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Abstract

 In Fluoride studies, there are marked histopathological findings which can be related to variation in the 

Fluoride compound used, route of administration, and the tissues investigated. The present research was aimed 

to study the histological changes of the rabbit salivary glands treated by Sodium fluoride (NaF). Ten male 

rabbits were randomly assigned to two groups. In control group (5 animals) drank tap water, while in treatment 

group (5 animals) received NaF through drinking tap water in dose of one mg /500 ml/day. All rabbits were 

sacrificed after 30 days and tissue samples from parotid and sub-mandibular salivary glands were isolated and 

examined under a light microscope for histological changes. Sections of parotid and submandibular glands 

taken from control group appeared to have the normal histological structure compared to treated group, which 

showed disturbance in the architecture of acinar cells and the cells lining the striated ducts with necrosis of 

epithelium of striated ducts plus presence of hemorrhage around these ducts. Conclusions: NaF in dose of one 

mg/day for 30 days can lead to considerable damage in salivary glands tissues of rabbits. 
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1. Introduction 

 Fluorine is the most electronegative 

element in the periodictable, which results in a 

broad availability of fluoride in the world (Sun et 

al., 2017). The public water fluoridation and 

Fluorine in toothpaste and tea consumption are the 

major ordinary sources of Fluorine exposure in 

addition to pesticides, or foods  prepared in water 

with Fluorine. Foods cultivated in soil rich in 

Fluorine, consumption of foods rich with Fluorine; 

foods cooked in Teflon cookware; tobacco 

smoking;  mouthwashs with Fluorine; medical 
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inhaler mixed with fluoridated gases, and 

fluoridated medicine, and other environmental or 

occupational disclosures to Fluorine (Waugh, 

2019).  

 Classification of fluoride as a pollutant bad 

substance rather than as a useful nutrient or 

medicine is a good  idea to start  analyzing the 

adverse effect of fluoride. No fluoride deficiency 

disease has ever been recognized in  humans 

(Peckham and Awofeso, 2014) and it has no 

recognized vital role in growth and development 

of human and no Fluorine deficiency signs have 

been acknowledged (Efsa, 2013). Though, 

Fluorine has played a important action in the 

control of dental caries long-ago in the 
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industrialized countries. It is added to a wide 

range of vehicles, especially drinking water and 

toothpastes as an anti-caries agent, although it is 

not necessary like other supplements (Walter, 

2003; Water Fluoridation for the Prevention of 

Dental Caries, 2015). Yet, teeth caries is not 

related to deficiency of Fluorine, it seems to has 

advantage in prevention of this disease , with  

disadvantages of teeth and skeletal fluorosis, 

together with alterations in liver, kidney, central 

nervous system, reproductive system, immune 

system,  and so on (Doull et al., 2006; Jagtal et al., 

2012; Perumal et al., 2013), which depends on the 

total ingested fluoride concentration (Barbier et 

al., 2010; Jagtap et al., 2012). Fluoride level in 

saliva and its effect on salivary glands have 

received considerable research attention (Shannon 

et al., 1973). The whole saliva represent the total 

fluoride available orally, in addition to its 

clearance after exposure, while the separated 

gland secretions represent the amount of fluoride 

ingested and excreted (Tweetman et al., 1999). 

The clinician is responsible on minimizing the 

hazard of Fluoride exposures. There is incomplete 

knowledge about the mechanisms of toxic effects 

of fluoride intake. The aim of the current study 

was to inspect histological changes in the salivary 

glands of the rabbit treated by (NaF). 

2. Materials and Methods 

 The study was conducted in the 

Department of Basic Science, College of 

Dentistry, University of   Mosul. The study was 

approved by scientific committee, Department of 

Basic Science, College of Dentistry, University of 

Mosul. Ten local healthy mature male rabbits of  

body weight of 1.6 ± 0.30 kg were included in the 

study. After adaptation for 7 days in the animsal 

lab. They were randomly assigned to two groups. 

In control group (5 animals) drank tap water, 

while in treatment group (5 animals) received NaF 

through drinking tap water in dose of one mg /500 

ml/day. All rabbits were sacrificed after 30 days. 

For histological examination, tissue samples from 

parotid and submandibular salivary glands were 

isolated and fixed in 10 % formalin, cut and 

stained with H&E. These sections were next 

examined under a light microscope for histological 

changes by a blinded pathologist. 

3. Results 

Gross Examination of animals 

 Ten fluoridized animals  stay alive the 

whole study periods. They examined at autopsy 

showing similarities with the controls in gross 

appearance and in the macroscopic organization of 

their organs.  

