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Abstract: Hematological and biochemical changes were evaluated in
sodium fluoride intoxicants in albino rats. The therapeutic action of vitamin
C and olive oil was also determined. Sodium Fluoride administration caused
significant decrease in blood parameters such as white blood cells count,
platelets count and caused a general decrease in red blood cells count,
hemoglobin content, hematocrit value, mean corpuscular volume and mean
corpuscular hemoglobin. On the other hand oral administration of sodium
fluoride to albino rats, caused a general increase in its biochemical
parameters such as urea, uric acid, creatinine, cholesterol and triglycerides;
while glucose level decreased significantly. Our results indicate a general
decrease of total protein and albumin concentrations, while globulin levels
increased. Liver function enzymes such as alnine-amino transferase,
aspartate amino transferase and alkaline phosphatase and bilirubin levels
were increased as well under the influence of sodium fluoride
administration. Signs of improvements in the previous hematological and
some biochemical parameters were noticed after the administration of
vitamin C or olive oil prior to sodium fluoride administration.

Keywords: hematological and biochemical parameters — sodium fluoride —
vitamin C — olive oil — albino rats.

Introduction

Fluorine is the most electronegative element, distributed ubiquitously
as fluorides in nature. Water is the major medium of fluorides intake by
humans (WHO, 1984). Fluoride is an element that is not found in free
form in nature (Mittal and Flora, 2006). Due to its relatively large
electronegativity, fluoride combines with many elements and forms
ionized fluorides that are capable of accumulation in the body.
lonized fluorides are reported to be responsible for the clinical
symptoms of  tissues and organs damage associated
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with fluoride intoxication (Chlubek, 2003; Eraslan et al., 2007; Mittal
and Flora, 2006; Rzeuski et al., 1998; Shanthakumari et al.1997,
and Sireli and Biilbiil, 2004). Fluorides may be accumulated in plants or
may deposit on its upper parts.The amount of fluoride which can be taken
up by plants depend on plant type, soil nature, and the amount of fluoride
in soil. Virtually, all food stuff may contain traces of fluoride. All
vegetations contain some fluoride, which is absorbed from soil and water.
The highest levels in field-grown vegetables are found in curly kale (up to
40 mg/kg fresh weight) and endive (0.3-2.8 mg/kg fresh weight). Other
kinds of food contain high levels of fluoride such as fish (0.1-30 mg/kg)
and Tea (mg/kg) (EPA, 1985 and Sloof et al., 1988).

In warm areas, dental fluorosis occurs in response to lower
concentrations of fluoride in drinking water because a greater amount of
water is consumed (WHO, 1984; EPA, 1985 and Cao et al., 1992). Dental
fluorosis develops at concentration in drinking water below 1.5 mg/liter
(Cao et al., 1992). A decade later, Ginn and Volker reported a nearly 30%
reduction in blood hemoglobin in an unspecified strain of rats after 86
days with 50 ppm of fluoride in their drinking water (Ginn and Volker
1944 and Susheela and Jain, 1983).

Hirao (1972) found in rabbits that a 2 to 4 weeks exposure to 10 and
50 mg Sodium fluoride (NaF)/Kg b.wt led to bone marrow hypoplasia,
marked by a decreased in total nucleated cell count and anemia. However,
other study by Hillmam et al., (1979), disclosed anemia as well as
hypothyroidism in dairy cattle as a result of excessive fluoride ingestion.
Fluoride, is readily absorbed from the intestinal mucosa, and combines
with Ca®" to form calcium ionospheres that easily permeabilize the cell
membrane (Sireli and BulBul 2004). The duodenum, proximal jejunum,
distal ileum, and colon absorb proportionally to its luminal concentration
via passive diffusion (Garzouli and Senator, 1994 and Whitford, 1996).
Fluoride can rapidly cross the cell membrane and distributed in skeletal
and cardiac muscle, liver, skin and erythrocytes (Carlson et al., 1960 and
Jacyszyn & Martin, 1986).

Exposure to high concentrations of sodium fluoride in animals and
humans has been shown to cause gastrointestinal damage (Shashi, 1999
and Sondhi et al., 1995). Inhabitants of endemic fluorosis areas are often
suffer gastric symptoms including loss of appetite, nausea, anorexia,
abdominal pain, flatulence, constipation, and intermittent diarrhea
(Susheela et al., 1993). In cases of osteofluorosis, intestinal disorders
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have also been reported (Czerwinski and Lonkose, 1977). In mammals,
acute fluoride intoxication produces a clinical syndrome characterized by
nausea, vomiting, abdominal pain, and paresthesias (Gessner et al., 1994).
In the present study, the effects of acute fluoride intoxication on the
hematological and biochemical parameters were assessed. The therapeutic
action of vitamin C or olive oil was also evaluated against fluoride
toxicity in albino rats.

Most acute poisonings in humans caused by fluorides are associated
with suicidal or accidental deglutition of fluorine-containing preparations
such as insecticides. Most often, poisoning results from the intake of
sodium fluoride, sodium fluosilicate, and fluosilicic acid .Fluorides inhibit
enzymatic processes, particularly metalloenzymes responsible for
important vital processes (Indulski et al.,1989). Acute poisoning by
fluoride is most often a result of the intake of significant amounts of toxic
fluoride compounds such as HF, NaF, or Na2SiF6. Depending on the type
of the fluoride compound and dose, various types of adverse responses
may occur (Mamczar et al., 2005). In glycolysis, fluoride ions impede the
key enzyme of the path, i.e. pyruvate kinase, which participates directly in
ATP formation (Guminska and Sterkowicz, 1976). Combustion of fatty
acids is also inhibited since fluoride ion blocks Mg-dependent
pyrophosphates (Batenburg and Bergh, 1972). An increase in the
biosynthesis of lipids during experimental fluorosis can occur as well
(Shashi, 1992 and Machoy — Mokrynska at al., 1994).

