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SUMMARY: The antidote action of boron and aluminum sul-
phate in chronic fluorine intoxication was tested on B
groupe of domestic pige over a period of 13 menths, To
the dlet of pigs, given 7 mg NaF/kg/d,4 and 8 mg B/kg/d
and 0,1 g of aluminum sulphate was added as an antddote.
RaF feeding caused chronic bone fluorosis, Although bor-~
on did not lead to reduction in fluorine storage in the
skeleton, it exerted a certain detoxicating effect due

to formation of less toxic boron fluorine complexes. Re-
specting the skeletal system, direct F action (increase
of bone mass) ig, at least partially, compensated by di-
rect boron action upon bone (decrease in bone mass with
reduced parathyroid activity). Aluminum sulphate reduces
F absorption and F retention in the skeleton by 25 to 29%;
concurrent inhibition of calcium absorption from the In-
testine results in secondary hyperparathyroidism and de-
crease in bone mase.

According to these experiments, beron or aluminum
sulphate are unguitable prophylactically in humans chron-
ically exposed to fluoride because of "individual reaction
to fluoride and because of the toxie action of boron and
alumfnmm sulphate uvpon bone. Short—term administration
of boron for more rapld detoxication in fluorosls cases
may be permiasible during exposure to fluoride and after
exposure to the pollutant has been discontinued.

KEY WORDS: Aluminumj Antidotes; Boron; Experimental flucrosis; Pigs; Prophy-
: laxls: Skeletal fluorosis; Sulphate; Therapy.

Introduction

Since 1973 the authors have been searching for an antidote to reduce or
prevent the toxic effects of inorganic fluoride compounds or to complex or dis-
place the fluorine ion at its place of action, either in the metabolic process
or the skeletal system. Initially, antidotes wexe tested such as
vitamin C, aluminum, magnesium, calcium, molybdemum, copper, irem, boron (8)
vanadium, selenium, glutamine, cysteine and glycocorticoids on green algae
Chlorella fusca var, vacuolata, human erythrocytes end albino mice.

Because in all three tests (1) irom and boron compounds seemed to be par-
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ticularly effective they were more intensively explored on rabbits. ¥ action
on teeth and skeleton was clearly reduced by concurrent administration .of bor-
ax. Iron compounds were ruled out because of unfavorable gide effects (2,3),

In the first experiment In the current series 48 domestic pigs wexe giv-
en for 1 year, 0.5 mg and 5 mg NaF/kg body-weight and antidotes B (0.15 and
3.0 mg as borax/kg body-weight), serpentine (6.75 mgfkg body-weight) and Mg O
(2.75 mg/kg body-weight). F action on the skeletal system was reduced by ser-
pentine and,particularly, by high boron doaes. The F content in bone ash,
however, was not affected by the amntidotes. Boron alcne caused osteoporosis
(4 and wnpublished data). A new experiment with higher F and B doses was in-
itiated to provide conclusive answers, especlally with regard to the isolated
effect of high doses of borom on the skeletal system.

Material and*Methods

The experiments were performed on 68 castrated male domestic pigs (mean
initial weight, 59 kg) over a pericd of 13 months, Twelve animals {group 1)
served as controls, Groups 2 - 8 (8 animals each) received the following
doses of NaF plus an antidote: Group 2: 7 mg NaF/kg; Group 3: 7 mg Flkg +
4 mg B H¥/kg as boric acid (H3BO3); Group 4: 7 mg F/kg + 8 mg B7 /kg;
Group 5: 4 mg BH+/kg; Group 6: 8 mg- B+++/kg; Group 7: 7 mg F/kg + 100 mg
Al-sul l}ate: A15(804)3 x 18 Hol; Group 8: 7 mg F/kg + 100 mg Al-sulphate + 4
mg B kg,

Aluminum sulphate, an agent known to reduce fluorcsis-in grazing cattle
(5), was additionally included. TheF/B ratio was related to BF2 {OH)2, with
a calculated excess of boron over fluorine of 100 or, resp., 300%.

