increased by a factor of  10 by adding calcium gluconate tablets to 
the constant  diet, the phosphorus intake was increased by more than a fac- 
tor of  2 by adding sodium glycerophosphate and the magnesium intake was 
increased 3- to 4-fold by the addition of magnesium as the oxide. The effect  
of aluminum on fluoride metabolism was studied by using relatively small 
doses of aluminum-containing antacids, i.e., 30 ml given three times daily for 
several weeks. 

All fluoride balance studies were carried out  for several weeks. Total 
fluoride in diet, urine, stool, and plasma was analyzed by a modification 
(Osis et al., 1974) of  the diffusion method  of  Singer and Armstrong (1965). 
Extensive experimental studies were carried out  in which the validity of this 
method (Osis et al., 1974) for fluoride analysis of  diet and of biological 
samples was verified. Recoveries of fluoride added to samples of  urine ranged 
from 93--99%, to stool from 91--96% and to diet from 90--100%. In none 
of  the analyses for total fluoride added to diet, urine, or stool were the 
values higher than these recoveries. Recoveries of  fluoride in standards were 
99% and the analysis of  f luoridated water gave the expected values of 0.9 to 
I ppm. Similarly, analysis of  fluoride tablets yielded the declared value of  
I mg. The fluoride values for stool were the same whether these samples were 
analyzed ashed or unashed (Osis et al., 1974). Similarly, fluoride analysis of  
ashed and unashed aliquots of  the diet yielded values which were in good 
agreement. A recent report  by Debeka et al. (1979) shows very good agree- 
ment  of  the fluoride values of  various food items determined by microdif- 
fusion using the ion-specific fluoride electrode with values obtained by macro- 
diffusion and colorimetry,  i.e., by the same method as used in our studies. 
The analyzed fluoride intake per day in our studies is in agreement with the 
recent  provisionally recommended  dietary allowance (RDA) for fluoride*. 

* Recommended Dietary Allowances, Office of Publications, National Academy of 
Sciences, Washington, DC, 1980. Ninth revised edition. 



1. Dietary fluoride intake of adults 
Prior to water fluoridation the dietary fluoride intake was estimated to 

range from 0.5 to 1.5mg per day (Machle et al., 1942; McClure, 1949; 
Hodge and Smith, 1965). In London, England, the total daily dietary fluor- 
ide intake was higher, ranged from 1.3 to 1.8 rag, while after water fluori- 
dation it ranged from 2.2 to 3.2mg/day (Longwell, 1957). In other studies, 
the total dietary fluoride intake, calculated from analyzed individual food 
items, ranged from 2 to 5 mg per day (Marier and Rose, 1966). In a survey of 
the contents of shopping baskets of four young men the dietary fluoride 
intake ranged from 2.1 to 2.4 mg, including dietary beverages and fluori- 
dated drinking water (San Fillippo and Battistone, 1971). Fluoride analyses 
of diets used for metabolic studies and of hospital diets in the Chicago area 
have been reported (Osis et al., 1974). In five years the average fluoride 
content of metabolic diets ranged from 1.6 to 1.8 mg/day and of the hospital 
diets from 1.2 to 2.4 mg/day, exclusive of the fluoride content of drinking 
water. In a study of fluoride content of diets from several areas in the United 
States (Kramer et al., 1974), the dietary fluoride varied widely, ranging 
from 1.7 to 3.4mg/day, exclusive of the drinking water in fluoridated 
localities and averaged 0.9 mg/day in non-fluoridated areas. The variability 
in dietary fluoride in fluoridated areas may be due to the varying fluoride 
content of fluoridated water (Shannon and Wescott, 1975) used in the prep- 
aration of processed foods. Other reports indicate a daily intake of fluoride 
of adults, ranging from 0.85 to 1.44 mg/day, exclusive of the fluoride con- 
tent of beverages and from 1.46 and 2.57 mg/day including beverages (Singer 
et al., 1978). Certain food items, for instance, tea, have a high fluoride 
content (McClure, 1949) and seafood (Schwarz and Milne, 1972). 