Fluoride ion affects not only the fat and carbohydrate balance but also
protein equilibrium. Furthermore, as a result of fluoride ion action on the
human organism, changes in proteometablism become pronounced
(Birkner et al., 2000). Free radicals and lipid peroxidation are known to
play an important role in fluorosis (Sun et al., 1994). Fluoride induced
hepatotoxicity due to the formation of free radicals and decreased activity
of the antioxidant system in hepatocytes of animals and humans (Li and
Coa, 1994 and (Karimov et al., 2003). Fluoride exposure also induces
histopathological changes in liver involving focal necrosis, infiltration of
leucocytes, ultrastructural alteration in hepatocytes and increased
apoptosis in animals and humans (Sharma & Chinoy, 2000 and Wang et
al., 2002).

Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15 (33)



Abdel Aziz Ismael, Masad Atef

Materials and Methods

Experimental Animals

Animals used in the current investigation were female rats (100-
120 gm) from the breeding unit of the Biological Science department
at the Islamic University of Gaza. Animals were housed in well
aerated cages and left for one week before experiment. They were kept
in plastic cages with wire mesh covers and maintained under the
following conditions: temperature (20° C-21° C), relative humidity
40%-60% and a light/dark cycle of 14 and 10 hours). A commercial
balanced diet and water were regularly supplied during the
experimental period. Animals were divided into four different groups
and all groups have the same number of rats (n= 6), the first group is a
control group which were forced fed with 1ml of distilled water orally
by means of a stomach tube. The second group received a single dose
of sodium fluoride (50 mg/kg.bwt) orally, approximately to dose of
(Brinker et al., 2000). The third group was given vitamin C (150
mg/kg/bwt dissolved in DW) according to (EI-Nahas 1993) orally
then, after 2 hours, sodium fluoride (50 mg/kg b.wt) was given orally.
The fourth group was given olive oil (1ml/kg.bwt) according to (Abdel
Aziz 2000) orally then, after 2 hours, sodium fluoride (50 mg/kg.bwt)
was given orally to all treated rats.

After 2 hours all animals were decapitated according to (Birkner et
al., 2000) and blood samples were collected in two different sterile test
tubes, the first one has Ethylenediaminetetraacetic acid (EDTA) as an
anticoagulant. These samples were used for hematological
examination. The second tube was without any additives which was
separated by centrifugation at 3000 r.p.m. for 20 min. Clear serum
samples were collected and stored in deep freezer at (-20 °c) for
biochemical analysis.

Biohemical analysis

Serum samples were analyzed for glucose, triglycerides and total
cholesterol by the methods described by Trinder (1969), Fossati and
Prencipe (1982) and Allain et al., (1974), respectively. Non-protein
nitrogen constituents were determined by the methods of Mackay and
Mackay (1927) for urea, Fossati et al., (1980) for uric acid and Bartels
et al., (1972) for creatinine. Enzymes activities were measured using
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Boehringer reagent kits. The activity of aspartate amino transferase
(AST) and alanine aminotransfarse (ALT) were determined as
described by Reitman and Frankel, (1957). The activity of alkaline
phosphatase (ALP) was measured according to Bessey et al., (1946).
Total serum bilrubin, was measured according to Doumus et al.,
(1937).

Total protein was determined using photometric test according to
biuret method (Zaia, et al., (1998). Albumin was determined using
photometric test using bromocresol green assay (Gustafsson et al.,
(1976).

Hematology analysis

All blood samples collected with anticoagulant were analyzed
manually for complete blood count and RBC’s indices were
calculated.

Statistical analysis

Data are presented as means = SD of triplicate observations. Two
sample T-test and confidence interval (CI) analysis (P < 0.05 = 95%
CI) was used to compare mean values using SPSS program.

Results

The effect of water in the first group of albino rats was initially
tested and its results were used as a control to compare with the other
groups. In the second group, sodium fluoride administration results in
a significant change in the hematological and biochemical parameters.
A high significant decrease (p<0.05) in the total WBC's count with a
recorded difference of 48.24% as compared with the control group (the
first group). However, a significant decrease in RBC's count with a
recorded percentage change 11.18%, a decrease in HB measurements
with a recorded percentage change 14.79% and a non-significant
decrease in most RBC’s indices as shown in Table 1.

The administration of vitamin C and olive oil showed a significant
reduction of sodium fluoride effects which reversely affect the albino
rat hematological parameters especially the total WBC's count with a
recorded difference of 24.4 and 12.10 respectively as compared with
48.24% difference caused by the administration of sodium fluoride
alone in the second group. Reduction effect was also noticed on the
other hematological parameters such as RBC count with a recorded
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percentage change of 5.98 and 5.01 compared with 11.18% when
sodium fluoride administered alone. Hemoglobin (HB) measurements
were improved with the administration of vitamin C and olive oile
with a recorded percentage change of 9.35 and 7.18 respectively as
compared with 14.79% difference caused by the administration of
sodium fluoride alone and caused a general decrease in most RBC’s
indices as shown in Table 1.

Table (1): The effect of the oral administration of sodium fluoride
on albino rats blood indices with /without the treatment of vitamin

C or olive oil.