Fasting morning samples of blood and urine were taken the 5th, I0th 12th,
and 13th month- on the day of sacrifice. - Only analyses dealing with the skel-
etal system are presented here. Bone mineral content was determined by T
~photon absorptiometry on the cleaned metacarpal bones 2 and 3 and the femur
according to the Cameron and Sorensen method (6} in the bone center. X-ray
photographs were taken of all 3 bones in two planes, and of the lumbar ver-
tebral columm. On the roentgenograme of metacarpals 2 and 3 and femur, the
corticalis index was computed according to Exton-Smith et al. (7) (Fig. 1),

* Pieces of bone, 1.5 — 2 cm

I o Figure T long, which served for histo-

A W e . logical and histomorphometric

|-. M _-I' .J 5 Cort:l.ca% Ared = Cortical Index studies, were sawed out of

. Sty (bone) surface area the right iliac crest (tuber
TR coxae), alechol-fixed, embed-

& | According to Exton~Smith et al. (1969) ded in methacrylate ana cut in
non-decakeified condition. The
sections were stained according to Goldner and with toluidine-blue. The spon—
glosa and osteold volume were histomorphometrically determined by the point-
-counting method according to Chalkey (8). F in serum, urine, iliac crest
and rib ash was determined by the ion selective electrode. For boron deter=-
mination, bone samples were ashed in the presence of 1ithium carbonate: all
boron was converted to {BF4)~ complexes and photometrically determined after
enrichment by extraction. To determine parathyroid function, areas of 150
nuelei of the parathyroid were measured histomorphologically per animal. In-
creasing sizes of the nuclel indicate a stimulation of function.
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1257 photen absorptiometry (Fig. 2a and b): In group 2 .the effect of
fluoride was an increase im bone mineral content (BM) and bone width (BW)} at
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all measuring points. Addition of &4 mg B/kg (Group 5) to the diet did not
prevent ¥ action. Doses of 8 mg B/d (Group 6) almost eliminated fluoride ac-
tion in all groups. Boron by itself (groups 5 and 6) caused a decrease on
bone minetal content in all bones, compared to controls. Bone width remained
unchanged which was more evident in group 6 (8 mg B). Addition of Al-sulphate
as an antidote (Group 7) led to a significant decrease of BM compared to Group
2. All values were still below those of controls. Group 8 (F + 4 mg B + Al~
-sulphate) showed no subgtantial changes compared to Group 7.

Roentgenological findings: Pathological findings in 1line with fluorosis
were absent. Bone tissue demsity varied in each group.

Cortical index: Table 1 shows the mean values from computations dealing
with tThe femur in antero-posterior and lateral direction; the two metacarpals
were also measured in twe planes. Compared to comtrols, the administration of
boron by itself (Groups 5 and. 6) caused a significant decrease in the index on
all bones. The action was similar in Group 7 {Al-sulphate). Fluoride alome
(group 2) also caused, at least in the metacarpals, a decxease in the corti-
cal index. No significant antidote action was apparent.

.

Table 1 Table 2

Results of Cortical Indices According to Histomorphometric Results of the

Exten-Smith et al. (7) I1isc Crest Bone (Tuber Coxae)
Group Femur ap. and Metacarpal bone II and Group Vohume of Volume of n
lateral in 2 II] ap. and lateral in % ~__ Spongy Bone % Osteoid X
1 40.6823.97 24.,0124.19 Ty R0 BRI A
2 29.60:2.90 27.4143.30 * 2 ;2.0 1006k 3
3 ' 41.01£2.35 30.40+5.09 T FIREETRS), [T
4 36.69£5.72 25.8523,47 ** e B e
3 35.9634.51 * 30.3825.03 5 22.442,3 2.312.2 4
6 30.03:3.58 #* 27.9624.95 * 6 15.2:3.7 %% L7217 4
7 34.60£3,72 WaEX 28.51£3,16 # | g e 3.560.8 %% 3
g soleeteico S— 8 19.3:4.2 42613 %% &

