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ABSTRACT

Objective: To evaluate the effect of different preparations of fluoride gels on the salivary pH of albino rats.
Material and Methods: This experimental study consisted of 40 Albino rats randomly divided into four
equal groups. Group A was the control group and received no intervention. Experimental group B received
a topical application of 0.2% sodium fluoride gel. Experimental group C received topical application of
stannous fluoride gel 0.4%. Experimental group D received topical application of APF gel (1.23% acidulated
phosphate fluoride gel). The different preparations of the gels were applied once daily for 4 minutes on the
occlusal surface of the right maxillary molars for 14 days. Salivary pH values were recorded immediately
after the application of gels with the help of pH paper on day 1 and day 14. Results: There was a significant
difference in the pH level of groups B, C and D after 14 days of fluoride application (p < 0.05). The non-
parametric Kruskal Wallis test was applied for the comparison between the groups. Conclusion: This study
concluded that all the fluoride gels after administration caused the acidic pH of saliva with the most acidic
effect produced by APF gel.
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Introduction

Fluoride is widely considered the cornerstone of modern dentistry. Because of its cariostatic
properties, fluoride has been increasingly added to preventive dentistry in the form of toothpaste, gels, and
mouth rinses [17. The presence of fluoride in an acidic environment reduces the dissolution of calcium
hydroxyapatite. The main action is inhibition of demineralization of enamel and retarding growth of the
biotypes [27]. When bacteria metabolize sugars, they decrease the pH in saliva through the production of lactic
acid. A fall in pH below the critical level of hydroxyapatite (pH 5.5) leads to demineralization of enamel and
results in caries [87]. Because the fluoride ion coating is only partial, if the pH falls below level 5.5, the
uncoated parts of the crystal will undergo dissolution on certain parts of the tooth. When the pH rises above
the critical level of 5.5, the increased level of fluoride ion leads to remineralization, because it absorbs itself into
the enamel and forms fluorohydroxyapatite [47]. Fluoride gels are easy to handle due to their high viscosity
[57].

One fluoride gels frequently used in clinics is 0.2% sodium fluoride gel. It is a topical gel containing
900 ppm fluoride with calcium phosphate. It delivers calcium phosphate on the tooth surface to cause
demineralization of enamel caries [67]. Another fluoride gel used in clinics is 1.28% acidulated phosphate
fluoride gel (APF). APF gel is an acidic and highly concentrated gel and evidence-based clinical
recommendations for its topical application on teeth are once a year to four times a year, depending upon the
age and severity of the disease. The gel consists of 1.23% fluoride, which is equal to 12.3 mg of fluoride for
every 1 mL [7]. American Dental Association recommended clinical use of 1.28% acidulated phosphate
fluoride after reviewing the 71 trials, where the efficacy of various topical fluoride caries-preventive agents was
reviewed [87]. However, it has been reported in many studies that APF gel after professional application causes
accidental ingestion of fluoride by children and adults and is well retained by oral mucosa [97]. Stannous
fluoride gel 0.4% has also been accepted as clinically effective as per US FDA [107].

Fluoride gels can be applied at clinics and homes under supervision. In clinics, a gel is applied with the
help of mouth trays. The tray loaded with the gels is used to place over the teeth and the patient is asked to
close the jaws as instructed. The loaded tray is placed in the mouth for a minimum of 4 minutes. After that tray
is removed, the patient expectorates thoroughly and avoids drinking or eating for 30 minutes [117]. Fluoride
can also be applied at home at bedtime. The patient uses custom-made trays for the upper and lower arch and
applies a thin layer of gel on trays. The trays are then seated on upper and lower teeth for 5 minutes and then
trays are removed, and the mouth is thoroughly expectorated. It can be applied for 14 days or more depending
upon the severity of caries, whereas, in clinics, the gel is applied only once [117.

The oral cavity is kept moist by a film of fluid called saliva that coats the teeth and mucosa. The
normal pH of saliva in humans is 6.7-7.6 [127] whereas the normal pH of rat saliva is (8.835-9.15) [187. The
most important function of this complex fluid is to maintain the wellbeing of the mouth [147. It contains
various factors required for host protection hence it can be an important biomarker for the diagnosis of several
diseases [157]. The viscoelastic nature of saliva along with the salivary proteins helps in aiding digestion,
increases antimicrobial action, and facilitates taste and lubrication [167. The salivary proteins, namely the
proline-rich proteins, mucins, histatins, cystatins, and statherins, attract calcium ions, promote

remineralization, and protect the tooth surface [17].

Material and Methods

Experimental Animals
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A total of 40 Albino rats of either gender, weighing (200-250gms) were obtained from animal house
PGMI, Lahore. Diseased rats were excluded from the study. They were individually kept in a climate-
controlled environment and were provided with food and water ad libitum. All the work was carried out
according to the National Institutes of Health guidelines [187. In addition, the study was conducted in

accordance with the APA guidelines of non-human studies.

Experimental Design

A randomized controlled trial was conducted at the experimental research laboratory of Post
Graduate Medical Institute (PGMI), Lahore, Pakistan. Animals were divided into four groups (Table 1) and
each group was placed in separate cages which were labeled by tags. After the acclimatization of a period of one

week, the experimental procedure was started.

Table 1. Details of animal groups.

