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ABSTRACT: Pineal calcification is considered to be the cause of age-related
reduction of melatonin. The fluoride ion (F) has been implicated with pineal gland
calcification as it is readily incorporated into hydroxyapatite, forming the more stable
fluoroapatite. This study collected pineal glands, bone from the 6th rib and humerus,
and the trapezius muscle from 42 cadavers from a low-F consumption area in the
northeast of Thailand and analyzed the specimens for calcium and F by atomic
absorption spectroscopy and a F electrode, respectively. The median F
concentration in the pineal gland was 0.132, with an interquartile range of 2.2 (range
0.016–831), mg F/kg gland wet weight. The average F levels in the bone from the 6th
rib and humerus were 104.1±31.5 and 85.7±20.1 mg F/kg wet weight, respectively. The
F levels in the pineal glands were lower than in the bones (humerus and 6th rib)
(p<0.001). The calcium concentration in the pineal gland was 77,626±45,600 mg Ca/
kg pineal wet weight. No correlation between the F and the calcium contents was
found overall for all the pineal glands (r2=0.287, p=0.077, N=53), but for pineal glands
that had a F concentration of more than 50 mg F/kg pineal gland wet weight a strong
positive correlation was found between the F and calcium contents (r2=0.915,
p<0.001, N=5). This result implies that a high pineal F content may be associated with
increased pineal calcification. 
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INTRODUCTION

The pineal gland is a small gland located in the mid-line of the human brain and
outside of the blood brain barrier (BBB). It has the second richest capillary
network after the kidney.1 Its main function is to produce melatonin which acts as
a negative feedback to the biological clock, the suprachiasmatic nucleus (SCN),
that regulates the circadian rhythm of the body. The SCN sends signals to all the
organs synchronizing the day-night cycle which leads them to function at the
proper time. This can be seen, for example, with sleep, lowering of the body
temperature, and lowering of the blood pressure at night time.2,3 Melatonin
production decreases with age,4,5 and may result in dysfunction and pathological
outcomes such as chronic primary insomnia,6,7 hemorrhagic/ischemic stroke,8
schizophrenia,9, 10 cancer,11-13 and Alzheimer’s disease.14, 15

Melatonin levels in humans have been shown to be associated with the amount
of uncalcified solid pineal tissue, measured by magnetic resonance16 and
computed tomography.17 Thus, pineal calcification is suspected to be one of the
main reasons for melatonin reduction.

Pineal tissue calcification is composed of hydroxyapatite (HA) which is very
similar to that found in bones or teeth.18-21 Factors that have been considered as
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related to increased pineal calcification are increasing age, male gender, high
altitude, and increased intensity of sunlight exposure.22,23

Ordinarily, the amount of the fluoride ion (F) in the brain is very low as F does
not readily cross the BBB.24 However the pineal gland is outside the BBB and is
thus directly exposed to systemic F. F can readily replace hydroxide and carbonate
groups of HA producing fluoroapatite (FA), which is less soluble and more
thermodynamically stable and kinetically favored than HA.25 To date, the study of
Luke is the only one to investigate the correlation between F and calcium in the
pineal gland.26 She found a positive correlation (r=0.73, p<0.02).26 However, with
a small sample (N=11), no correlation was found between F in the pineal gland
and bone, a marker for chronic F exposure, although the type of the bone used was
not controlled from subject to subject.26 

Thus, the relationship between chronic F exposure and F in the pineal gland is of
continued interest. Reported markers for chronic F exposure are bones and tooth
dentin.27 Nails28,29 and blood, bone surface, saliva, milk, sweat and urine30 are
reported to be only short term markers, and only correlate with acute exposure.