2. Excretion of fluoride 
The major pathway of fluoride excretion is via the kidney and the urinary 

fluoride excretion corresponds to 50--70% of the fluoride intake (Machle 
et al., 1942; Spencer et al., 1970). These excretions increase with increasing 
fluoride intake. The fecal fluoride excretion is very low, corresponding to 
about 5% of the fluoride intake, particularly during a low fluoride intake of 
4 mg/day. During the higher fluoride intakes, the fecal fluoride excretion 
increases but it also accounts for only 5--9% of the fluoride intake, the 
highest excretion was observed during the highest fluoride intake. In view 
of the low fecal fluoride excretion, even during a high fluoride intake, the 
retention of fluoride mainly depends on the magnitude of urinary fluoride 
excretion. Table 1 shows data of the urinary and fecal fluoride excretions 
and of the fluoride balances expressed as milligram per day and as percent 
of the fluoride intake. During a low fluoride intake of 4 mg/day, the main 
pathway of excretion of fluoride is via the kidney, the fecal fluoride is very 
low, and the fluoride balance is positive. Increasing the fluoride intake from 
4 to 14, 25, and 45mg per day by adding sodium fluoride to the constant 
diet, resulted in a progressive increase of both the urinary and fecal fluoride 
excretion, the urinary fluoride being high during all fluoride intakes. Here 



T A B L E  1 

F L U O R I D E  E X C R E T I O N S  
I N T A K E S  IN MA N  

A N D  B A L A N C E S  D U R I N G  D I F F E R E N T  F L U O R I D E  

S t u d y  F luor ide ,  m g  per  day  
days  

I n t a k e  a 

Fluoride, % of intake 

E x c r e t i o n s  Balance  Ur ine  S too l  R e t a i n e d  

Ur ine  S too l  

28 4 2.5 0.3 1.2 63 8 30 
32 14 7.5 0.8 5.7 54 6 41 
90 25 14.0 1.5 9.5 56 6 38 
76 44  21.0  4.5 18.5 48  10 42  

a The  f luor ide  in take  of  4 m g / d a y  was due  to  t he  f luor ide  c o n t e n t  of  t he  d ie t  and  dr ink-  
ing water .  All o t h e r  f luor ide  in takes  were  due  to  the  a d d i t i o n  of  sod ium f luor ide .  

again, the main pathway of the excess excretion of  fluoride was via the 
kidney. The fluoride balance also increased with increasing fluoride intake 
and was most  positive during the highest fluoride intake. When the fluoride 
excretions were expressed as percent  of  the fluoride intake, the urinary 
fluoride ranged from 48% during the highest intake to 63% during the lowest  
intake, the percent  fecal fluoride varied from 6% to 10% during the different 
fluoride intakes. The fluoride retention, expressed as percent of  the fluoride 
intake, did no t  differ greatly during the different fluoride intakes and ranged 
from 30% to 42%; however, the actual amount  of  retained fluoride in- 
creased with increasing fluoride intake. The fluoride retention, determined 
by fluoride balance studies, must  be considered maximal as the secretion of  
fluoride in sweat was not  determined. 

3. Retention of fluoride 
Studies were carried out  to determine whether  the human body  continues 

to retain large amounts  of fluoride which are given for relatively prolonged 
periods of time. This information is important  as fluoride is used for the 
t reatment  of  patients with osteoporosis for several months  or even years. 
In fluoride balance studies carried out  in this Research Unit the retention 
of  fluoride was determined during a period of  several weeks or months  of  
continued fluoride administration. Fluoride supplements were given in doses 
of  10, 20, or 45 mg/day as sodium fluoride (Spencer et  al., 1975). During 
the intake of  10 mg fluoride per day, the fluoride balance was high, averaged 
4.6 mg/day in the first 6 days of fluoride administration compared to an 
averge of  1.6 mg/day prior to the intake of  the fluoride supplements. The 
initial balance during the high fluoride intake remained the same throughout  
the period of the high fluoride intake which extended for several weeks. 
Similarly, during a higher fluoride intake of  20 mg/day, the fluoride balance 
increased to approximately 8 - -10mg/day  in the first 6 days, depending on 
the retention of  a given individual, and this fluoride retention persisted 



