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Objective(s): The incorporation of Arginine (Arg) in NaF-containing child dentifrice might enhance its
remineralizing potential, reducing fluorosis risk with significant anti-caries benefit. The study objective was
to examine the remineralizing potential of arginine in child formula dentifrice (600-ppm NaF).Study Design:
Primary teeth enamel specimens (n = 10) with artificial caries-like lesion were randomly divided to 4
treatment groups: A: 2% Arg-(600-ppm) NaF; B: 600-ppm NaF, C: 1100-ppm NaF, and D: deionized water
subjected to 7-day pH-cycling. The mineral density (MD) of the treated specimens was assessed using micro-
CT. The pre-/post-treated artificial caries-like lesion were acid-etched for enamel fluoride uptake (EFU)
evaluation, Ca and P element analysis using ICP-OES, and the inorganic phosphate (PO.") determination
using colorimetric assay. Results: The percentage remineralization of the 2% Arg-NaF and 1100-ppm NaF
groups was significantly higher than the 600-ppm NaF group (p<0.001). However, no significant difference
in remineralization was observed between the two groups (p>0.05). The EFU, Ca/P ratio, PO# content of
the 2% Arg-NaF group were significantly higher than the 600-ppm NaF group (p<0.01); while no significant
difference was found between the 2% Arg-NaF and 1100-ppm NaF groups. Conclusion: Within the limitations
of the present study, incorporation of 2% arginine in 600-ppm NaF child formula dentifrice enhanced the
remineralization potential of artificial enamel caries, to a level comparable to 1100-ppm NaF adult formula

dentifrice.
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INTRODUCTION

ental caries, a biofilm-mediated disease, is a major oral

health problem affecting 60-90% children.'® Prevention

or delimiting the progress of dental caries at an incip-
ient stage help to control its severity globally. Until now, fluoride
remains the standard for caries prevention.* Fluoride promotes
remineralization—a natural process that deposits calcium (Ca)
and phosphate (PO4*) ions in the demineralized enamel. Daily
use of fluoride dentifrices is the most common form of topical
fluoride application.

Although fluoride dentifrices have substantially contributed to
worldwide caries reduction, the use of high fluoride concentration
dentifrice in very young children (< 6 years) is not preferred, due to
the risk of fluorosis.>® Hence, low fluoride dentifrices (< 1000 ppm
F) have been recommended to pre-school children.”® However, the
reduced fluoride concentration has been shown to have a negative
impact on the anti-caries effect of the dentrifice.” Hence, alternative
strategies to enhance the anti-caries efficacy of these low fluoride
dentifrices for use in children is needed.

Arginine, a semi-essential a-amino acid, is naturally avail-
able in saliva and plaque through dietary protein metabolism.
Ammonia synthesized by oral arginine metabolism increases the
pH of biofilm.!!* The arginolytic potential of the oral micro-en-
vironment increases with arginine supplementation.'® Thus, biofilm
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alkalinization could be stimulated by external arginine, which
inhibits the cariogenic biofilm formation, leading to ecological
homeostasis."" Several studies have demonstrated the enhanced
remineralization effect of fluorides with arginine that primarily
affects the metabolic activity of biofilms.'*!> Therefore, the incor-
poration of arginine into topical fluoride agents appears a promising
anti-caries therapy that largely affects the biofilms.

Recently, arginine, in combination with 500-ppm sodium fluoride
(NaF) solution, has been shown to promote enamel fluoride uptake,
thereby increasing the resistance of enamel to carious demineraliza-
tion.'® Tt has been proposed that the protonated positively charged
guanidinium group of arginine interacts with negatively charged
F ions, forming arginine-fluoride complexes in the enamel during
remineralization. Also, arginine is reported to have a synergistic
effect with NaF on cariogenic biofilm, suppressing the acidogenic
S. mutans."” The commercially available 1.5% arginine and fluoride
dentifrice (1450 ppm F) with sodium monofluorophophate (MFP)
in an insoluble calcium base has been shown to effectively reverse
the early enamel carious lesions compared to dentifrices containing
fluoride alone.'$22

It has been shown that the incorporation of 2% arginine in
1100-ppm NaF toothpaste significantly enhanced the remineraliza-
tion potential of NaF toothpaste.”?* However, the synergistic effect
of arginine and fluoride in child formula dentifrices on the remin-
eralization of primary teeth enamel caries remains unexplored.
Therefore, the aim of this study was to examine the remineralizing
potential of arginine in NaF (600-ppm)-containing child formula
dentifrice and compare it to 1100 ppm NaF adult formula denti-
frice. The null hypotheses tested was that (i) the incorporation of
arginine in child formula dentifrice has no effect on its remineral-
ization potential and (ii) there is no difference in remineralization
potential of Arg-NaF child formula dentifrice and 1100 ppm NaF
adult formula dentifrice.