##¥p<0.01 to control group; Xp<0.05;3

* p<0.05; #**p<0.0l to comtrol group; xxpe0.01 to NaF group

xxp<0.01 to NaF group

Histological findinge - Histologically, and histomorphometrically, in Group
2, osteold seam thickness, osteoid surface, trabeculae volume increased: bone
resorption increased slightly. When boron was added, osteoid mass remained
normal. Boron groups 5, 6, especially group 6, caused a strong diminution of
bone and osteold mass corresponding to osteoporosis, Administration of Al-
sulphate plus NaF reduced bone mass below that of the control group. The
osteold seams were similar to those of the control group. As apparent from
table 2, administration of NaF led to increased ostecid and bone mass. Ad-
ditional B reduced spongiosa mass but affected osteoid quantity only glightly.
Spongiosa density was reduced markedly by high boron dose (group 6) with con—
current osteoid diminution. Al sulphate distinetly diminished fluoride ac-
tion; it even reduced sponglosa volume to a level below normal (Table 2}.
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Fluoride determination: The fiunoride gerum values rose, as shown in
Fig. 3, in all groups in the course of the study. The serum level rose about
six~fold due to NaF by itself (Group 2). With concurrent administration of
boron and fluoride, F values were significantly higher (up to 40%) detectable
in groups 3 and 4 only during months 5 and 10. When Al-sulphate is adminie-
tered as an antidote {groups 7 and 8}, the fluoride serum level dropped mark-—
edly. F concentrations in uxine (Fig. 4) varied widely in the individual
groups of animals with the following trends: When F was administered, F ex-
cretion rose ten to fifteen-fold, whereas excretion in each group almost doub-
led from the 5th to the 12th month. The constantly increasing excretiom in
the boron antidote groups (5 and 6) compared to NaF group 2, ranged from 3 to
71% ~ not statically significant. By addition of aluminum sulphate (group
7), urinary fluoride decreased insignificantly. Conversion of the F ‘concen-
tration to the creatinine excration in urine (Table 3) shows the same trend.
F content in pelvic bone ash. (Fig.5) was, on an average, 23% sbove rib con-
tent. Fluoride administration during 13 months fnduced a rise up to ten times
normal values, F values in bone of boron antidote groups 3 and 4 are in the
same order of magnitude although slightly higher, Al-sulphate administration
(groups 7 and 8) lead to a highly significant 25~30% decrease in F content
in ash. The ash content (Table 4) #as reduced in all groups compared to con-

Figure 3 Figure 4
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trols and to NaF group 2; reduction was most marked in boron groupe 5 and 6
and in Al-sulphate groups 7 and 8 (Table 4). Boron content in hone failed to
increase in any of the groups., The marked fall in activity of .the parathyroid
glande (Table 5) in boron groups 5 and 6 §s highly significant and Che in-
crease in activity in the two Al-sulphate groups 7 and 8 statistically sig-
nificant, No hyperactivity in NaF group 2 was observed (Table 3}.
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Discussion

The 13-month duration of administration of 7 mg F /kg/d to young pigs ve-
sulted in mild skeletal fluoresis. Macroscopically some exostoses and hyper—

ostoses were observed. Apposition rings in

Fable 3

the subperiosteal region were ap~

F <Content in Urine Calculated to Creatinine Content
in Urine (mg F /mmol qreatinine)

Greup 53th Month n 10th Month n 12th Month n 13th Month n
1 0.149+0.062 12 0.216+0.042 11 0.10920.019 10 0.137+0.043 12
2 1,578+0.659%% B 2.114+0.B97%% 6 2,470%1.562 7 1.472+0.309 8
3 2.254%0.725 8 2.,272+1.491 B 2.0140.499 & 1.74840.529 7
4 2,468+0.507%%X 8 2.330+1.079 8 3.969£2,719 7 1.807+0.291¥ 8
5 0.112%0.038 8 0.212+0.045 8 0.149+0.031 7 0.153+0.045 7
6 0.124%0.038 B 0,211+0.047 8 0.178+0.063 8 0.1950.089 8
7 1.650%0.476 8 1.115+0.526* 8 1.327+0.527 7 1.368+0.960 8
8 2.217+1.084 8 1,043:0.261X 8 1.711#0.571 7 1.376%0.456 8

*#%p<0.01 to control group; ¥p<0.05; XXp<0.01 to NaF group

Flgure 5
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parent on the humerus cross-section (9,10).
ed an increase in mineral comtent and bome

ALl

Ilzs‘photon absorptiometry show-
width, which is also typical of hu-

man industrial fluorosis (11). Morphometrically obtained cortical indices
decreased since the medullary canal is enlarged by increased endosteal resorp-
tion. Radiography revealed no reliable fluorosis signs at the femur, the lum-

bar vertebral column and the metacarpals.
face osteoid and osteoid seam thickness at

Histologically the in¢rease in sur-—
the iliac crest with a slight in-

crease in trabeeula thickness and of resorption, is typical of begimning fluo-
rosis (10, 12-15). At a dosage of 0.5 mg F/kg/d, the F level in serum, name—
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Boron Antidote to Fluorosis? e
1y 575 pg/l is almost three times that recommended by some fur ostecporosis
therapy (16-18), Fluoride values in iliac crest bone ash reached 0.97%,2 lev-
ei eguivalent in humans to stage III fluvoroeis, according to Roholm (1o, 13,
14, 19, 20).