throughout  the 3 months  of this fluoride intake. When the fluoride intake 
was increased further to 45mg/day ,  given for 3 months to patients with 
osteoporosis,  the retention of  fluoride increased further, ranging from 12 to 
18 mg/day. This high fluoride retention persisted throughout  the 3 months 
of  this high fluoride intake. Even when a 3-month course of  20 mg fluoride 
per day preceded the intake of a 45-rag dose of  fluoride which was given 
daily for 3 months,  the retention of fluoride during the 3 months of  the 
higher fluoride intake was as high as the fluoride retention of  persons who 
did not  receive supplemental fluoride prior to the intake of the large dose of 
45 mg per day (Spencer et  al., 1975). 

The question arises whether and how much of the retained fluoride is 
released from depot  sites, most  probably from bone, and is excreted. Other 
investigators reported that  large amounts of  fluoride are excreted for pro- 
longed periods of  time by persons who lived in a high fluoride area for many 
years and who subsequently moved to a low fluoride area (Likins et al., 
1962). The knowledge o f  the release of  previously deposited fluoride is 
relevant as fluoride is used as a form of t reatment for osteoporosis (Rich 
et al., 1964; Rose, 1965; Bernstein and Cohen, 1967; Spencer et al., 1970). 
It was therefore important  to investigate under controlled conditions the 
release of  retained fluoride following cessation of  the fluoride therapy. In a 
s tudy performed in this Kesearch Unit, only a very small fraction of the 
retained fluoride was excreted after the discontinuation of  the high fluoride 
intake (Spencer et al., 1975). When a 10-mg dose of  fluoride was given for 
several seeks only approximately 6--10% of the previously retained fluoride 
was excreted and most  of  this small excess was excreted in the first 6 days 
after the discontinuation of the fluoride supplements. It was also observed 
that the main pathway of the excess fluoride excretion was via the kidney, 
while only negligible amounts  were excreted via the intestine. 

Table 2 shows data of  the excess excretion of fluoride, i.e., da~ta on the 

T A B L E  2 

E X C R E T I O N  OF R E T A I N E D  F L U O R I D E  A F T E R  TH E D I S C O N T I N U A T I O N  OF 
F L U O R I D E  S U P P L E M E N T S  

F luo r ide  in take  and  retention E x c r e t i o n  o f  r e t a ined  f luor ide  

6-day 
per iod  a 

Excess  exc re t i on ,  m g / 6  days  b 

Ur ine  Stool  

F luo r ide  in t ake  -- 14 m g / d a y  c 
D u r a t i o n  o f  f luor ide  in take  = 32 days  
F luo r ide  ba lance  ---- 3.6 r ag /day  
F luo r ide  r e t e n t i o n  = 114 mg  

Fi rs t  5.1 + 0.65 0.9 + 0 .22  
Second  2.6 + 0.71 0.5 + 0 .34  
Th i rd  0.3 + 0 .60  0.2 + 0.14 
Tota l  excess  8.0 -+ 1.36 1.2 + 0.57 

exc re t i on  

a Fo l lowing  d i s c o n t i n u a t i o n  o f  10 m g  f luor ide  as s o d i u m  f luor ide  per  day.  
b S t u d y  carried out  in 10 patients.  
c F luo r ide  in t ake  due  to  the  in take  o f  10 m g  f luor ide  as s o d i u m  f luor ide  per day.  



