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The effect of monofluorophosphate implant in white rat mothers 
towards the level of fluor in the incisors of their young babies 
(Rattus-rattus)
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Faculty of Dentistry, Gadjah Mada University
Yogyakarta - Indonesia

abstract

Background: Fluoride has been widely used in the prevention of dental caries for a long time. To prevent dental caries, fluoride must 
be induced in low amount at high frequency. Inducing it through implantation process even make slow release of small concentration 
of fluoride. Purpose: The aim of this research was to analyze whether the induction of monofluorophosphate (MFP) implant into the 
white rat mothers affects the level of fluoride in the incisors of their young babies. Method: The objects of the research were twenty 
white rat mothers in two days of pregnancy which then were divided into four groups (n=5). First, those mothers have been induced 
with implant under their back skin until their born young babies in the age of 35 days (n=5). The level of fluoride in the incisors of those 
young babies then is measured with Potentiometer. The obtained data were finally analyzed with One-Way ANOVA test and continued 
by with LSD test (p=0.05). Result: The result of this research showed that the means of the fluoride level in the incisors of those babies 
divided into those four groups in series were about 11956.16±201.35 ppb (K), 27328.04±234.56 ppb (P1), 37267.21±248.86 ppb (P2), 
and 18103.50±267.11 ppb (P3). The result of ANOVA test then showed that the induction of various MFP implant levels significantly 
affected the level of fluoride in the incisors of the babies. The mean differences among the treatment groups after being tested with 
LSD 0.05 were also significant. Conclusion: The finding confirm that the significant increasing of the optimal fluoride retention in the 
incisors of white rat babies can be achieved with the induction of fluoride with MFP ions implant in about 52.98 mg.
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abstrak

Latar Belakang: Pencegahan karies gigi menggunakan senyawa fluor telah banyak dilakukan dan berlangsung dalam jangka 
waktu lama. Pemberian fluor dalam jumlah rendah dan frekuensi tinggi merupakan pemenuhan kebutuhan pencegahan karies gigi. 
Pemberian dengan cara implantasi memberikan keluaran fluor jumlah kecil dan waktu lama. Tujuan: Penelitian ini bertujuan untuk 
mengetahui apakah induk tikus yang diberi implan-MFP berpengaruh terhadap kandungan fluor gigiseri anak tikus. Metode: Subjek 
penelitian adalah 20 ekor induk tikus putih bunting 2 hari dibagi 4 kelompok (n=5). Induk diberi implan pada bawah-kulit punggung 
hingga anak tikus lahir dan pada umur 35 hari (n=5). Kandungan fluor pada gigi seri anak tikus diukur menggunakan Potensiometer. 
Data yang diperoleh dianalisis dengan Anova 1 jalur dilanjutkan uji LSD (p=0,05). Hasil: penelitian menunjukkan rerata fluor 
gigiseri anak tikus berturut-turut sebesar: 11956,16±201,35 ppb (K), 27328,04±234.56 ppb (P1), 37267,21±248.86 ppb (P2), dan 
18103,50±267,11 ppb (P3). Hasil: Anava membuktikan bahwa ada pengaruh bermakna akibat variasi kadar MFP dalam implan 
terhadap kandungan fluor gigi anak tikus. Beda rerata antar kelompok perlakuan diuji dengan LSD0,05 memperlihatkan perbedaan 
bermakna pada semua kelompok. Kesimpulan: Penelitian dapat disimpulkan bahwa kenaikan secara bermakna terhadap retensi fluor 
optimal dalam gigiseri tikus putih pada pemberian fluoridasi menggunakan implan dengan muatan MFP: 52,98 mg.

Kata kunci: Implan-MFP, fluor, gigi seri tikus putih
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introduction

The prevention of dental caries with chemical 
application using fluoride has already been done. However, 
the prevention of dental caries must be conducted in the 
long term process started from the formation of tooth until 
they get maturation. The prevention of dental caries even is 
supposed to be conducted minimally until the age of twelve. 
Unfortunately, the prevention of dental caries using fluoride 
given orally cannot be well controlled since it can cause 
dental fluorosis. Therefore, the alternative way as such  
implantation process is needed to control the application 
of fluoride especially to prevent fluorosis. 