Zipkin et al, found that flat bone (vertebra, rib bone, and iliac crest) F
concentrations were linearly related to water F concentration and found no
difference between different types of flat bone.31 There are no studies to date that
have compared the F content between flat bones and long bones. The dentin of
primary molar teeth has also been suggested to provide a satisfactory biomarker
for chronic F exposure.32

Thus, this study measured and correlated the F content in the pineal glands, the
trapezius muscle, and the bone of cadavers exposed to low natural levels of F,
evaluated from the F levels of the local drinking water. The calcium and F levels in
the pineal glands were compared to the F levels of the cancellous bone of the 6th
rib, a flat bone, and the cortical bone of the humerus, a long bone.31 There are no
studies to date that have compared the F content between flat bones and long
bones. 

MATERIALS AND METHODS

All the tissue and bone samples were collected from cadavers bequested to the
Department of Anatomy, Faculty of Medicine, Khon Kaen University. All of the
subjects had lived in the northeast part of Thailand before death. The pineal
glands, the trapezius muscle, 6th rib bone (cancellous bone), and humerus bone
(cortical bone) were collected from 42 cadavers, with a mean age is 67±15.2 yr
(range 33–91 yr). Information on gender, cause of death, underlying diseases, and
domicile data were available. After harvesting from the cadavers, the pineal glands
and trapezius muscles were immediately preserved in buffered 10% formalin. The
study was approved by the Khon Kaen University Ethics Committee for Human
Research.

Sample preparation of pineal gland: Pineal glands were dried on tissue paper at
room temperature for 1 hr, weighed with a Mettler Toledo AT205 balance, crushed
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with 1 mL of ultra pure water in an agate mortar and pestle, sonicated for 10 min,
and then mixed with 2 µL of 6M H2SO4. 

Sample preparation of bone (6th rib and humerus): Bone samples were scraped
with a surgical blade to remove any remaining tissue, calcined in a muffle furnace
at 550–600ºC for 8 hr, and then crushed with an agate mortar and pestle. About
500 mg of bone ash was mixed with 3 mL of 2M HClO4 prior to the atomic
absorption analysis.

Sample preparation of trapezius muscle: The muscle tissue was dried on tissue
paper at room temperature for 1 hr, and then about 100 mg of dried muscle was
weighed with a Mettler Toledo AT205 balance, crushed with 1 mL of ultra pure
water in an agate mortar and pestle, and sonicated for 10 min. Two µL of 6M
H2SO4 were then added. 

Fluoride ion measurement: F was extracted from all the prepared samples by the
HMDS-facilitated diffusion method33 in Falcon 351007 coated Petri dishes. F was
measured by a fluoride ion-specific electrode (Orion Model EA 940 Multi-
Channel Meter with an Orion 9409BN electrode). We used the two electrode
system, inverting the reference electrode to allow 50 µL of each sample to be
pipetted onto the top of the head of the inverted reference electrode, then setting
the fluoride electrode above, providing a thin film of sample solution between the
two electrodes (Figure 1).

Figure 1. Electrode positions for the modified protocol, with the fluoride electrode above, and
the calomel reference electrode below.
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All films were reapplied three times. This allowed measurement of only 50 µL
of sample solution, removing the necessity of diluting to 2–3 mL for side by side
electrodes, and thus increasing the sensitivity more than 100-fold compared with
the recommended 5 mL for dual electrode systems. The F concentration of
samples was determined from the mV readings on standard curves using F
concentrations of 100 ppm, 10 ppm, 1 ppm, 0.1 ppm, and 0.01 ppm (100.0±0.5
ppm Orion fluoride standard, cat. no. 940907). Calibration curves were measured
before and after the samples to ensure there was no drift in measurements. Total
ionic strength adjustment buffer (TISAB) was not used as there were no
differences in ionic strengths between the samples.

Calcium measurement: Calcium analysis followed the procedure of Luke.26 The
remaining pineal gland solution after fluoride extraction was filtered through
Whatman No.1 filter paper to put into a glass tube, then 1 mL of concentrated
HNO3 was added. The tubes were warmed to 50ºC and kept at 50ºC for 30 min in
a fume cupboard. The procedure was repeated using 1 mL 60% HClO4. Two mL
of ultra pure water was then added to each tube and the volumes were measured.
To suppress ionization, 0.1% lanthanum, as lanthanum chloride, was added. The
calcium concentration was evaluated by atomic absorption spectroscopy
(AAnalyst 100 PerkinElmer instrument) using an oxidizing (lean, blue) air-
acetylene flame with a 0.7 nm slit width and detection at 422.7 nm. The calibration
curves were linear over the range 0–200 ppm Ca. Phosphate was tested and was
not found to interfere with the calcium determination under the conditions used.