release of  previously retained fluoride in the body.  When a 10-mg dose of  
fluoride as sodium fluoride was given daffy for 32 days, a total of  114 mg 
fluoride was retained. After the discontinuation of this fluoride supplement,  
a total of  5.1 mg fluoride was excreted in urine in the first 6 days, 2.6 mg in 
the second 6 days, and very little, 0.3 mg fluoride, was excreted in the third 
6-day period. The total excess fluoride excretion in urine in these 18 days 
was 8 mg of 7% of  the retained fluoride. Very little of the excess fluoride 
excretion was passed in stool and these small amounts  could only be de- 
tected in the first two 6-day periods, so that  a total of  only 1.2 mg fluoride 
was recovered after the first 12 days. The total excess fluoride excretion in 
both urine and stool was 9.2 mg in 18 days or a total of  8% of the previously 
retained fluoride. After  this period of  time the fluoride excretions in urine 
and stool had returned to control levels and no further excess excretion 
could be detected. Similar results were also obtained after the discontinu- 
ation of a large dose of 45 mg fluoride per day which was given daily for 90 
days. During this period of  time the calculated fluoride retention, estimated 
from fluoride balance data, was more than 800mg.  The excess fluoride 
excretion after the discontinuation of  this dose of  fluoride was very low and 
the total excess excretion corresponded only to 2% of the retained fluoride. 
This excess was excreted in the first 8 days, mainly via the kidney, and no 
further excess excretion could be detected in subsequent  weeks. 

4. Effect of  inorganic elements on fluoride metabolism 
a. Calcium and phosphorus. Both calcium and phosphorus,  used singly or 

combined,  have been reported to inhibit the intestinal absorption of  fluoride 
in animals (Largent, 1954; Greenwood,  1961; Wagner and Muhler, 1960). In 
studies in man, calcium and/or  phosphorus decreased the absorption of 
fluoride when fluoride was given as bone meal, cryolite, or calcium fluoride 
(Machle and Largent, 1943; McClure et al., 1945). However,  studies carried 
out  in this Research Unit have shown that these observations are not  appli- 
cable to man when daily calcium supplements are given for several weeks 
(Spencer et al., 1975). These studies were carried out  during a relatively low 
fluoride intake of  about  4 mg/day which was due to the fluoride content  of 
the diet and drinking water as well as during a high fluoride intake of  an 
average of  13.8 mg/day which was due to supplementation of  the constant  
diet with sodium fluoride. These studies have shown that increasing the 
calcium intake level from 200 to 1500 and 2000 mg/day did not  significantly 
change the urinary fluoride excretion. The fecal fluoride increased only 
slightly but  this increase was small and not  significant. The fluoride balances 
did not  change during the high calcium intake. Table 3 shows the changes of  
the fluoride balance during different calcium and phosphorus intakes. The 
fluoride balance studies show again that  fluoride is primarily excreted via 
the kidney during all calcium intakes. The fecal fluoride excretion is very 
low, particularly during the low calcium intake of  200 mg per day and the 
fluoride balance was slightly positive. Increasing the calcium intake from 
200 to 1500 mg/day resulted in a slight decrease of  the urinary fluoride 
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T A B L E  3 

E F F E C T  O F  C A L C I U M A N D  OF P H O S P H O R U S  ON THE F L U O R I D E  B A L A N C E  

Calcium P h o s p h o r u s  
in take ,  in t ake ,  
m g / d a y  a m g / d a y  b 

F luor ide ,  r ag /day  

I n t a k e  Ur ine  Stool  Balance 

200  800  4.0 2.9 0 .13 + 0.9 
1400  4 .0  2.6 0.17 + 1.2 

1500  800  4.0 2.6 0 .17 + 1.2 
1400  4.3 2.5 0 .26  + 1.5 

2200  800  3.9 2.9 0 .20 + 0.7 
1400  4.4 2.9 0.31 + 1.2 

a The low calcium i n t ake  was due  to  the calcium content of  the c o n s t a n t  diet .  All higher 
calcium i n t akes  were  due  to  the  a d d i t i o n  o f  calcium gluconate tab le ts .  
b The phosphorus i n t ake  o f  800  m g / d a y  was due  to  the phosphorus content of  the die t ;  
the 1400-mg phosphorus i n t ake  was due  to  the  i n t ake  o f  sod ium g lyce rophospha t e .  