MATERIALS AND METHOD

The study design was approved by the Institutional Review
Board (IRB) (Reference number: UW 17-150). The study consisted
of a series of in vitro experiments, which evaluated the enamel of
primary teeth (incisors and molars)* that was subjected to artificial
caries-like lesion formation and subsequent pH cycling.

Sample size determination

A priori computation of sample size (n = 10/group, at p < 0.05,
df: 3) was done using G*Power 3.1 (Franz Faul, Kiel, Germany).
Based on the preliminary study, an absolute difference of 0.60 g/cm?
between pre- & post-treated lesion’s mineral density was arbitrated
as an effect size on B/a: 4. The output parameters quantified actual
power as 0.82 with critical F: 2.90, non-centrality parameter: 12.96
for the total sample size: 40 based on the input group numbers: 4.

De-/Re-mineralizing solutions
The de-/re-mineralizing solutions were prepared using appro-
priate analytical-grade chemicals as per previous studies. 22
Demineralizing solution (DS): 2.2 mM CaCl,, 2.2 mM KH,PO4
and 0.05 M acetic acid adjusted with 5 M KOH to pH 4.4.
Remineralizing solution (RS): 1.5 mM CaCl,, 0.9 mM NaH,PO4
and 0.15 M KCl adjusted with 5 M KOH to pH 7.0.
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Caries-like lesion formation

The extracted or exfoliated primary teeth (stored in 0.5%
thymol at 4°C) were assessed using stereomicroscope (Carl Zeiss
Stereo 475002, Jena, Germany) at 0.8x to rule out enamel defects
or fragmentation developed (if any) before and during the prepara-
tion process. The decoronated primary teeth specimens were dual-
coated with acid resistant nail varnish (Revlon®, New York, USA),
only exposing a narrow window of approximately 1 x 1 mm? on
sound enamel. The specimens were immersed in DS for 96 hours
on an orbital shaker (Labnet, Woodbridge, USA) at 80 rpm at room
temperature to create artificial caries-like lesion.

Experimental groups
The specimens with caries-like lesions were randomly divided
in the following study groups:

Group A (2% Arg-NaF): 2% arginine incorporated in a child
formula dentifrice containing 600 ppm NaF (Colgate Kids Anti-
cavity Toothpaste, Minions—Bubble fruit flavor, Colgate-Palmolive
Company, New York, USA)

Group B (600-ppm NaF): A child formula dentifrice containing
600 ppm NaF (Colgate Kids Anticavity Toothpaste, Minions—
Bubble fruit flavor, Colgate-Palmolive Company, New York, USA)

Group C (1100-ppm NaF): An adult formula dentifrice
containing 1100 ppm NaF (Colgate Triple Action, Colgate-Pal-
molive Company, New York, USA)

Group D (DIW): Deionized water

Dentifrice slurry preparation

Dentifrice slurry for Group B & C was prepared in 1:3 ratio
of dentifrice: DIW. The 60 seconds vortexed aqueous solution
was centrifuged at 4000 rpm at 25°C for 20 minutes.*® For Group
A, milled 2% weight/weight L-arginine monohydrochloride
(Sigma-Aldrich, St. Louis, USA) was incorporated in 600-ppm NaF
toothpaste. The arginine: NaF toothpaste blend was further added to
DIW following the preparation protocol for Group B & C. The sedi-
ment of test groups based centrifuged slurries was discarded and the
supernatant was used as a treatment solution as per previous study.*

pH-cycling

A 7-day’ pH-cycling model using White’s regimen'®?’ that
comprised of 1-minute treatment (5 ml) 4 times/day to simulate
toothpaste exposure was used in the present study. Alongside, to
simulate plaque acid challenge the specimens were immersed in DS
(20 ml/specimen) 2 hours/day. The specimens were immersed in RS
(10 ml/specimen) for the rest of the time. The re-/demineralizing
experiments with treatments were performed on a continuously
operated orbital shaker (Labnet, Woodbridge, USA) at 80-rpm at
room temperature throughout the pH-cycling.