Statistical analysis: The F concentration in the pineal glands was found not to
have a normal distribution so is reported as the median and interquartile range.
The calcium concentration in the pineal glands, and the F concentrations in bones
and muscles are shown as means±standard deviation (SD). Where normally
distributed, differences between groups were evaluated by the unpaired Student’s
t-test and statistical significance was taken as p<0.05. The Spearman’s correlation
was used to evaluate the correlation between the F and calcium concentrations in
the pineal glands, the F concentration in the pineal glands and bone, and the F
concentration in the pineal glands and the age of the cadavers. Pearson’s
correlation was used to evaluate the correlation between the calcium concentration
in the pineal glands and the ages of the cadavers.

RESULTS

The standard curve for the fluoride electrode was linear over the range 0.01 to
100 ppm F, i.e., over four orders of magnitude. There was excellent agreement
between the calibration curves using 10 mL of the fluoride standards with the
standard side-by-side electrode configuration, and the modified inverted electrode
protocol using only 50 µL (Figure 2). The inter-day and intra-day calibration curve
correlations were r2= 0.996 and r2= 0.991 respectively. 



Research report
Fluoride 49(4 Pt 2):472-484
October-December 2016

476476 Association between high pineal fluoride content
and pineal calcification in a low fluoride area

Tharnpanich, Johns, Subongkot, Johns,

Kitkhuandee, Toomsan, Luengpailin

The mean pineal gland weight was 0.039±0.031 g (0.007–0.185 g) (Figure 3). 
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Figure 2. Typical standard curve from the adapted fluoride electrode protocol. Before and after
refers to the measurement of standard solutions before and after the measurement of sample
solutions, and confirms the stability over the measurement period. y = –21.41 ln(x) + 97.76; 
r2 = 0.996. The mV are relative. Fluoride electrode calibration done on Sept 30, 2014.
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Figure 3. Comparison of the pineal weight (mg) between this study (N=42) and the Luke study
(N=11).26
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The median fluoride concentration in the pineal glands was 0.132 with an
interquartile range of 2.2 (range 0.016–831) mg F/kg pineal gland wet weight
(Figure 4).

 

The mean fluoride concentration in the trapezius muscle was 0.021±0.040
(1.65×10–5–0.245) µg F/kg wet muscle weight. The mean calcium concentration
in the pineal gland was 77,626±45,600 (range 23,498–213,438) mg Ca/kg pineal
gland wet weight.

There was no correlation between the fluoride and calcium contents for all the
pineal gland samples (N=42, r2=0.287, p=0.077) as most of the glands had a very
low fluoride concentration. However, for pineal glands having more than 50 mg
fluoride/pineal gland a positive correlation between fluoride and calcium was
found (N=5, r2=0.915, p<0.001) (Figure 5). No correlation was found between the
fluoride concentration in the pineal gland and the age of the cadaver, (r2= 0.203,
p=0.192), but there was a positive correlation between the calcium concentration
in the pineal gland and the age of the cadaver (r2= 0.33, p=0.04).
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30

25

20

15

10

5

0

No. of pineal glands

0–<1

1–<2

2–<5

5–<10

10–<20

20–<30

30–<50

50–<75

75–<100

100–<200

200–<300

300–<400

400–<500

500–<600

600–<700

700–<800

800–<900

     Fluoride concentration of pineal glands (mg F/kg of pineal gland wet weight)
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The fluoride concentration in the bones showed a normal distribution, with the
mean fluoride levels in the 6th rib and humerus bones being 104.1±31.5 (58.9–
215.2) and 85.7±20.1 (40.1–131.9) mg F/kg dry ashed bone weight, respectively
(Figure 6). These values were significantly different by the paired t-test (p=0.002).
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 Figure 6. Distribution of fluoride in the dry ashed bone samples from the 6th rib and the humerus. 
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The fluoride in the trapezius muscle (N=42) was significantly lower than in the
pineal glands (p<0.001) and the bones (6th rib and humerus) (p<0.001) (Figure 7).