Groups Number of Animals Assigned Names
A 10 Control
B 10 Experimental sodium fluoride gel 0.2% applied
C 10 Experimental stannous fluoride gel 0.4% applied
D 10 Experimental APF gel 1.23% applied
Application of Gel

The therapeutic reagents used in this study were 0.2% sodium fluoride gel, 0.4% stannous fluoride gel,
and 1.28% APF gel. Animals of group A did not receive any gel, while animals all the experimental groups
were sedated with an intramuscular injection of Ketamine-xylazine (10mg/Kg) before application of the gel.
The different preparations of gel were applied with the cotton wool stick to the occlusal surface of the right
maxillary molars for 4 minutes and then rinsed with water and immediately wiped away with dry cotton. This

procedure was repeated for 14 days to the animals of groups B, C, and D (Table 1).

Analytical Assays
The saliva pH was measured immediately after the application of gels with a pH paper (Johnson Test
Papers Ltd., West Midlands, United Kingdom) on day1 and day14. Readings were recorded according to the

universal color scale.

Statistical Analysis

Statistical analyses were performed using SPSS 24 software (IBM Corp., Armonk, NY, USA). The
normality of the data was tested with Shapiro-Wilk tests. The non-parametric Kruskal Wallis test was used for
the comparison of the different pH values. Dunn-Bonferroni post hoc analysis was performed for pair-wise

analysis in groups. The significance level was set at a p-value < 0.05.
Ethical approval
This study was approved by the Ethical Review Committee of (PGMI/LGH), Lahore, Pakistan

(ERB/IRB/No. 5081/PGMI).

Results
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The pH values in rat saliva varied considerably among all groups on day 1 and day 14 (Tables 2 to 5).
The collected data showed significant deviation from normality. Therefore, the continuous variable was
compared by the non-parametric Kruskal Wallis test. The pH value decreased significantly (p<0.005) among
all groups on day 1 (Table 2) and day 14 (Table 4). Dunn-Bonferroni post hoc analysis was performed to
compare pH values between and within groups on day 1 and day 14. Comparison between control Group A and
experimental group C showed a statistically significant difference (p<0.05) at day 1 (Table 3) and (p<0.005) at
day 14 (Table 5). Also, there was a statistically significant difference between control group A and

experimental group D at day 1 (p<0.005) (Table 3) and at day 14 (p<0.005) (Table 5).

Table 2. Analysis of pH values at day 1 using the Kruskal Wallis test.

Groups N Mean Rank p-value
A 10 18.00 0.001%*
B 10 13.00
C 10 6.50
D 10 4.50

*Statistically Significant.

Table 3. Pair-wise comparison of pH values at day 1.

Groups Test Statistics Std. Error p-value
A and B 5.000 3.610 0.996
Aand C 11.500 3.610 0.009%
A and D 18.500 3.610 <0.001
Band C 6.500 3.610 0.431
Band D 8.500 3.610 0.111
Cand D 2.00 3.610 1.00

*Statistically Significant.

Table 4. Analysis of pH values at day 14 using the Kruskal Wallis test.

Groups N Mean Rank p-value
A 10 18.00 <0.001%*
B 10 13.00
C 10 5.50
D 10 5.50

*Statistically Significant.

Table 5. Pair-wise comparison of pH values at day 14.

Groups Test Statistics Std. Error p-value
A and B 5.000 3.642 1.000
Aand C 12.500 3.642 0.004*
A and D 12.500 3.642 0.004*
Band C 7.500 3.642 0.237
Band D 7.500 3.642 0.287
Cand D 0.000 3.642 1.000

*Statistically Significant.

Discussion
In the present study, 0.2% sodium fluoride gel, stannous fluoride gel 0.4%, and APF gel 1.23% were
applied topically on the occlusal surface of right maxillary molars of albino rats for 14 days. This study

investigated the comparison of salivary pH changes of the albino rats as a result of fluoride applications. It is
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evident from this study that topical use of fluoride gel preparations results in critically low PH levels in the
saliva of albino rats. An acidic environment in the oral cavity facilitates dental caries formation and progression
[197. In the present study, the control group demonstrated the pH of saliva in albino rats was (8.5-9.0) when
recorded after 1 and 14 days, whereas the pH after application of different preparations of fluoride gels on day
1 and 14 turned acidic and APF gel causing most acidic salivary pH of albino rats (pH=4.0), this level is even
lower than the critical level pH value which is 5.5 in humans. Bajraktarova-Valjakova et al. mentioned the
hazards of acidulated phosphate fluoride gels and suggested discontinuing its home use due to high acidic
content [207]. The use of beverages is also prohibited due to their high sugar content and acidogenic nature.
These qualities make children prone to dental caries and in the present study, the same pattern was exhibited
in salivary pH [217].

An electron microscopic study was conducted to evaluate the effects of APF gel on the oral mucosa of
rabbits; the basal layer of oral mucosa showed signs of apoptosis with disrupted intercellular junctions and
condensation of chromatin material [227. Stannous fluoride is well known for its anti-cariogenic properties,
but it also produces stains on gingivae and oral mucosa, so its use has been discouraged [237; one of the
findings in the present study is a significant decrease of pH in rat saliva after using stannous fluoride gel. The
published articles also speak very high about the use of fluoride gel applications and find it equally beneficial to
prevent dental caries [247]). Therefore, recommendations are made in a systemic review to use different fluoride
applications for the non-restorative treatment of dental caries [24,257.

The data scarcely talk about the effect of fluoride gels on salivary pH, which makes it difficult for a

clinician to use these preparations or go for an alternative way to treat caries.

Conclusion
The decreased pH of saliva will cause persistent bad breath, sensitivity to hot or cold food or
beverages, and the tooth will be prone to cavities. This will lead to an increased incidence of caries and

periodontal disease.
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