Treatment solutions characterization

The treatment solutions were subjected to pH measurement, F
estimation using ion selective electrode (Thermo Fisher Scientific,
Inc., MA, USA), Na, Cl elemental analysis using inductively coupled
plasma-optical emission spectroscopy (ICP-OES) (Spectro Arcos,
Ametek, Kleve, Germany) to determine Na:Cl ratio (principally
for Group A dentifrice slurry) based on calibrated standard curves.
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UV-visible spectroscopy at different time points during pH-cycling
were effectuated by transferring the solutions to 96-well microplate
to measure the end-point absorbance in UV-visible spectra (200-900
nm at 10 nm steps) using microplate reader.®

Micro-CT scan and Mineral Density (MD)

A flow of MD assessment using micro-CT is shown in Figure
1. The specimens were scanned at baseline—before artificial
caries-like lesion formation (To), pre-treatment—after caries-like
lesion formation (T:) and post-treatment—after pH cycling (T2)
using micro-CT (Skyscan 1172 X-Ray, Microtomograph, Kontich,
Belgium) with constant scanning parameters being exposure—4.84
seconds, resolution—7 pm, rotation—360° each 1° steps at 80kV,
100 pA with calibrated flat-field correction for isotropic resolu-
tion. The MD assessment was performed using two hydroxyapatite
phantoms (of density 0.25 and 0.75 g/cm3) as a reference. Prior to
the MD assessment, calibration was done with 100-stacks, each
reference phantoms using respective attenuation coefficients. The
scanned specimens were reconstructed using NRecon (v. 1.7.0.4
(SkyScan, Kontich, Belgium) with constant variable at 3-scanning
levels being smoothing: 1, ring artifact correction: 20, beam hard-
ening correction: 30, and dynamic range: 0-0.25. The reconstructed
images at To, Ti and T» were oriented to match similar planes using
coronal, trans-axial and sagittal frames in DataViewer v.1.4.4.0
(SkyScan, Kontich, Belgium) for uniform orientation. Preceding to
the MD assessment using CTAn v. 1.16.1.0+ (SkyScan, Kontich,
Belgium), the reconstructed trans-axial 2D images at To, T: and T2
were matched to identify corresponding sections for analysis. The
3D reconstructed images predicated the basis for lesion identifi-
cation. The lesion identified areas (5 sections stack—7p thickness/
section at levels in duplicate) were further matched based on the
pre-/post-treated 2D images with parallel To and T1/T2 sections to
randomly identify fields for MD assessment using uniform region
of interest (ROI) approximately 50u diameter at equidistant points.
A combined mean MD per level assessment at To, Ti and T> were
calculated to compute mineral gain (MG) and % remineralization
(% remin) from the equation:

MG =AZs AZ:
% remin = (AZs AZ/AZq) * 100
(AZ+—MD difference between To and Ti, AZ: MD difference
between T2and To)

Figure 1: Schematic flow of mineral density assessment using
micro-CT

I Scanning specimens at Ty T, T using micro-CT (Skyscan 1172)
v

| Eeconstruction of the scanned images by NRecon v.1.7.0.4
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Lesion acid etching

The pre-/post-treated artificial caries-like lesions were acid
etched using 1 N HCIO4 under constant agitation at 150-rpm at room
temperature for 15 seconds. Then, 2 ml of TISAB I and 1 ml of I N
NaOH was added to establish a ratio of 1:2:1. The buffered solutions
were vortexed for 15 seconds prior to fluoride uptake assessment,
Ca/P elemental analysis and inorganic phosphate detection.

Enamel Fluoride Uptake (EFU)

The EFU of pre-/post-treated specimens based on a standard
calibration curve was determined in triplicate as per previous
studies.?** For consistency, the sample solutions were stowed in
15 ml centrifuge tube (continuously stirred at 100 rpm) and the
electrode was introduced in the tubes to achieve membrane-sample
contact. The values obtained in mV were converted to ppm using
calibration curve that were further computed to pg F.