NaF +
Control NaF NaF +
Parameters ] Olive oil
n=6 n=6 Vit.C n=6
n=6

WBC's count 5.12+055 |265+0.35 3.85+059 |450+0.75
(*1073 cell/ul)
%change -48.24 -24.80 -12.10
P value <0.01 <0.01 <0.05
RBC's count (x10"6 | 6.89+0.14 | 6.12+0.15 6.54+0.22 | 6.48+0.25
cell/ul) %change
P value -11.18 -5.07 -5.95

<0.05 >0.05 >0.05
Hb (g/dl) %change | 13.79+0.25 | 11.75+0.30 | 12.50+0.16 | 12.80 + 0.17
P value -14.79 -9.35 -7.18

<0.05 >0.05 >0.05
HCT (%) 39.60+0.30 | 33.75+£0.36 | 36.90+0.19 | 37.0+0.31
%change -14.77 -6.81 -6.56
P value <0.05 >0.05 >0.05
MCV (f1) 56.73+1.12 | 55.18+£0.91 | 56.42+0.66 | 57.10 £ 0.76
%change -2.79 -0.54 0.65
P value >0.05 >0.05 >0.05
MCH (pg) 19.76 +0.24 | 19.20+0.18 | 19.11+0.26 | 19.75+0.33

(36)
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%change -2.83 -3.28 -0.05

P value > 0.05 >0.05 >0.05

MCHC (g/dI) 34.82+0.60 | 34.81+£041 | 33.88+0.36 | 43.60+0.39

%change -0.02 -2.69 -0.63

P value > 0.05 >0.05 >0.05

PLT (x10%/41) 640.95 + 881.0 + 16.30 | 685.50 = 727.50 £

%change 10.6 37.45 17.24 18.33

P value <0.01 6.95 13.50
>0.05 <0.05

*All values are expressed as (Mean +/- SD) (Triplicate
readings)

*Non-significant P>0.05, significant P<0.05, highly
significant P<0.01.

Table (2): The effect of oral administration of sodium fluoride on
albino rats biochemical parameters with /without the treatment of
vitamin C or olive oil.

. Sodium Sodium
Sodium ] .
Control ) Fluoride + Fluoride +
Parameters Fluoride ) o
n=6 vit.C, olive oil,
n=6
n=6 n=6
Glucose (mg/dl) 98.30 + 70.0+£2.60 |815+217 85.8 +3.16
%change 291 -28.78 -17.09 -12.71
P value <0.01 <0.05 <0.05
Triglycerides(mg/dl) 138.57 145 +2.17 139 +3.15 135.5+2.16
%change + 251 4.64 0.31 -2.21
P value >0.05 >0.05 >0.05
Cholesterol(mg/dl) 229.16 + 235,5+2.10 | 230+3.19 2255+2.19
%change 2.63 2.76 0.36 -1.59
P value >0.05 >0.05 >0.05
Urea(mg/dl) 29.11 + 329+ 1350 |32+1.47 325+1.38
% change 1.46 13.01 9.92 11.64
P value <0.05 >0.05 <0.05
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Uric acid (mg/dl) 410+1.12 | 495+1.20 |4.65+1.35 4.75+1.27
% change 20.7 13.41 15.85

P value <0.01 <0.05 <0.05
Creatinine(mg/dl) 0.90+0.03 | 1.21+0.02 |1.12+0.03 1.15+0.04
%change 34.44 24.44 27.77

P value <0.01 <0.01 <0.01
Total Protein (mg/dl) 7.88+0.15 | 7.30+0.14 |7.74+0.13 7.60 £ 0.15
%change -7.36 -1.77 -3.55

P value >0.05 >0.05 >0.05
Albumin (mg/dl) 3.92+0.11 | 3.0+0.12 3.70+0.10 3.45+0.13
%change -23.46 -5.61 -11.9

P value <0.01 >0.05 <0.05
Globulin(mg/dl) 3.96+0.18 | 430+0.17 |4.04+0.12 4.15+0.11
%change 8.58 2.02 4.7

P value >0.05 >0.05 >0.05
AST (u/m1) 3330t 2. 39.5+1.77 37.10 £1.80 38.20+1.17
% change 20 18.61 11.41 14.7

P value <0.05 <0.05 <0.05
ALT (u/mil) 39.19+ 425+ 151 42.0+1.38 415+1.44
% change 1.45 8.44 7.17 5.89

P value >0.05 >0.05 >0.05
Al.phosphatase(1u/m1) | 40.16 + 435+180 |415+1.15 [4210+150
%change 1.90 8.31 3.33 4.83

P value >0.05 >0.05 >0.05
Bilirubin total (mg/dl) 0.75+0.02 | 0.95+0.01 |0.80+0.02 0.90+0.03
%change 26.66 6.66 20

P value <0.01 >0.05 <0.01

*All values are expressed as (Mean +/- SD) (Triplicate

readings)

*Non-significant P>0.05, significant P<0.05, highly significant

P<0.01.

(38)
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Mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH) was decreased in response to sodium fluoride
administration recording 4.35% and 4.40%, respectively as compared
to control level. On other hand, Sodium fluoride administration and
treatment with vitamin C resulted in a decrease by 0.54% and 3.28%
respectively, compared to control level (Tablel). Sodium fluoride
administration generally caused an insignificant decrease in the mean
corpuscular hemoglobin concentration (MCHC) with a value of 0.02%
of the control level. On the other hand, sodium fluoride administration
caused a significant increase in blood platelet (PLT) count with a value
of 37.45% compared to the control level. However, sodium fluoride
administration and treatment with vitamin C or olive oil caused an
increase by 6.95% and 13.50% respectively compared with control
level.