Table 4 Table 5
Ash Content in X to Dried Bonme Parathyrold Activity: Average Area of

Group Iliac CrestZ 1 RibZ n 150 Parathyroid Nuclel per Animal
1 28.313.6 12 53.424.0 12 Group pm? n
2 28.723.8 6 52.0£2.5 6 1 18.65+1.79 1z
3 27.322.9 8 50.3:3.3 8 2 18.87£1.23 5
4 27.6%3.6 8 50.645.1 7 3 19.50£2.57 8
5 26.73.9 8  4B.615.6 8 . & 18.47%2.60 8
6  26.5%2.3 7 46.086.1 % .7 5 13.23+1.08 *% 8
7 26.232.2 7  47.05.5 * 7 6 15.9741.44 %% 7
8 29.843.4 7T 47.7th.6 * 7 7 21.051.56 *% 7
8 21.7212.08 %% 7

#p<0,05 to control group
#kp<(),01 to contrel group

Boron given in two different dosages as an antidote ylelded the following
results in the skeletal system, At bone seams, photon-absorptiometrically,
histologically and chemically (ash -content), flueride action was cancelled or .
alleviated by concurrent administratien of borom, especinlly at high dosage
(group 6). Elevated F level in serum, associated in both boron groups 5 and 6,
with constantly increased F excretion in urine, pointed towards the antidote ¥
action of boron. The formation of F-B complexes, which are preferably excre-
ted through the kidney and are less markedly stored in bone (21}, theoretical- 4
1y might explain this phenomencn. [BF (0H)3] -, [BF2 (ou)21~;[ BF30H]~ and [BF4]” ‘g
are the complexes involved: the first three form faifly rapidly but are less :
stable than the founth. ° F analyses of iliac crest and rib ashes, however, a ,i’
failed to show any antidote action of boron. In keeping with the higher F val- =
ves in serum, F values in bone were slightly higher than those in F group 2. i
Boron analysis did not prove that boron was stored in bone. This contradie-
tion is explained by analysis of boron action on bone in boron groups 5 and 6
which showed clearly reduced mineral values in femur and metacarpals. A sim-
ilar effect was shown by the decrease in corticsl’ = indices in the roentgeno-—
gram and, histologically, by osteoporosis with diminished bone formation, es-—
pecially in group 6 (8 mg B). Borom causes osteoporosis by its immediate action
on bone metabolism. This direct boran action on bone (decrease in bone mass)
cancels, at least partially, the direct F action on bone, Since fluoride stor-
age in beme is not affected by it, no genuine antidote action of boron by for-
mation of 3-F complex in bome is involved, The raised F levels in serum, the
slightly raised F content in bone and the increased T excretion in urine sug-
gest boron-improved F absorption from the intestine, perhaps as (B-F) complex, "
Elsair et al. (22) proved by acute fluoride inteoxication in rabbita (60 mg F
/kg/d), an increased F digestive utilization coefficlent with increased F ex-
cretion in urine and increased fluorfde storage in bone, by the use of fluo-
ride balances. The decrease in parathyroid activity in the two boton groups

. -‘»»..“}
A
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(5 and 6) may be the key to boron action. An increase in parathyroid activ-
ity due to a relatively high NaF dose (15.4 mg/kg/d) could not be proved by
determination of the average area of nuclei, though a secondary hyperparathy-
roidism was actually found in animal experiments involving 200 ppm (23, 24)
and 1n South India in human endemic fluoresis (25-27). In the last-mentioned
cases malnutrition, calcium and vitamian D deficiencies zssociated with a high
F intake (up to 65 mg F/d) are some of the causes involved. Secondary hyper-
parathyroidism in rabbits, acutely and subacutely intoxicated by 60 or 40 mg
F/kg, is caused by inhibition of calcium absorption from the intestine (22}.
Nevertheless, the toxic effect of fluorine seems to be alleviated by concur-
rent administration of boron {28), as shown in the literature and by our for-
mer studies due to varying toxicity of NaF and BF complexes. The oral LDgg
for potassium flucroborate in rats is 2,000-3,000 mg/kg according to Hodge and
Smith (29); for NaF, the authors found an LDsq of 250 mg/kg in rats (30), for
fiuoroborates toxiclty was ten-fold lower. With the ion-sensitive electrode,
fluorides as (BFA)' complexes can be determined only after destruction of
this complex (total fluorides). In the rabbit experiment, after feeding bor-
on and fluorine, {onized fluoride content and total fluoride content coincid-
ed; (BF4)~ complexes were not being formed but rather the stages [BF(OH)3]_to
[ BF30H) = might be assumed.