Ca/P element analysis

The acid-etched pre-/post-treated lesions were subjected to Ca/P
element analysis using ICP-OES at 0.04 MPa and > 1000°C with
argon gas calibrated as per standard solutions (TraceCERT® Refer-
ence Material, Sigma-Aldrich, St. Louis, USA) for Ca (CaCOs) and
P (HsPOs). The aliquots were measured as parts per billion (ppb) in
triplicate using standardized ICP-OES protocol.

Inorganic phosphate detection

A high sensitivity microplate assay protocol (50 pul, sample +
30 pl, malachite green reagent A and 100 pl, distilled water + 30
ul, malachite green reagent B) was used to detect the inorganic
phosphate in the treated lesion with malachite green phosphate
detection kit (R & D systems, Minneapolis, USA). A 6-point
standard curve subjected to 4-parameter logistic regression, was
prepared using buffer medium. The optical density of the assayed
samples with 96-well plate was determined at 620 nm end-point
absorbance in duplicate.

Statistical analysis

The data for the treatment solutions and primary enamel char-
acterization were subjected to statistical analysis using SPSS v. 24
(IBM SPSS® Statistics Inc, Chicago, USA). The pH, F concen-
tration, Na/Cl ratio, pre-/post-treatment changes in Ca & P were
analyzed using Kruskal-Wallis test with Dunn’s post-hoc test. The
MD changes between groups at To, T1 & T» were analyzed using
one-way repeated measures ANOVA with Bonferroni’s post-hoc test
(assuming Mauchly’s test of sphericity, p = 0.075). The mineral gain
(MG), % remin, pre-/post treatment EFU and inorganic phosphate
content were analyzed by one-way ANOVA with Duncan’s post-hoc
test. The paired sample t-tests were used to identify the mean
differences in the pre- & post-treatment Ca & P content, indicating
significant Ca deposition and enamel resistance to solubility.’' The
statistical significance was set at 0.05.
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RESULTS

UV-Visible absorption spectra, pH, fluoride and
Na:Cl of treatment solutions

The spectra for 2% Arg-NaF test solution was similar to that of
600-ppm NaF (Figure 2). There was no different characteristic peak
identified in 2% Arg-NaF test solutions as compared to spectra of
other treatment solutions in the study since all followed a similar
course. The data obtained from pH measurement, fluoride estima-
tion and Na:Cl of treatment solutions are presented in Table 1. The
pH and fluoride concentrations of all the test solutions were signifi-
cantly different from each other (p <0.001). The F concentration was
the highest in 1100-ppm NaF, followed by 2% Arg-NaF, 600-ppm
NaF and DIW. The Na/Cl ratio of 2% Arg-NaF and 1100-ppm NaF
was significantly lower than 600-ppm NaF (p <0.001). However, no
significant difference was observed between the two groups.

Table 1: pH, fluoride concentrations and ICP-OES element
analysis of treatment solutions

Groups pH F concentration Na/Cl
2% 7.48 £0.03 150.39 + 6.65 1.00 £ 0.01
Arg-NaF [7.48 (0.01)] [148.17 (8.88)]* [1.00 (0.01)]°
NaF (600 7.78 £ 0.01 99.89 £ 1.51 66.78 £ 10.69
ppm) [7.79 (0.03)]° [100.13 (2.42)® [62.34 (14.73)]°
NaF 7.73 £0.04 164.27 + 9.66 12.63 £ 0.09
(1100 [7.74 (0.07)]° [163.08 (16.92)]°  [12.63 (0.10)]°®
ppm)
DIw 6.25 + 0.57 0.08 + 0.04 [0.07 15.56 + 0.60
[6.22 (0.95)¢ (0.05)]° [15.34 (0.37)
p-value <0.001 <0.001 <0.001
Kruskal-Wallis One-way ANOVA with Dunn’s post-hoc test; p < 0.05 is
significant.

Different superscripts indicate significant differences in each column.

For, pH-lowercase letters (a, b, ¢, d); F concentration—uppercase letter
(A, B, C, D) and Na/Cl—Greek letters (a, B, ®) indicate column
specific significant differences.

Figure 2: UV-vis spectra of treatment solutions

MD assessment

The enamel MD (g/cm?) assessment of the treated specimens at
To, T1 and T2, MG and % remin are presented in Table 2. The results
of one-way repeated measures ANOVA identified a significant
difference in the repeated measures factor—Time (T, T2 & To) (p <
0.001). The treatment time interaction with groups was statistically
significant (p < 0.001).

