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ABSTRACT 

Objective: This study investigated the effects of fluoride-induced toxicity on the 

reproductive system. For this purpose, testicular oxidative stress, thiol/disulpide 

homeostasis, sperm motility, density, and histopathology of testicular tissue were 

evaluated. 

Material and Methods: In the experiment, 4 groups were formed, with eight animals 

(n=8) in each group. Group 1, control/saline, groups 2, 3, and 4 were administered orally 

sodium fluoride (NaF) at doses of 25, 50, and 100 ppm, respectively, for 30 days. Then 

the rats were sacrificed and testicular tissue samples were evaluated by sperm 

examination and histopathologically. Biochemical parameters malondialdehyde (MDA), 

catalase (CAT), advanced oxidation, and protein products (AOPP) were measured 

spectrometrically. Thiol/disulphide homeostasis was studied with a fully automated 

analysis method. 

Results: NaF exposure increased MDA and AOPP levels and decreased CAT levels. 

Disrupted thiol/disulphide homeostasis. Histopathological examination revealed integrity 

between germinal cells and tubular atrophy. NaF showed reduced sperm motility and 

density and increased abnormal sperm count. The findings of the NaF 100 ppm group 

were statistically significant when compared with the Control and other NaF groups 

(p˂0.05). 

Conclusion: The findings concluded that fluoride might cause pathological conditions 

and infertility in testicular tissue. 
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INTRODUCTION 

Fluorine is one of the essential elements necessary for human health. It is found in different 

concentrations in the environment, consumed foods, and in drinking water. However, if the 

element fluorine is taken in excessive amounts, it can cause acute and chronic fluorosis 

poisoning in humans. It causes malformations in the digestive, skeletal, and endocrine 

systems in living beings exposed to high amounts of fluorosis (1–3). Developing countries 

have revealed their harmful effects on the environment with excessive fossil fuel 

consumption, an increase in power plants for electricity generation, and excessive 

accumulation of fluorine in soils and waters in economies that use fluorine-containing 

pesticides used in agriculture. The increase in fluorine pollution has been shown to cause 

toxicity in all living things and plants (4). 

Fluoride has been shown in studies to prevent dental caries and protect bone integrity if it is 

taken in sufficient quantities. On the contrary, high exposure to fluoride causes dental 

fluorosis, causing discoloration of tooth enamel and permanent joint pain, reducing the 

quality of life of individuals (1). It has also been reported that fluoride can reduce insulin 

secretion and cause insulin resistance in increasing doses (5).  Flouride exposure causes a 

decrease in thyroid hormones and contributes to the formation of endocrine system diseases 

(6). Recent studies have shown that fluorine can trigger oxidative stress and increase lipid 

peroxidation by increasing the intracellular balance (7). Flor, a small element as a 

molecule, can easily pass through the cell membranes and disrupt oxygen metabolism and 

lead to the formation of free radicals. This causes oxidative stress (OS).  
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OS is the deterioration of oxidant and antioxidant balance. 

This balance disorder causes damage to the cell, protein and 

lipid oxidation, leading to the deterioration of functions in 

various organs (8). 

Fluoride toxicity has become a worldwide public health 

problem, causing various diseases associated with oxidative 

stress. In this context, the effects of fluoride on testicular 

oxidative stress, thiol/disulphide homeostasis, spermatozoa, 

and histopathological changes were investigated. 

MATERIALS AND METHODS 

Animals 

Animal material (n=32) of this study was obtained from Van 

Yüzüncü Yıl University Experimental Medicine Research and 

Application Center. Male Wistar Albino Rats had a body 

weight of 250-300 g. Animals were housed in standard plastic 

cages, in a room at 22+/- 2 degrees, lit at a rhythm of 12 

hours of light to 12 hours of dark, with free food and water 

intake. 

Experimental procedure 

In the study, 4 groups of eight animals (n=8) in each group 

were formed and the experimental procedure was designed as 

follows (9,10).  

Group 1 (Control): (n=8) Normal saline was given. 

Group 2 (Fluoride 25 ppm): (n=8) Rats were administered 25 

ppm oral sodium fluoride (NaF) for 30 days. 

Group 3 (Fluoride 50 ppm): (n=8) Rats were administered 50 

ppm oral NaF for 30 days. 

Group 4 (Fluoride 100 ppm): (n=8) Rats were administered 

100 ppm oral NaF for 30 days. 

