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FLUORIDE AGGRAVATION OF OXIDATIVE STRESS IN PATIENTS
WITH CHRONIC RENAL FAILURE
Joanna Bober,a Ewa Kwiatkowska,b Karolina Kędzierska,b Maria Olszewska,a
Ewa Stachowska,c Kazimierz Ciechanowski,b Dariusz Chlubekc
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SUMMARY: Based on evidence that fluoride ion (F) increases the production of
reactive oxygen species, inhibits antioxidant enzyme activity, and enhances lipid
peroxidation, a study of these effects was conducted on 52 patients with chronic
renal failure (CRF), of whom 33 were undergoing chronic haemodialysis (HD) with the
use of polysulphone membrane dialysers, while 19 with less advanced CRF, who
were not undergoing HD, were treated conservatively with angiotensin-converting
enzyme inhibitors and diuretics. Serum concentrations of F, Cu, Zn, Se, and
thiobarbituric acid reactive substances (TBARS), along with serum activity levels of
superoxide dismutase (SOD) and glutathione peroxidase (GPx), were measured.
Although serum F levels were higher both before (p<0.001) and after (p<0.002) HD
than in the conservatively treated group, HD resulted in a statistically significant
(p<0.005) decrease of the F level. In both patient groups, a positive correlation was
found between the levels of serum F and TBARS. In patients undergoing HD, a
negative correlation was observed between the serum F level before HD and SOD
activity (p<0.01) on the one hand and copper levels (p<0.0004) on the other. In the
conservatively treated patients not undergoing HD, the GPx activity level in the
serum was positively correlated with the F level. Thus an oxidation promoting action
of F in patients with CRF was confirmed.
Keywords: Chronic Renal Failure; Fluoride stress; Glutathione peroxidase; Haemodialysis;
Plasma copper; Plasma selenium; Plasma zinc; Superoxide dismutase; Thiobarbituric Acid
Reactive Substances.
INTRODUCTION

Elimination of ionic fluoride (F) is impaired in chronic renal diseases.1-4 As a
result, plasma F increases,1,2,4,5 and F accumulates in the body. In treatment of
chronic renal failure (CRF), the common method of restoring the correct water and
electrolyte balance in the body and eliminating toxins is haemodialysis (HD). The
procedure is based on the phenomenon of penetration of some low and medium
molecular weight substances through a semi-permeable membrane and a
balancing of concentrations of these substances on both sides of the membrane. In
HD, F is not fully removed from the plasma,3,6-8 and its clearance is lower than
that of other substances.9,10 The ionic radius of F (1.3×10-10 m) is smaller than the
pore diameter of the dialysis membrane (5–50×10-10 m), yet the fact that F
remains in the body despite effective haemodialysis indicates F is not present in
the plasma in a simple ionized form but is probably bound to proteins10 or to other
substances, including substances contained in blood cells.11
Within the first hour of HD, serum F levels become stable, commonly attaining
normal values. A logarithmic correlation between F and the duration of
haemodialysis has been reported.12
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Increasingly effective methods of purification of the water used in dialysis
therapy for CRF have largely reduced the possibility of introducing F into the
patient bodies in the course of haemodialysis.13 Until recently, F was associated in
dialysis therapy with chronic14-16 or acute intoxications.8,13,17,18 However, the
discovery of oxidation-promoting properties of F19 emphasizes the need to
alleviate oxidative stress in patients with CRF, whether treated conservatively or
with HD. In these patients, activated neutrophils and monocytes are most
commonly the source of reactive oxygen species (ROS).
Thus the positive effect of HD that purifies the body from uremic toxins is also
accompanied by a number of side effects. Plasma proteins, primarily albumins,
and red blood cells especially are exposed to the destructive action of highly
reactive oxygen compounds formed in the course of HD. Hypoalbuminaemia is
associated with increased mortality of dialysed patients20 and with increased
peroxidation of lipids of erythrocyte cell membranes.21
Superoxide anion-radical formed by stimulated neutrophils is converted into
hydrogen peroxide by the action of superoxide dismutase (SOD). The resulting
hydrogen peroxide is decomposed by the action of glutathione peroxidase (GPx).
The basic marker of oxidative stress is the level of TBARS – thiobarbituric acid
reactive substances (most often dialdehydes). Their formation results from
degradation by free radicals of polyunsaturated fatty acids present in lipids.23
Although much more elevated in patients undergoing HD,21,22 TBARS plasma
levels are less elevated in conservatively-treated patients with renal failure.22,23
The available literature lacks reports that would associate the pro-oxidative
action of F with the creation of oxidative stress in patients with CRF treated either
conservatively or by repeated HD.
MATERIALS AND METHODS

