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Abstract 

 The aim of this study was to evaluate the 
hematological profile and oxidative stress status 
in spleen and kidney tissues in rats exposed to 
fluoride. Twelve healthy adult male Wistar rats 
were randomly divided into 2 groups (n=6); the 
first group used as a control group. The second 
group exposed to fluoride as fluoride sodium 
(NaF) in drinking water (400 ppm) for 60 days.
On which we measured some hematological, 
biochemical and oxidative stress parameters. 
Our findings revealed that in comparison with the 
control rats, fluoride exposure caused, a signifi-
cant reduction (p<0.001) in the body weight and 
a significant rise (p<0.05) in relative spleen and 
kidney weight. In addition, Result showed that in 
fluoride intoxicated rats, a significant alteration 
in blood component,  a significant (p<0.01) in-
crease in serum Creatinin,  urea, K+, Ca+2 and a 
significant reduction (p<0.01) in Na+ and Cl-lev-
els as compared to control. Results revealed 
also that sodium fluoride treatment in rats affect-
ed antioxidant defense system by decreasing 
GSH and CAT levels while MDA and SOD levels 
were significantly increased (p<0.05). Histopa-
thological analysis showed that NaF induced a 
high structural alteration in kidney compared to 
control. Results demonstrated the toxic effect 
of sodium fluoride in drinking water by causing 
anemia, hemato-toxicity and oxidative stress in 
spleen and kidney tissues.

Keywords: NaF, Oxidative stress, anemia, he-
mogram, Kidney, Spleen. 

Introduction

Blood represents a major target of xenobiot-
ics and toxicants like fluoride that enter by any 
route and red blood cells (RBC), being the most 
abundant cells not only in blood but entire hu-
man body, are quickly exposed to their action 
(1). Fluoride is still unavoidable environmental 
pollutant negatively influencing human health 
(2). Experimental evidence showed that relent-
less exposure to fluoride affects the formation 
of blood forming cells i.e., hematopoietic cells in 
cavities of bone marrow and inhibits the trans-
port of K+/Cl− ions altering the hematopoietic 
process (3,4). Human hematopoiesis produces 
the equivalent of our body weight of red blood 
cells (RBCs), white blood cells and platelets ev-
ery 10 years of life (5). The hematopoietic sys-
tem is hierarchically organized and maintained 
by hematopoietic stem cells (HSCs) that give 
rise to highly proliferative but lineage-committed 
hematopoietic progenitor cells (HPCs) that will 
differentiate into all mature blood cell types (6). 
Abnormalities in the normal program of blood 
cell formation may lead to various hematopoi-
etic disorders (7), among them anemia in which 
hemoglobin (Hb) level and/or red blood cells 
(RBC) number are decreased. The normal Hb 
level depends on gender, age, gestational sta-
tus, and altitude. It occurs as a consequence of 
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many disease processes and manifests large-
ly as fatigue, shortness of breath, and exercise 
intolerance (8). Chronic kidney disease (CKD) 
patients are more likely to be anemic when 
compared to the general population (9). The 
pathophysiology is complex and is related to 
decreased Erythropoietin (EPO) production, de-
creased RBCs life span, and the chronic inflam-
matory status. EPO is an endogenous glyco-
protein hormone that regulates the production, 
survival, and differentiation of red blood cells, 
this molecule is mainly produced by the fetal liv-
er and adult kidney by hypoxia stimulus (10). As 
fluoride can affect hematopoietic process, it can 
affect kidney function because under normal 
physiological situations, about 60% of the daily 
fluoride absorbed by healthy adults is excreted 
through the kidney in the urine causing kidney 
function injury (11). Renal tubule cells have di-
verse regulatory and endocrine functions mod-
ulating reabsorption of sodium, water and bi-
carbonate (12). Therefore in this paper we will 
assess the hematological profile, renal-spleen 
oxidative stress and electrolytes levels pertur-
bation after a sub-chronic exposure to a high 
dose of sodium fluoride in drinking water in rats