The followlng findings from earlier experiments as well as the results of
part II confirmed that BF complexes reduced the toxic effect of fluoride. The
growth-retarding effect of NaF on green alga Chlorella fusca var. vacuolata
is markedly reduced by sodium borate. The glycolysis rate of human erythro-
cytes, which i3 reduced by NaF, is raised again by borate addition (1), but
normal values were not attained. In the rabbit experiment (2) the reduction
in serum iron aand lodine level by NaF is prevented by concurrent administra-~
tion of boron; the same behavior was observed with cholinesterase but boron
addition falled to induce normal values. In our first experiment with year-
ling domestic pigs during 12 months, lowered serum iron level and cholinester-
ase activity as well as Increase in the glucose-6-phosphatase activity caused
by 5 mg NaF/kg/d were restored to normal by 0.35 mg B/kg/d.

Administration of boron concurrently with NaF aerosol inhalatien in Sy-
riazn golden hamsters induced a decrease--in cholinesterase and caused trans-
aminases to increase (31). Elsair et al (32) alsc found that hemostasia dis-
orders in the rabbit, caused by 40 mg F/kg/d, were inhibited by 15.4 mg B/kg/
d. The same team, testing liver homogenates in vitroc, cbserved a correction
of increased oxygen consumption caused by NaF (33). In acute F intoxication
of rabbits (60 mg F/kg/d), administration of boron—.after discontinuation of
fluoride administration..accelerates F excretion {detoxication) (34). Neg-
ative calcium and phosphorus balances, due to high F doses leading to hypo-
calcemlia and secondary hyperparathyroidism, are corrected by concurrent boron
doses: F storage in the skeleton is unaltered or increased (22,28,35). As
early as 1965, Hasek (36) found that 3 g of boric acid/100 kg of body weight,
administered to fattened bulls, failed te prevent dental fluorosis. On the
other hand, the prevailing opinion in the literature is that aluminum salts
reduce fluorine retention in beme. For grazing cattle Grinder (5) reported
a reduced absorption quota of 30 - 40% due to various Al-compounds; the bone
fluorine content was reduced by about 20%. In poultry, F absorption due to
Al-sulphate was significantly reduced (F content in intestine increased by
63%) (37). In humans, F absorption was reduced by 30Z due to high F doses of
aluminum hydroxide and by 57.6% with low F doses (38).
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In ocur experiments, F storage in bone was reduced 25-29% by Al-sulfate.
A distinct pathological change in bone was apparent: bone mass decreased in
comparison to the control group. Increased parathyroid activity in both Al-
-gulfate groups might provide an explanation. Al-sulfate in the intestine
leads to precipitation of calcium and phosphorus. The resulting caleium de-
ficiency may then trigger secondary hyperparathyroidism and/or phosphorus de-
ficiency of 1« -hydroxylase in the kidneys, Combinations of Al~sulfate and
borate falled to yleld any additional information.

Conclusion

Boren acts as an antidote in ¥ dintoxication, probably due to formation
of less toxic boron-fluoride complexes; F content in bone, however, 1s slight-
1y increased with a concurrent increase in F serum level and in urinary F ex-
cretion, Boron by itself, in the doses used, leads to osteoporosis associa-
ted with reduction in parathyrold actiwvity. The boron effect, decrease in
bone mass alsc,at least partially, cancels the F effect on bone, namely, in-
creage in bone mass.

Boron prophylaxis is net recommended. It may even be dangercus, since
gtrong individual differences were observed in chronic fluoride intoxication
of humans caused by industry or by high F content in drinking water, and since
only a certaln proportion of exposed persons are affected by fluorosis (39-41).
According to Elsair et al (22) boron is only suitable for short-term use to
attailn rapid detoxication (curative) after discontinuance of exposure to fluc-
ride, The situation is similar when aluminum sulphate is involved. By reduc-
ing F absorption from the intestine and F storage in the skeleton, it leads to
secondary hyperparathyroidism due to deterioration in calcium absorption. The
mechanism of borom and Al-sulphate action on the development of chronic fluo-
rosls differs. Al-sulphate reduces F absorption; boron acts directly on bone
and forms less toxic boron fluoride complexes.
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