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Abstract Although fluoride induced inflammatory reac-

tions have been shown in animals and in vitro humans, there

are few studies about fluoride induced inflammatory reactions

in human beings at clinical setting. We aimed to measure the

plasma neopterin, a marker of activation of the monocyte/

macrophage system, and high sensitivity C-reactive protein

(hs-CRP) levels in patients with endemic fluorosis to inves-

tigate the possible role of inflammatory processes (monocyte/

macrophage activity) in the underlying pathophysiology of

fluoride toxicity at clinical level. Plasma neopterin and hs-

CRP levels were determined in endemic fluorosis patients and

control subjects. Plasma neopterin levels were significantly

higher among patients with endemic fluorosis when compared

with control group (2.40 ± 0.66 vs. 1.63 ± 0.27 ng/mL

respectively; p \ 0.001) and plasma hs-CRP levels were also

significantly higher among patients with endemic fluorosis

when compared with control group (2.41 ± 1.23 vs.

1.93 ± 0.64 mg/L respectively; p \ 0.001). Plasma neop-

terin levels were positively correlated with urine fluoride

levels (r = 0.67, p \ 0.001) and serum hs-CRP levels were

positively correlated with urine fluoride levels (r = 0.36,

p \ 0.001). We have found that plasma neopterin and hs-CRP

levels are increased in patients with endemic fluorosis. We

have concluded that inflammation play an important role in

the pathophysiology of fluoride toxicity in patients with

endemic fluorosis.
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Fluoride is an important environmental pollutants and the

main source of fluoride exposure for humans is drinking

water. Excessive intake of fluoride leads to chronic fluo-

rosis, dental fluorosis (mottled teeth) and skeletal fluorosis

(Ozsvath 2009). Fluorosis is a worldwide health problem

and is endemic in some areas where fluoride content is high

in drinking water. In our city, Isparta which is located in

southwest part of Turkey, fluoride content of natural

drinking water is high. As a result, fluorosis is endemic in

our city (Oruc 2008). The origin of fluoride was attributed

to volcanic rocks in the Golcuk Lake area, located 6 km

southwest of the Isparta city centre. Golcuk area consists of

sedimentary and volcanic rocks those are tephriphonolite,

pyroclastic series and trachyandesite together with trachy-

ite. These volcanic rocks consist of fluoride bearing min-

erals. These minerals are pyroxene, hornblende, biotite,

fluorapatite and glassy groundmass (Oruc 2008). Accord-

ing to Isparta Health Organization data, the mean fluoride

level in drinking water was 2.74 ± 064 ppm in the ende-

mic fluorosis region and 0.53 ± 0.06 ppm in the nonen-

demic region (Varol et al. 2010b).
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It has been shown that fluoride induces inflammatory

reactions in animals (Cenesiz et al. 2008; Ma et al. 2012;

Susheela and Sharma 1981). Fluoride induced inflamma-

tory reactions have also been shown in humans, in vitro

(Gutowska et al. 2010, 2011; Salgado-Bustamante et al.

2010) and in vivo (Lund et al. 1999; Susheela and Jetha-

nandani 1994). To the best of our knowledge there is only

one study about plasma inflammatory factors in patients

with endemic skeletal fluorosis (Susheela and Jethanandani

1994).

Neopterin, a pteridine derivative and a byproduct of the

guanosine triphosphate-biopterin pathway, is produced by

activated macrophages and is thought to represent an

important marker of inflammation, immune activation and

macrophage activity (Huber et al. 1984). As far as we

know, there is no study about plasma neopterin levels in

endemic fluorosis patients.

Accordingly, we aimed to measure the plasma neopterin

and high sensitivity C-reactive protein (hs-CRP) levels, an

acute phase reactant, at the same time in patients with

endemic fluorosis to investigate the possible role of

inflammatory processes (monocyte/macrophage activity) in

the underlying pathophysiology of fluoride toxicity at

clinical level.

Materials and Methods

Seventy-nine patients with endemic fluorosis (35 males/44

females; mean age 44.0 ± 11.9 years) and 55 age, sex and

body mass index (BMI) matched healthy controls (23

males/32 females; mean age 47.2 ± 7.5 years) with normal

fluoride intake were enrolled in this prospective study. The

control subjects were selected from persons who have no

dental fluorosis and whose urine fluoride levels are less

than 1.5 mg/L. (normal \ 1.5 mg/L).