The main usage effects of fluoride on body actually can 
be particularly seen in calcificated tissues since fluoride has 
narrow therapeutic window. Fluoride at low concentration 
level can increase the crystalinity of teeth and bones, while 
at the high concentration level it can cause abnormality in 
calcificated tissues, such as fluorosis.1 Induction of fluoride 
at low concentration with high frequency of application can 
prevent dental caries.2 In other words, the daily controlled 
of fluoride intake will effectively decrease dental caries and 
fluorosis risks.3 Induction of fluoride through implantation will 
cause fluoride released in small amount and in long term.

Sodium-monofluorophosphate (natrium-monofosfat, 
MFP) considered as potential fluoride that can be used 
as anti-caries with low toxicity which is not only more 
effective than NaF, but also can be absorbed faster without 
being affected by calcium ions.3 MFP is chosen because it 
has anti-caries, its toxicity about one third lower than that 
in NaF,4 it still can be degraded by alkali or acid phosphate 
through hydrolysis process,5 and by the substitution of the 
structure of phosphate hydrogen on hydroxy apatite with 
monofluorophosphate ion.6 The dissolution of MFP will 
20 times faster if the level of calcium ions is so high to 
make calcium-monofluorophosphate compound that easily 
dissolved.7 

In recent years, various products of medicines modified 
with controlled fluoride release have actually been 
developed for several reasons. The first one is because of 
their affectivity and efficiency. Another one is to solve 
the impracticality caused by the routine of the long term 
treatment. The various use of polymer in dental health has 
widely developed.8 The selection of polymer type, poly-dl-
lactic acids (PLA), in implant materials is aimed to obtain 
fluoride carriers through controlled releasing. Besides that, 
PLA in the form of monolith has also several characteristics, 
such as small degradation constant, bio-erosion, and low 
permeability.9 

Fluoride induced orally makes the dissolved fluoride be 
absorbed and diffused in a simple way through digestive 
system, especially gastro-intestinal tract.10 Inducing 
through the implant of endoderm is directly absorbed 
and diffused into blood vessel. The reason is because 
fluoride induced orally must diffuse through first pass of 
metabolism channel. As a result, none of fluoride intake 

can be absorbed. On the other side, MFP implant induced in 
the mothers of young rats makes fluoride intake can easily 
be absorbed by those mothers and be diffused into blood. 
Some of the fluoride diffused into those mothers’ blood 
then will be induced into placenta and will be functioned 
as the source of fluoride for their fetuses. Placenta also 
functions as partial barrier when the amount of fluoride is 
suddenly increased. There is a direct correlation between 
the amount of serum in mothers and in the placenta of their 
fetuses. The amount of fluoride in placenta is 75% bigger 
than that in their mothers.11 

The previous researches actually have already pointed 
out that fluoride in the form of MFP implant can be 
distributed homogeneously in the form of monolith (bar), 
and fluoride release can be controlled seven days after the 
implantation.12 The aim of this study was to analyze the 
amount of fluoride in the incisors of the white rat babies 
whose mothers were induced with various levels of MFP 
in the form of poly-dl-lactate acid implant. 

material and method 

The objects of the research are twenty Wistar white 
rat mothers (Rattus-rattus) in two days of pregnancy. 
The main materials used in this study, are natrium-
monofluorophosphat (MFP) (Na@211, Australia), poly-
dl-lactate acid (Poly Science, USA) and formalin. 