Homogenization of tissues 

Experimental animals were intraperitoneally administered 

ketamine/xylazine (44mg/kg/33mg/kg) anesthesia 

combination, intracardiac blood was drawn and sacrification 

due to hypovolemia was performed. Blood samples were 

centrifuged at + 4 ºC for 10 minutes and serum was obtained. 

Testicular tissues were taken from post-mortem rats, paying 

attention to the cold chain, and weighed. The samples were 

turned into 20% tissue homogenates with the help of a glass 

homogenizer in ice molds using phosphate buffer (pH 7.4). 

Tissue homogenates were taken into previously labeled tubes 

and centrifuged at 5000 g at +40C for 5 min. The resulting 

supernatants were divided into Eppendorf and stored in a 

deep freezer at -80 °C until the study. 

Sperm examination 

Motility examination: Sperm epididymis was punctured and 

placed on a slide on a heating plate set to 38°C. The coverslip 

was left at a 45° angle, and motility rates were determined at 

x40 magnification (%) of the microscope (11). 

Density examination: Sperm samples were homogenized by 

adding 0.1 ml to Eppendorf containing 0.5 ml of Hayem 

solution. The number of sperm in 1 ml was calculated by 

counting on the Thoma slide (11). 

 

Abnormal sperm rate: The semen obtained with epididymis 

puncture was taken into Eppendorf with 0.5 ml Hancock 

solution, and at least 400 spermatozoa were examined at x40 

magnification to determine the abnormal sperm ratio (11). 

Biochemical analysis 

Malondialdehyde (MDA) (12), Catalase (CAT) (13), and 

advanced oxidation protein products (AOPP) (14)  were 

measured spectrometrically. Thiol/disulphide homeostasis 

(TDH) was carried out with the method developed by Erel 

and Neselioğlu  (15). Total thiol (TT) and native thiol (NT) 

levels were measured in a spectrophotometer. Disulphide 

level (DS) was calculated using the (TT-NT)/2 formula. 

Histopathological examination 

Testes taken from sacrificed rats were fixed in 10% buffered 

formaldehyde. Routine histological tissue follow-up 

procedures were performed on the fixed tissues using an 

automatic tissue tracking device (LEICA ASP300S). The 

testis was embedded in paraffin and made into a block. 

Sections of 5 µm were taken from paraffin blocks in the 

microtome. Sections taken were stained with Hematoxylin-

Eosin dye and examined under a light microscope (Olympus 

BX53, Japan). The histopathological evaluation was 

evaluated as normal (negative), low injury (+), moderate 

injury (++), and severe injury (+++) according to the 

observed pathological finding. 

Statistical analysis 

Shapiro-Wilk (n<50) and Skewness-Kurtosis tests were used 

to determine whether the data of the study were normally 

distributed, and parametric tests were applied as a result of 

the test. Descriptive statistics are expressed as mean, standard 

deviation number (n), and percentage (%). "One Way 

ANOVA" followed by "Tukey" post hoc test was used to 

compare the groups. The statistical significance level was 

accepted as p<0.05. SPSS (IBM SPSS for Windows, ver.26) 

statistical package program was used for the analysis. 

RESULTS  

Semen findings 

In this study, sperm motility examination, density analysis, 

and abnormal sperm ratio of rats exposed to fluoride are 

shown in Table 1. In the semen examination of the rats, it 

was observed that the sperm motility and number decreased, 

and the number of abnormal cells increased in the fluoride-

treated groups. Especially the NaF 100 group was statistically 

significant compared to the control, NaF 25 and 50 ppm 

groups (p<0.05). 

Histopathological findings 

Histopathological views of the testicular tissue of rats stained 

with Hematoxylin Eosin are presented in Figure 1. Control 

and fluoride groups were compared. The control group was of 

normal histological structure and had 6-8 layers of Sertoli and 

germ cells within the germinal epithelium. Dense sperm cells 

with intact tails were found in the tubule lumen. Leydig cells 

are present in the interstitial space. The germinal epithelium 

had 5-6 layers in the NaF 25 and 50 groups, and the germinal 

epithelium in the NaF 100 group had 3-4 layers.  
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Compared to the control group, sperm cells in the 

seminiferous tubule lumen decreased slightly in the NaF 25 

and 50 groups, while it was moderately reduced in the NaF 

100 group. The integrity between the cells forming the 

germinal layer of the NaF 100 group was impaired and 

tubular atrophy was observed. In addition, an increase in the 

interstitial area was observed in the NaF 25, 50, and 100 

groups compared to the control group. The histopathological 

score of the testis is shown in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biochemical findings: Testicular tissue MDA and AOPP 

levels in rats caused a dose-dependent increase in fluoride 

groups. In particular, the Fluoride 100 ppm group showed a 

significant increase compared to the control group (p˂0.05, 

Table 3, Figure 2). CAT levels were decreased in the fluoride 

50 and 100 ppm groups compared to the control group. TT 

and NT levels of fluoride groups were found to be lower and 

DS levels higher when compared to the control group. The 

highest dose of the fluoride group was statistically significant 

(p˂0.05, Table 3, Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Mean (±S.D.) Motility, Density, and Abnormal Sperm Rate results in the fluorosis model 

