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FLUORIDE AND INTELLIGENCE

When observational data can be replicated consistently, they become rela-
tively secure and less likely to be in error. On the other hand, the hypotheses
and interpretations placed on data may vary considerably until a well-
established theory emerges. In this issue of Fluoride is a further study linking
fluoride and diminished intelligence, thus establishing more firmly that such a
relationship exists.! However, hypotheses about the nature of this relationship
are still tentative.

This new study from Tianjin, China compared children living in villages
with a high, 3.15+£0.61 ppm (meanS.D.), or low, 0.37£0.04 ppm, level of
fluoride in the drinking water.! The children with the high-fluoride intake had a
lower mean 1Q, 92.27+£20.45, compared with the other children, 103.05+13.86.
This difference of 10 points in IQ was significant (P<0.05). More children
(21.6%) in the high-fluoride village had a retardation or borderline category of
IQ than the children (3.4%) in the low-fluoride area. No confounding factors
such as differences in social, educational, or economic background were pres-
ent to explain the differences. These results are consistent with earlier studies
indicating an IQ lowering of 8 to10 points in children living in villages with a
high-fluoride intake from food or drinking water.>?

These findings are also consistent with animal studies in rats, even though
the rat is less sensitive to fluoride than man.* Increased exposure of rats to fluo-
ride has been shown to produce neurotoxicity with sex- and dose-specific be-
havioural deficits.” Distinct morphological alterations in the brain, including
effects on neurones and the cerebrovasculature, have been found after the
chronic administration of aluminium fluoride and sodium fluoride in the
drinking water.*” Changes have also been recorded in cerebral phospholipid
and ubiquinone levels with chronic fluorosis.®

Biochemical studies have identified mechanisms whereby fluoride could af-
fect cerebral function. Fluoride is able to form a strong hydrogen bond with the
amide group.” Enzymes could thus be altered in shape with reduction in activ-
ity. Aluminofluoride complexes stimulate various guanine nucleotide binding
proteins (G proteins).'’ These metallofluoride complexes may thus mimic or
potentiate the action of numerous extracellular signals and significantly affect
many cellular responses. Fluoride ions in the presence of trace amounts of
aluminium are apparently able to act with powerful pharmacological effects.

G proteins couple membrane-bound heptahelical receptors to their cellular
effector systems.'” When an agonist binds to the cell-membrane receptor, the G
protein a subunit facilitates the exchange of the GDP bound to it for GTP, and
the activated a subunit is then able to interact with effector enzymes such as
adenylate cyclase or phospholipase C. The aluminofluoride complex thus acts
as an analogue of GTP because the Al-F bond length is close to the P-O phos-
phate bond length. Both structures are tetrahedral. Fluoride and oxygen have
nearly the same size and the same valence orbitals. Although fluorine as such
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does not hydrogen bond, it does so strongly as the fluoride ion and in HF, but
not in R-F compounds, where electrons in covalently-bound fluoride are held
more tightly than in covalently-bound oxygen. The carbonyl oxygen in amides
is strongly polarized by resonance to behave in the direction of R-O7, like alk-
oxides and the hydroxide ion, both of which are very strong proton and hydro-
gen-bonding attractors. Aluminium is close to phosphorus in the periodic table,
and their valence electrons are in the same third shell. A high concentration of
fluoride ions in solution induces the formation of a soluble tetracoordinated
state of aluminium, which has almost the same geometry, size, and coordina-
tion as phosphate. Fluoride activation is used in laboratory investigations as
evidence for the involvement of a G protein in a system. Aluminofluoride
complexes mimic the action of many neurotransmitters, hormones, and growth
factors. They also affect the activity of a variety of phosphatases, phosphoryl-
ases, and kinases.

Studies on mice have shown that fluoride and aluminium, individually and in
combination, produced changes in the brain involving reductions in the con-
centration of the free-radical scavengers glutathione as well as reduced ascor-
bic acid and impairments in the activities of the protective enzymes superoxide
dismutase, catalase, and glutathione peroxidase.'!

Consideration must also be given to whether fluoride toxicity is enhanced by
iodine deficiency. Even more striking differences in IQ, in children aged 7-14
years, were found in the iodine-deficient area of Xinjiang.'> Children in two
areas had 1Qs 19 and 25 points lower than children in the control area. The
children in the affected areas but not in the control area had subclinical cretin-
ism. A relationship was present between the iodine and fluoride levels. In the
control area the children used iodized salt or cooking oil and had a normal
mean IQ of 96. In one study area (B) the mean 1Q was 77 with the drinking
water fluoride being 0.34 ppm and the drinking water iodine 0.96 pg/L. In the
other study area (A) the mean IQ was 71 with 0.88 ppm fluoride in the drink-
ing water and 5.21 pg iodine/L. Areas A and B were both iodine-deficient, but
area A, with the higher level of both iodine and fluoride in the water, had a
lower mean 1Q than area B with a lower level of both fluoride and iodine. A
high-fluoride intake therefore seems to exacerbate the central nervous system
lesions of iodine deficiency.