The mean values of serum total protein, aloumin and globulin of
both control and experimental animals are presented in (table 2). Total
protein concentration in rat blood serum treated with fluoride was
decreased by 7.36%, while in rats treated with sodium fluoride in
addition to vitamin C or olive oil was 1.77% and 3.55% respectively in
comparison with control (table 2). Albumin content in rat serum under
the influence of sodium fluoride decreased by 23.46%, while in rats
treated with sodium fluoride in addition to vitamin C or olive oil was
5.61% and 11.9% respectively in comparison with control level.
Globulin concentration in rats treated with sodium fluoride increased
by 8.58%, while in rats treated with sodium fluoride plus vitamin C or
olive oil the increase was 2.02% and 4.7% respectively in comparison
with the control level.

Under the influence of sodium fluoride the activity of ALT was
increased in rat's blood by 8.44%. While in rats treated with sodium
fluoride and vitamin C or olive oil, the increase of ALT enzyme
activity was 7.17% and 5.89% respectively in comparison with the
control (Table 3). The activity of AST was also increased significantly
in rat's blood by 18.61% in response to sodium fluoride compared with
control (Table 3). However, fluoride administration in addition to
vitamin C or olive oil lowers the AST activity to 11.41% and 14.7%
respectively, compared with control level.

Alkaline phosphatase activity and bilirubin in rat's blood increased
by 8.31% and 26.66% respectively compared to control level after
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sodium fluoride administration (table 3), this increase caused by NaF
administration was non-significant (P>0.05). However, in bilirubin,
the increase was significant (P<0.05) in the intoxicated rat's and the
treated rat's with olive oil, while vitamin C had amilodrate the effect of
NaF intoxication (P>0.05). The data in table (2) showed that sodium
fluoride administration caused a general decrease in serum glucose at
the end of experiment. Glucose decrease to 17.09% compared with the
control level, after sodium fluoride administration. However, vitamin
C failed to raise serum glucose levels in sodium fluoride intoxicated
rats to the control level. While olive oil treatment was more effective
in reversing sodium fluoride intoxication action on serum glucose.

Table (2) revealed that rat serum triglycerides increased in
response to treatment with sodium fluoride. On the other hand, vitamin
C positively affected serum triglycerides level, hence it reached, more
or less, nearly the level of healthy rats. However, administration of
olive oil was less effective to overcome sodium fluoride induced
increment in serum triglycerides content in fluoride intoxicated rats
compared to the control. Sodium fluoride induced a general elevation
in the concentration of cholesterol in intoxicated rat serum in
comparison with the control level (table 2). On the other hand,
treatment of intoxicated rats with vitamin C lowered the concentration
of serum cholesterol towards the control level. Administration of olive
oil failed to reverse fluoride induced increment in serum cholesterol
level in intoxicated rats. Non-protein nitrogen constituents of rat serum
i.e. urea, uric acid and creatinine were affected by the administration
of sodium fluoride with/without vitamin C or olive oil. The results
were cited in table (2).

Sodium fluoride administration caused a significant increase in rat
serum urea with a value of 13.01% compared to the control level.
However, sodium fluoride plus vitamin C or olive oil increased serum
urea level by 9.92% and 11.64% respectively compared with control
level. In general, uric acid and creatinine content in rat blood serum
increased in response to the oral administration of sodium fluoride
with values of 20.7% and 34.44% respectively compared to the control
level (table 2). However, in sodium fluoride plus vitamin C treatment,
uric acid and creatinine were increased by 13.41% and 24.44%
respectively compared with control level. On other hand, sodium
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fluoride administration and treatment with olive oil elevated uric acid
and creatinine in rat serum by -15.85%, and 27.77 respectively
compared with control level.

Discussion

It is now well established that fluoride ingestion not only affects
the teeth and bones but also other organs (Aydin et al., 2003). Chronic
administration of fluoride can severely damage many systems of the
human body (Ya-Nan et al., 2000) and induces various changes in
some organs of animals (Waldbott et al., 1978; Mullenix et al., 1995).
Although an association between environmental exposure to fluoride
and morbidity from hematological disease has been reported (Machoy,
1990). Toxic effects of fluoride on various body organs have received
considerable attention (Spittle and Durgstahler, 1998 and Spittle
2000). The potential influence of fluoride on hematopiesis remains
unclear. Fluoride can also have more serious effects on skeletal tissues
and cause skeletal fluorosis (with adverse changes in bone structure)
which is observed when drinking water contains 3-6 mg of fluoride per
liter. Our study demonstrates a link between fluoride administration
and blood parameters in albino rats. The treatment of albino rats with
sodium fluoride alone exhibited a significant decrease in WBC's count
of albino rats. These findings are supported by Susheela and Jain
(1983) who found that leukocytes count was significantly reduced
after 6-12 months of fluoride ingestion in rabbits. However, most of
these changes were improved when vitamin C or olive oil were
administered before sodium fluoride compared to sodium fluoride
alone. On the other hand, general declines were recorded RBCs, Hb,
Ht, MCV, MCH and MCHC but PLT was increased versus the control
group. These findings may be due to the inhibitory action of fluoride
on the haemopietic system and / or due to the destructive effect of
fluoride on viable RBCs. The results of the present investigation are
also in agreement with the findings given by Susheela and Jain (1983)
who conclude that excessive fluoride ingestion exerts a toxic influence
on the hematological profile of adult rabbits. The spleen plays a
significant hematopoietic role particularly during the fetal life (Sty &
Conway, 1985 and Sieff & Williams, 1995).