Microscopic Examination of salivary glands  

Control group  

 All sections of parotid and submandibular 

glands taken from this group appeared to have the 

normal histological structure. Parotid sections 

which is entirely serous secretory gland, the serous 

acini lined by pyramidal cells with eosinophilic 

cytoplasm , the nuclei are deeply basophilic and 

rounded in shape, situated in the basal third of the 

cells. The striated duct with distinct boundaries 

and lined by a single layer of columnar 

epithelium. Submandibular sections which is 

serous and mucous acini larger in diameter than 

those of parotid gland and the boundaries of cells 

lining more distinct (clear). The striated ducts 

were larger in diameter , more in number than 

those of parotid gland (Figure 1 and 2). 

 In treated group, all sections of parotid and 

submandibular glands taken from this group 

showed similar changes, there is marked 

disturbance in the architecture of acinar cells and 

the cells lining the striated ducts (Figures – 3 and 

4). Parotid sections showed necrosis of the cells of 

serous acini and the cells lining the striated ducts 

with presence of hemorrhage around these ducts. 

 The Figures 5 and 6 showed the Parotid 

sections showed necrosis and vacculation of 

serous acini with presentation of edema and 

hemorrhage. Necrosis of the epithelial cells lining 

the striated ducts with presentation of 

macrophages and edema. 
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Figure - 1: Photomicrograph of a parotid salivary gland section of control group. Note the striated 

ducts (arrows) and serous acini (A). H&E, 400x  

 
Figure - 2: Photomicrograph of a submandibular salivary gland section of control group. Note the 

striated ducts (D) and serous acini (A) and mucous acini(arrows). H&E, 400x. 

 
Figure - 3: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of epithelial 

cells lining the striated ducts (A) and presence of hemorrhage around these ducts (B). H&E, 100x. 
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Figure - 4: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of epithelial 

cells lining the striated ducts (A) and serous acini (B) and presence of hemorrhage around these ducts 

(C). H&E, 100x 

 
Figure - 5: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of epithelial 

cells lining the striated ducts (A) with presentation of macrophages and edema (B), and necrosis and 

edema of serous acini (C). H&E, 400x. 
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Figure - 6: Photomicrograph of a parotid salivary gland section of treated group. Necrosis and 

vacculation of serous acini (A) with presentation of edema (B), and hemorrhage (C). H&E, 100

 
Figure - 7: Photomicrograph of a parotid salivary gland section of treated group. Necrosis and of 

serous acini (A) and striated ducts (B) with stenosis of the lumen and presentation of macrophages (C). 

H&E, 400x. 
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Figure - 8: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of epithelial 

cells lining the striated ducts (A) and presence of hemorrhage and congestion of blood vessels around 

interlobular ducts (B). H&E, 100x. 

The Figures 7 and 8 showed the Parotid 

sections showed necrosis of cells of serous acini 

and the cells lining the striated ducts with stenosis 

of the lumen and presentation of macrophages, 

presence of hemorrhage and congestion of blood 

vessels around the interlobular ducts. 

The Figures 9 and 10 showed the Parotid 

sections showed necrosis, granular cytoplasm and 

vacculation of serous acini. Necrosis of the 

striated ducts, pycnotic nuclei with stenosis of the 

lumen by edema and aggregation of macrophages. 

 
Figure 9: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of the 

striated ducts (A) with aggregation of macrophages (B), granular cytoplasm and vacculation of serous 

acini (C). H&E, 400x. 
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Figure - 10: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of serous 

acini (A) and striated ducts (B) (pycnotic nuclei →) with stenosis of the lumen by edema (C). H&E, 

400x. 

The Figures – 11 and 12 showed the 

Parotid sections showed necrosis of cells of 

striated ducts , presence of edema in the lumen, 

sever hemorrhage , congestion and proliferation of 

fibrous tissue, presence of many sialolithiasis or 

deposition of salts.  

 
Figure - 11: Photomicrograph of a parotid salivary gland section of treated group. Necrosis of striated 

ducts (A), presentation of edema in the lumen (B) severe hemorrhage (C) congestion (C) and 

proliferation of fibrous tissue (D). H&E, 400x. 
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Figure - 12: Photomicrograph of a parotid salivary gland section of treated group. Presence of many 

sialolithiasis or deposition of salts (A), surrounding by proliferation of fibrous tissue (B). H&E, 400x. 

The Figures – 13 and 14 showed the 

Submandibular sections showed vacuolar 

degeneration of mucous and serous acini, 

degeneration of striated ducts , interlobular duct 

with presentation of hemorrhage around the 

striated ducts. 

 
Figure - 13: Photomicrograph of a submandibular salivary gland section of treated group. Note the 

degeneration of striated duct(A) and interlobular duct(B), vacuolar degeneration of mucous acini(C) 

and serous acini(D), hemorrhage (arrow) . H&E, 400x. 
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Figure 14: Photomicrograph of a submandibular salivary gland section of treated group. Note the 

degeneration of striated duct(A) and interlobular duct(B), vacuolar degeneration of mucous acini(C) 

and serous acini(D), hemorrhage (arrow) . H&E, 400x.