The toxic effects of fluoride on the brain thus cannot be viewed in isolation.
Iodine and fluoride have mutually interacting effects on both goiter and fluoro-
sis in mice.'"* Changes occurred over time in the effects of fluoride on thyroid
function in the mice. The initial stimulatory effect of fluoride on the mouse
thyroid at 100 days was followed by an inhibitory effect at 150 days."* In chil-
dren with iodine deficiency, 0.34 ppm of fluoride may be associated with a
lowering of the mean 1Q by 19 points and 0.88 ppm of fluoride with a lowering
of the mean IQ by 25 points.'> Maternal thyroid deficiency during pregnancy
may adversely affect the subsequent neuropsychological development of the
child with lowering of the IQ by 4 to 7 points.'* In some other studies of fluo-
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ride and intelligence, the iodine status of the children was not stated.' No re-
ports have been published of impairment of the IQ in children after exposure to
high-fluoride levels where the iodine intake is documented as being adequate.

Dietary factors, such as an adequate iodine intake, may be protective against
the cerebral and 1Q effects associated with a high fluoride intake. Studies on
the mouse have found that although withdrawal of sodium fluoride and alumi-
num chloride brought about a partial recovery of all the parameters studied, the
administration of ascorbic acid, calcium, or vitamin E, alone or in combination,
resulted in a more complete recovery from the toxic effects.!’ Recovery was
more pronounced with the combination.

Thus a high-fluoride intake has been linked to a lowered IQ in children in
China. Possible mechanisms underlying the association have been described,
and the role of iodine deficiency should be clarified further. Until the factors
involved are better understood, it is not possible to determine what the degree
of risk is, for neurotoxicity, for children with adequate nutrition but with a
high-fluoride intake.

Bruce Spittle

REFERENCES

1 LuY, SunZR, Wu LN, Wang X, Lu W, Liu SS. Effect of high-fluoride water
on intelligence in children. Fluoride 2000; 33:74-8.

2 Li XS, Zhi JL, Gao RO. Effect of fluoride exposure on intelligence in chil-
dren. Fluoride 1995;28:189-92.

3 Zhao LB, Liang GH, Zhang DN, Wu XR. Effect of a high fluoride water sup-
ply on children’s intelligence. Fluoride 1996;29:190-2.

4 Roholm K. Fluorine intoxication: a clinical-hygienic study with a review of
the literature and some experimental investigations. London: HK Lewis;
1937. p. 281.

5 Mullenix PJ, Denbesten PK, Schunior A, Kernan WJ. Neurotoxicity of so-
dium fluoride in rats. Neurotoxicol Teratol 1995;17:169-77. (abstract in Fluo-
ride 1995;28:151-2).

6 Isaacson RL, Varner JA, Jensen KF. Toxin-induced blood vessel inclusions
caused by the chronic administration of aluminium and sodium fluoride and
their implications for dementia. Neuroprotective Agents. Ann NY Acad Sci
1997;825:152-66. (abstract in Fluoride 1998;31;96-9).

7 Varner JA, Jensen KF, Horvath W, Isaacson RL. Chronic administration of
aluminium-fluoride or sodium-fluoride to rats in drinking water: alterations in
neuronal and cerebrovascular integrity. Brain Res 1998;784;284-98. (abstract
in Fluoride 1998;31:91-5).

8 Guan ZZ, Wang YN, Xiao KQ, Dai DY, Chen Y H, Liu JL et al. Influence of
chronic fluorosis on membrane lipids in rat brain. Neurotoxicol Teratol
1998;20:537-42. (abstract in Fluoride 1999;32:33-4).

Fluoride 33 (2) 2000



52

10

11

12

13

14

Spittle

Emsley J, Jones DJ, Miller JM, Overill RE, Waddilove RA. An unexpectedly
strong hydrogen bond; ab initio calculations and spectroscopic studies of
amide-fluoride systems. ] Am Chem Soc 1981;103;24-8.

Strunecka A, Patocka J. Pharmacological and toxicological effects of alumi-
nofluoride complexes. Fluoride 1999;32:230-42.

Chinoy NJ, Patel TN. The influence of fluoride and/or aluminum on free
radical toxicity in the brain of female mice and beneficial effects of some an-
tidotes [abstract]. Fluoride 2000;33;S8.