Toxic damage to the spleen caused by sodium fluoride may
therefore have marked negative effects on hematopoiesis (Anna et al.,
2002). Oral administration of sodium fluoride caused marked
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hypoglycemia in treated rats. Bdrot (1998) reported a significant
decline in blood glucose levels in a fluoride affected human population
of North Gujarat, India. However, hyperglycemia was reported in rats
treated with fluoride (Rigalli et al., 1990, and Sakura et al., 1993) and
in exposed to environmental fluoride from aluminum smelters
(Kendryal et al., 1993). These differences might be due to variations in
dose, duration of exposure, sensitivity of species and physiological
status of the animals. Concerning lipid metabolism, results
demonstrated that triglycerides and cholesterol levels were increased
in response to sodium fluoride administration to albino rats. The
possible explanation of the observed increased in serum triglycerides
and cholesterol levels may be due to direct or indirect action of sodium
fluoride on lipid metabolism (Baha Oral and Ozbaar, 2003).

Determination of non protein nitrogen constituents, urea, uric acid
and creatinine levels can indicate the functional state of the kidney.
Oral administration of sodium fluoride was found to increase serum
urea, uric acid and creatinine in treated albino rats compared with the
control animals. Elevation of urea in serum could result (rather) from a
defective excretory function of the kidneys, especially since increased
urea concentration in blood serum is as a general rule caused by renal
insufficiency, with or without obstruction of urinary tracts (Birkner et
al., 2000). Similar findings are reported by Appleton (1995) who
administrated 0.4 m/ml of sodium fluoride /kg of body mass to rats as
an intraperitoneal injection and foundation increase in urea
concentration. He explained the high serum urea concentration caused
by lesions of the kidneys.

Likewise, it can be assumed that the NaF dose caused kidney
lesions in tested rats, since high concentration of fluoride in plasma
amounting to over 90 u mol/L lead to kidney lesions (Gumonska et al.,
1990). Oral administration of sodium fluoride showed a general
decrease in serum total protein and albumin levels in treated albino
rats compared with the control animals. The observed decrease in total
serum protein is probably concordant with some disorders related with
building new proteins by the liver or may be due to the disruption of
hepatic cells (Kishor et al., 2008).

The decrease in albumin level for rats treated with sodium fluoride
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may be due to liver massive necrosis, deterioration of liver function
(Guler et al.,1994). Never the less, hypoalbuminemie is a common
problem in animals treated with sodium fluoride and is generally
attributed to the presence of nephropathy (Porte and Halter, 1981). In
view of the consideration that the liver is the site of albumin
production the formation or derangement synthesis of aloumin could
be due to liver damage. Fluoride is well known to affect protein
synthesis by causing impairment in polypeptide chain initiation
(Macuch et al., 1963, Rasmussen, 1982); weak incorporation of amino
acids into proteins (Helgeland, 1976), and abnormal accumulation or
inhibition of RNA synthesis (Halland, 1979). Decreased protein
synthesis during fluorides has been reported (by) (Shashi et al., 1987;
Chiny et al., 1993 and Matk and Mathewes et al., 1996). Zang et al.,
(1996) reported a significant decrease in serum protein in individuals
with poor nutrition and living in high fluoride areas.

The changes observed by Birkner et al., (2000) provide evidence
for disruption of protein metabolism in rats exposed to an acute dose
of NaF. Tyrtyshik (1992) also found disturbances in protein
metabolism in rat liver during experimental anemia induced by NaF.
Serum ALT and AST, well-Known markers of liver function were
significantly elevated in the fluorotic children, indicating liver cell
damage and distributed liver function. Similar results have been
reported in earlier studies on fluorotic individuals (Chinoy et al., 1992
and Mathews et al., 1996) and experimental animals (Tsunoda et al.,
1985 and Chinoy, 1991). A slight increase in serum alkaline
phosphatase levels was observed in our study, which is consistent with
the observations of Teotia et al., 1971 & Teotia, 1988. The recovery
on co-treatment with vitamin C or olive oil could be attributed to the
action of vitamin C or olive oil as free radical scavengers. Wilde and
Dya (1998) opined that the toxicity of free radicals is greater if
fluoride can impair the production of free radical scavengers such as
ascorbic acid and glutathione and this can be prevented by the
additional supplementation with vitamin C and E. The antidotal effect
of vitamin E acts by preventing the oxidative damage caused by
fluoride, which increases peroxides and free radicals of reactive
oxygen species in tissues.

Studies by Gupta et al., (1996) also revealed that the treatment of
vitamin C showed significant improvement in skeletal, clinical and
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biochemical parameters in children consuming water containing 4.5
ppm of fluoride. Shusheela (1999) reported that consumption of food
rich in vitamin C and E, which act as antioxidants scavenging the free
radicals and eliminating them, also reduces the fluoride levels in the
body. Finally Vermna and Sherlin (2002) pointed out sodium fluoride
induced hypoproteinemia and hypoglycemia in parental and F1-
generation rats. These changes were ameliorated by vitamin C.
Vitamin C is a water soluble antioxidant which can directly scavenge
super oxide and hydroxyl radicals. Many clinical trials have focused
on single antioxidants (Pacht et al., 1986) and Schectman et al., 1991.
The action of vitamin C may explain the improved hematological and
biochemical parameters in sodium fluoride treated rats.

References

Abdel Aziz 1. I. (2000) Hematological and biochemical study on rabbit post
whole body X-irradiation and treatment by Nigella sativa oil or olive oil. J.
Pest Cont. & Sci. 8 (1): 15-30.

Allain, CC.; Poon LS.; Chan CSG.; Richmond, W. and FU. PC. Enzymatic
determination of total serum cholesterol. Clin Chem. 1974; 20 (4): 470-75.

Appleton J. Changes in the plasma electrolytes and metabolites of the rat
following acute exposure to sodium fluoride and strontium chloride. Arch
Oral Biol 1995; 40: 265-8.