Endemic fluorosis was diagnosed according to the

clinical diagnosis criteria, as described by Wang et al.

(1994): (1) living in the endemic fluorosis region since

birth, (2) having mottled tooth enamel, indicating dental

fluorosis, (3) consuming water with fluoride levels above

1.2 mg/L (normal 1 mg/L) and (4) a urine fluoride level

greater than 1.5 mg/L. (normal \ 1.5 mg/L).

Physical examination was performed in all patients and

controls. The patients were also examined for having

mottled tooth enamel which is one of the diagnostic criteria

of endemic fluorosis. All patients met Wang’s criteria.

Body weight and height were recorded and BMI was cal-

culated for each patient as weight (kg)/height (m)2.

None of the patients or control subjects were taking any

medications (such as statin) affecting neopterin levels at the

time of blood sampling. Hypertension was considered to be

present if the systolic blood pressure was[140 mmHg and/

or diastolic blood pressure was [90 mmHg or if the indi-

vidual was taking antihypertensive medications. Diabetes

mellitus was defined as a fasting blood glucose level

[126 mg/dL or current use of a diet or medication to lower

blood glucose. Patients who smoke before study were

accepted as smokers.

Patients with coronary artery disease, acute coronary

syndromes, previous myocardial infarctions, left ventricular

dysfunction, valvular heart disease, renal and hepatic failure,

peripheral vascular disease, immunologic or inflammatory

diseases, sepsis, active local or systemic infections, a history

of recent infection (\3 months before the study), and a

history of malignancy were excluded from the study. The

study was approved by the institutional ethics committee,

and informed consent was obtained from all patients.

Venous blood was collected from the antecubital vein

with a 19-gauge needle without venous stasis. Sera of

patients and controls were stored at -80 �C. Neopterin

levels in serum were determined in a competitive inhibition

enzyme-linked immunosorbent assay using a commercial

kit (DRG Diagnostics, Marburg, Germany) according to

the manufacturer’s instructions. Briefly, 25 lL of undiluted

sera and standards were added to the appropriate wells of a

96-well microtiter plate followed by 100 lL enzyme con-

jugate. The plate was covered with black adhesive foil and

incubated at room temperature for 2 h on rotary horizontal

shaker (200 rpm). After incubation, the contents of all

wells aspirated and the plate was washed three times with

phosphate-buffered saline (pH: 7.2) and 200 lL of color

substrate (tetramethyl benzidine) was added into the wells

as a substrate. Plate was incubated at room temperature for

30 min on a rotary horizontal shaker. The reaction was

stopped with 100 lL of 1 mol/L H2SO4. The optical

density was read at 450 nm in a micro titer plate reader and

calculated the results using the data reduction system.

The minimum limit of detection of serum neopterin was

0.2 ng/mL.

hs-CRP was measured using chemiluminescent immu-

nometric assay on IMMULITE 2000 Analyzer (DPC Cirrus

Inc, Los Angeles, CA, USA). The analytical sensivity of

hs-CRP was 0.1 mg/L.

Urine samples were analyzed for fluoride by using an

ion specific electrode (Orion 9609BN ionplus Sure-Flow

Fluoride). Serum glucose, creatinine and lipid levels were

determined by standard methods.

Data were analyzed with the SPSS software version 10.0

for Windows (SPSS Inc., Chicago, IL, USA). Continuous

variables from the study groups were reported as

mean ± standard deviation, categorical variables as per-

centages. To compare continuous variables, the Student

t test or Mann–Whitney U test were used where appro-

priate. Categorical variables were compared with the

Chi-square test. The correlations between plasma neopterin
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and hs-CRP levels and urine fluoride levels were performed

with Pearson correlation analysis. A p \ 0.05 was con-

sidered statistically significant.