The investigation was conducted on group of 33 patients (16 women and 17
men, age 58.45 ± 14.93 years) subjected to chronic HD with Fresenius
polysulphonic dialysers. The patients were dialysed three times a week, usually
with a 4-hr HD session. The aqueous dialysis solution (after the concentrate was
diluted) had the following composition: 138 mmol/L Na+, 0, 2.0 or 3.0 mmol/L
K+, 1.75 mmol/L Ca2+, 0.5 mmol/L Mg2+, 107.5 mmol/L Cl–, 0 or 5.5 mmol/L
glucose, and 32 mmol/L HCO3–. The water used for haemodialysis was obtained
by reverse osmosis. F levels in this water used for HD haemodialysis and in the
preceding concentrate were below the limit of measurement with the F ionselective electrode.
Renal failure was caused by glomerulonephritis in 12 cases, pyelonephritis in 14
cases and by other causes in 7 cases. The control group consisted of 19 persons (6
women, 13 men, age 55.69 ± 13.46 years) with conservatively-treated CRF,
including 7 with glomerulonephritis, 6 with pyelonephritis, and 6 with other
pathologies. These control patients, not yet eligible for HD, were seen monthly in
the outpatient clinic and were treated conservatively with angiotensin-converting
enzyme inhibitors and diuretics.
None of the patients in both groups had blood transfused within a few weeks
preceding the study. The patients did not have any malignancies or active
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inflammatory conditions. None of the patients were smokers or used microelement
supplementation. The study was approved by the Bioethics Committee of the
Pomeranian Medical University. All patients gave their consent to participate in
the study.
Blood was collected from an antecubital vein in the morning before breakfast
from the conservatively treated CRF patients. In the patients undergoing HD,
blood was collected immediately before the beginning and immediately after the
termination of HD from the arteriovenous fistula.
Blood samples were collected with heparin (50 IU/mL) present as an
anticoagulant. F in the plasma was measured potentiometrically with an Orion F
ion-selective electrode after prior addition of TISAB (Total Ionic Strength
Adjustment Buffer) to the plasma. The sensitivity of F plasma level measurement
by this method is 10-6 mol/L (0.019 mg/L). The concentration of thiobarbituric
acid reactive substances (TBARS) in the plasma was measured by
spectrofluorometry.24 The level of glutathione peroxidase (GPx) activity in the
plasma was measured by an enzymatic method.25 Superoxide dismutase (SOD) in
erythrocytes was measured by spectrophotometry.26 Selenium (Se) in the plasma
was measured by spectrofluorometry.27 Copper (Cu) and zinc (Zn) plasma levels
were measured by atomic absorption spectrometry with the use of a Philips PU
9100X absorptiometer.
All results are presented as the mean value ± standard deviation (SD). After it
was found with the use of the Shapiro-Wilk test that the distributions of results
obtained were not normal, the following non-parametric tests were used for
statistical analysis: Wilcoxon matched pairs test for examining the differences in
parameters before and after dialysis, Mann-Whitney U rank analysis test to
determine the dependence between patient groups with chronic renal failure
treated conservatively and those treated with HD, and Spearman’s test to
determine the correlation between the parameters measured.
RESULTS AND DISCUSSION