Anna S. Gukovskaya, Eva Vaquero, Vjekoslav Zaninovic, Fred S. Gorelick,
Aldons J. Lusis, Marie-Luise Brennan, Steven Holland, Stephen J. Pandol.
Neutrophils and NADPH oxidase mediate intrapancreatic trypsin activation
in murine experimental acute pancreatitis. Gastroenterology, Volume 122,
Issue 4, April 2002, Pages 974-984

Aydin K, Okuyaz C, Serdaroglu A, Gicuyener K. Utility of
electroencephalography in the evaluation of common neurologic conditions
in children.J Child Neurol. 2003 Jun;18(6):394-6

Baha Oral, Demir Ozba%ar The effect of sodium monofluorophosphate
therapy on lipid and lipoprotein metabolism in postmenopausal women.
European Journal of Obstetrics & Gynecology and Reproductive Biology,
Volume 107, Issue 2, 25 April 2003, Pages 180-184

Batenburg J, Bergh SG. The mechanism of inhibition by fluoride of
mitochondrial fatty acid oxidation. Biochim Biophys Acta 1972;280: 495-
505.

(44)  Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15



Fluoride-induced Hematological and Biochemical Changes in Albino Rat.

Barot, VV., Occurrence of endemic fluorosis in human population of North
Gujarat, India: human health risk. Bulletin of Environmental
Contamination and Toxicology 1998; 61: 303-310.

Bartels, H.; Bohmer, M. and Heierli, C. Serum creatinine determination
without protein participation. Clin. Chim. Acta 1972; 37: 193-179.

Bessey, OA.; Lowry, DH. and Brock, JM. Methods for the determination of
alkaline phosphates with five cubic milliiers of serum.J.Biol, Chem. 1946;
146:321.

Basu TK, and Dickerson JW.Human Health and Disease.CAD
International,. Wallingford. Vitamins.1996; P.211- 285. 9.

Birkner .E , Mamczar-Grucka .E, Machoy .Z, Tarnwski.R, Polaniak .R.
Disturance of protein metabolism in rats after acute poisoning with sodium
fluoride. Fluoride 2000; 33(4): 182-186.

Bilthoven, Netherlands, National Institute of Public Health and
Environmental Protection, 1988; No. 758474005.

Cao, SR, J.K. Fawell, E. Ohanian, M. Giddings, P. Tof, . Y. Magara and P.
Jackson. Study on preventive and control measures on coal-combustion
type endemic fluorosis in three Gorges areas in China Chinese journal of
endemic disease 1992; 6-21.

Carslon ch, Armstrong WD,Singer L. Distribution and excretion of
radiofluoride in the human. Proc Soc Exp Biol (NY)1960; 104:235-9.

Chinay JN , Sharma KA, Patel NT, Memon R, Jhala . DD, Recovery from
fluoride and aluminum included free radical liver toxicity in mice. Fluoride
2004; 37(4): 257-263.

Czerwinski E, Lonkose W. Fluoride-induced changes in 60 retired
aluminium workers. Fluoride 1977; 10: 125-36.

Doumas, BT., Perry, BW., Sasse, EA. and Straimfiod J.Clin.Chem., (1973);
19:948

El-Nahas SM, Mattar FE, Mohamed AA. Radioprotective effects of vitamin
C and E. Mutation Research, 301:143.

EITibi Khaled, Abu Amr Salem, EIRamlawi Ayman. Evaluation of drinking
water quality in Gaza Strip. 2004:34.

Environmental Protection Agency. National primary drinking water
regulations; fluoride; final rule and proposed rule. Federal register 1985;
50(220): 47142-47171.

Environment health criteria for fluorine and fluorides. Geneva: WHO; 1984.

Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15 (45)



Abdel Aziz Ismael, Masad Atef

p 1-136.

Eraslan G, Bilgili A, Akdogan M, Yarsan E, Essiz D, Altintas L.Studies on
antioxidant enzymes in mice exposed to pulsed electromagnetic fields
Ecotoxicol Environ Saf. 2007 Feb;66(2):287-9. Epub 2006 Feb 28.

Fossati, P.; Prencipe, L. and Berti, G. Use of 3,5-dichloro-2-hydroxy-
benzenesulfonic acid/4-aminophenazone chromogenic system in direct
enzymic assay of uric acid in serum and urine. Clin Chem. 1980; 26: 227-
231.

Fossati, P. and Prencipe, L. Serum triglycerides detemind colorimetrically
with an enzyme the produces hydrogen peroxide, clin. Chem. 1982;
28(10): 2077-08.

Gessner DB, Beller M, Middaugh JP, Whitford GM. Acute fluoride
poisoning from public water system. N Engl J Med 1994; 330(2): 95-9.

Gharzouli k, Senator A. Fluoride absorption in vitro by the gastrointestinal
tract of the rat. Fluoride 1994;27(4): 185-8.

Ginn JT, Volker JF. Effect of cadmium and fluorine on the rat dentition.
Proc Soc Exper Biol Med 1944;75: 180-91.

Guminska M, Sterkowicz J.Effect of sodium fluoride on glycolysis in human
erythrocytes and Erlich ascites tumor cells in vitro. Acta Biochim Pol
1976; 23: 285-91.

Guler, A-H; Sopan, N.; Ediz, B.; Genc, Z and ozkan, K, Effects off copper
on liver and bone metabolism in malnutrition Turk .J. Pediatr., 1994; 36
(3): 205-213.

Gupta, SK., Gupta, RC., Seth, AK., Gupta A., Reversal of fluorosis in
children. Acta Paediatrica Japonica 1996; 385: 513-519.