Results and Discussion

Clinical and laboratory characteristics of fluorosis patients

and of the control group are shown in Table 1. Urine

fluoride levels of fluorosis patients were significantly

higher than control subjects as expected (1.9 ± 0.1 mg/L

vs 0.4 ± 0.1 mg/L respectively; p \ 0.001). There were no

significant differences between fluorosis patients and the

controls with respect to age, gender, BMI, systolic and

diastolic blood pressure, presence of smoking and the mean

serum levels of glucose, creatinine, total cholesterol, tri-

glycerides, low-density lipoprotein cholesterol (LDL-cho-

lesterol) and high-density lipoprotein-cholesterol (HDL-

cholesterol).

Plasma neopterin levels were significantly higher among

patients with endemic fluorosis when compared with con-

trol group (2.40 ± 0.66 vs. 1.63 ± 0.27 ng/mL respec-

tively; p \ 0.001). Plasma hs-CRP levels were also

significantly higher among patients with endemic fluorosis

when compared with control group (2.41 ± 1.23 vs.

1.93 ± 0.64 mg/L respectively; p \ 0.001). Plasma neop-

terin levels were positively correlated with urine fluoride

levels (r = 0.67, p \ 0.001) (Fig. 1) and plasma hs-CRP

levels were positively correlated with urine fluoride levels

(r = 0.36, p \ 0.001) (Fig. 2).

In the present study, we investigated the plasma neop-

terin and hs-CRP levels in patients with endemic fluorosis.

We have found that plasma neopterin and hs-CRP levels

are significantly higher in patients with endemic fluorosis

Table 1 Clinical and laboratory characteristics of the fluorosis

patients and the controls

Fluorosis patients

(n = 79)

Controls

(n = 55)

p value

Age (years) 44.0 ± 11.9 47.2 ± 7.5 0.09

Sex (M/F) 35/44 23/32 0.77

BMI 27.3 ± 4.1 27.9 ± 3.8 0.41

Urine fluoride 1.9 ± 0.1 0.4 ± 0.1 \0.001

SBP 123.6 ± 13.7 119.9 ± 11.4 0.10

DBP 77.4 ± 8.8 76.1 ± 7.4 0.34

Smoking (%) 6(8 %) 5(9 %) 0.75

Glucose (mg/dL) 98.6 ± 12.1 95.3 ± 14.1 0.15

Creatinine (mg/dL) 0.96 ± 0.22 0.91 ± 0.21 0.17

Total cholesterol

(mg/dL)

195.7 ± 33.4 197.5 ± 30.5 0.75

Triglycerides (mg/

dL)

152.4 ± 62.1 139.1 ± 55.2 0.20

LDL-cholesterol

(mg/dL)

120.4 ± 29.8 118.4 ± 28.7 0.70

HDL-cholesterol

(mg/dL)

46.7 ± 15.0 50.6 ± 11.3 0.11

hs-CRP mg/L 2.41 ± 1.23 1.93 ± 0.64 \0.01

Neopterin ng/mL 2.40 ± 0.66 1.63 ± 0.27 \0.001

M/F male to female, BMI body mass index, SBP systolic blood

pressure, DBP diastolic blood pressure, LDL low-density lipoprotein,

HDL high-density lipoprotein, hs-CRP high sensitive C-reactive

protein p value is for comparison between control and study

population

Urine fluoride mg/L

2,502,001,501,000,500,00
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Fig. 1 Correlation between plasma neopterin and urine fluoride in

fluorosis patients

Fig. 2 Correlation between plasma hs-CRP and urine fluoride in

fluorosis patients
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when compared with control group. Therefore, we have

concluded that inflammation play an important role in

pathophysiology of fluoride toxicity in patients with

endemic fluorosis.

Recent studies have shown that fluoride accumulates not

only in bones and teeth but, to a lesser extent, in soft tissues

(Ozsvath 2009). Although various effects of chronic fluo-

rosis on different organ systems have been examined,

mechanism and pathophysiology of fluoride toxicity is not

still clear.

Fluoride can interact with a wide range of cellular

processes such as gene expression, cell cycle, proliferation

and migration, respiration, metabolism, ion transport,

secretion, endocytosis, apoptosis/necrosis, and oxidative

stress, and that these mechanism are involved in a wide

variety of signaling pathways (Barbier et al. 2010).

Fluoride exposure has been implicated in inflammation.