Materials and Methods

Animals and experimental design

In our study we used adult male Wistar rats 
with initial weight between 193-227 g. They 
were placed in two groups of 6 rats in each and 
kept in animal’s house of faculty of natural and 
life sciences, University of El Oued, Algeria. 
The animals are carried in a laboratory place 
for adaptation with conditions of temperature 
(22.27±0.52) , humidity (72±2.01)% and pho-
toperiod (12 hours of light/12 hours of black). 
Access to Standard diet and water is free for 
animals ad libitum during the experiments. The 
experimental protocols involving animals were 
reviewed and approved by the local Ethics 
Committee referenced (35 EC/DCMB/FNSL/
EU2021). To reach our objective, twelve (12) 
healthy adult male Wistar rats were randomly 
divided into 2 groups (n=6);

Group I: rats were treated with normal diet and 
water used as a control group. 

Group II: rats exposed to fluoride as fluoride so-
dium (NaF) in drinking water (400 ppm) for 60 
days. 

Evaluate the body weight and food intake were 
recorded weekly during the experiment.

Blood collection and tissue preparation

After of 8 weeks of NaF, rats were fasted for 
16 h, then sacrificed, the blood was collected 
in EDTA tubes and in tubes without anticoag-
ulants. The serum was obtained by centrifug-
ing the blood at 3 000 rpm for 10 min and then 
stored at −20 °C, and used for biochemical as-
say. Then, the hematological parameters were 
estimated in EDTA tube. The kidney and spleen 
of rats of different groups was rapidly excised, 
weighed and   stored   at- 20 °C until use in oxi-
dative stress evaluation.

Estimation of biochemical and hematologi-
cal parameters

Kidney function markers were assessed by de-
tecting the content of Creatinin and urea, Sodi-
um (Na+), potassium (K+), chloride (Cl-) and cal-
cium (Ca+2) in serum by using autoanalyzer. red 
blood cells (RBCs), hematocrit (HTC), hemoglo-
bin (HBG), mean cell volume (MCV), mean cell 
hemoglobin (MCH) and mean corpuscular he-
moglobin concentration (MCHC) were estimat-
ed using an automated hematoanalyzer.

Determination of oxidative stress markers 

Malondialdehide (MDA) and reduced glutathi-
one (GSH) levels were measured spectropho-
tometrically in Spleen and kidney according 
to methods described by Yagi (13) and Weck-
berker and Cory (14), respectively. Superoxide 
dismutase (SOD) and catalase (CAT) activities 
were realized according to method of Beau-
champ and Fridovich (15) and Aebi (16) respec-
tively. 
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Statistical analysis

Our statistical study was performed by the soft-
ware (Minitab 17) using Student t test. Differ-
ences were considered statically significant at 
p<0.05.

Results 
Initial body weight, body weight gain and rel-
ative kidney and spleen weight

Results showed that fluoride treatment at a dose 
200 ppm caused a decrease in body weight gain 
and an increase in relative Spleen and kidney 
weights compared to control (Table 1).

Comparison with the control group: * P < 0.05, 
**P < 0.01, ***P < 0.001

Hematological profile

As shown in (Table 2) hematological profile pres-
ent a significant (p<0.05) reduction in RBCs, 
HGB and HCT and significant elevation in Mean 
Corpuscular Volume (MCV), Mean Corpuscular 
Hemoglobin (MCH) and mean corpuscular he-
moglobin concentration (MCHC) in male fluo-
ride exposed rats in comparison with control. 

Biochemical parameters 

 Table 3 showed high significant (p<0.01) 
increase in serum Creatinin and urea levels as 
renal function biomarkers and high significant 
(p<0.01) serum potassium (K+) and calcium 
(Ca+2) elevation and reduction in sodium (Na+) 
and chloride (Cl-) concentrations in NaF ex-
posed rats compared to control.
Oxidative stress parameters

 Sodium fluoride enhances spleen and 
kidney free radicals production resulting in sig-
nificant increased MDA levels and reduction in 
antioxidant defense lowering significantly GSH 
levels; and CAT activity while SOD activity was 
significantly increased (p<0.05) (table 4).