 No correlation was found between the fluoride concentration in the pineal gland
and the fluoride concentration in bone. The F level in the pineal glands (median F
concentration in the pineal glands: 0.132 with an interquartile range of 2.2 [range
0.016–831] mg F/kg pineal gland wet weight) was lower than in the bones (mean
F levels in the 6th rib and humerus bones: 104.1±31.5 [range 58.9–215.2] and
85.7±20.1 [range 40.1–131.9] mg F/kg dry ashed bone weight, respectively)
(p<0.001).

The percentage calcification of the pineal glands ranged from 5.9 to 53.6%
(mean 19.5±11.4) based on the calcium content and the weight of the glands. This
is somewhat higher than that reported by Luke of 0.4 to 11.7% (mean 3.9±3.6),
probably due to the smaller size of the pineal glands (0.007–0.185 g, mean
0.039±0.031 g) in this study, than in Luke’s study (0.056–0.198 g, mean
0.112±0.052 g).26 Another study also reported pineal weights of 0.099±0.056 g
and 0.091±0.041 g in 168 elderly male and females, respectively.34 
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DISCUSSION

We adapted the fluoride electrode method because the final volume of the
extracted solution from the HMDS-facilitated diffusion method33 was lower than
the minimum volume that can be measured with a dual electrode system. The
standard curve for the validated adapted method had an acceptable correlation (r2=
0.996 intra-day, 0.991 inter-day). In contrast to Luke’s study,26 when all the pineal
glands were considered we found no correlation between the fluoride and the
calcium concentrations in the pineal gland (r2=0.287, p=0.077).

This is only the second reported study to evaluate the fluoride concentration in
the pineal gland, and the first to systematically compare this with the fluoride
concentration in bone. The mean fluoride amount in the pineal glands in this study
was much lower at 75.5±228 (range 0–831) mg F/kg pineal gland wet weight)
(Figure 4), compared to Luke’s study26 which reported 314.5±374.3 (range 14–
875) mg F/kg pineal gland wet weight, although the range was similar.

The mean fluoride levels in the 6th rib and humerus bones, 104.1±31.5 (58.9–
215.2) and 85.7±20.1 (40.1–131.9) mg F/kg dry ashed bone weight, respectively,
in this study were much lower compared to Luke’s study26 which reported
2,037±1,095 (range 838–3,711) mg F/kg bone ash weight.

 The mean fluoride in trapezius muscle was about five times lower at
0.021±0.040 (range 1.65×10–5 to 0.245) µg F/kg muscle wet weight compared to
Luke’s study26 which reported 0.5±0.4 (range 0.2–1.5) mg F/kg muscle wet
weight.

 The mean weight of calcium in the pineal glands in this study was
77,626±45,600 (range 23,498–213,438) mg Ca/kg wet pineal gland weight,
compared to Luke’s study26 which reported 16,000±11,070 mg (range 4,600–
37,250) Ca/kg wet pineal gland weight. 

Very low concentrations of F were found in muscle, as expected, as fluoride does
not accumulate in muscle tissue. Fluoride could be measured at very low
concentrations in bone and muscle (<1µg F/kg wet weight) due the availability of
a large quantity of sample compared to samples of dentin and of pineal gland.

The calcification levels, i.e., the weight of HA based on the Ca content as a
proportion of the total pineal gland weight, were similar to those reported by other
workers using microanalytical techniques, for example 38% Ca in the center of
concretions using an electron microprobe,35 28.6–38.2% Ca by EDX, 38.5% Ca
by EDS,36 and 20–32% from element maps of whole pineal glands by electron
microprobe.37 Similar calcium levels for enamel (37.7%), dentine (36.41%), and
bone (35.8%) have been reported.38

Based on the calcium:fluoride ratios in the pineal glands, we were able to
estimate the percentage replacement of OH in HA Ca10(PO4)6OH2 by fluoride as
0–29% (mean 4.1±8.1%). 