MFP implant consists of MFP and PLA with the ratio 
20:80. In other words, MFP implant is made based on 
the ratio of MFP to poly-dl-lactate acid, 20:80 (b/b mg). 
The implant was made according to Beck et al. method.13 
For MFP implant (P1), there are two kinds of solution. 
Solution I is made by dissolving 26.49 mg of MFP to 
3 ml of methanol, meanwhile solution II is made by 
dissolving 105.96 mg of PLA to 7 ml of chloroform and 
methilen chloride mixed with the ratio 1:1. Solution I 
and solution II then are mixed together until they become 
homogenous. Organic solvent then is steamed with 
dryer at temperature of 50° C and stirred until the dough 
becomes plastic. Afterwards, the dough is poured into die 
and pressed by hydraulic pressure about 50 kgf/cm2 for  
1 minute. Similarly, implants (P2), (P3) and implant (K) 
are made of MFP which in series are about 52.98 mg,  
264.9 mg and 0 mg (Table 1).

Table 1.	 Implants K, P1, P2 and P3 with their MFP-PLA level 
ratio

Implants MFP(mg) PLA (mg)

Implant K     0   100 

Implant P1   26.49   105.96

Implant P2   52.98   211.92

Implant P3 264.9 1059.6
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Twenty white rat mothers in two days of pregnancy are 
divided into four groups, group 1 with controlled implant 
treatment without MFP (K), group 2 with implant P1, group 
3 with implant P2, and group 4 with implant P3. Implantation 
process then is conducted on the back skin of those mothers. 
That skin must be cleanly shaved before being disinfected. 
The incision of the skin of their back is conducted for about 
0.5 cm long. After that, the blunt dissection is conducted 
along the implant, 1 cm from the incision edge. Next, the 
implant is inserted into the cavity, and the wound of the 
incision then needs silk-thread stitches. Those mothers 
then must be on normal ad libitum diet modified without 
fluoride. After those mothers delivered their babies, the 
incisors of their 35 day old babies must be extracted under 
anesthetic. The extracted teeth are measured by cutting 
them into small pieces, and they then are dissolved in  
2.5 ml of 65% HNO3. Afterwards, 1 ml of the dental 
solution is taken as the sample which then is mixed 
with 9 ml of 0.5M HClO4 and 10 ml TISAB II. Specific 
Potentiometer of Fluoride ions connected with digital TPS 
(Titralizer Action Electrode, Calomel Refference) is used 
to determine the level of fluoride based on the interpolation 
mechanism related with the potential difference measured 
with the standard solution curve. The data is analyzed by 
using one way variant analysis in order to analyze the effect 
of MFP implant variants towards the level of fluoride in the 
incisors of those white rat babies, meanwhile and the mean 
of the difference of fluoride level in the incisors among 
treatment groups is tested with LSD 0.05. 

result

This research finds that the means of fluoride level in 
the incisors of those white rat babies is as the following 
table 2.

Table 2.	 The mean and standard deviation of fluoride level in 
the incisors of white rats

Groups Mean± SD (ppb)

K 11956.16 ± 201.35 

P1 27328.04 ± 234.56 

P2 37267.21 ± 248.86 

P3 18103.50 ± 267.11 

K: Control, P1: Sample with 26.96 mg MFP group, P2: Sample 
with 52.98 mg MFP group, P3: Sample with 264.9 mg MFP 
group

Graphically, it also shows that the increasing of fluoride 
is not linear, but at certain levels it can reach the optimum 
absorption level. At the increasing level above the optimum 
one, the amount of fluoride absorbed is decreased (Figure 1). 

The level of fluoride in the incisors of those white rat 
babies classified into three treatment groups, P1, P2 and 

P3, induced with implant is gradually increased, in series 
about 2.3 times, 3.2 times, and 1.5 times bigger than the 
controlled ones. It means that the biggest increasing of the 
amount of fluoride occurs in the treatment group induced 
with implant P2 (52.98 mg of MFP).
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Figure 1.	 Graph of fluoride level in the incisor of thirty-five 
day old white rat babies (ppb).