Sperm examination Control NaF 25 ppm NaF 50 ppm NaF 100 ppm 

Motility (%) 85,37±4,37a 83,73±6,19a 80,33±6,52a 67.76±7.16b 

Density (x109 /ml) 2,34±0,12a 2,22±0,17a 2,1±0,09a 1,79±0,08b 

Abnormal sperm rate (%) 16,28±3,46a 17,82±2,24a 19,25±4,75a 34,89±4,66b 

 

Table 2. NaF-induced testicular tissue histopathological score (NaF: Sodium Fluoride) 

Groups Number of germinal epithelial layers Sperm count in the tubule lumen Tubular atrophy 

Control 6-8 Regular number - 

NaF 25 ppm 5-6 Slightly decreased - 

NaF 50 ppm 5-6 Slightly decreased + 

NaF 100 ppm 3-4 Moderately decreased ++ 

 

 
Figure 1. Microscopic images of testis of rats treated with fluoride. NaF: Sodium Fluoride, A: Control, B: NaF 25 ppm, C: 

NaF 50 ppm, D: NaF 100 ppm. Arrow (↑): Tubular atrophy.  H-E. 400x. 

 

Table 3. Comparison of the values of biochemical parameters measured in testicular tissue 

Groups Control 

(Mean ± SD) 

NaF 25 ppm 

(Mean ± SD) 

NaF 50 ppm 

(Mean ± SD) 

NaF 100 ppm 

(Mean ± SD) 

MDA (nmol/grtissue) 3.29±0.43b 3.52±0.45ab 3.81±0.24ab 3.92±0.38a 

AOPP (mM/gr tissue) 10.11±0.99ab 10.82±1.49b 11.01±0.65ab 11.76±1.01a 

CAT (K/gr tissue) 528.41±57.76a 511.30±39.18ab 418.65±77.94bc 360.70±98.11c 

TT (µmol/gr tissue) 56.95±4.62a 52.68±4.57ab 50.90±4.59ab 49.41±6.81b 

NT (µmol/gr tissue) 49.23±4.25a 40.31±4.85b 37.99±2.86b 36.23±3.60b 

Disulphide (µmol/gr tissue) 3.85±1.59a 6.18±0.76ab 6.45±1.59b 6.59±2.39b 
NaF: Sodium Fluoride, MDA: Malondialdehyde, AOPP: Advanced oxidation protein products, CAT: Catalase, a,b,c p: values with different letters are 

significant when compared with each other (p<0.05). 

 



 

Koçak et al.                                                                                       http://dx.doi.org/10.36472/msd.v10i3.904 

133 
Medical Science and Discovery, 2023; 10(3):130-135 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

Consumption of high amounts of fluoride has been cited as 

the main cause of fluorosis in humans. Fluoride is an 

environmental pollutant found in drinking water and 

consumed agricultural nutrients. Overexposure to fluoride has 

been reported to cause cellular damage to teeth, and skeletal, 

urogenital and digestive system organs (16). Today, it has 

been reported that in regions where fluoride concentration is 

high, it adversely affects the male reproductive system and 

may be closely related to decreased birth rates (17). In 

addition, in vivo studies in experimental animals have shown 

that fluoride crosses cell membranes and causes toxicity in 

reproductive organs (16,18,19). Although adverse effects of 

overexposure to fluoride on testis have been reported, the 

underlying mechanism of this toxicity has not been fully 

elucidated. Therefore, in the present study, the effects of 

oxidative stress on testicular tissue, thiol/disulphide 

homeostasis and some sperm parameters were investigated in 

rats exposed to fluoride for 30 days. Fluoride doses were 

determined by considering the fluoride amounts in endemic 

regions (25,50 and 100 ppm). In the current study, a decrease 

in sperm motility, a decrease in sperm density, and an 

increase in abnormal sperm counts were observed in the 

semen examination of rats exposed to fluoride. While these 

changes were observed in all fluoride-treated groups, they 

were especially more pronounced in the highest-dose fluoride 

group. Indeed, in a previous study, it was shown that fluoride 

concentrations (10, 20, and 25 mg/kg) gradually increased 

over 30 days, impaired spermatozoal plasma membrane 

integrity, and decreased sperm motility and total sperm count 

in rats (18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yıldırım et al. (2018) found in their study that there was a 