excretion and a slight increase of the fecal fluoride. However, the overall 
fluoride balance was similar during the two calcium intakes, 0.9 to 1.2 mg 
per day, respectively. Increasing the calcium intake further, to 2000 mg/day, 
did not affect the urinary fluoride, while the fecal fluoride excretion had 
increased slightly; however, the fluoride balance was the same during the 
2000-mg calcium intake and during the 200-rag calcium intake. With regard 
to the effect of phosphorus on the fluoride balance during the different 
calcium intakes, increasing the phosphorus intake did not affect the urinary 
fluoride during the different calcium intakes, while the fecal fluoride in- 
creased slightly during the higher calcium intakes. The data show that adding 
600 mg phosphorus to the low calcium intake did not change the fecal fluor- 
ide excretion, while adding phosphorus to t h e  higher calcium intakes in- 
creased the fecal fluoride more than during the addition of calcium alone. 
However, the fluoride balances were similar during the high phosphorus 
intake and in the control studies, irrespective of the calcium intake. The 
lack of change of the fluoride balance during the combined use of calcium 
and phosphorus is due to the fact that the increase in fecal fluoride was 
very small in relation to the much greater dietary fluoride intake. The 
observation that the overall retention of fluoride remained unchanged during 
the various calcium and phosphorus intakes was made both during a low 
fluoride intake of about 4 mg/day and a high fluoride intake of 14 mg/day. 

b. Magnesium. The studies of the effect of magnesium on fluoride metab- 
olism were carried out both during a low fluoride intake of 5 mg/day and 
a high fluoride intake of 25 mg/day. Fluoride balances were determined in 
control studies and during the addition of magnesium to the diet (Spencer 
et al., 1978). The magnesium intake averaged 300mg/day in the control 
study and 800 mg/day during the high magnesium intake. This higher mag- 
nesium intake was due to the addition of magnesium oxide to the constant 



Effect of Magnesium 
on Fecal Fluoride Excretion 

and Fluoride Balances 

Low F Intake High F Intake 
5 mg/day 25 mg/day 

f 11 ~ 1.5 

_~oo~ 1.0 []C0ntr01 

0 

15 

0 .  F n  V~ r-~ 
L 2 3 1 2 3 

Patients 

Fig. 1. The  f luor ide  in t ake  of  5 m g / d a y  was due  to  t he  f luor ide  c o n t e n t  of  t he  d ie t  and  
d r ink ing  water .  T he  h igh  f luor ide  in t ake  of  25 rag /day  was due  to  the  in take  of  20 mg  
f luor ide  per  day,  given as s o d i u m  f luor ide .  

diet. During the increased magnesium intake the urinary fluoride excretion 
remained unchanged during both the low and high fluoride intake, while 
the fecal fluoride excretion increased. Figure 1 shows data of  the effect  of  
magnesium on the fecal fluoride excretions and on the fluoride balance 
during a low and high fluoride intake. The fecal magnesium excretion 
increased in each of  the three patients studied during a low fluoride intake 
of  5 mg/day and during a high fluoride intake of  25 mg/day.  However,  the 
added magnesium had little effect  on the fluoride balance as the increase of  
the fecal fluoride was small, particularly in relation to the fluoride intake. 
There was no change of  the fluoride balance during the low fluoride intake 
and the slight decrease during the high fluoride intake was not  significant. 
Similar observations were made .during the addition of  magnesium to a high 
calcium or high calcium--high phosphorus intake. It can be concluded that 
a substantial increase in magnesium intake does not  alter the metabolism of 
fluoride in man. This is in contrast  to results obtained in animals. 