Gustafsson, J. B. C., Improved specificity of serum albumin determination

and estimation of “acute phasereactants” by use of the bromcresol green
reaction. Gun. Chem. 22,616-622 (1976).

Helegland K., 1976. Effect of fluoride on protein and collagen biosynthesis
in rabbit dental pulp in vitro. Scandinavian Journal Dental Health 1976; 84:
276-285.

Hillman D, Bolenbaugh DL, Convey EM. Hypothroidism and anemia related
fluoride in dairy dattlc. J Dairy Sci 1979; 62: 416-23.

Hirao T. Blood picture of experimental fluorosis. Fluoride 1972;5: 33-8.

(46)  Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15



Fluoride-induced Hematological and Biochemical Changes in Albino Rat.

Holland, R.l. Fluoride inhibition of protein and DNA synthesis in cells in
vitro. Acta Pharmacologia et Toxicological 1979; 45, 96-101.

Indulski JA, editor. Kryteria zdrwonte srodowiska. Fluor I fluoriki tom 36,
(Sanitary criteria of environment. Fluorine and fluorides) Vol. 36.
Warszawa: Panstwowy Zaklad Wydawnictw Lekarskich 1989; 87.

Jacyszyn K, Marut A. Fluoride on blood and urine in humans administered
fluoride and exposed to fluoride — polluted air. Fluoride 1986; 19(1): 26-
23.

Jain, N.C. (1986): Schalm's Veterinary Haematology, 4th ed., Lee and
Febiger, Phladeliphia.

Karimov K, Inoiatov FSH. Toxic effects of various water pollutants on
structural and functional parameters of hepatocytes. Vopr Med Khim
2002;48(2): 174-9. [in Russia, abstract in Fluoride 2003;36(1):61.]

Kendryna, T., Stachursks, MB., Ignacak, J., Gunminska M., Effect of
environmental fluorides on key biochemical process in human. Folia
Medica 1993; 34: 49-57.

Kishor M. Wasan, Dion R. Brocks, Stephen D. Lee, Kristina Sachs-Barrable
& Sheila J. Thornton. Impact of lipoproteins on the biological activity and
disposition of hydrophobic drugs: implications for drug discovery. Nature
Reviews Drug Discovery 7, 84-99 (January 2008) | doi:10.1038/nrd2353

Li J, Cao S. Recent studies on endemic fluorosis in China. Fluoride 1994;
27(3): 125.

Machalinska Anna, Wiszniewska Barbara, Tarasiuka Jolanta, Machalinski
Boguslaw. Morphological effects of sodium fluoride on hematopoietic
organs in mice. Fluoride 2002; 35(4): 231-238.

Machoy, Z. Fluoride and its effect on animals and man In: Zeszyty Naukowe
PAN "Czlowiek I srodowisko" Ossolineum, Wroclaw; 1990. p 61-75.

Mamczar — Grucka Ewa, Birkner Ewa, Fiolka — Zalejska Jolanta, Machoy
Zygmunt. Disturbances of kidney function in rats with fluoride — include
hyperglycemia after acute poisoning by sodium fluoride. Fluoride 2005;
38(1): 48-51.

Mackay, EM. and Mackay LL. The concentration of urea in the blood of
normal individuals. Clin. Invest. 1927; 4: 295.

Macuch, P., Balazoa, G., Bartozoa, L., Hiuchan E., Ambrus, J., Janovicova,
J., Kisilcukova, V., Hygienic analysis of the influence of noxious factors
on the environment and state of health of the people in vicinity of
aluminium plants. Journal of Hygiene and Epidemiology 1963; 7: 389-400.

Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15 (47



Abdel Aziz Ismael, Masad Atef

Mathews Michael, Barot VV, Chinoy NJ. Investigations of soft tissue
functions in fluorotic individuals of North Gujarat. Fluoride 1996; 29(2):
63-71.

Mittal M, Flora SJ. Effects of individual and combined exposure to sodium
arsenite and sodium fluoride on tissue oxidative stress, arsenic and fluoride
levels in male mice. Chem Biol Interact. 2006 Aug 25;162(2):128-39.
Epub 2006 Jun 3

Mullenix PJ, Denbesten PK, Schunior A, Kernan WJ. 1995. Neurotoxicity of
sodium fluoride in rats. Neurotoxicol.Teratol. 17: 169-177.

Naylor, S., The hematology and histopathology of Trypanosoma congolense
infection in cattle. Part Il : Hematology (Including Symptoms) Trop. Anim
. H1th. Prod., 1971; 3(1): 159-168.

Palestinian National Authority. Palestinian water Authority, El-Yakouby
Ahmed, 2006.

Pacht, ER; Kaseki, H. and Mohammed, J., Deficiency of vitamin E in the
alveolarfluid of cigarette smokers, J. Clin. Invest., 1986; 77.789.

Porte, D.Jr. and Halter, JB., in Textbook of Endocrinology (Williams, RH,
ed.) chapter 15, WB. Saunders Co., Philadelphia. 1981; p 715- 837.

Reitman, S.and Frankel, S.: A Colorimetic method for the glutamic-pyruvate
transaminase, Am.J.Clin.Path., 1957; 28: 56-63.

Rigalli, A., Ballina, JC., Roveri, E., Pucha, Rc., Inhibitory effect of fluoride
on secretion of insulin. Calcified Tisse International 1990; 46: 333-338.

Roholm K. Fluorine intoxication. A clinical-hygienic study. HK. Lewis &
Co. Ltd. London, 1937.

Rossan , RN. Serum proteins of animals infected with Leishmania donovani,
with special reference to electrophoretic patterns, Exp, parait., 1960; 9:
302-333.