Biochemical test results – TBARS, SOD, GPx, their cofactor levels, and other
data characterizing the study groups – are presented in the Table. F levels and
statistically significant relations are presented in Figure 1.
Plasma F levels in patients with CRF treated conservatively did not differ from
those measured by the F ion-selective electrode in 63 healthy persons residing in
the same geographical region.28 Patients with CRF start dialysis therapy when
creatinine clearance (glomerular filtration rate, GFR) is less than 10 mL/min/1.73
m2. Until the GFR is above this value, they are treated conservatively in
Outpatient Clinic. In the plasma of dialysed patients, the F level was significantly
higher than in the group treated conservatively. This phenomenon was observed
both before and after HD. However, HD caused a statistically significant lowering
of the plasma F level (p<0.005), although after HD plasma F levels remained
higher than in patients treated conservatively. This finding confirms reports that
only ca. 60% of plasma F is removed by HD. The rest is apparently bound with
species that do not undergo filtration.29 An increase in F level, including the
ionised fraction, is encountered not only in patients treated by HD but also in those
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treated by peritoneal dialysis. F clearance in the course of peritoneal dialysis is
higher and may attain even up to 90%.30 Plasma F levels in patients treated by HD
as well as those treated conservatively did not correlate with either the age or
gender of the patients. Moreover, the time from the introduction of renal
replacement treatment (first HD) and the amount of dialyser use did not affect
plasma F levels. We did not confirm the report of a statistically significant increase
in plasma F level with the passage of time from commencement of the first
dialysis.12
Table. Selenium, copper, zinc, and TBARS concentration in plasma and SOD and GPx activity in
erythrocytes. Normal values of selenium, copper, zinc, and TBARS concentration in plasma and SOD and
GPx activity in erythrocytes.45

Parameter

TBARS (µmol/L)

CRF group
before HD

CRF group
after HD

CRF group
without HD

1.43 ± 0.3

1.50 ± 0.58*

1.05 ± 0.21*

†

Normal values
(min – max)

0.60 – 1.05

†

SOD (U/g Hb)

1.73 ± 0.16

1.77 ± 0.14

1.69 ± 0.096

1.65 – 1.97

GPx (U/g Hb)

7.79 ± 1.70

8.44 ± 2.23*

9.46 ± 1.23*

4.16 – 10.5

Cu (µmol/L)

14.31 ± 8.81

14.62 ± 8.33

Zn (µmol/L)

13.06 ± 3.06

14.91 ± 2.90

Se (µmol/L)

0.58 ± 0.19

Urea nitrogen (mmol/L)

43.2 ± 8.04

Creatinine (µmol/L)

840.2 ± 256.5

No. times dialysator used

0.61 ± 0.20†
17.1 ± 6.1†

13.0 – 22.0

8.39 ± 3.55*

2.0 – 23.0

0.55 ± 0.18

0.37 – 0.79

12.4 ± 10.7†
†

450.2 ± 147.7

7.1 – 16.4
†

258.3 ± 124.7

61.9 – 115

6.2 ± 4.5

Time since first HD (months)
Age of patient (years)

17.79 ± 3.46

3.64 ± 0.47
58.45 ± 14.93

55.69 ± 13.46

Concentration of F (µmol/L)

Values are means ± SD. Statistically significant changes after HD vs. before HD are marked as: * = p<0.05,
†
= p<0.01. Statistically significant changes between groups after HD and without HD are similarly marked.

10

p<0.001
p<0.005

8

p<0.02

6
4
2
0
Before HD

After HD

CRF
without HD

Healthy

Figure 1. Plasma F concentration of CRF patients treated with or without HD
and healthy, non-CRF patients.28 Values are shown as means ± SD.

Serum TBARS levels (Table 1) were significantly higher in HD patients than in
patients treated conservatively, in accord with findings by other authors.21-23 A
positive correlation was found between F and TBARS levels in patients treated
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conservatively as well as in those treated by HD (Figure 2). F correlates with the
TBARS level not only before HD but also, despite lowering of its level, after HD.
An increase in the TBARS level in animals drinking water containing F has been
confirmed in numerous studies. Water containing up to 100 ppm F causes an
increase in peroxidation of lung tissue31 and renal tissue32 in rats. Peroxidation of
erythrocyte cell membrane was observed in rats drinking water containing 100
ppm F but not at 30 ppm.33
before HD
p=0.02

Concentration of TBARS (µmol/L)

2.6
2.4

after HD
p=0.03

CRF w ithout HD
p=0.02

2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.6
2

3

4

5

6

7

8

9

10

11

Concentration of F (µmol/L)
Figure 2. Correlation between F and TBARS concentrations in plasma.