decrease in sperm motility and density in rats exposed to 30 

mg of fluoride for 90 days. Although the current study is 

compatible with the literature, it has been concluded that the 

duration and amount of fluoride exposure reduce sperm 

motility and density. The histopathological results of this 

study show that increasing fluoride concentrations in parallel 

with sperm semen examination cause damage to sperm tissue. 

The increase in the testicular tissue interstitial area of fluoride 

groups and the integrity between the cells forming the 

germinal layer in the fluoride group in which high doses were 

applied and tubular atrophy occurred. These findings are 

consistent with previous observations (16,19,20). Decreased 

sperm motility and density, atrophy in the tubular area in 

histopathological findings, and disruption of the integrity of 

germinal cells consistently showed the effect of fluoride 

toxicity on testicular tissue. In the pathogenesis of the damage 

caused by fluoride, excessive free radical production may 

cause oxidative stress (OS). OS occurs as a result of the 

deterioration of the balance between the ability of the 

organism's defense mechanism to get rid of these excessively 

accumulated free radicals (21). It contributes to the formation 

of various diseases by causing cellular damage with the 

formation of lipid peroxidation depending on OS (19). 

Research shows that the body's antioxidant defense 

mechanism can inhibit the harmful effects of OS. (21–23). In 

this context, in the study, the MDA level, which is a marker 

of lipid peroxidation of OS resulting from fluoride, increased 

in the fluoride groups, while the 100 ppm dose was 

significantly higher in terms of MDA level. Similarly, AOPP 

increased in the group with the highest fluoride dose.  

 
Figure 2. Comparison of the values of the measured parameters in testicular homogenates. MDA: Malondialdehyde, AOPP: 

Advanced oxidation protein products, CAT: Catalase, NaF: Sodium Fluoride. Values are shown as mean ± SD. n = 8 

animals per group.  a,b,c,p: values with different letters are significant when compared with each other (p<0.05). 
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CAT level decreased at both medium and high doses of 

fluoride. The findings showed that fluoride exposure induces 

oxidative stress and depletes the antioxidant enzyme. This is 

an indication of the toxic effect of fluoride accumulating on 

the testicles (24). It has been reported in previous studies that 

fluoride increases lipid peroxidation and causes mitochondrial 

damage in the cell (25,26). These results indicate that fluoride 

accumulation in testicular tissue may affect fertility (24).  

The novelty of this study was to evaluate thiol/disulphide 

hemostasis in the testicular tissue of rats exposed to fluoride 

using a colorimetric method. Dynamic thiol-disulphide 

homeostasis is an antioxidant defense mechanism that 

protects cells against OS occurring in the organism. In the 

presence of OS, thiols react with oxidizing agents and form 

reversible disulphide bonds in proteins. (27). When OS is 

inhibited, the disulphide bonds are converted back to thiol 

groups. This antioxidant defense system prevents 

mitochondrial dysfunction, apoptosis, and protein oxidation 

in the cell, thereby protecting thiol/disulphide homeostasis 

(15). Environmental toxic substances or pathological diseases 

that trigger OS, this balance causes an increase in disulphide 

level and a decrease in thiols (28). The present study 

determined that TT and NT levels decreased and DS levels 

increased with increasing concentrations in fluorine groups. 

These findings are in line with studies showing that fluoride 

induces OS (19, 29). No studies showed thiol/disulphide 

hemostasis on the testicular tissue of fluoride. That's why the 

results of the experiment are unique. Disruption of 

thiol/disulphide homeostasis indicates that it can be used to 

evaluate OS caused by pathological diseases (15). 

CONCLUSION 

In summary, this study shows that exposure to fluoride at 

high concentrations can trigger oxidative stress and decrease 

sperm motility and density, increasing abnormal sperm cell 

count. Evidence has been presented showing that fluoride 

toxicity may impair thiol/disulphide homeostasis and cause 

damage to testicular tissue. The findings concluded that 

fluoride might cause pathological conditions and infertility in 

testicular tissue. As a result, the possible effect of fluoride-

induced toxicity on dysfunctions in the male reproductive 

system should not be ignored and should be supported by 

more detailed studies to understand its mechanism. 
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