Although fluoride induced inflammatory reactions have

been shown in animals (Cenesiz et al. 2008; Ma et al. 2012;

Susheela and Sharma 1981) and in vitro humans (Gut-

owska et al. 2010, 2011; Salgado-Bustamante et al. 2010),

there are few studies about fluoride induced inflammatory

reactions in human beings at clinical setting. Lund et al.

(1999) have examined the whether experimental hydrogen

fluoride exposure for 1 h induces an inflammatory response

in the lower respiratory tract that is detectable in bron-

choalveolar lavage fluid and they found a significant

increase in the percentage of CD3 positive cells, myelo-

peroxidase and interleukin-6 levels in bronchoalveolar

lavage fluid after hydrogen fluoride exposure. In another

similar study Lund et al. (2002) have observed an increase

in the number of neutrophils and total cells, increase in

tumor necrosis factor-alpha, prostaglandin E(2), leukotri-

ene B(4), and peptide leukotrienes in bronchoalveolar

lavage after 1 h experimental hydrogen fluoride exposure.

They presumed that exposure to hydrogen fluoride induced

immediate inflammatory response in respiratory tract in

healthy human volunteers. Schwarze et al. (2000) evalu-

ated the inflammatory effect of fluoride exposure on human

lung epithelial cells, and they found an increase in the

activity of interleukin-8. Cenesiz et al. reported that fluo-

ride toxicity caused increased inflammatory markers,

C-reactive protein (CRP) and adenosine deaminase in

rabbit sera. Susheela et al. (1981) reported that fibrinogen,

an acute phase protein was raised in the sera of rabbits

treated with sodium fluoride.

To the best of our knowledge there is only one study

about serum inflammatory factors in patients with endemic

skeletal fluorosis (Susheela and Jethanandani 1994). In this

study, Susheela et al. studied the circulating levels of

haptoglobin and CRP in patients with skeletal fluorosis and

compared them with controls. They found a significant

increase in the serum levels of haptoglobin and CRP as

well as a raised erythrocyte sedimentation rate in patients

with skeletal fluorosis when compared to controls. They

suggested that subclinical inflammatory reaction is present

in patients with skeletal fluorosis.

In our study, we have examined the hs-CRP that is more

sensitive marker of inflammation as compared to CRP and

we have found increased hs-CRP levels in patients with

endemic fluorosis for the first time. Our results show that

chronic low grade subclinical inflammation is present in

endemic fluorosis patients. Our results confirm the previous

studies.

Neopterin is produced by activated macrophages and is

thought to represent an important marker of inflammation,

immune activation and macrophage activity (Huber et al.

1984, Murr et al. 2002). In our study, we have also

examined the plasma neopterin levels, a marker of acti-

vation of the monocyte/macrophage system, in patients

with endemic fluorosis to show the possible role of

inflammatory processes (monocyte/macrophage activity) in

the underlying pathophysiology of fluoride toxicity at

clinical setting. We have found an increased neopterin

levels in patients with endemic fluorosis for the first time.

In humans, increased neopterin concentrations have been

reported in bacterial, viral and parasitic infections, auto-

immune diseases, malignant tumors, during rejection epi-

sodes in allograft recipients and chronic inflammatory

processes (Murr et al. 2002; Fuchs et al. 1992; Ariyarajah

2008). Increased serum neopterin levels have also been

observed in various cardiovascular diseases in which

inflammation play an integral role (Schumacher et al. 1997;

Varol et al. 2011; Sahin et al. 2008). To the best of our

knowledge, there is no study about role of neopterin, a

novel marker of activation of the monocyte/macrophage

system in fluoride toxicity.

The mechanism of increase in neopterin levels is not

clear and also complex process. Gutowska et al. (2010)

examined the effect of fluoride, at concentrations deter-

mined in blood of persons environmentally exposed to

fluorides, on the intracellular production of reactive oxygen

species (ROS), apoptosis process and synthesis of ATP in

macrophages. The incubation of macrophages in fluoride

solutions significantly decreased the amount of synthesized

cellular ATP and increased formation of ROS and apop-

tosis in a dose-dependent manner and they speculated that

fluoride probably promotes oxidative stress in macro-

phages, which is manifested by a strong increase in ROS

synthesis and a decrease in ATP. Fluoride can induce

oxidative stress in macrophages and this in turn can stim-

ulate macrophages to secrete more neopterin. Several lines

of evidence confirm that pro-inflammatory cascades and

oxidative stress are strongly involved in fluoride toxicity

(Barbier et al. 2010). In another study, Gutowska et al.