The upper level (29%) is the same as that found for pure FA that contains 3.7%
fluoride by weight, i.e., about one third of the OH ions can be replaced by
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fluoride.39 The levels of fluoride that would be required to produce pure FA in
vivo would be highly toxic (above 5 mg/kg body weight, i.e., the dose for acute
toxicity). The mechanism of fluoride incorporation into pineal calcification
therefore implies a slow substitution from lower fluoride plasma concentrations
via chronic exposure.

The northeast part of Thailand where the subjects lived has very low fluoride
levels in the natural drinking water of approximately 0.03–0.07 ppm.40,41 There is
no government or commercial fluoridation of water supplies in Thailand, and
although some commercially bottled water is fluoridated (0.03 to 0.72 ppm, mean
0.17±0.16 ppm), only three brands contain appreciable amounts of fluoride.42 Two
of these are imported and not widely consumed.42 The consumption of
commercial bottled water is low among the subject population. High levels of
naturally occurring fluoride in water are found in some localized regions in the
country, giving rise to fluorosis, but these are in the far north, far distant from the
area where the subjects dwelled. From the study of Zipkin et al.31 who correlated
the bone fluoride with the fluoride intake from water, we estimate the content of
fluoride in the water consumed by the subjects in this study was lower than 0.1
ppm, in agreement with the data presented on the water analysis.40,41 Furthermore,
the use of fluoride varnish by dental professionals, a potential extra-dietary source
of fluoride is relatively recent and limited to children. Our subjects were elderly
and would not have been exposed to such treatment. Our subjects would also not
have been likely to have received significant fluoride from toothpaste, as
fluoridized toothpaste is a relatively recent development. Furthermore, adults are
not expected to swallow toothpaste, as children may do. We can thus confirm that
the subjects of this study had a low fluoride consumption.

Luke’s study was conducted in the mid-1990’s at Surrey University. Up to 1982,
the only major cities to be fluoridated in the United Kingdom were Birmingham
and Newcastle. Many areas in England have a significant natural fluoride content
in the drinking water (0.5–0.9 ppm), including Norwich, Ipswich, Cambridge,
Hartlepool, Slough, Colchester, and other sites particularly in the counties of
Essex, Norfolk, Suffolk, and in North East London, all areas near Luke’s study
site.43 Other areas are reported to have less than 0.5 ppm fluoride in water.44 

Of significant note is that although the fluoride concentrations in the pineal were
mostly very low with only a few subjects exhibiting high fluoride concentrations,
in bone, the fluoride concentration was 60–215 mg/kg and normally distributed,
with no subjects showing either very low or very high levels (Figure 6). This
finding for bone is consistent with chronic exposure to low levels of fluoride from
naturally low levels in water and food.31 

A previous study reported the fluoride level in bone varying between 1295 to
5745 (mean 2824) mg F/kg for the iliac crest, and increasing with age.45 However
neither the rib bone or the humerus bone fluoride content correlated with age in the
present study.
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By contrast, the fluoride levels in the trapezium muscle were extremely low.
This is consistent with other studies, and confirms that muscle does not
accumulate fluoride. It also gives us confidence in measuring fluoride at low levels
(between 0.01 and 1 ppm) in solutions from tissue samples.

High levels of fluoride have been reported in the serum of patients undergoing
haemodialysis and continuous ambulatory peritoneal dialysis.46 However none of
the subjects in our study were reported to have had end-stage renal disease or were
undergoing dialysis. 

