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Effect of Fluorozis on the Erythrocyte Antioxidant Enzyme Activity Levels
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Summary: While the flourine level of (drinking) water was higher than normal ranges in the center
of Isparta region before 1995 year, this problematic situation is solved in later years. (However) the
individuals who are staying in Yenice district are still expose to high levels of fluorine because of
the usage of Andık spring water (3.8 mg/L flour level) as drinking water. In this study we aimed to
investigate the harmful effect of floride on human erythrocytes via antioxidant defence system and
lipid peroxidation. Therefore, we studied the activities of erythrocyte antioxidant enzymes such as
Superoxide Dismutase (SOD), Glutathione Peroxidase (GSH-Px) and Catalase (CAT), and the level
of erythrocyte Glutathione (GSH), thiobarbituric acid reactive substance (TBARS) and the level of
urine floride in high floride exposed people (childen, adult and elderly).
The activities of SOD, GSH-Px and CAT and the level of GSH, TBARS and urine floride were
higher in 3.8 mg/L floride exposed children (Group II) than 0.8 mg/L floride exposed control
children (Group I) (p<0.001, p<0.001, p<0.01, p<0.001, p<0.001, p<0.001, respectively)
The activities of SOD and CAT and the level of TBARS and urine floride were higher in 3.8 mg/L
floride exposed adult (Group IV) than 0.8 mg/L floride exposed control adult (Group III) (p<0.001).
On the other hand, no significant changes were observed in the activity of GSH-Px and the level of
GSH in Group IV and Group III (p>0.05).
The activities of SOD, GSH-Px and CAT were lower and the levels of TBARS and urine floride
were higher in 3.8 mg/L floride exposed elderly people (Group VI) than 0.8 mg/L floride exposed
control elderly people (Group V) (p<0.001). However, the decrease in GSH level was not significant
(p>0.05).
As a result we thought that increased SOD, GSH-Px and CAT activities in floride exposed children
and adult people, decreased activities of these enzymes in floride exposed elderly people, and
increased TBARS in all groups may indicate floride caused oxidative damage in erythrocytes.

Introduction
Free radicals are atoms or molecules that
contain one or more unpaired electrons and are
highly chemically reactive. Free radicals are
positively charged, negatively charged or neutral.
Because radicals are highly reactive, they can harm
the structure of proteins, lipids and neucleic acids in
the cell . Free radicals play an important role in not
only physiological events such as ageing but also in
the physiopathology of many disorders, such as
cancer, hypertension, atherosclerosis, inflamation,
emphysema, oxygen toxicity, bronchopulmonary
dysplasia,
ischemia-reperfusion
injury,
skin
disorders, reumatoid arthritis, diabetes mellitus,
Alzheimer, hyperlipidemia, and Down’s Syndrome
[1-6]. Also, a close connection between chronic
flouride toxicity and increased oxidative stress in
both humans [7-9] and animals [10-12] has been
reported. Flouride, which is a trace element, is a
necessary halogen for the body. Flouride, of which 1
mg a day is consumed, is beneficial for the
development of both the body and the teeth [13-16].
*
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Fluorosis is a disorder clinically characterized by the
toxic effects of excessive flouride intake in the teeth,
bones and soft tissue [17-25]. Increased free oxygen
radical production and lipid preoxidation play a role
in the pathogenesis of many disorders and the toxic
effect of numerous compounds [26-28]. This process
is claimed to be a crucial factor in the formation of
the harmful effects of chronic fluoride toxicity [10,
11, 29]. In acute flouride toxicity in humans and
animals, various defects can appear resulting from
decrease in calcium level, increase in potassium level
and decrease in the level of usable oxygen in the cell,
caused by the flouride’s caustic, calcium’s binding
and various enzyme systems’ suppressing effects in
primarily the stomach, intestine, lung, heart, brain,
kidney, neuron, and muscles [30-35]. The most
important of these are decrease in the contraction
ability of the heart muscles, rhythm disorders, sistolic
and diastolic dysfunctions in connection to the
decrease in the level of calcium in the heart [35-36].
Flouride toxicity can be observed in two ways
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depending on flouride intake: acute and chronic
fluorosis. Acute fluorosis is formed as a result of a
very high level of flouride intake in a very short
period of time. Toxicities resulting from flourine
compounds (sodium flouride) that melt in water
easily are more frequently encountered [37]. Chronic
flouride toxicity occurs as a result of the intake of
flouride compounds for a long period of time in
amounts above normal levels. It shows its impact
specifically on the teeth and bones. Chronic flouride
toxicity develops slowly. It may take months, even
years for the symptoms to occur [38].
Yet, in chronic flouride toxicity, in addition
to the disorders observed in acute flouride toxicity,
disorders specifically in the bones, kidneys, thyroid
gland, hypophysis, testes and teeth are noticeable [39,
40]. Thus, this study aimed at evaluating the
erythrocyte antioxidant defense system and lipid
peroxidation [41-49] in order to investigate the
toxicity effect on the erythrocytes of three different
groups (child, adult, and elderly people) subject to
chronic fluorosis exposure.
Results and Discussion
The increase in erythrocyte SOD, GSH-Px,
CAT acitivity level, erythrocyte GSH, erythrocyte
TBARS and urinal flouride levels in the child group
subject to flourosis (Group II), who consumed
drinking water with a flourine concentration of 3.8
mg/L, was found to be significant when compared to
the child control group in which children consumed
drinking water with a flourine concentration of 0.8
mg/L (p<0.001, p<0.001, p<0.01, p<0.001, p<0.001,
p<0.001, respectively) (Table-1). While the increase
in erythrocyte SOD, GSH-Px, CAT acitivity level,
erythrocyte TBARS and urinal flouride levels of the

