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A B S T R A C T

Blood is promptly affected by environmental pollutants and toxicants that can cause many metabolic disorders.
The high level of fluoride acts as a potential pollutant, insecticide and rodenticide with very high toxicity,
associated with the hematological damage. This study aimed to determine the toxicity of Sodium Fluoride on
hematological parameters in Oryctolagus cunniculus. Twenty rabbits were acclimatized and divided in to control
group and three experimental groups.Experimental group-I, II and III were treated with 10, 30 and 50mg/kg
body weight doses of Sodium Fluoride orally. Various blood parameters such as TEC, Hb, HCT, MCV, MCH,
MCHC, TLC and PLT count were investigated. Result findings showed that values of blood indices in experi-
mental groups were significantly lower than the control group. Oneway ANOVA was applied for statistical
analysis. The outcomes of the current studies indicated the reduction in RBC counts (anemia), leukocyte count
(leukocytopenia), monocytosis, eosinopenia, neutrophilia and thrombocytosis on fluoride intoxication.
Hematological disruptions like microcytic hypochromic anemia and decreased leukocyte count may be linked to
the inflammatory effects of Sodium Fluoride on lymphatic organs.

1. Introduction

Sodium fluoride is registered for use as an insecticide and anti-
helmintic drug and is a major environmental pollutant, entering the
biosphere from such sources as iron and steel operations, coal power
production, aluminum smelting, and phosphate fertilizer manu-
facturing [1,2]. Fluoride can be consumed from soil, water, and vege-
tation. Skeletal and dental Fluorosis, stiffness of the joints and ema-
ciation usually result from chronic fluoride toxicity [3–6]. Like other
Hemotoxic agents fluoride also shows deleterious effects on re-
productive capacity of animals and their milk production [7–10]. The
deleterious effects of excess fluoride on human health are: damage to
kidney tubules due to continuous filtration of the ingested fluoride,
dysfunction of the reproductive system and ageing [11].

The deleterious effects of fluoride on blood have been studied well
in different experimental models [3,12–17]. Fluoride affects the for-
mation of blood forming cells i.e., hematopoietic cells in cavities of
bone marrow and inhibits the transport of K+/Cl− ions [17,18].

Moreover, it also causes the generation of superoxide radicals (O2–),
lipid peroxidation in polymorphonuclear leucocytes [19,20] and affect
the neutrophil along with decreased phagocytic activity [20].

Fluoride usually enters in blood circulation by absorption from
duodenal and gastric mucosa via passive diffusion. Sodium fluoride
causes gastrointestinal damage, intermittent diarrhea, anorexia, flatu-
lence, abdominal pain, constipation, nausea, and loss of appetite
[21–26]. Susheela reported that fluoride intoxication of the human
causes anemia or premature erythrocyte deaths i.e. life span of RBCs
decreases due membrane degeneration that turns them into echinocytes
[27,28]. In humans, hematologic disorders are hypochromic anemia,
variation in the size and shape of erythrocytes, presence of Heinz
bodies, eosinophilic leukocytosis, lymphopenia, increase in the amount
of methemoglobin, and alterations in Hematocrit. [29,30].

The main objective of this investigation is to figure out the hema-
tological effects of Sodium fluoride toxicity in Oryctolagus cunniculus
and to observe the induced modifications in the values of Mean
Corpuscular Hemoglobin Concentration (MCHC), Mean Corpuscular
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Hemoglobin (MCH), Hemoglobin (Hg), Mean Corpuscular Volume
(MCV), Platelet Count (PLT), Total Leukocytes Count (TLC), Total
Erythrocytes Count (TEC), Hematocrit (Hct).

2. Materials &methods

Twenty adult rabbits of the species Oryctolagus cunniculus weighing
(800–1000 g) were selected as experimental animals. All the rabbits
were healthy and were acclimatized for 7 days in steel cages with
proper light and humidity. The animals fed with Berseem fodder
(Trifolium alexandrium), carrots, vegetables, fruit pulp & drinking water
ad libitum. Rabbits were divided into control group and experimental
groups. Sodium fluoride (NaF) solution selected as hemotoxic agent to
be administered orally according to dose pattern used by Shashi et al.
[31]. The concentration of NaF dose in experimental group I, II and III
was 10 mg/kg, 30 mg/kg and 50 mg/kg, respectively. The doses are
designed according to the body weight in 5 ml distilled water. Phle-
botomy (blood drawing) from rabbit was done from the marginal vein
of the ear and transported into heparinized tubes to avoid any con-
tamination of sample [32]. Hematological counter (Hemacount, Ge-
sellschaft fur Biochemica, Germany) was used to assess the effect of
Sodium fluoride on hematological parameters i.e., Mean Corpuscular
Hemoglobin Concentration (MCHC), Mean Corpuscular Hemoglobin
(MCH), Hemoglobin (Hg), Mean Corpuscular Volume (MCV), Platelet
Count (PLT), Total Leukocytes Count (TLC), Total Erythrocytes Count
(TEC), Hematocrit (Hct) in experimental and control blood group
samples.