Given the expected low levels of fluoride exposure of the subjects in this study,
based on the water consumption, the lack of water fluoridation, and the low
concentrations of fluoride found in bone, it is difficult to explain why a few
individuals exhibited much higher concentrations of fluoride in their pineal glands
(five pineal glands had more than 50 mg F/kg of pineal gland wet weight, Figure
4). However, the strong correlation between the pineal calcium and fluoride
contents in these cases implies that pineal fluoride incorporation is related to
calcification (Figure 5). No examples of higher fluoride concentrations were found
at lower levels of calcification. It has been suggested that calcification is not a
natural process, but a pathological process, perhaps as a result of lack of calcium
control in the tissue and surrounding fluid,47,48 although the incorporation of
fluoride itself is likely to be a passive process within the calcification process. 

CONCLUSIONS

This is only the second study to investigate fluoride in calcifications of human
pineal gland. Although it is not possible to conclude that low fluoride exposure
can lead to increased or more rapid calcification in the pineal gland, higher pineal
fluoride levels appear to be associated with a higher degree of pineal calcification
in agreement with Luke’s study.26 Fluoride was found to deposit more in flat bone
than in long bone. 

Further study of the pineal glands of subjects with a high fluoride content should
be conducted to further the understanding of the relationship between fluoride
intake and pineal calcification in humans.

REFERENCES
1 Macchi MMB, Jeffrey N. Human pineal physiology and functional significance of melatonin.

Front Neuroendocrinol 2004;25(3-4):177-95.
2 Klein DC MR. Pineal N-acetyltransferase and hydroxyindole-O-methyltransferase: control

by the retinohypothalamic tract and the suprachiasmatic nucleus. Brain Res
1979;174(2):245-62.

3 Claustrat B BJ, Geoffriau M, Chazot G. Melatonin: from the hormone to the drug? Restor
Neurol Neurosci 1998;12(2-3):151-7.

4 Zhdanova IV, Wurtman RJ, Balcioglu A, Kartashov AI, Lynch HJ. Endogenous melatonin
levels and the fate of exogenous melatonin: age effects. J Gerontol A Biol Sci Med Sci
1998;53(4):B293-8.

5 Waldhauser F, Weiszenbacher G, Tatzer E, Gisinger B, Waldhauser M, Schemper M, et al.
Alterations in nocturnal serum melatonin levels in humans with growth and aging. J Clin
Endocrinol Metab 1988;66(3):648-52.

6 Haimov I LM, Zisapel N, Souroujon M, Nof D, Shlitner A, Herer P, Tzischinsky O, Lavie P.
Sleep disorders and melatonin rhythms in elderly people. BMJ 1994;309(6948):167.



Research report
Fluoride 49(4 Pt 2):472-484
October-December 2016

483483 Association between high pineal fluoride content
and pineal calcification in a low fluoride area

Tharnpanich, Johns, Subongkot, Johns,

Kitkhuandee, Toomsan, Luengpailin

7 Hajak G RA, Staedt J, Bandelow B, Huether G, Rüther E. Nocturnal plasma melatonin
levels in patients suffering from chronic primary insomnia. J Pineal Res 1995;19(3):116-22.

8 Kitkhuandee A SK, Johns NP, Kanpittaya J, Johns J. Pineal Calcification Is Associated with
Symptomatic Cerebral Infarction. J Stroke Cerebrovasc Dis 2014;23(2):249-53.

9 Monteleone P MM, Fusco M, Kemali D, Reiter RJ. Depressed nocturnal plasma melatonin
levels in drug-free paranoid schizophrenics. Schizophr Res 1992;7(1):77-84.

10 Viganò D LP, Rovelli F, Roselli MG, Malugani F, Gavazzeni C, Conti A, Maestroni G. A study
of light/dark rhythm of melatonin in relation to cortisol and prolactin secretion in
schizophrenia. Neuro Endocrinol Lett 2001;22(2):137-41.

11 Haus EL, Smolensky MH. Shift work and cancer risk: Potential mechanistic roles of
circadian disruption, light at night, and sleep deprivation. Sleep Med Rev 2013;17(4):273-
84.

12 Sturgeon SR, Luisi N, Balasubramanian R, Reeves KW. Sleep duration and endometrial
cancer risk. Cancer Causes & Control 2012;23(4):547-53.