adult group subject to flourosis (Group IV), who
consumed drinking water with a flouride
concentration of 3.8 mg/L, was found to be
significant (p<0.001) when compared to the adult
control group (Group III), who consumed drinking
water with a flouride concentration of 0.8 mg/L, the
increase in erythrocyte GSH-Px acitivity level and
the decrease in erythrocyte GSH were found to be
insignificant (p>0.05) (Table-1). The decrease in
erythrocyte SOD, GSH-Px and CAT activity level,
and the increase in erythrocyte TBARS and urinal
flouride levels of the elderly group subject to
flourosis (Group VI), who consumed drinking water
with a flouride concentration of 3.8 mg/L, were
found to be statistically highly significant when
compared to elderly control group (Group V), who
consumed water with a flouride concentration of 0.8
mg/L (p<0.001). On the other hand, the decrease in
erythrocyte GSH level was low (p>0.05) (Table-1). A
close connection between chronic flouride toxicities
and increased oxidative stress in both humans [7-9]
and animals [10-12] have been reported. Because of
the existence of rich plasma membranes from
polyunsaturated lipids and tendencies to oxidative
reactions due to high oxygen density, erythrocites are
prevalently used in the examination of oxidative
stress [50]. Oxidant stress caused by H2O2 and free
radicals is high if it distorts the production of such
free radical scavengers as flouride, GSH, GSH-Px,
SOD and Ascorbic acid [51]. In this study, the
increase in erythrocyte SOD, GSH-Px, CAT activity
levels and erythrocyte GSH levels of the children
(Group II) and adults (Group IV) subject to chronic
flouride, and the decrease in erythrocyte SOD, GSHPx, CAT actitivity levels and erythrocyte GSH levels
of the elderly group subject to flourosis (Group VI)
indicate the distortion of free radical scavengers.

Table-1: Levels of SOD, GSH-Px and CAT erythrocyte activities and concetrations of erythrocyte GSH,
erythrocyte TBARS and urine fluoride and in all groups
Groups