Kidney histopathological study

 Histopathological analysis of kidney 
was shown in (Figure 1), Kidney tissue of NaF 
exposed group shows necrosis, tubule dilata-
tion and degeneration, glomerular atrophy and 
inflammation 

Table 1: Body weight gain & relative organs 
weight in control and NaF rats

Parameter Control
(n=6)

NaF
(n=6)

Initial Body 
weight

227.75 ± 1,38 198.8 ± 5,58

Weight gains (g / 
j / rat)

0.19 ± 0.091 -0.55 ± 0.042***

Relative Spleen 
Weight (%)

0,26±0,0214 0,23±0,008*

Relative Kidney 
Weight  (%)

0,31±0,01 0,54±0,06*

Table 2: Hematological profile of control and NaF groups
Parametres Control

(n=6)
NaF
(n=6)

Red Blood Cells (10^12/l) 6,25±0,589 4,705±0,42 *

Hemoglobin (g/dl) 14,35 ± 0,171 12,68 ± 0,508**

Hematocrite (%) 30,35± 2,02 25,93± 1,80*

Mean Corpuscular Volume (fl) 51,82±0,868 55,06±0,738*

Mean Corpuscular Hemoglobin (pg) 21,58 ± 1,86 28,7 ± 2,39*

mean corpuscular hemoglobin concentration (g/dl) 41,62±3,34 59,6±4,25**

Comparison with the control group: * P < 0.05, **P < 0.01, ***P < 0.001
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Discussion 

 In current study hematological profile 
present a reduction in RBCs, HGB and HCT 
in male fluoride exposed rats in comparison 
with control. Several studies performed on he-
matological alteration induced by fluoride in 
animals(17, 18) also  in human where study 
performed by Ruhi Anjum et al. (19) on human 
isolated red blood cells (RBCs) indicate that 

sodium fluoride induce lysis and damage in hu-
man RBCs via oxidative stress which in hand 
may be the cause of RBC number reduction in 
our study and in another hand, may be caused 
because of high affinity of fluoride to bone which 
lead to intoxication of bone marrow resulting 
into alterations in normal hematological profile 
(20), which confirmed by the increase in serum 
calcium level in NaF exposed rat as a result of 
its release from bone after fluoride fixation. Flu-
oride can bound to heme forming heme-fluoride 
complexes (21, 22) causing HGB degradation 
and then its level reduction in NaF exposed rats 
compared to control. Spleen functions include 
storing blood cells in response to hemorrhage 
and hypoxia or other stress, filtering or clearing 
old or damaged blood cells and pathogens, and 
maintaining iron metabolism (23). We observed 

Table 3: Renal function biomarkers and electrolytes levels in control and NaF group
Parametres Control

(n=6)
NaF
(n=6)

Creatinin (mg/l) 6,75 ±0,479 11,333±0,943 ** 11,333±0,943 **

Urea (g/) 0,6267±0,0233 0,76±0,0309** 0,76±0,0309**
Sodium  (mmol/l) 143,45±1,59 124,2±1,63** 124,2±1,63**

chloride (mmol/l) 114,45±2,25 107,1±1,15* 107,1±1,15*

Potassium  (mmol/l) 5,98±0,190 35,82±1,15** 35,82±1,15**

Calcium (mg/l) 109±1,1 118±2,19** 118±2,19**

Comparison with the control group: * P < 0.05, **P < 0.01, ***P < 0.001

Table 4. Oxidative stress markers in control and NaF groups
Parametres Control

(n=6)

NaF

(n=6)
MDA (nmol/g of tissue) Spleen 57,94± 4,08 72,79 ± 2,00 **

Kidney 35,88 ± 4,49 58,09 ± 7,01 *
GSH (nmol/g of tissue) Spleen 16,76 ± 2,27 9,43 ± 0,39***