Our results show that serum SOD levels increased in a statistically significant
fashion in the course of HD and was higher than in the patient group treated
conservatively. Toborek et al.34 and Canestrari et al.,35 measuring serum SOD
activity in HD patients, found an increased SOD before HD, which is lowered in
the course of HD. The consequence of this is increased lipid peroxidation.
Different results were obtained by Mimic-Oka et al.,36 which showed increased
serum SOD activity in CRF patients that correlated with advancement stage of the
disease, but in HD patients they found marked lowering of SOD level.36
The dependence found between serum F levels and SOD activity is interesting
(Figure 3). A statistically significant inverse correlation was found in HD patients
but not in patients treated conservatively. Lowered activity of erythrocytic SOD is
observed in animals drinking water containing F at high (100 ppm) but not at low
concentrations (30 ppm), which had increased levels of this enzyme.33 Reduced
SOD levels were found by Shivarajashankara et al.41 but not by Reddy et al.,38
who did not detect any differences in patients with fluorosis and in rabbits on
fluoride-high diet comparison with normal diet.
Superoxide dismutase is a metalloprotein, the activity of which depends on the
presence of Cu and Zn. It is usually assumed that renal diseases are associated
with reduced Cu levels.23,39 In our work, no statistically significant differences
were found in serum Cu levels before and after HD as compared with the group
treated conservatively. Zn levels of the plasma of dialysed patients were
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significantly higher than in the group treated conservatively. The levels of both
microelements did not change in the course of HD. No statistically significant
correlations were found between the levels of Zn (structural element of SOD) and
F. In contrast, Cu, an element that has a catalytic role in SOD, behaves similarly in
the enzyme under the influence of F. Before and after HD, we found a strongly
negative correlation between F and Cu levels (p=0.0004 before HD and p=0.0001
after HD). This correlation, however, was not seen in patients treated
conservatively. Fluctuations in levels of these elements were evident in the bodies
of rats on a fluoride diet. In the liver, the levels of Cu and Zn were lowered, in
kidneys the Zn level was elevated, and in bones the Cu concentration decreased.40
F probably binds by ionic forces with Cu in the active center of SOD.41
before HD
CRF without HD
p=0 008
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p=0.01
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Figure 3. Correlation between plasma F concentration and activity of SOD in
erythrocytes.

Activity of GPx (U/L)