Table 2: Mineral Density (MD) assessment (g/cm?)

Groups MD (Mean * SD)
To T1 T2 Mineral % Remin-
Gain eralization
2%Arg-NaF 2.44 + 144+ 166+ 022% 21.83 ¢

0.132« 0.27A%  0.27*  0.07° 7.122

600-ppm 244 140+ 147+ 0.07% 6.26 £4.97°
NaF 0.092 0.08*% 0.07"* 0.05°

1100-ppm  2.46 + 128+ 162+ 0.34+% 28.10 =
NaF 0.132 0.22*F  0.20"  0.15° 11.00°

DIwW 244 117+ 111+ -006x -474=

0.042 0.13*¢ 0.18"* 0.11¢ 8.82°

One-way repeated measures ANOVA with Bonferonni’s post-hoc test
assuming Mauchly’s test of sphericity (p = 0.075)

Lowercase letters (a)/Uppercase letters (A)/roman numerals (I, II)
represent differences in each column-To, T+ and T2 respectively.

Symbols a, B and A represent differences in each row.

Time (p < 0.001); Time-Group interaction (p < 0.001); Group (p =
0.006).

One-way ANOVA with Duncan’s post-hoc test. (p < 0.001).

Different superscripts indicate significant differences in each column.
The lowercase letters (a, b, c, d) indicate column specific differ-
ences without overlap being unique in description.
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Comparing the different treatment groups, there was no signifi-
cant difference in the mean MD among the groups at To and T, which
justifies the experimental baseline prerequisites. However, the mean
MD for the 2% fArg-NaF, 600-ppm NaF and 1100-ppm NaF groups
was significantly higher than the DIW groups at T2 (p<0.05).

Comparing the different treatment time, a significant decrease in
the mean MD was observed for all the groups from To to T (p<0.05).
Conversely, a significant increase in the mean MD was found for the
2% Arg-NaF and 1100-ppm NaF groups from T to Tz (p < 0.05);
while no significant change was observed for the 600-ppm NaF and
DIW groups (p > 0.05).

The MG of 1100-ppm NaF group was the highest, followed
by 2% Arg-NaF, 600-ppm NaF and DIW. The % remin for the 2%
Arg-NaF and 1100-ppm NaF groups were significantly higher than the
600-ppm NaF and DIW groups (p < 0.001). The results of overall MD
assessment suggest that the remineralization effect of 2% Arg-NaF
was higher than 600-ppm NaF and similar to 1100-ppm NaF.

EFU

Table 3. There was no significant difference in the EFU among
the groups at T1 (p = 0.055). The EFU of 2% Arg-NaF and 1100-ppm
NaF groups was significantly higher than 600-ppm NaF and DIW (p
< 0.05). However, no significant difference was found between the
2% Arg-NaF and 1100-ppm NaF groups (p > 0.05). Hence, the EFU
results suggest that the post-treatment fluoride uptake of 600-ppm
NaF was significantly increased after the incorporation of arginine,
to a level similar to 1100-ppm NaF.

Ca/P determination
The data obtained from Ca and P (in ppb) element analysis is
presented in Table 4. No significant difference in Ca and P content

Table 3: Enamel fluoride uptake (ug F)

was found among the groups at Ti (p > 0.05). The Ca & P content
were significantly different among the tested groups at T (p =
0.002). No significant difference in the Ca and P content was found
among 2% Arg-NaF, 600-ppm NaF and 1100-ppm NaF groups at T»
(p>0.05) which could be due to the high SD of pre/post- Ca and P
levels with 1100-ppm NaF treatment group. Furthermore, the paired
sample t-tests revealed that 2% Arg-NaF and 1100-ppm NaF groups
demonstrated significant differences in the mean pre & post-treat-
ment Ca and P content (p < 0.05). Additionally, the post-treatment
computed Ca/P ratio for the 2% Arg-NaF group was significantly
higher than 600-ppm NaF and DIW groups (p = 0.002); while no
significant difference was found between the 2% Arg-NaF to 1100-
ppm NaF groups (p > 0.05). Hence, it can be advocated that arginine
incorporation to 600-ppm NaF facilities calcium deposition and
increases enamel resistance to solubility.