(2011) demonstrated that fluoride increased the
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concentration of prostaglandin E2 and thromboxane B2

(stable derivative of thromboxane A2) in peripheral blood

mononuclear macrophages in a dosage dependent manner.

They suggested that fluoride, even in small concentrations,

might induce an inflammatory process and apoptotic effect

in peripheral blood mononuclear macrophages through the

stimulation of prostanoids metabolism and increased syn-

thesis of prostaglandin E2 and thromboxane A2. In one

study, fluoride exposure induced the expression of apop-

tosis and inflammatory genes in peripheral blood mono-

nuclear cells (Salgado-Bustamante et al. 2010). Recently,

Ma et al. (2012) reported that fluoride and arsenic alone or

combined increased the expression of vascular cell adhe-

sion molecule-1, P-selectin monocyte chemotactic protein-

1, interleukin-8 and interleukin-6 at the RNA and protein

levels in rabbit aorta. They suggested that fluoride exposure

induce inflammatory reactions in rabbit aorta. These mol-

ecules play an important role on the adhesion of monocytes

and subsequent migration to activated arterial endothelium,

which is an initial event in the pathogenesis of athero-

sclerosis (Libby 2002). As a result, increased expression of

inflammatory genes might cause an increase in plasma

inflammatory markers in endemic fluorosis patients. It must

be emphasized that fluoride has a special effect on mac-

rophages and macrophages have ability to uptake and

accumulate fluoride, which may stimulate processes lead-

ing to the conversion of macrophages into foam cells

forming the atherosclerotic plaque (Gutowska et al. 2010).

Interestingly, in our previous study, we have found that

elastic properties of ascending aorta are impaired in

patients with endemic chronic fluorosis (Varol et al.

2010b). In other words aortic stiffness which is associated

with atherosclerosis was found to be increased in patients

with endemic chronic fluorosis in this study. In our second

study, we have shown that chronic fluorosis patients

have left ventricular diastolic and global dysfunctions

(Varol et al. 2010a). We have presumed that these results

are due to inflammation and oxidative stress induced by

fluoride toxicity. As we know, inflammatory reactions

underlie the pathogenesis of the atherosclerotic process

(Libby 2002).

Inflammation is the first response of the immune system

to infection or tissue damage to protect the human body

against these insults. However, chronic inflammation is

harmful and has an important role in the development of

several chronic diseases such as atherosclerosis and dia-

betes mellitus (Libby 2002). Inflammation can be triggered

by a chronic excess of neurotransmitters and/or metabolic

factors, such as cytokines, lipids, and glucose. Also envi-

ronmental factors like air pollution, drinking water pollu-

tion can trigger inflammation (Barbier et al. 2010). As we

mentioned above, long term consumption of drinking water

with high fluoride concent can trigger inflammation in

patients with endemic fluorosis. This in turn, can cause

chronic cardiovascular and metabolic disorders.

It has also been shown that, fluoride toxicity can cause

impaired glucose tolerance (Garcı́a-Montalvo et al. 2009).

Impaired glucose tolerance is also associated with inflam-

mation (Wolf et al. 2004). As a result fluoride toxicity can

cause inflammatory response in endemic fluorosis patients

and this in turn can cause cardiovascular and metabolic

disorders in long term.

There are some limitations of this study that should be

noted. Firstly, our sample size was small. Another limita-

tion of this study is that analysis was based on a simple

baseline determination that may not reflect the patient

status over long periods.

The results of our study demonstrate that serum neop-

terin and hs-CRP levels are significantly elevated in

patients with endemic fluorosis when compared with con-

trol subjects. This study shows that low-grade, chronic

inflammation exists in endemic fluorosis patients. This

low-grade inflammation can cause many chronic diseases

like cardiovascular and metabolic diseases in long term

period. Consequently, our data contribute to the concept

that induction of inflammatory responses may play an

important role in the mechanism of the cardiovascular and

metabolic toxicity of fluoride.
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