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EFFECTS of SYSTEMIC FLUORIDE INTAKE on RAT GASTRIC MUCOSA

RAT GASTRIK MUKOZASINDA SISTEMIK FLORID ALIMININ ETKILERI
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ABSTRACT

This paper presents a study that was carried out to determine the adverse effects of graded doses of fluoride on rat
gastric mucosa. Fifty Swiss Albino rats were used. Experimental groups received a solution of 0.5, 5, 50, and 500 ppm
fluoride. Control group had distilled water. These solutions administered to the experimental animals during 30 days. In
Group V experiment duration was 12 h. In all experimental groups, the rat stomachs were prepared for
stereomicroscopic and light microscopic investigation to identify the morphologic and histologic changes. H&E and PAS
stains were used for cellular detail. The most specific finding in high fluoride concentrations was mucus layer loss. The
fluoride injury was limited in the luminal one-third of the mucosa. Fluoride damaged histological structure in gastric
mucosa without causing any injury macroscopically.

OZET

Bu makale, kademeli florid dozlarinin rat gastrik mukozasi lzerindeki yan etkilerini belirlemek igin yapilmis bir calismayi
sunmaktadir. Calismada elli adet Swiss Albino rati kullanildi. Deneysel gruplara, 0.5, 5, 50 ve, 500 ppm fluorid soltisyon-
lari uygulandi. Kontrol grubu igin distile su kullanildi. Soliisyonlar, Grup V’e 12 saat olmak (izere, diger deneysel gruplara
30 glin siresince uygulandi. Tdm deney gruplarinda, rat mideleri, morfolojik ve histolojik degigikliklerin incelenmesi ama-
clyla stereomikroskop ve i1sik mikroskobu igin hazirlandi. Hiicresel detaylandirmada, H&E ve PAS boyalari kullanildi.
Yliksek florid konsantrasyonlarindaki en spesifik bulgu mukus tabakas! kaybi olmustur. Floride bagl hasar mukozanin
tgte biriyle sinirli kalmigtir. Florid gastrik mukozada makroskopik hasara neden olmaksizin histolojik yapiya zarar ver-
mistir.

INTRODUCTION

Fluoride is incorporated in a number of preparations which are used to prevent dental caries and promote mineralization
of teeth and bones, especially when ingested frequently in small quantities over a long period of time. Adverse effects of
topical fluoride preparations on gastrointestinal tract were demonstrated in several studies (1-6). When fluoride is
topically applied to the teeth, any fluoride not removed from the mouth either during or at the conclusion of the treatment,
will almost certainly be swallowed. It will then come into contact with the gastric mucosa, a glandular epithelial tissue
different from the squamous epithelium of the oral cavity (2).

This paper presents a study that was carried out to determine the adverse effects of graded doses of systemic fluoride
on rat gastric mucosa and to discuss the clinical implications of the study from a clinical standpoint.

MATERIAL and METHODS

Fifty Swiss Albino rats weighing between 40-50 g were
randomly assigned to five groups of ten rats each.
Experimental groups received a freshly prepared solution
of 0.5, 5, 50, and 500 ppm fluoride as sodium fluoride

Experimental solutions were prepared by mixing NaF in
powder form (GmbH&Co. KG.D-30926, Seelze, Ridel-de
Haen 01148) with distilled water. These solutions
administered to the experimental animals in plastic bottles
as drinking water during 30 days except the animals of

(NaF). Control group had distilled water (Table 1).
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Group V. In Group V, the rats were deprived of regular
food and water for 24 h to investigate the effect of 500
ppm fluoride on empty stomach. Straw lair within animal
cages was removed with pebble to provide complete
starveness.
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Table 1. Experimental Design

Experimental

Fluoride Concentrations Duration
Groups

Group | 0 ppm

(Control Group) ~ (Distilled water) 30 days
Group Il 0.5 ppm 30 days
Group Il 5 ppm 30 days
Group IV 50 ppm 30 days
Group V 500 ppm 12 hours