The obtained values were analyzed by comparing means using one
way analysis of variance, ANOVA [33]. The p-values less than 0.05 were
considered to be significant. The values of various hematological
parameters were represented by Mean ± S.E.M. The data was ana-
lyzed by commercially available software package SPSS (SPSS Inc,
Chicago, USA). The values considered significant were represented by
an asterisk.

3. Results and discussion

Fluoride being the most damaging environmental pollutant, disturbs
the normal metabolic pathways of an organism at elevated levels
[34,35]. Taking in account the existing controversies in literature re-
garding the effect of Sodium Fluoride on hematological parameters, this
study was operated to scrutinize the blood cell count and accessory
parameters in Oryctolagus cunniculus following fluoride intoxication in

four weeks of experimental period. The study was started by treating
experimental groups of rabbits with a selected dose of Sodium Fluoride.
Hematological parameters such as: MCHC, MCH, Hg, MCV, PLT, TLC,
TEC, Hct were studied [36,37].

The results of present study indicate that there is a significant de-
crease in erythrocyte count (Fig. 1) and associated parameters including
Hematocrit number (Fig. 1), Mean corpuscular hemoglobin (Fig. 1),
Mean corpuscular volume (Fig. 1), Hemoglobin concentration (Fig. 1),
thus an overall decreasing trend was observed during the treatment
with the Sodium Fluoride doses (Table 1).

Blood being most sensitive act as an indicator of countless metabolic
disorders. The Current study elucidated the significant decrease in the
number of RBCs through the comparison of the RBCs count of all the
three experimental groups with the control groups. The total ery-
throcyte count on 1st day of the experiment was 6.92 ± 0.37 in the
control group which on exposure to different concentrations of sodium
fluoride was decreased to 4.51 ± 0.75*, 4.22 ± 0.07*and
4.02 ± 0.10* in experimental group I, II and III at 20th day. The
findings on TEC is in agreement with the work of Mohiuddin and Reddy
[3,38] who reported a reduction of RBC count in sheep and cattle. The
decrease in total erythrocyte count (TEC) in present study and in other
studies was dose dependent. However, Gujarathi and colleagues [39]
reported increase in TEC in buffalo calves.

Through hematological examination, the decreased level of total
leukocytes counts in all the experimental groups is also observed. The
total leukocyte count (TLC) on 1st day of the experiment was
7.81 ± 0.20 in control group. But in experimental groups I, II and III
the count decreased to 6.58 ± 0.84*, 6.23 ± 0.37* and
5.01 ± 0.96* respectively at 20th day of the experiment. It was sug-
gested that the TLC is decreased in fluoride fed groups, which might be
the result of under production from the germinal center of lymphoid
organs by cause of necrosis [40]. Leukopenia and lymphopenia was also
reported in higher dosed groups which might be due to direct toxic
action of sodium fluoride on leucopoiesis in lymphoid organs (Fig. 1).
Similar findings are also reported in cow and buffalo [41,42].

It has been previously reported that approximately 2–4 weeks vul-
nerability to 10, 30 and 50 mg NaF/kg body weight led to anemia, a
considerable decrease in total nucleated cell counts and hypoplasia of
bone marrow [43].The differential count of WBC shows decrease in
polyneutrophils and an increase in lymphocytes in the fluoride treated
groups as compared to the control animals. This increase in WBC sug-
gests that fluoride as a foreign body may evoke the immune response
through the lymphocytes, which is more prone to the fluoride and

Fig. 1. Effect of Sodium Fluoride on Blood Parameters i.e (1) Hb (2) RBCs (3) MCH (4) Pt (5) MCHC (6) WBCs (7) Hct (8) MCV of Rabbits (Oryctolagus cunniculus).
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comes in action as its rapid increasing number suggests. Maheswaran
et al., reported that the increased in WBC count might be due to the
tissue damage i.e. stimulation of the immune system caused by sodium
fluoride [44].

The tested chemicals also affected differential leukocyte counts,
significantly increasing the percentage of neutrophil and monocytes
which is a first order immune response of the animals to the tested
chemicals. In contrast Das et al. [45] reported significant reduction in
Neutrophil and Monocytes in rats exposed to fluorides for 28 days, and
concluded that these effects would lead to lowered cellular immunity.
Our results suggest that the animals attempted to defend themselves
from the pollutants during short term exposure.

The hematological examination in current study also elucidated a
decrease of total hemoglobin level as compared to the control group.
The hemoglobin levels on 1st day was 13.76 ± 0.50 in the control
group where as in experimental group I, II and III, it was decreased as
14.81 ± 0.59*, 13.48 ± 0.11*and 10.96 ± 0.04* respectively at
20th day of experiment. The possible explanation for this decrease is
the lysis and lower production of RBCs due to decrease production of
bone marrow result in anemia and low hemoglobin production [46].