Age

SOD
U/g Hb

GSH-Px
U/g Hb

CAT
k/g Hb

GSH
µmol/g Hb

TBARS
nmol/mg Hb

Fluoride
mg/L

Group I

11.46±1.64

1505±88

30.42±2.33

1.61±0.17

5.92±1.3

2.29±0.14

0.22±0.08

Group II

11.13±1.24

1778±114

37.80±1.64

1.79±0.14

8.02±1.20

2.59±0.18

3.10±0.69

Group III

30.73±5.17

1352±73

40.73±2.35

1.26±0.09

6.16±1.17

3.30±0.16

0.27±0.11

Group IV

28.80±5.03

1474±84

42.39±2.48

1.58±0.15

5.47±1.13

3.83±0.20

3.81±0.25

Group V

67.66±7.96

1434±79

44.00±2.72

1.62±0.11

3.52±0.83

4.57±0.28

0.25±0.08

Group VI

64.73±6.87

1101±88

34.82±2.05

1.24±0.14

3.18±0.82

5.69±0.28

4.04±0.22

Groups
SOD
GSH-Px
CAT
GSH
TBARS
Fluoride
Group I- Group II
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001
p<0.0051
1
1
Group III-Group IV
p<0.001
p>0.05
p<0.001
p<0.001
p<0.001
p>0.05
1
Group V-Group VI
p<0.001
p<0.001
p<0.001
p>0.05
p<0.001
p<0.001
1
In normally distributed groups Student's t test was used, in not normally distributed Mann Whitney U test was used. p<0.05 was considered significant
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Studies showed an increase in GSH [51] and
a decrease in SOD and GSH-Px [9] activities in
people living in regions of endemic flourosis. In
experimental studies, GSH levels and GSH-Px
activity in erythrocytes were found to be low and
SOD activity unchanged [10], while in other tissues,
the SOD level was found to be low [12, 52, 53]. In
another study, it was found that GSH level and GSHPx activity in rat erythrocytes that were exposed to
drinking water with a flouride concentration of 100
mg/L for 4 months increased, while SOD activity
decreased [12]. In this study, in the child (Group II)
and adult (Group IV) groups with chronic flouride
exposure, SOD in erythrocytes which catalyzed the
tranformation of erythrocyte superoxide radicals (O2-)
caused by flouride into H2O2, was activated in H2O2
even in high concentrations, while the excess O2found in the area activated GSH-Px and CAT
activity.
While SOD erythrocytes, which catalyzed
the transformation of erythrocyte superoxide radicals
(O2-), caused by flouride, into H2O2 in old-aged
group subject to flourosis (GroupVI), are inhibitted
in high H2O2 concentrations, the excess O2- found in
the area inhibitted GSH-Px and CAT acitivity.
Flouride in human erythrocytes [7] and the tissues
and blood of experimental animals [10-12] were
shown to have increased as in vivo and in vitro and
caused lipid preoxidation. In this study, the
significant increase in the erythrocyte TBARS levels
of the three different groups (child, adult, elderly)
subject to chronic flourosis due to the consumption of
Andık water (with an average flouride concentration
of 3.8 mg/L) as drinking water shows consistency
with previous findings. These results indicate that
while flouride toxicity results in the increase in some
intrinsic defense mechanisms resulting in increased
free oxygen radical toxicity in child and adult groups
subject to flourosis, it can be the cause of the
decrease in the elderly group subject to flourosis. We
are of the opinion that the increased level of TBARS
in chronic flouride toxicity may be the cause of the
increase in lipid peroxidation together with oxidative
stress, by free radical shown by increased or
decreased antioxidant enzyme activities in the blood
Experimental
Working Groups
Control group was selected from district of
Istiklal resident of the Isparta, their dirinking water
have contained 1.4 mg/L fluoride. Fluorosis group
was selected from Yenice district of the Isparta
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resident, their drinking water ensured from the Andık
creek, and contained 3.8 mg/L fluoride. The
participants of this study were comprised of 90
individuals from Isparta, a province in Turkey: there
were 15 male children aged between 9-15 years
(average: 11.46±1.64) in the child control group
(Group I), 15 male children aged between 9-13 years
(average: 11.13±1.24) in the child group subject to
flourosis (Group II), 15 male adults the aged between
25-39 years (average: 30.73±5.17) in the adult
control group (Group III), 15 male adults aged
between 21-33 years (average: 28.80±5.03) in the
adult group subject to flourosis (Group IV), 15
elderly men aged between 57-72 years (average:
67.66±7.96) in the elderly control group (Group V),
and 15 elderly men aged between 56-71 years
(average: 64.73±6.87) in the elderly group subject to
flourosis (Group VI).
For the control groups, the individuals who
are staying in Istiklal district and using water (1.4
mg/L flour level) as drinking water were selected.
For the study groups, the individuals who are staying
in Yenice district and using Andık spring water (3.8
mg/L flour level) as drinking water were selected .
The participants that made up both the
control and experimental groups had no health
problems nor any clinic complaints. For flouride
diagnosis of the experimental group, urinal flouride
levels and discoloration on the teeth were taken into
consideration. In the process of group formation, the
anamnesis of each case was taken and their systemic
examination was conducted. The participants of these
groups had no organic or mental disorders, and were
not smoking nor using drugs and alcohol. Before
starting to work from medical school ethics
committee approval was taken. The consent of the
families of children in both the control group and the
child group subject to flourosis was obtained. All the
groups were comprised of volunteers.
Biochemical Analysis
Blood samples were centrifuged (3000 rpm,
10 min) and the plasma was separated. Erythrocytes
were washed three times with both 140 nM NaCl and
phosphate buffer (7.4 pH) [44]. The erythrocyte
suspension was haemolysed with mercaptoethanol
and used to measure haemolysate TBARS and GSH
and haemoglobin levels and SOD, GSH-Px and CAT
activities. Draper and Hadley’s method was used to
measure the TBARS level of erythrocytes [45] and
Beutler et al.’s method was used to measure the
Reduced GSH [46], whereas Sun et al.’s method was
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used to detect SOD activity [44], Paglia and
Valentine’s method to detect GSH-Px activity [47],
Aebi’s method to detect CAT activity [48], and
Fairbanks and Klee’s method to detect haemoglobin
level [49]. Obtained results were calculated as
nmol/mg Hb, µmol/g Hb, U/g Hb, U/g Hb, k/g Hb,
respectively, TBARS, GSH levels and SOD, GSH-Px
and CAT activities.
Orion Model SA (USA) combined fluoride
electrodes were used in the measurement of urine
fluoride levels. The results were expressed in mg/L.
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7.

8.
9.
10.

Statistical Analysis
For statistical analysis, SPSS for Windows
9.05 statistics packet program was used. The data
was evaluated with Mann-Whitney U and KruskalWallis tests. p<0.05 was considered significant.

11.

12.

Conclusions
These results indicate that while flouride
toxicity results in the increase in some intrinsic
defense mechanisms resulting in increased free
oxygen radical toxicity in child and adult groups
subject to flourosis, it can be the cause of the
decrease in the elderly group subject to flourosis. As
a result, we are of the opinion that the increased level
of TBARS in chronic flouride toxicity may be the
cause of the increase in lipid peroxidation together
with oxidative stress, by free radical shown by
increased or decreased antioxidant enzyme activities
in the blood
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