Sharma A. Chinoy NJ. Fluoride induced ultrastructural and histopathological
changes in liver of mice and its reversal by antidotes [abstract]. In:
Proceedings of International Conference on Probing in biological Systems;
2000 Feb 7-11; Mumbai, India. P. 112.

Shashi, SP., Thapar, SP., Singh, JP., Effect of fluoride administration on
organs of gastrointestinal tract-an experimental study on rabbits-effect on
tissue protein. Fluoride 1987; 20: 183-188.

Shashi A. Biochemical effects of fluoride on lipid metabolism in the

(48)  Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15



Fluoride-induced Hematological and Biochemical Changes in Albino Rat.

reproductive organs of male rabbits. Fluoride 1992; 25: 194-54.

Shashi A. Studies on alteration in brain lipid metabolism following
experimental fluorosis. Fluoride 1992; 25: 77-84.

Shashi A.Gastric lesions in experimental fluorosis. Asian J Microbiol
Biotech Env Sc 1999; 1 (3-4): 171-5.

Shivarajashankara MY, Shivashankara RA, Bhat Gopalakrishna P, Rao
Muddanna S, Rao Hanumanth S. Histological changes in the brain of
young fluoride-intoxicated rats. Fluoride 2002; 35(1): 12-21.

Shivshankara RA, Shankara Shivaraja YM, Roa Hanumanth S, Bhat
Gopalakrishna P. A clinical and biochemical study of chronic fluoride
toxicity in children of Kheru Thanda of Gulbarga district. Fluoride 2000;
33(2): 66-73.

Slooff, W., Eerens, H.C., Janus J.A. and. J .P.M. Ros. Basis document
fluoriden. Bilthoven, Netherlands, National Institute of Public Health and
Environmental Protection, 1988; No. 758474005.

Sondhi H, Gupta ML, Gupta GL. Intestinal effects of soium fluoride in Swiss
albino mice. Fluoride 1995; 28(1):21-4.

Spittle B. Fluoride and intelligence 2000; 33: 49-52.

Stooky GK,Dellinger EL, Muhler JC. In vitro studies concerning fluoride
absorption. Proc Soc Exp Bio Med 1964; 115: 298-301.

Sty JR, Conway JJ. The spleen: development and functional evaluation.
Semin Nucl Mcd 1985; 15:276-98.

Sun GF, Shen HY, Effects of extraneous GSH on toxicity and metabolism of
fluoride [abstract]. In: Proceedings of the XXth Conference of International
Society for Fluoride Research; 1994 Sept 5-9; Beijing, China. P. 156-7.

Susheela .A.K, Jain .SK. Fluoride-induced haematological changes in
rabbits. Bulletin of environmental contamination and toxicology 1983;
30(4): 388-393.

Susheela AK, Kumar A, Bhatnagar M, Bahadur M. Prevalence of endemic
fluorsis with gastrointestinal manifestations in people living in some North
Indian villages . Fluoride 1993; 26(2): 97-104.

Susheela, AK., Fluorosis management programme in India Current Science
1999; 70: 298-304.

Teotia, M., Teotia, SPS., Kunwar, KB., Endemic skeletal fluorosis. Archives

Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15 (49)



Abdel Aziz Ismael, Masad Atef

of Diseases of Childhood 1971; 46: 686-691.

Teotia SPS, Teotia M. Endemic skeletal fluorosis; clinical and radiological
variants (review of 25 years of personal research). Fluoride 1988; 21(1):39-
44.

Trinder, P. Glucose GOD-PAPmethod Enzymatic colorimetric method. Ann.
Clin. Biockem. 1969; 6: 24.

Tyrty shnkov IM, Pedlik VP. Sodium fluoride influence upon energy and
protein liver metabolism after its experimental ischemia. Fiziol Zh
(Moscow) 1992; 38:42-6 (abstract in fluoride 1992;25:25:196).

Verma J.R, Sherlin Guna M.D Sodium fluoride include hypoproteinemia and
hypoglycemia in parental and F1-generation rats and amelioration by
vitamins. Food and chemical toxicology 2002; 40:1781-1788.

Wang A, Xia T, Ran P, Bai Y, Yang K, Chen X. Effects of selenium and
fluoride on apoptosis and lipid peroxidation in human hepatocytes.
Zhonghua Yu Fang Yi Xue Za Zhi 2002; 36(4):235-8. [in Chinese, abstract
in Fluoride 2003;36(1):45-6.]

Whitford GM. The metabolism and toxicity of fluoride. 2nd revised ed.
Basel: Karger Publishers, 1996: 17-22.

Wilde, LG., Yu, MH., Effect of fluoride on superoxide dismutase (SOD)
activity in germinating mung bean seedling. Fluoride 1998; 31:81-88.

World Health Organization, Fluorine and fluorides, Environmental Health
Criteria 1984; No. 36.

Zaia, D. A. M.; Zaia, C. T. B. V. and Lichtig., J (1998). Determination of
total protein by spectrophotometry: advantages and disadvantages of
proposed methods. Quimica Nova, 21, 787-793.

Zang, ZY., Fan, JY., Yen, W., Tian, JY, Wong, JG. , Li, XX., Wang, EL.,
The effect of nutrition of the development of endemic osteomalacia in
patients with skeletal fluorosis. Fluoride 1996; 29: 20-24.

Ya-Nan W, Kai-Qi X, Jia-Liu L, Gustav D, zZhi-Zhong G. 2000. Effect of
long term fluoride exposure on lipid composition in rat liver. Toxicology
146: 161-1609.

(50)  Journal of Al Azhar University-Gaza (Natural Sciences), 2013, 15