Table 3.	 The result of LSD0.05 test between the controlled 
group and the treatment groups, P1, P2 and P3

Groups K P1 P2 P3

K - 15371.878* 25311.056* 6147.338*

P1 - 9939.178* 9224.540*

P2 - 19163.718*

P3 -

Note: *) Significant difference (p<0.05) 
All of the treatment groups are significantly different from the 
controlled ones

Through the statistic analysis using SPSS 13.0 for 
Window with one way ANOVA, moreover, it is also 
known that F is about 10675.56, bigger than F in the table. 
This result indicates that the variants of MFP implant level 
significantly affect the level of fluoride in the incisors of 
those white rat babies. The difference of means among 
those treatment groups tested with LSD 0.05 also shows 
that there is significant difference in those treatment groups 
(table 3).

discussion

The use of MFP implant is aimed to obtain the lower 
and controlled fluoride release. Polylactate-natrium 
monofluorophosphate implant in the bar shape even 
can be dispersed in homogeneous way. In other words, 
by using MFP implant the controlled fluoride release 
occurred seven days after implantation.12 The purpose of 
selecting PLA is to obtain fluoride carriers with controlled 
disposal. PLA in the form of monolith actually has several 
characteristics, such as: small degradation constant, 
bio-erosion, and low permeability.9 Thus, if the reason 
of the use of MFP is because of anti-caries activities in 
MFP with its toxicity about one third lower than that in 
NaF,3 it still can be degraded by alkali or acid phosphate 
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through hydrolysis process,5 and by the substitution of the 
structure of phosphate hydrogen on hydroxy apatite with 
monofluorophosphate ion.6 

The average of fluoride contained on the incisors of those 
thirty-five day old white rat babies and the binding of fluoride 
ion on the teeth, actually depends on the level of fluoride in 
their blood plasma. The increasing of fluoride level in the 
certain availability of plasma will increase the amount of 
fluoride bound on teeth. The increasing of the availability 
in their blood plasma which is more than the optimal 
one can decrease the binding of dental fluor (Figure 1).  
P2 implant has the average of plasma fluoride level, about 
125.61± 23.30 ppb,12 which is not only appropriate with 
the level of blood fluoride, about 0.1–0.2 ppm,10 but is also 
close to the level of therapeutic-hypothetic in blood plasma 
of society with the level of consumed water about 1 ppm. 
Moreover, the variants of fluoride level in their incisors 
caused by the increasing amount of fluoride that can also 
be explained by the opinion of Fejerkov et al.,1 stating 
that fluoride has narrow therapeutic window mechanism, 
which means that at the low dosage its influence is not 
significant, but at the high dosage it can disrupt the growth 
of dental structure. Fluoride with low dosage (such as in 
P1 implant), will increase dental crystalinity. It is possibly 
caused by the reaction of the substitution of isoionic F 
with hydroxyl structure in dental apatite which then can 
form apatite fluoride or hydroxy-fluor apatite. The forming 
of fluor apatite crystal is also supported by a research 
conducted by Monjo et al.,15 stating that the inducing of 
implant with fluoride modification in bones can not only 
make fluoride modulate the forming of osteogenic marker, 
but also increase the density of bones located in interface 
part between implant and bones. The surface of implant 
modified with fluoride can increase osseointegration in the 
early stage of recovery.16 

On the other hand, fluoride in the high dosage (such 
as in P3 implant) can cause disruption during the growth 
of enamel affecting in enamel organic and inorganic 
components which then causes either hypoplasia of 
permanent teeth10 or partial resistance in proteinase that 
has responsibility for breaking enamel protein. As a result, 
it can either decelerate protein disposal during maturation 
or cause the disruption of calcification or fluorosis.14 It 
means that the disruption in disposal process of protein 
substituted with mineral can relatively decrease the amount 

of fluoride released from the disrupted tissue. Therefore, 
it can be concluded that the optimal resistance of fluoride 
in the incisors of white rat babies is significantly increased 
during fluoridation using implant with MFP ions, about 
52.98 mg.
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