The serum glutathione peroxidase level in our HD patients did not depend on the
F level, but such dependence was positive and statistically significant in the group
treated conservatively (Figure 4).
16
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Figure 4. Correlation between plasma F concentration and activity of GPx in
erythrocytes.
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In animals drinking water containing F the GPx level increased irrespectively of
the F level.32,39 Different results were obtained by Krechniak et al.,42 who found a
negative correlation between F level and GPx activity, and Reddy et al.,38 who did
not observe any changes in GSH and GPx activities in both persons with fluorosis
and in rabbits on a diet high in F.
The cofactor of glutathione peroxidase is selenium. In dialyzed patients a
deficiency of Se is often noted, which may result from its loss through the dialysis
membrane or its dietary deficiency.39 F levels did not correlate in a statistically
significant fashion with the Se plasma levels.
In conclusion, our results indicate a direct correlation between serum F levels
and the intensity of oxidative stress in patients with CRF and at the same time with
stimulation of adaptation mechanisms of the body in response to increased levels
of this ion.
Although water purification by micro-osmosis protects against the accumulation
of trace elements in the body,43 the role of microelements in patients undergoing
HD is not completely elucidated. Appropriate preparation of water is of
fundamental importance for the correct performance of haemodialysis.44
REFERENCES
1 Spencer H, Kramer L, Gatza C, Norris C, Wiatrowski E, Gandhi VC. Fluoride metabolism in patients
with chronic renal failure. Arch Intern Med 1980;140(10):1331-5.
2 Schiffl HH, Binswanger U. Human urinary fluoride excretion as influenced by renal functional
impairment. Nephron 1980;26(2):69-72.
3 Canturk NZ, Undar L, Ozbilum B, Canturk M, Yalin R. The influence of hemodialysis on plasma
fluoride. Mater Medica Polona 1992;24(2):89-90.
4 Turner CH, Owan I, Brizendine EJ, Zhang W, Wilson ME, Dunipace AJ. High fluoride intakes cause
osteomalacia and diminished bone strength in rats with renal deficiency. Bone 1996;19(6):595-601.
5 Ekstrand J, Ehrnebo M, Whitford GM, Jarnberg PO. Fluoride pharmacokinetics during acid-base
balance changes in man. Eur J Clin Pharmacol 1980;8(2):189-94.
6 Chaleil D, Simon P, Tessier B, Cartier F, Allain P. Blood plasma fluoride in haemodialysed patients. Clin
Chim Acta 1986;156(1):105-8.
7 Tanimura Y. Studies on serum fluoride and bone metabolism in patients with long-term hemodialysis.
Bull Osaka Med Coll 1994;40: 65-72.
8 Nicolay A, Bertocchio P, Bargas E, Reynier J-P. Long term follow up of ionic plasma fluoride level in
patients receiving hemodialysis treatment. Clin Chim Acta 1997;263:97-104.
9 Usuda K, Kono K, Yoshida Y. Clearance of fluoride by hemodialysis. Clin Nephrol 1996;45:363-4.
10 Usuda K, Kono K, Yoshida Y. The effect of hemodialysis upon serum levels of fluoride. Nephron
1997;75:175-8.
11 Whitford GM. The physical and toxicological characteristics of fluoride. J Dental Res 1990;69:539-49.
12 Nicolay A, Bertocchio P, Bargas E, Coudore F, Al Chahin G, Reynier J-P. Investigation of fluoride
elimination during a dialysis session. Clin Chim Acta 1998;275:19-26.
13 Bland LA, Arnow PM, Arduino MJ, Bova J, McAllister S. Potential hazards of deionization system used
for water purification in hemodialysis. Artificial Organs 1995;20:2-7.
14 Nicolay A, Bertocchio P, Bargas E, Coudore F, Al Chahin G, Reynier J-P: Hyperkalemia risks in
hemodialysed patients consuming fluoride-rich water. Clin Chim Acta 1999;281:29-36.
15 Pettifor JM, Schnitzler CM, Ross FP, Moodley GP. Endemic skeletal fluorosis in children: hypocalcemia
and the presence of renal resistance to parathyroid hormone. Bone Miner 1989;7(3):275-88.
16 Gerster JC, Charhon SA, Jaeger P, Boivin G., Briancon D, Rostan A, Baud CA, Meunier PJ. Bilateral
fractures of femoral neck in patients with moderate renal failure receiving fluoride for spinal
osteoporosis. Br Med J 1983;287(6394):723-5.
17 Arnow PM, Bland LA, Garcia-Houchins S, Fridkin S, Fellner SK. An outbreak of fatal fluoride
intoxication in a long-term hemodialysis unit. Ann Intern Med 1994;121:339-44
18 Gessner BD, Beller M, Middaugh JP, Whitford GM. Acute fluoride poisoning from a public water
system. N Engl J Med 1994;330(2):95-9.
19 Chlubek D, Stachowska E, Bober J. Effect of fluoride ions on the free radical reactions and
antioxidative enzymes activity. Bromat Chem Toksykol 2001;34(3):263-6. [in Polish].

309
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Research report
Fluoride 39(4)302–309
October-December 2006

F aggravation of oxidative stress in patients with chronic renal failure
Bober, Kwiatkowska, Kędzierska, Olszewska, Stachowska,
Ciechanowski, Chlubek