After 24 hours, a gastric feeding tube attached to a 2.5 ml
syringe was introduced to the stomach lumen via the
mouth and esophagus with anesthesia, and 1.5 ml of test
solution was deposited. The animals were returned to their
cages and allowed free access to food and water for 12
hours (3). During the experiment, general health of the
rats was observed two times a week. Experimental
solutions in plastic bottles were checked periodically and
the necessary amount of the solution was added to the
bottles. The plastic bottles carrying NaF solutions were
disinfected periodically to prevent any contamination. At
the end of the experiment each animal was anesthetized
with cetamine and decapitated in the direction of Ethical
Board of Faculty of Medicine. The rat abdomens were
quickly opened, the stomachs excised, opened along the
greater curvature, rinsed in tab water and then stretched
on styrofoam for stereomicroscopic investigation.
Stereomicroscope was used to identify the morphological
changes such as discoloration, hyperemia, erosion,
bleeding, or ulceration especially in oxyntic glandular
mucosa area of gross stomach specimens.

After the completion of stereomicroscopic investigations
the gross stomachs were trimmed. As previous studies
have shown, the histological evident fluoride-induced
damage was limited to the glandular portion of the rat
stomachs (1,3). Sections taken from the random areas of
oxyntic glandular mucosa were paraffin embedded and
routinely processed for light microscopy. Hematoxylin and
Eosin (H&E) stain was used for cellular detail. Then the
same section was re-prepared for the Periodic acid-Schiff
(PAS) diastase to visualize of the mucus layer and mucus-
containing cells.

RESULTS

Stereomicroscopic Findings:

On gross inspection, when group V (500 ppm F-) was
compared with the Group | (distilled water, 0 ppm F-);
oxyntic glandular areas of the mucosa had a hyperaemic
appearance (Figure 1).

Light microscopic Findings:

H&E Stain:

The control specimens showed the fullness of surface
mucous cells and their rounded profiles. Most of the
mucous epithelial cells were columnar in shape. The
gastric pits (foveolae) are lined with surface mucous

epithelial cells. The gastric glands and gastric pits were
structurally intact. Gastric mucosa sections of Group |

82

O

Figure 1. Stereomicroscopic appearance of hyperaemic oxyntic
glandular area from 500 ppm F °~ treated gastric
mucosa (x16). (h: hyperaemia ogm: oxyntic glandular
mucosa)

Figure 2. Gastric mucosa 30 days after exposure to 0.5 ppm F -
(H&E) (x200). (smc: surface mucous cells f: foveolae)

Macroscopic appearance of gross gastric specimens of
0.5, 5, and 50 ppm F- groups was normal.

Figure 3. Gastric mucosa 30 days after exposure to 5 ppm F -
(H&E) (x200). (ml: mucus layer)
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Figure 4. Gastric mucosa 30 days after exposure to 50 ppm F - (H&E)
(x200). (ml: mucus layer)

Figure 5. Gastric mucosa 12 h after exposure to 500 ppm F - (H&E)
(x200). (ea: erosion area h: haemorrhage)

Figure 6. Control gastric mucosa (PAS) (x200). (ml: mucus layer)

(0.5 ppm F-) were the same with control group in light
microscope (Figure 2). In Group Il (5 ppm F-) minor
changes were evident. Mucus layer loss on the luminal
surface was observed. Mucous epithelial cells were
columnar in shape but the gastric pits were evident (Figure
3). In group IV (50 ppm F-), structure of mucosa was nor-
mal and mucus layer was thicker than the sections from
Group Il (5 ppm F-) but thinner than in Group | (Figure 4).
In Group V (500 ppm F-), in addition to loss of mucous,
local erosion areas were observed in gastric mucosa
sections (Figure 5).
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Figure 7. Gastric mucosa 12 h after exposure to 500 ppm F -
(PAS) (x200). (mll: mucus layer loss)

PAS Stain:

Intense PAS staining of the mucous epithelial cells on the
luminal surface and around the gastric pits was observed
in the sections of Group | (Figure 6). In Group Il (0.5 ppm
F-) sections corresponded to the H&E stain findings. In
Group Il (5 ppm F-) light to moderate destruction in
mucous layer was seen where as in Group IV (50 ppm F-)
mucous layer appearance was normal as in control group.
In Group V (500 ppm F-) PAS stain demonstrated
widespread loss of intracellular mucoid material from
surface mucous cells and within the gastric pits. Local cell
desquamation and areas of moderate to severe
hyperaemia or vascular congestion were observed (Figure
7). The most specific finding in high fluoride
concentrations was mucus layer loss. The fluoride injury
was limited in the luminal one-third of the mucosa.
Fluoride damaged histological structure in gastric mucosa
without causing any macroscopic injury.

DISCUSSION

The effects of fluoride on the structure and function of the
gastric mucosa have been the subject of scientific
investigations for over 30 years (1-4,6). Studies with
several species of laboratory animals have shown that
fluoride concentrations of only 95 ppm (5 mM/L) adversely
affect the normal secretory and absorptive functions of the
gastric mucosa. In studies using light and electron
microscopy, the structure of the gastric mucosa of rats
was found to be damaged in a dose- and time-related
manner starting with fluoride concentrations as low as 190
ppm (10 mM/L). The damage ranged from vascular
engorgement, haemorrhage, loss of the mucus layer,
patchy desquamation of mucous cells and extensive loss
of the mucosa including parietal and chief cells with
exposure of the underlying lamina propria (950 ppm F or
more). The threshold F concentration for effects on the
structure and function of the gastric mucosa was
approximately 19 ppm (6).

In the current study, the morphology of the injury in 0.5, 5,
and 50 ppm F- treated tissue at 30 days and 500 ppm F-
treated tissue at 12 h was investigated. The mucus layer
injury was seen in 500 ppm F- treated tissue. With young
children, the amount of fluoride in dentifrices should be
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reduced and the tooth brushing activity should be
supervised to minimize the ingestion of fluoride to prevent
any gastric stress or injury.

In 50 ppm F- treated gastric sections; the mucous loss
was less than 5 ppm F- treated gastric sections. Since
fluoride damage is dose-related, it was thought that mucus
layer loss at that level in Group Il was not fluoride-related.
It thought to be caused by another factor such as
contamination of the stomachs with any infectious material
during the experiment. For statistical analysis, an arbitrary
scale from gastric sections was designed by a pathologist.
Since the scores of the sections obtained from the gastric
specimens of the Groups were the same, correlation test
among the Groups could not be performed.

Spak et al. used gastroscopic photograpy to report
localized areas of haemorrhage in the gastric mucosa of
their human subjects after they swallowed 10 ml of water
containing 10 mg F (1000 ppm) (5). This study confirms
data that fairly low fluoride concentrations of fluoride can
damage the surface of the gastric mucosa.

The results of a study suggest that 19 ppm F- was without
effect while 190 ppm F- caused exfoliation of surface
mucous cells and 950 ppm F- produced extensive
disruption of the mucosa with exposure of the basal
lamina and lamina propria in some areas of rat gastric
mucosa (2).

Fluoride is absorbed across cell membranes as
hydrofluoric acid (HF), a weak acid. The stomach lumen is
the most acidic environment in the body, secreting a fluid
of approximately 0.1 N HCI. Thus, following fluoride
ingestion the highest concentration of HF in the body is
found in the stomach. The susceptibility of the surface
mucous cells of the gastric mucosa may simply be due to
their proximity to the lumen and resultant exposure to
higher concentrations of fluoride (1). The present study
was demonstrated by PAS staining that the mucus layer
reduction was occurred and the mucous epithelial cells
closest to the ingested fluoride were injured. Injury did not
extend to the parietal cells and chief cells in the gastric
glands. According to Easmann et al., application of
physiological concentrations of HCI results in some
degeneration and desquamation of the interfoveolar
surface mucous cells. This suggests that digestion
constitutes a mild form of stress or injury. The fluoride
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