Lin FF, Aihaiti, Zhao HX, Lin J, Jiang JY, Maimaiti, et al. The relationship
of a low-iodine and high-fluoride environment to subclinical cretinism in
Xinjiang. Iodine Deficiency Disorder Newsletter 1991;7.

Zhao W, Zhu H, Aoki K, Misumi J, Zhang X. Long-term effects of various
iodine and fluorine doses on the thyroid and fluorosis in mice. Endocrine
Regulations 1998;32:63-70.

Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ, Gagnon J et
al. Maternal thyroid deficiency during pregnancy and subsequent neuropsy-
chological development of the child. N Engl J Med 1999;341:549-55.

Published by the International Society for Fluoride Research
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand

Fluoride 33 (2) 2000



Fluoride Vol. 33 No. 2 53-54 2000 Announcements 53

THIRD INTERNATIONAL WORKSHOP ON FLUOROSIS
AND DEFLUORIDATION OF WATER

Chiangmai, Thailand, November 20-24, 2000

The Third International Workshop is being organized by the International Or-
ganizing Committee under the auspices of the ISFR, in collaboration with the
Intercountry Centre for Oral Health (ICOH), and the Environmental Develop-
ment Co-operation Group (EnDeCo). Further Information can be obtained from:

Dr S Rajchagool, Chairperson, Local Organizing Committee,
ICOH

548 Chiangmai-Lumphun Road,

Nong Hoi, Muang,

Chiangmai 50000, Thailand.

Email: srajchagool@hotmail.com; Website: http://www.icoh.org/
or

Professor Eli Dahi, Thulevej, Chairman, International Committee,
16, DK-2860 Soborg, Denmark.

Email: endeco@image.dk

Abstracts: A provisional title and a 100-word abstract of scientific papers and
discussion papers must be submitted to Dr S Rajchagool. Registration fee is
$200 US or $150 US for presenters.

Proceedings copies. The proceedings of the First International Workshop held
in Ngurdoto, Tanzania, 1995 (103 pp) and the Second International Workshop
held in Nazreth, Ethiopia, 1997 (197 pp) are available from the ISFR for $20
and $25 US respectively, plus postage. See Fluoride 32(2):45 for postal rates
and send a money order or certified cheque payable to the ISFR to: Dr Bruce
Spittle, Managing Editor, Fluoride, 727 Brighton Road, Ocean View, Dunedin
9051, New Zealand. Email: spittle@es.co.nz

FIRST ANNOUNCEMENT: XXIVth ISFR CONFERENCE

The XXIVth World Conference of the International Society for Fluoride Re-
search will be held at Piazza Ohmi in Otsu, Shiga, Japan on September 4-7,
2001. The meeting will be hosted by Professor Kazusada Yoshitake and the
Department of Oral and Maxillofacial Surgery of the Shiga University of
Medical Science.

Otsu, the conference venue, is an attractive city situated alongside “Bi-
wako”, Lake Biwa. Lake Biwa is Japan’s largest freshwater lake and was once
called “Nio-no-Umi”, Sea of Grebes. It is located near the centre of Japan and
from early times has been used for fishing and the transportation of goods.
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Some 14 million people use its water every day and the people living around
Lake Biwa and those in Kyoto and Osaka are dependent on it. Since ancient
times, many writers were inspired by the city of Otsu because of its beautiful
surrounding landscape.

Otsu has a rich historical heritage, and the traditions of a vibrant culture
characterize the city. For a brief period thirteen hundred years ago, Otsu was
the capital of Japan. Later when the capital was moved to Kyoto, Otsu devel-
oped into a gateway city to eastern Japan and as a centre for land and water
transport. It also became a centre for Buddhism with many major temples such
as the Enryakuji Temple located there. In the Warring States Period, about 500
years ago, Otsu was involved several times and many local Samurai had their
names etched in history. During the Edo Period, from 1603 to 1868, Otsu was
the largest gateway city between Tokyo and Kyoto. Since that time, Otsu has
remained the capital city of Shiga Prefecture.

FURTHER INFORMATION
The second announcement will include the list of invited speakers, the over-
all conference program, directions for preparing abstracts, and information
about accommodation. Requests for the Second Announcement and registra-
tion forms for the conference should be received by May 14, 2001. Please send
requests for the second announcement and correspondence to:

Professor Kazusada Yoshitake

Chairman, XXIVth ISFR World Conference
Department of Oral and Maxillofacial Surgery
Shiga University of Medical Science

Seta, Otsu, Shiga 520-2192, JAPAN

Phone: 81 77 548 2352

Fax: 81 77 544 0957

E-mail: gaku@belle.shiga-med.ac.jp

The Secretary General for the conference will be Associate Professor Gaku
Yamamoto at the same address.

Fluoride 33 (2) 2000