309

Iseki K, Kawazoe N, Fukijama K. Serum albumin is a strong predicator of death in chronic dialysis
patients. Kidney Int 1993;44:115-9.
Soejima A, Matsuzawa N, Miyake N, Karube M, Fukuoka K, Nakabayashi K, et al. Hypoalbuminemia
accelerates erythrocyte membrane lipid peroxidation in chronic hemodialysis patients. Clin Nephrol
1999;51:92-7.
Lin TH, Chen JG, Liaw JM, Juang JG. Trace elements and lipid peroxidation in uremic patients on
hemodialysis. Biol Trace Elem Res 1996;51:277-83.
Richard MJ, Arnaud J, Jurkovitz C, Hachache T, Meftahi H, Laporte F, et al. Trace elements and lipid
peroxidation abnormalities in patients with chronic renal failure. Nephron 1991;57:10-5.
Wasowicz W, Neve J, Peretz A. Optimized steps in fluorometric determination of thiobarbituric acidreactive substances in serum: importance of extraction pH and influence of sample preservation and
storage. Clin Chem 1993;39:2522-6.
Wendel A. Glutathione peroxidase. Methods Enzymol 1981;77:325-33.
Misra HP, Fridovich I. The role of superoxide anion in the autooxidation of epinephrine and a simple
assay for superoxide dismutase. J Biol Chem 1972;247:3170-5.
Danch A, Drozdz M. A simplified technique of fluorometric selenium assay in biological material. Diagn
Lab 1996;32:529-34. [in Polish].
Moskwa A, Walczak A, Mikulski T. Serum calcium, magnesium and fluoride concentrations in
schizophrenics patients. Met Fluor 1998;8:83-8. [in Polish].
Usuda K, Kono K, Watanabe T, Dote T, Shimizu H, Tominaga M, et al. Hemodialyzability of ionizable
fluoride in hemodialysis session. Sci Total Environ 2002;297(1-3):183-91.
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.
Shivarajashankara YM, Shivashankara AR, Bhat PG, Rao SH. Lipid peroxidation and antioxidant
systems in the blood of young rats subjected to chronic fluoride toxicity. Indian J Exp Biol
2003;41(8):857-60.
Aydin G, Cicek E, Akdogan M, Gokalp O. Histopathological and biochemical changes in lung tissues of
rats following administration of fluoride over several generations. J Appl Toxicol 2003;23(6):437-46.
Guan ZZ, Xiao KQ, Zeng XY, Long YG, Cheng YH, Jiang SF, et al. Changed cellular membrane lipid
composition and lipid peroxidation of kidney in rats with chronic fluorosis. Arch Toxicol
2000;74(10):602-8.
Toborek M, Wasik T, Drozdz M, Klin M, Magner-Wrobel K, Kopieczna-Grzebieniak E. Effect of
hemodialysis on lipid peroxidation and antioxidatant system in patients with chronic renal failure.
Metabolism 1992;41:1229-32.
Canestrari F, Galli F, Giorgini A, Albertini MC, Galiotta P, Pascucci M, et al. Erythrocyte redox state in
uremic anemia: effects of hemodialysis and relevance of gluthatione metabolism. Acta Haemat
1994;91:187-93.
Mimic-Oka J, Simic T, Ekmescic V, Dragicevic P. Erythrocyte gluthatione peroxidase and superoxidase
dismutase activities in different stages of chronical renal failure. Clin Nephrol 1995;44:44-8.
Shivarajashankara YM, Shivashankara AR, Gopalakrishna Bhat P, Hanumath Rao S. Effect of fluoride
intoxication on lipid peroxidation and antioxidant system in rats. Fluoride 2001;34(2):108-13.
Reddy GB, Khandare AL, Reddy PY, Rao GS, Balakrishna N, Srivalli I. Antioxidant defense system
and lipid peroxidation in patients with skeletal fluorosis and in fluoride-intoxicated rabbits. Toxicol Sci
2003;72:363-8.
D`Haese PC, DeBroem E. Adequacy of dialysis: trace elements in dialysis fluids. Nephrol Dial
Transplant 1996;11(suppl.2):92-7.
Kanwar KC, Singh M. Zinc, copper and manganese levels in various tissues following fluoride
administration. Experientia 1981;37(12):1328-9.
Banci L, Bertini I, Luchinat C, Scozzafava A, Turano P. Binding of fluoride to copper zinc superoxide
dismutase. Inorganic Chemistry 1989;28:2377-81.
Krechniak J, Inkielwewicz I. Correlations between fluoride concentrations and free radical parameters
in soft tissues of rats. Fluoride 2005;38(4):293-6.
Zima T, Tesar V, Mestek O, Nemecek K. Trace elements in end-stage renal disease. 2. Clinical
implication of trace elements. Blood Purif 1999;17(4):187-98.
Cappelli G, Inguaggiato P, Ferramosca E, Albertazzi A. Water treatment for hemodialysis. Contrib
Nephrol 2002;137:317-24.
Bober J. Erythrocyte sodium-proton exchanger activity and oxidative stress in patients with chronic
renal failure treated conservatively or with hemodialysis. Habilitation thesis. Ann Acad Med Stetin
2003; Suppl 90:1-80.
Copyright © 2006 International Society for Fluoride Research.
www.fluorideresearch.org
www.fluorideresearch.com
www.fluorideresearch.net
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.