4. Discussion 

 In Fluoride studies, the histological 

findings showed obvious difference in which can 
be related in part to diversity in the fluoride 

compounds used, the route of their administration, 

and the diverse species of the animals used. 

During the present investigation, salivary gland 

sections showed necrosis and vacculation of 

serous acini with presentation of edema and 

hemorrhage. Necrosis of epithelium that lines the 

striated ducts with presentation of macrophages 

and edema of rabbits treated with sodium fluoride. 

In support of these results, evidences that Fluoride 

ingestion may be a causative factor to 

degenerative and necrotic changes include 

numerous studies supporting that Fluoride can 

concentrate in the eye leading to toxicity of retina 

(Sorsby and Harding, 1960).  Also Fluoride was 

recorded to affect the epidermal tissues in mice 

and rabbits, but, the mechanism explain NaF toxic 

effects has not so far been obviously revealed 

(Shukla and  Pandey, 1991).   

 Shashi et al. (2002) assess renal damage in 

experimental fluorosis, they observed that the 

cytological structure of the kidneys revealed 

increased cloudy swellings, extensive 

vacuolization, tubular epithelium degeneration, 
renal tubular necrosis, glomeruli atrophy and 

hypertrophy, interstitial edema, and nephritis. The 

effects of sodium F were to create distinct changes 

in parotid and submaxillary salivary glands and 

causes reduction in the concentration of 

biochemical parameters vital to the salivary 

physiology (Ogilvie, 1951; Picco et al., 2014). 

The clear pictures of derangement of cells in these 

glands may come from the side effects of Fluoride 

on cellular metabolic system. Secretary function 

of glands is depend on  the special metabolic 

activity of their numerous constituent cells. 

Fluoride can cause normal cell functions not 

possible by disruption of grycolysis at a serious 

phase. It blocks the reformation of adenosine 

triphosphate by preventing maximum cellular 

oxidation. Possibly Fluoride removes the normal 

lipase stimulus that transfer fatty acid and glycerol 

across the cell membrane (Ogilvie, 1951).   

 Various studies propose that Fluoride 

exposure can slow down variety of enzymes 
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activity and lead to generation of free radicals, 

impeding with antioxidant defense mechanisms 

(Yamaguti et al., 2013). NaF decreased 

antioxidant activity and induce oxidative stress in 

salivary glands after few hours of intake 

(Yamaguti et al., 2013). So, acting against most 

important metabolic pathways of the living system 

(Rzeuski et al., 1998; Vani and Reddy, 2000; 

Shanthakumari et al., 2004; Mittal and Flora, 

2006; Błaszczyk et al., 2011). The exact 

mechanisms by which fluoride induces its effects 

has still unknown (Monsour and Kruger, 1985; 

Zhan et al., 2005). On other hand, protective 

action were accounted by Jain human researches 

on the lipids peroxidation in erythrocyte 

membranes. A similar protective action of fluoride 

was observed by de Ferreyra et al. (2015) in rat 

hepatocytes. The authors said that increased  

reduced glutathione levels is caused by fluoride 

with subsequent removal of free radicals 

(Szczecin, 2003). In a report by Chlubek et al, the 

effect of increasing concentrations of NaF on lipid 

peroxidation in the human placental mitochondria 

was showed by Declan Timothy Waugh (2019). 

Incubation with fluoride cause induction of 

malondialdehyde formation, but higher 

concentrations of NaF were not, so  greater 

malondialdehyde levels was obtained with less 

fluoride. Shivarajashankara et al. (2001) showed 

that rats drink 100 ppm fluoride (as NaF) with 

water for 4 months have decreased activity of 

erythrocyte superoxide dismutase but increased 

levels of malondialdehyde and glutathione (GSH) 

in erythrocytes, brain, and liver 

(Shivarajashankara et al., 2001). So Fluorine 

action on oxidative stress could clarify its harmful 

effect to the tissues.  From other point of view , 

Na+, K(+)-ATPase which is  available in major 

salivary glands of animals (Winston et al., 1990), 

exerts a major role in normal development and 

function and it is loss is involved  in increased risk 

of metabolic, cancer, pulmonary and 

cardiovascular diseases. Data showed that F alter 

gene expression, glycolytic enzymes, 

neuropeptides, hormones, proteins, and cytokines, 

plus biological interactions that rely on the 

modulation ATP and NKA enzyme activity 

ensuing  loss of enzymtic activity.  As a whole, the 

results of this study supply some informations 

about Fluorine effects on  salivary glands. 

Although complete epidemiological  and clinical 

knowledge about dental effects of fluoride 

ingestion are previously offered, it is site of action 

and non dental effects including histopathological 

one of fluorides is unfinished. Further studies are 

also warranted to inspect these associations. 

5. Conclusions  

 From the histopathological changes seen 

here in salivary glands in  fluoride intake, it is 

clear that fluoride does lead to subtle tissue 

damage which manifests itself in the form of 

cloudy swellings , vacuolization and necrosis and 

oedema. 
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