Inorganic phosphate detection

The results for PO4* (in uM) detection is presented in Table
5. There was no significant difference in detected PO4** among the
groups at T1 (p = 0.999). The detected PO4* for the 2% Arg-NaF
group was significantly higher than 600-ppm NaF and DIW groups
at T2 (p = 0.003). No statistically significant difference was found
between 2% Arg-NaF and 1100-ppm NaF groups (p > 0.05). It
is noteworthy that incorporation of 2% arginine in 600-ppm NaF
presented with much higher detected PO4* as compared to the other
groups, indicating that arginine with fluoride might assist in phos-
phate deposition.

The overall results signify that arginine in 600-ppm NaF tooth-
paste enhances Ca, F and PO4* deposition, thereby augments the
remineralization potential of child formula dentifrices.

Groups 2% Arg-NaF NaF (600 ppm) NaF (1100 ppm) DIW p-value
Pre-treatment (T+) 0.06 +0.02 0.05 +0.02 0.08 £ 0.02 0.06 + 0.02 0.055
Post-treatment (T2) 0.37 £ 0.08° 0.27 £ 0.09° 0.38 £0.172 0.08 + 0.02° <0.001
One-way ANOVA with Duncan’s post-hoc test; p < 0.05 is significant.

Different superscripts (lowercase letters—a, b, and c) indicate significant differences at T2. (p < 0.001).
Table 4: Calcium (Ca) and phosphorous (P) element content analysis (ppb)
Groups Pre-treatment (T1) Post-treatment (T2)
Ca P Ca P CalP
2% Arg-NaF 1619.42 + 903.79* 1271.12 + 822.89* 3691.67 £ 795.60°* 3063.52 + 649.67~*  1.20 + 0.01®

NaF (600 ppm) 1498.10 £ 775.11 2224.86 + 460.85°C  1.15+ 0.04F
NaF (1100 ppm) 1646.66 + 1171.30*  1315.82+ 1011.66*  4391.55 + 2915.57*  3685.29 + 2462.44** 1.19 + 0.02°¢
DIw 1763.84 + 456.74 1474.02 + 476.32 1615.67 + 265.71% 1420.17 +237.685¢  1.14 +0.01°
p-value 0.947 0.964 0.002 0.002 0.002

Kruskal-Wallis One-way ANOVA with Dunn’s post-hoc test, p < 0.05 is significant.

1508.94 +712.18 2555.79 £+ 519.56%

Different superscripts indicate significant difference in each column at T2. (p = 0.002). For, Ca—lowercase letters (a, b, and c); P—upper-
case letters (A, B, and C) and Ca/P—Greek alphabets (a and B) ) indicate column specific significant differences.

*—indicates significant differences between matched groups determined using paired t-test to identify increase in enamel resistance (using
P content) and facilitation for calcium deposition between T1and T for individual treatment group.
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Table 5: Inorganic phosphate detection (uM)

Groups 2% Arg-NaF NaF (600 ppm)

NaF (1100 ppm) DIW

p-value

67.44 + 36.31 66.18 + 34.66
125.41 £32.19°  81.50 + 33.83°

Pre-treatment (T+)

Post-treatment (T2)

65.54 + 35.83
103.17 £ 31.47°

66.10 £ 47.38 0.999
84.78 +21.72° 0.003

One-way ANOVA with Duncan’s post-hoc test; p < 0.05 is significant.

Different superscripts (lowercase letters—a, b, and c) indicate significant differences at T.. (p = 0.003).

DISCUSSION

The results of this in vitro study showed that the incorporation
of 2% arginine in 600-ppm NaF child formula dentifrice signifi-
cantly enhanced its remineralization potential, therefore the first
null hypothesis that “the incorporation of arginine in child formula
dentifrice has no effect on its remineralization potential” has to be
rejected. Furthermore, no significant difference in the remineral-
ization potential was found between 2% Arg-NaF and 1100 NaF
dentifrice, therefore the second null hypothesis that “there is no
difference in remineralization potential of Arg-NaF child formula
dentifrice and 1100 ppm NaF adult formula dentifrice” cannot be
rejected.

The comparison of the remineralization potential of 2% Arg-NaF
with other treatment groups was based on the pre-/post-treatment
mineral profile evaluated using micro-CT, EFU, Ca, P content and
the inorganic PO.* detected. The F concentration estimated for the
2% Arg-NaF group was significantly higher as compared to other
treatment groups. The rationale for such a behavior could be due to
the interaction between arginine and NaF to form arginine-fluoride
ionic complex, thereby making the availability of free fluoride ions
as opposed to NaF that might not have been completely dissociated
during the slurry preparation.