Kidney 7,916±0,917 4,52±0,72*

SOD (UI/g of tissue) Spleen 0,67±0,01 0,916±0,01*

Kidney 0,95±0,02 1,619±0,131*

CAT (UI/g of tissue) Spleen 0,021±0,002 0,014±0,001**

Kidney 0,037±0,004 0,020±0,002**

 Comparison with the control group: * P < 0.05, **P < 0.01, ***P < 0.001

Figure 1. Kidney histopathological changes. (a) Kidney of control 
group (b) Kidney of sodium fluoride exposed group

a b
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in our results an increase in MDA and SOD lev-
els and a decrease in GSH and CAT levels of 
spleen in rats exposure of NaF compared to 
control indicating an oxidative state; these re-
sults are similar to the study of Chen et al. (24), 
which present also accumulation of fluoride ion 
in spleen cells resulting in cellular death and 
spleen damage explained the decrease in rela-
tive spleen weight in NaF exposed group com-
pared to control. In another study where MDA 
level, superoxide dismutase SOD and CAT ac-
tivities evaluated in children with iron deficiency 
anemia (IDA) (25); In our experimentation NaF 
induced anemia maybe via hemolysis, hemato-
poiesis inhibition or via reducing iron availability. 
In hand iron deficiency in human cells especial-
ly in the red blood cells can lead to membrane 
damage associated with free radicals genera-
tion, in another hand erythropoiesis needs to be 
controlled, so there is a balance between RBC 
production and destruction. It is well documented 
that balanced hematopoietic growth factors and 
hematopoietic inhibitory factors are crucial to an 
effective hematopoietic system as they regu-
late the growth, differentiation, and proliferation 
of hematopoietic stem cells (HSCs) to produce 
blood cells (26).  We hypothesize that NaF-in-
duced anemia is the result of a wide variety of 
causes that often coexist together to induce an 
experimental anemia model by altering many 
key sites. In addition the secretion of hormones 
that participate in the regulation of systemic and 
renal hemodynamics, The kidneys also secrete 
hormones that participate in red blood cell pro-
duction (EPO) (27) which is hormone that reg-
ulates the production, survival, and differentia-
tion of red blood cells. Inflammation in chronic 
kidney diseases increases ferritin and hepcidin 
independent of iron statuses, which reduce iron 
availability (28). In current study an increase in 
serum renal function biomarkers levels in NaF 
exposed rats compared to control with increase 
in relative kidney weight in that group indicate 
the renal dysfunction simultaneously with oxi-
dative stress statue by increasing of MDA and 
SOD and decreasing of GSH and CAT levels 
in kidney of rats treated with fluoride compared 

to control. Accumulation of hydrogen peroxide 
(H2O2) may be attributed to decrease in cata-
lase activity (29). Nephromegaly is a result of 
inflammation; thus the loss of renal function af-
ter NaF exposure can lead to reduction of iron 
availability and absence of EPO which resulting 
in hematopoiesis inhibition. Thus the reduction 
of HCT may be referring to reduction to RBCs 
number in those rats. Elevation in Mean Cor-
puscular Volume (MCV), Mean Corpuscular 
Hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) in NaF ex-
posed fluoride rats compared to control. High 
significant serum sodium (Na+), potassium (K+), 
chloride (Cl-) and calcium (Ca+2) concentrations 
changes in NaF exposed rats compared to con-
trol. The nephrons, kidneys structural and func-
tional units, affect changes to blood plasma via 
filtration, reabsorption, secretion and excretion 
(30). Through these mechanisms the kidneys 
maintain homeostasis of electrolyte concentra-
tions, fluid volume, osmolality and acid-base 
balance (31). Hyperkalemia is the most com-
mon life-threatening electrolyte derangement 
as a cause of acute kidney injury (32). It is plau-
sible that critically ill patients presenting with 
kidney injury may have an inadequate sodium 
and water control, presenting higher prevalence 
of dysnatremia (33).

Conclusion 

 The present study exhibits the toxic ef-
fects of NaF on kidney and spleen by induced 
oxidative stress which could also prove that flu-
oride in high doses in drinking water can cause 
hematotoxicity and anemia in rats.
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