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Technical Articles 

Stabilization of Fluoride Solutions 
in Glass Containers by Aluminum 

By J. R. MELLBERG 

The addition of sodium fluoride to liquid multivitamin preparations at acid pH 
in glass containers results in a reaction with glass. The addition of equimolar 
amounts of aiuminum chloride and ethylenediaminetetraacetic acid to an ascorbic 
acid solution has shown no fluoride-glass reaction over a period of 5 months. 
Ascorbic acid stability remained good, and in uiuo absorption of fluoride from a 

similarly stabilized multivitamin solution was approximately 80 per cent. 

BE ADDITION OF fluoride to liquid vitamin 
preparations has become widely accepted, 

especially for pediatric use. It has been shown, 
however, that when sodium fluoride is added to 
multivitamin solutions in glass containers at the 
most acceptable pH range of 2.5 to 4.5, a precipi- 
tate, which can be identified as sodium fluorosili- 
cate (Na&iF6) (l), occurs within 24 hr. Because 
of this, most vitamin-fluoride preparations are 
dispensed now in plastic bottles. Since glass has 
certain advantages, such as clarity and lack of 
oxygen transmission, which are superior to 
plastic, it was desired to find a way to stabilize 
fluoride in such containers. Of the usual in- 
organic elements known to complex fluoride (2), 
aluminum has the widest use in human medica- 
tion and is known for its low toxicity. The addi- 
tion of metals, like aluminum to vitamin solu- 
tions, however, is likely to increase the rate of 
decomposition of ascorbic acid. Therefore, an 
agent to complex aluminum was needed also. A 
combination of aluminum ion and ethylene- 
diaminetetraacetic acid (EDTA) was found to 
provide both ascorbic acid and fluoride stability. 
Other fluoride or aluminum complexing agents 
having stability constants of the proper magni- 
tude could be used also with the obvious limita- 
tions of low toxicity and solution compatibility. 
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The physiological availability of the aluminum 
complexed fluoride was determined in vivo by 
analysis of urinary fluoride after ingestion of 
known quantities of the vitamin-fluoride prepa- 
ration. 

TABLE I.-EFFECT OF VARIOUS CONCENTRATIONS OF 
AICla AND EDTA ON ASCORBIC ACID STABILITY IN 

AN ASCORBIC ACID PREPARATION AT pH 4.3 

-mmoles/L.-- Ascorbic Acid Concn.. rnp./ml. 
F A1 EDTA 4 Days 2 Wk. 1 Mo. 5 Mo. 

43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 

0 
0 

43.9 
43.9 
97.8 

195.6 
195.6 
195.6 

Room Temperature 
0 50.2 48.6 

97.8 51.8 50.3 
43.9 52.4 48.6 ~ 

0 51.4 49.1 
0 46.2 44.8 
0 38.3 32.9 

195.6 51.0 49.1 
97.8 45.8 41.4 

5OOC. 

49.5 
48.1 
47.2 
47.2 
43.7 
32.3 
48.5 
40.1 

43.3 
43.3 
43.7 
40.6 
36.6 
28.3 
44.2 
36.2 

43.9 0 0 47.1 39.7 32.7 8 . 4  
43.9 0 97.8 48.4 41.9 33.2 8 . 9  
43.9 43.9 43.9 40.7 31.4 9 . 3  
43.9 43.9 0 44.0 35.0 22.7 4 . 9  
43.9 97.8 0 40.9 29.9 15.7 2 . 8  
43.9 195.6 0 33.4 25.2 12.6 4 . 0  
43.9 195.6 195.6 ... 42.3 31.4 9 . 7  
43.9 195.6 97.8 ... 33.3 20.9 4 . 4  

EXPERIMENTAL 
Determination of Ascorbic Acid and Fluoride 

Stability.-An ascorbic acid solution was prepared 
by dissolving 35 Gm. of ascorbic acid in 175 ml. 
of glycerol, 105 ml. of propglene glycol, 52.5 ml. 
of polysorbate 80,' and 200 ml. of distilled water 

1 Marketed as Tween 80 by Atlas Chemical Industries, 
Wilmington. Del. 
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TABLE IL-TOTAL 2 4 - ~ ~ .  URINARY FLUORIDE AFTER 
INGESTION OF 5 mg. OF FLUORIDE IN LIQUID VITAMIN 

PREPARATIONSO 

ALEDTA 

Journal of Pharmaceutical Sciences 

Stabilized 
Fluoride 

Control, Vitamin, Aqueous 
mg. mg. NaF, mg. 

0.558 2.184 3.062 
0.744 2.930 2.827 
1.307 2.309 2.806 

Av. 0.870 2.475 2.898 
Ingested fluoride 

Fluoride 
recovered, yo . . .  32.1 40.5 

absorbed, yo . . .  79.2 100 
a Each value represents the average daily elimination of 

five subjects. 

containing 1.29 Gm. of NaF. To 20-ml. aliquots 
of this solution were added various quantities of 
aluminum chloride hexahydrate and disodium 
EDTA in molar quantities proportional to the 
fluoride. The pH was adjusted to 4.3 with HCl 
and the volume made up to 25 ml. with distilled 
water. One-ounce clear glass bottles2 were filled 
and stored at room temperature and 50’. After 
various times, a fresh unopened bottle was analyzed 
for ascorbic acid by titration with iodine-KI 
solution. The results of these analyses are listed 
in Table I. 