13 Hansen J, Stevens RG. Case-control study of shift-work and breast cancer risk in Danish
nurses: Impact of shift systems. Eur J Cancer 2012;48(11):1722-9.

14 Skene DJ V-RB, Sparks DL, Hunsaker JC, Pévet P, Ravid D, Swaab DF. Daily variation in
the concentration of melatonin and 5-methoxytryptophol in the human pineal gland effect of
age and Alzheimer's disease. Brain Res 1990;528(1):170-4.

15 Liu RY ZJ, van Heerikhuize J, Hofman MA, Swaab DF. Decreased melatonin levels in
postmortem cerebrospinal fluid in relation to aging, Alzheimer's disease, and apolipoprotein
E-epsilon4/4 genotype. J Clin Endocrinol Metab 1999 84(1):323-7.

16 Liebrich LS, Schredl M, Findeisen P, Groden C, Bumb JM, Nolte IS. Morphology and
function: MR pineal volume and melatonin level in human saliva are correlated. J Magn
Reson Imaging 2014;40(4):966-71.

17 Kunz D, Schmitz S, Mahlberg R, Mohr A, Stoter C, Wolf KJ, et al. A new concept for
melatonin deficit: on pineal calcification and melatonin excretion.
Neuropsychopharmacology 1999;21(6):765-72.

18 Earle KM. X-ray diffraction and other studies of the calcareous deposits in human pineal
glands. J Neuropathol Exp Neurol 1965;24:108-18.

19 Mabie CP WB. Optical, physical and chemical properties of pineal gland calcifications.
Calcif Tissue Res 1974;16(1):59-71.

20 Galliani I FE, Giangaspero F, Valdré G, Mongiorgi R. A preliminary study of human pineal
gland concretions: structural and chemical analysis. Boll Soc Ital Biol Sper 1990;66(7):615-
22.

21 Bocchi G VG. Physical, chemical, and mineralogical characterization of carbonate-
hydroxyapatite concretions of the human pineal gland. J Inorg Biochem 1993;49(3):209-20.

22 Zimmerman RA BL. Age-related incidence of pineal calcification detected by computed
tomography. Radiology 1982;142(3):659-62.

24 Turgut AT, Karakaş HM, Özsunar Y, Altın L, Çeken K, Alıcıoğlu B, et al. Age-related
changes in the incidence of pineal gland calcification in Turkey: a prospective multicenter
CT study. Pathophysiology 2008;15(1):41-8.

25 Zhu YN, Zhang XH, Chen YD, Xie QL, Lan JK, Qian MF, He N. A comparative study on the
dissolution and solubility of hydroxylapatite and fluorapatite at 25ºC and 45ºC. Chem Geol
2009;268(1-2):89-96.

26 Luke J. Fluoride deposition in the aged human pineal gland. Caries Res 2001;35:125–8.
27 Pessan JP, Buzalaf MR. Historical and recent biological markers of exposure to fluoride.

Monogr Oral Sci 2011;22:52-65.
28 Whitford GM, Sampaio FC, Arneberg P, von der Fehr FR. Fingernail fluoride: a method for

monitoring fluoride exposure. Caries Res 1999;33:62-7.
29 Fukushima R, Rigolizzo DS, Maia LP, Sampaio FC, Lauris JR, Buzalaf MA. Environmental

and individual factors associated with nail fluoride concentration. Caries Res
2009;43(2):147-54.

30 Rugg-Gunn AJ, Villa AE, Buzalaf MR. Contemporary biological markers of exposure to
fluoride. Monogr Oral Sci 2011;22:37-51.



Research report
Fluoride 49(4 Pt 2):472-484
October-December 2016

484484 Association between high pineal fluoride content
and pineal calcification in a low fluoride area

Tharnpanich, Johns, Subongkot, Johns,

Kitkhuandee, Toomsan, Luengpailin

31 Zipkin I, McClure FJ, Leone NC, Lee WA. Fluoride deposition in human bones after
prolonged ingestion of fluoride in drinking water. Public Health Rep 1958;73(8):732-40.