Some studies in rats also reported the decrease in hemoglobin per-
centage after receiving the sodium fluoride treatment. The light mi-
croscopic findings in similar studies depicted the presence of macro-
phages in the spleen causing more damage to erythrocytes in fluoride
treated groups than control groups. This suggests the fluoride induced
enhancement in Phagocytosis in spleen localized macrophages which
consequently leads to the development of anemia [47,48]. Moreover,
fluoride also retards the normal process of erythropoiesis by interacting
with the iron of hemoglobin.

Reduction in blood parameters could also be due to hemolysis and
hemorrhages caused by fluoride and bone marrow suppression. The
mean corpuscular hemoglobin (MCH) level on 1st day of experiment
was 24.19 ± 0.33 in the control group, whereas in experimental group
I, II and III, it was decreased as 19.16± 0.01*, 17.23 ± 0.09* and
17.64 ± 0.78* respectively on the 20th day of experiment. It could be
collaborated with the reports of other workers in mammals [49].

The Hematocrit also recognized as an erythrocyte volume fraction
(EVF) or packed cell volume (PCV) is the volume percentage (%) of
RBCs in blood. The percentage of Hematocrit in control group at 1st day
of the experiment in the control group was 36.37 ± 0.65, whereas in
the experimental group I, II and III, it was decreased as 33.14 ± 0.27*,
29.71 ± 0.53* and 26.11 ± 0.11* at 20th day of the experiment. In
goats, the repeated administration of fluoride caused the reduction of
Hb which may be a indication for the development of anemia [50].
Similarly decrease in PCV was observed by Swarup and Singh [41] and
Gujrathi et al, [39] during Fluorosis in cattle and buffaloes. The increase
in the clotting time may be due to the fact that NaF is an anticoagulant
and also chelates calcium ions from the blood, which is pre-requisite for
blood clotting. Similar findings have been reported in buffalo calves
[51,52].

The platelet counts may decrease either due to bone marrow sup-
pression or when they are trapped in the spleen (Fig. 1) [53]. The
percentage of platelets in control group at 1st day of experiment was
7.99 ± 0.41, whereas in experimental group I, II and III, it was de-
creased to 5.73 ± 0.51*, 4.06 ± 0.67* and 4.13 ± 0.20* at 20th day
of experiment. Decreased WBC, PLT, and neutrophil counts were
probably due to harmful effects of fluoride on bone marrow and he-
matopoietic organs. The decreased RBC count in present study may
have been associated with a decreased rate of erythrogenesis due to the
negative effect of fluoride on erythropoiesis or to shortened life span of
erythrocytes and membrane degeneration by means of fluoride causing
erythrocytes to change into echinocytes [49,54]. The outcomes of this
study also indicated a significant decrease in the number of MCV. The
total MCV count on 1st day of experiment was 48.27 ± 0.65 in control
group whereas in experimental group I, II and III, it was decreased to
31.51 ± 0.08*, 28.86 ± 0.37* and 23.05 ± 0.03* respectively at

20th day of experiment. The decrease in total erythrocyte count (MCV)
was dose dependent.

Some studies reported that fluoride caused changes in blood para-
meters such as Hb, Hct, MCV, MCH, and MCHC (Fig. 1) [55–57]. It has
been reported that fluoride toxicity causes hematopoietic progenitor
cells injury in humans [1,58]. The values of MCHC show a decrease in
treated groups as compared to control group. The value of MCHC in
control group was 34.3 ± 0.11, while experimental groups I, II and III
shows decrease as 32.01 ± 0.84*, 29.8 ± 0.11*and 29.04 ± 0.46*
at last day of experiment.

Our current findings concords with many previous studies, the in-
teraction of toxic substances with red blood cells may affect their Hb-
carrying capacity, consequently lowering Hb content Oda et al., [59]
reported a small increase in WBC and MCHC values while Khandare
et al., [12] observed an opposite trend for WBC, as noted by us. The lack
of WBC impairs the body’s ability to fight infections. Packed cell volume
values are also important in measuring stress on animal health and are
also an indicator of oxygen carrying capacity of the blood [60]. The
reduction in WBC and PCV values suggest stress in the treated mice.

4. Conclusion

Thus, it is concluded that the like other toxic agents sodium fluoride
toxicity may increase the phagocytic activity of macrophages to engulf
more RBC in spleen and may contribute in developing anemia as evi-
dent by the increased number of white blood cells [61,62]. Its toxicity
produces hematological alterations characterized by anemia and stress
leukogram. With the combined exposure to these chemicals, the al-
terations are more severe, indicating a positive hemato-toxic interac-
tion between these two chemicals.
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