The 2% by wt. of L-arginine monohydrochloride was the
concentration and arginine variant selected for the present study,
since it has been demonstrated that the incorporation of 2% by wt. of
L-arginine monohydrochloride into commercially available 1100-
ppm NaF toothpaste significantly increased the remineralization of

Figure 3: Arginine-calcium-fluoride complex
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Figure 4: Arginine-phosphate complex
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enamel caries-like lesion of permanent teeth.” It was further shown
in the study that increasing the concentration of L-arginine mono-
hydrochloride in the adult formula dentifrice had a negative effect
on remineralization.

The enhanced remineralization effect could possibly be due
to the interaction of NaF with L-arginine monohydrochloride,
resulting in the formation of arginine-fluoride complexes in an ionic
form, with subsequent formation of sodium chloride (NaCl) (Arg.
HCI1 + NaF — Arg.F + NaCl). Results of the present study are in
agreement with a previous in vitro study, which also showed that the
combined 2.5% arginine—500-ppm NaF solution had significantly
higher EFU than the 500-ppm NaF solution.'®

Furthermore, the ionic arginine-fluoride complexes produced
could also attract Ca ions to form arginine-calcium-fluoride
complexes (Figure 3), facilitating the diffusion of the complexes
to sub-surface enamel demineralized lesions. Interestingly, the
inorganic phosphate detected for 2% Arg-NaF group were much
higher than the other groups. This signifies that arginine might also
form an arginine-phosphate complex (Figure 4), given the negative
charge on PO4* and the positive charge on guanidinium group of
arginine. Therefore, the enhanced remineralization effect of 2%
Arg-NaF might be due to the arginine that facilitates the deposition
of calcium and phosphates as arginine-calcium-fluoride and argi-
nine-phosphate complexes, respectively to the sub-surface enamel
carious lesion. The fluorides in the complexes might further inhibit
demineralization during acid attack, due to its inherent formation of
alkali stable fluorapatite.

NH

NHa

HaMN——C ——COOH
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It is also quite possible that during the acid attack, the arginine
complexes will release arginine that lead to its known ecological
benefit. The released arginine might further enhance the arginolytic
potential of the oral micro-environment, resulting in an increase
in ADS activity, producing ammonia to neutralize biofilm pH.!*3
Moreover, the release of arginine could enhance the anti-bacterial
effect of NaF on oral biofilms.*? Thus, the incorporation of 2% argi-
nine in the child formula dentifrices reduces the risk of fluorosis
associated with adult dentifrices and provides significant anti-caries
benefits through its effect on biofilm and enhanced remineralization
potential.

Although the study was quite comprehensive to justify its
objectives, there are few inherent limitations, which can be subju-
gated by future investigations. Further studies should quantify the
availability of arginine in treated enamel lesion by high-perfor-
mance liquid chromatography, thereby confirming the presumption
stated in this study. The commercially available arginine-fluoride
(MFP) toothpaste in a calcium base has a very high concentration
of F (1450-ppm), making it unsuitable for use in children due to the
high risk of fluorosis. It has been shown in a previous study that

The Journal of Clinical Pediatric Dentistry ~ Volume 43, Number 5/2019

the child formula MFP toothpaste did not significantly remineralize
enamel incipient carious lesion of the primary tooth.” The addition
of arginine in low concentrations MFP toothpaste might signifi-
cantly remineralize the lesion, considering the proven in vivo remin-
eralization effects of the commercially available arginine-fluoride
toothpaste. Therefore, future studies should evaluate the effect of
different arginine variants with low concentration NaF or MFP child
formula toothpastes. The present study is in vitro and performed
in controlled conditions whereby the complete simulation of oral
conditions might not be possible. Further studies involving more
robust models (microbial pH cycling) can provide better insights
into the mechanistic properties of the proposed combination of argi-
nine in fluoridated child formula dentifrices.

CONCLUSION

Within the limitations of the present study, incorporation of
2% arginine in 600-ppm NaF child formula dentifrice enhanced
the remineralization potential of artificial enamel caries, to a level
comparable to 1100-ppm NaF adult formula dentifrice.
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