c. A l u m i n u m .  In animal studies, aluminum sulfate decreased the intestinal 
absorption of  fluoride, it decreased the concentrat ion of  fluoride in bone, 
and diminished the pathologic effects of  fluorosis (Hobbs  et al., 1954). 
Aluminum has been reported to be a highly effective complexing agent for 
fluoride in water (Brudevold et al., 1972). The possibility that  aluminum 
may inhibit the absorption of  fluoride in man has been considered (Hodge, 
1961),  however,  no data have been reported.  In one study,  the urinary fluor- 
ide excretion was found to be lower following the oral intake of  A1-EDTA 
than the fluoride excretion following the intake of  sodium fluoride. This 
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TABLE 4 

EFFECT OF ALUMINUM HYDROXIDE ON FLUORIDE METABOLISM 

Study Study Fluoride,  rag/day Fluoride Net 
days excret ion absorp- 

Intake Urine Stool Balance % of fluoride t ion 
intake % 

Urine Stool 

Control  26 4,4 2.8 0.2 + 1.4 64 5 96 
Aluminum 22 5,4 2.2 3.2 0 41 59 41 
hydroxide  a 

a Dose of a luminum hydroxide  -- 30 ml three times daily. 

decrease was interpreted to reflect a decrease of  the intestinal absorption of  
fluoride by A1-EDTA but  the fecal fluoride excretion was not  determined 
(Mellberg, 1965). No information was available on the effect  of  aluminum 
on fluoride metabolism in man up to the recent past. Studies carried out  in 
this Research Unit have demonstrated that  commonly  used commercially 
available aluminum-containing antacids markedly decrease the intestinal 
absorption of  fluoride in humans. This was demonstrated by a significant 
increase of  the fecal fluoride excretion (Spencer and Lender, 1979) which 
results in a signficant decrease of  the intestinal absorption of  fluoride. 
Examples of  the increase of  the fecal fluoride excretion and of  the decrease 
of the fluoride balance during aluminum hydroxide administration are 
shown in Table 4. In the control  s tudy the fluoride intake averged 4.4 mg/ 
day. The urinary fluoride excretion corresponded to 64% of the fluoride 
intake, the fecal fluoride excretion was very low, averaging 0.2 mg/day or 
5% of the intake, and the average fluoride balance was positive. During the 
intake of  a relatively small  dose of  aluminum hydroxide of  30ml  given 
three times daily, the fluoride intake was I mg greater than in the control  
studies due to the fluoride content  of  this antacid. The major effect  of  
aluminum hydroxide on fluoride metabolism was a significant increase 
of  the fecal fluoride excretion, from 0 .2mg/day  in the control s tudy to 
3.2 mg/day during the administration of  aluminum hydroxide.  This increase 
was highly significant, P ~ 0.001. Due to this increase, there was a significant 
decrease of  the net  absorption of  fluoride, from 96% of the fluoride intake 
in the control  s tudy to 41% during the intake of  aluminum hydroxide.  The 
urinary fluoride was lower during the intake of  aluminum hydroxide and 
corresponded to 41% of the fluoride intake vs. 64% in the control  study. 
The fluoride balance decreased significantly from a positive value to equilib- 
rium. The observation of  the inhibition of  fluoride absorption indicates that  
the fluoride intake derived from the food and from drinking water is only 
utilized in part. It should also be kept  in mind that the absorption of  large 
doses of  fluoride which are used as a form of  t reatment  for patients with 



EFFECT OF ALUMINUM HYDROXIDE 
ON URINARY FLUORIDE 

11 

4O 

r~ 
30 

E 
EL-" 2O 
>- 
or" 
<~ 
Z I0 
iv" 

o _i 

[ ~  NaF 
I ~ N o F  + AI (OH) 3 

3 4 

PATIENTS 

Fig. 2. The studies were carried out in patients with osteoporosis who received a daily 
dose of 45 mg fluoride as sodium fluoride. 

osteoporosis would be utilized only in part should aluminum hydroxide be 
used as a medication at the same time. Figure 2 shows that this inhibition 
of fluoride absorption by aluminum hydroxide is reflected by a marked 
decrease of urinary fluoride excretion during the high fluoride intake. 
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