The effect of aluminum chloride and EDTA on 
fluoride and ascorbic acid stability in a multi- 
vitamin solution was determined in a similar 
manner. Amounts of aluminum chloride and 
EDTA equimolar to the fluoride were added to the 
following solution at pH 4.3: 

. . . .  Methylparaben . . . .  0.95 Gm. 
Propylparaben . . . . . . . . . . . . . . . . .  0.11 Gm. 
Sodium fluoride.. . . . . . . . . . . . . . . .  0.995 Gm. 
Niacinamide . . . . . . .  . . . .  9.9  Gm. 

Ascorbic acid. . . . . . .  81.0 Gm. 
Sodium hydroxide. .. . . . .  8 .0  Gm. 
Thiamine . HC1 . . . .  . . . .  1.9  Gm. 

Sodium saccharin. . .  . . . .  2.71 Gm. 
Vapad3. . . . .  3.6  Gm. 

_ . _ .  30.5 ml. 
Propylene glycol.. . . . . . . . . . . . . . .  81 ml. 
Water p.s ....................... 540 ml . 

. . . . . . . . . . .  

The fluoride-glass reaction was noted visually by 
the presence of inorganic sediment and by etching 
on the glass surface. 

Determination of Fluoride Absorption.-Five 
subjects each ingested 6.0 ml. of multivitamin 
preparation containing 5 mg. of fluoride ion with 
equal molar quantities of aluminum chloride and 
EDTA. Urine was collected for 24 hr. and an- 
alyzed for fluoride according to the method of 
Megregian (3). After 3 to  4 days, another 5 mg. 
of fluoride (as aqueous NaF) was ingested by the 
Same subjects, and urine was collected again for 
24 hr. and analyzed for fluoride. Normal urine 
fluoride levels also were obtained from 24-hr. urine 
collections. Urinary fluoride levels were obtained 

2 Flint Glass. Owens-Illinois Glass Co. Chicago, Ill. 
A mixture Af vitamin A palmitate and’ vitamin Dz, S. B. 

Penick Co., Chicago, Ill. 

in triplicate on all subjects for both fluoride prep- 
arations and controls. A total of 15 values were 
therefore obtained for absorption of fluoride from 
each preparation. The amount of fluoride absorbed 
was calculated by subtracting the normal 24-hr. 
fluoride level from the test level. Assuming 100% 
absorption for sodium fluoride (4) and equal bone 
retention of fluoride for both preparations, the 
absorption of the aluminum-EDTA stabilized 
preparations can be determined. Results of the 
analysis and calculations are shown in Table 11. 

RESULTS AND CONCLUSIONS 
Fluoride Stability.-From visual observation, it 

was shown that an equal molar amount of alumi- 
num to fluoride in both the ascorbic acid and the 
multivitamin preparations prevented formation of 
inorganic sediment and glass etching by the fluoride. 
Higher molar quantities were not needed, and lower 
amounts were usually only partially effective. 

Ascorbic Acid Stability.-Table I shows that an 
increase in the quantity of aluminum resulted in a 
greater loss of ascorbic acid. However, this was 
prevented by  the addition of an equimolar amount 
of EDTA. An amount of EDTA less than equi- 
molar did not appear to be sufficient, while an 
excess of that  needed to chelate aluminum did not 
increase ascorbic acid stability and therefore was 
considered unnecessary. 

After 2 months of aging a t  room temperature, 
a decrease in ascorbic acid content was found in 
the multivitamin solution containing no aluminum 
or EDTA from 150 to 113 mg./ml., while the same 
solution containing the stabilizers decreased to 118 
mg./ml., again indicating no deleterious effect of 
EDTA chelated aluminum on ascorbic acid stabil- 
ity. 

Fluoride Absorption.-Table I1 clearly shows 
that about 80% of the ingested fluoride was ab- 
sorbed by the body; the 20y0 not absorbed is likely 
due to the presence of aluminum ion, since this has 
been known to reduce urine fluoride levels (5-7) 
by preventing absorption. However, to prevent 
absorption completely, larger amounts would be 
required. 

The known caries potentiating effects of EDTA 
(8, 9) thought to be caused by chelation of tooth 
enamel calcium should not be observed with the 
aluminum EDTA chelate, since its log stability 
constant is 16.1 (lo), while that of calcium EDTA 
is only 10.6 (10). In  addition, aluminum is che- 
lated strongly a t  the acid pH’s used for vitamin 
solutions, while calcium requires a neutral or 
optimal p H  10 to 11 environment for strong chela- 
tion. 
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