32 dela Cruz GG, Rozier RG, Bawden JW. Fluoride concentration in dentin of exfoliated
primary teeth as a biomarker for cumulative fluoride exposure. Caries Res 2008;42(6):419-
28.

33 Taves DR. Separation of fluoride by rapid diffusion using hexamethyldisiloxane. Talanta
1968;15(9):969-74.

34 Hasegawa A, Ohtsubo K, Mori W. Pineal gland in old age; quantitative and qualitative
morphological study of 168 human autopsy cases. Brain Res 1987;409(2):343-9.

35 Kodaka T, Mori R, Debari K, Yamada M. Scanning electron microscopy and electron probe
microanalysis studies of human pineal concretions. J Electron Microsc (Tokyo)
1994;43(5):307-17.

36 Bocchi G, Valdre G. Physical, chemical, and mineralogical characterization of carbonate-
hydroxyapatite concretions of the human pineal gland. J Inorg Biochem 1993;49(3):209-20.

37 Nakamura KT, Nakahara H, Nakamura M, Tokioka T, Kiyomura H. Ultrastructure and x-ray
microanalytical study of human pineal concretions. Ann Anat 1995;177(5):413-9.

38 LeGeros RZ, Legeros JP. Phosphate minerals in human tissues. In: Nriagu JO, Moore PB,
editors. Phosphate minerals. Berlin Heidelberg: Springer-Verlag; 1984. pp. 351-85.

39 Dorozhkin SV. Calcium orthophosphates: occurrence, properties, biomineralization,
pathological calcification and biomimetic applications. Biomatter 2011;1(2):121-64.

40 Angwaravong O, Kitsahawong K, Thongjurai T, Saksripaisan T, Laolertwarakul N. Fluoride
content of tap water and commercially bottled drinking water in Amphur Muang, Khon Kaen.
Khon Kaen Univ Dent Journal 2004;7(1):17-24.

41 Chuckpaiwong S, Nakornchai S, Surarit R, Soo-ampon S, Kasetsuwan R. Fluoride in water
consumed by children in remote areas of Thailand. Southeast Asian J Trop Med Public
Health 2000;31(2):319-24.

42 Dhanuthai K, Thangpisityotin M. Fluoride content of commercially-available bottled water in
Bangkok, Thailand. J Investig Clin Dent 2011;2(2):144-7.

43 Jones S, Lennon K, authors. Stillman-Lowe C, editor. One in a million: the facts about water
fluoridation. 2nd ed. London, UK: The British Fluoridation Society, The United Kingdom
Public Health Association, The British Dental Association, and The Faculty of Public Health
of the Royal College of Physicians; 2004. Available from: https://www.dentalwatch.org/fl/
bfs.pdf

44 Sandyk R, Kay SR. Abnormal EEG and calcification of the pineal gland in schizophrenia. Int
J Neurosci 1992;62(1-2):107-11.

45 Parkins FM, Tinanoff N, Moutinho M, Anstey MB, Waziri MH. Relationships of human
plasma fluoride and bone fluoride to age. Calcif Tissue Res 1974;16(4):335-8.

46 al-Wakeel JS, Mitwalli AH, Huraib S, al-Mohaya S, Abu-Aisha H, Chaudhary AR, et al.
Serum ionic fluoride levels in haemodialysis and continuous ambulatory peritoneal dialysis
patients. Nephrol Dial Transplant 1997;12(7):1420-4.

47 Schmid HA. Decreased melatonin biosynthesis, calcium flux, pineal gland calcification and
aging: a hypothetical framework. Gerontology 1993;39(4):189-99.

48 Humbert W, Pevet P. Calcium concretions in the pineal gland of aged rats: an ultrastructural
and microanalytical study of their biogenesis. Cell Tissue Res 1995;279(3):565-73.

Copyright © 2016 The International Society for Fluoride Research Inc. 
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand


	ABSTRACT: Pineal calcification is considered to be the cause of age-related reduction of melatonin. The fluoride ion (F) has been implicated with pineal gland calcification as it is readily incorporated into hydroxyapatite, forming the more s...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


