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Effects of Phosphoryl-Oligosaccharides (POs)
on Remineralization of Enamel Lesions in vitro
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Abstract : We reported that phosphoryl-oligosaccharides (POs) prepared from potato starch
hydrolysates strongly solubilize calcium and inhibit formation of calcium phosphate precipitates.
The aim of this study was to examine the effects of POs on remineralization of caries-like lesions
in enamel in vitro. Bovine enamel slabs were demineralized in a 0.1 M lactic acid gel (pH 5) at 37°C
for 3 w, and subsequently remineralized in a mineral solution (20 mM Hepes, 1.5 mM CaCl,, 0.9 mM
KH.PO,, pH 7) with addition of 2 ppm F~ as NaF or various concentrations of POs (0.07-4%) at 37°C
for 7 d. The mineral distributions in enamel were quantified by transversal microradiography. The
mineral loss values (AZ, vol%-um) in the samples treated by the mineral solution containing 0.07-
0.2% POs were significantly lower (p<0.001) compared with demineralized enamel samples and
were statistically similar to that in the samples in 2 ppm F group. Remineralization rates of the
samples in the POs groups were inversely correlated with the logarithmic values of POs
concentration with a significant correlation coefficient (r=0.99, p<0.0001). The present results
suggested that POs may be a novel and unique substance to enhance enamel remineralization, and
could be utilized for caries prevention by nutritional approach.
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Introduction

It is known that starches from various
sources contain ester phosphorus”, and that
phosphoryl groups bind covalently to a
potato starch molecules in which one in 200-
500 glucosyl residues are phosphorylated on
the average?. Preparation of
phosphoryl-oligosaccharides (POs) from

potato starch hydrolysates has been

established previously®. In brief, POs can be
extracted as indigestible components after
amylolytic treatment because the activity of
the amylolytic enzymes are covered by
phosphoryl groups linking to the glucosyl
residues.

The POs are fractionated into two
fractions called PO- 1 and PO-2**. The PO- 1
is the major component of POs consisting of

maltotriose, maltotetraose and
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Fig. 1. Diagrams of sample preparation. a.
preparation of an enamel block from
buccal surface of a bovine incisor, b.
embedition of an enamel block in an
acrylic resion for experimental
treatments and final slicing, C.
planoparall thin section for transversal
microradiography. E=enamel, R=resin.

maltopentaose to which one phosphoryl
group attaches. The fraction PO-2 is
predominantly composed of maltopentaose
and maltohexaose to which at least two
phosphoryl groups bind. The average
degrees of  polymerization of
dephosphorylated PO-1 and PO-2 were
evaluated to be 4.02 and 5.82, respectively. It
was found recently that POs remarkably
solubilize  calcium®®. Based on the
previously revealed features of POs, this
study examined the effects of POs on
remineralization of artificial early caries

lesions in bovine enamel in vitro.
Materials and methods

Sample preparation.

The outline of sample preparation was
illustrated in Fig. 1. Sound enamel slabs
(about 7 x 7 x 1.5 mm) were cut from crown
parts of freshly extracted bovine incisors.
The enamel samples were embedded in a
cold curing acrylic resin (Unifast Trad, GC,
Japan) except for the buccal surfaces. After
setting, the buccal surfaces were slightly
abraded on a wet abrasive paper (grit 800) to

Mineral, vol%

Vb A PPN AvLA/\ AL~ OAS
TAVAV A LA N/ o\l
| . v
Vsg5%,
> |d Depth, yum

Fig. 2. Schematical mineral distribution and the
mineral parameter measured. Vs =
mineral vol% level of sound tissue, 1d=
the lesion depth (um) defined as the
distance from the outer surface position
to the location in the lesion at which the
mineral content reaches to the 95% level
of mineral content in sound tissue (VSgsx),
AZ = integrated mineral loss value in
vol %« im.

expose fresh and flat planes of enamel.

De- and remineralization.

To produce early caries-like lesions in
enamel, the enamel slabs were demineralized
by immersion in a 0.1 M lactic acid gel (pH
5) containing 6 wt% carboxymethyl-
cellulose (CMC) at 37°C for 3 w. The gel
volume was always 100 ml per 6 samples.

The demineralized enamel samples were
remineralized in a mineral solution (20 mM
Hepes, 15 mM Ca**as CaCl;, 09mM
phosphate as KH,PO., pH 7) with addition of
2 ppm F~ as NaF or various concentrations
of POs (0.07 - 4%) at 37°C for 7 d (n= 6 per
treatment). The volume of ihe
remineralization solution was always 500 ml
per 6 samples. POs were prepared from
potato starch hydrolysates as described in
detail by Kamasaka et al®.

Microradiography and data analysis.
After remineralization, planoparallel

sections of about 500 tm thickness were cut
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Table 1. Mineral parameter values (Mean=*SD) in
enamel after initial demineralization
and remineralization in mineral
solutions containing fluoride or various
concentrations of POs.

Treatment Mineral loss value Lesion depth
AZ, vol%.pym 1d, um
Demin. 5,530 *1,158 112 *16
Mineral soln. 5,066 +2347 114 26
4% POs 4,665 *1,509 102 +23
1% POs 3,714 *1,613 93 31
2ppm F 3,224 +566** T 103 #13
0.2% POs 2,580 +490** 73 x21*
0.12% POs 1,812 +169** 64 *10*
0.07% POs 1,865 +292** 64 +12*

Data connected by vertical bars were not
significant by Tukey-Kramer multiple
comparison test at p=0.05 ; *p<0.05 **p<0.01
compared with the wvalues after initial
demineralization (Demin.) by Dunnet test.

from the enamel samples using a
water-cooled diamond coated saw (Isomet,
Buhler, USA) under water supply (Fig. 1).
These sections were ground planoparallely
on a wet 800-grit abrasive paper to a
thickness of about 200 ¢m. The sections were
fitted on a high resolution positive film
(Fuji, Japan) together with an aluminum
step wedge (15 m x 15 steps) and
microradiographed (PW-1830, Philips, The
Netherlands) by Cu-Ka x-ray generated at
25 kV and 25 mA for 24 sec. The films were
developed, fixed, and rinsed under
standardized conditions.

The mineral distributions were quantified
on digitized microradiograi)hic images by
computer-assisted videodensitometry
(CAV)” and a mineral distribution analysis
software (MDA)®. The lesion depth 1d (m)
and mineral loss value AZ (vol%-um) were
measured as shown in Fig. 2. The data were
analyzed statistically by one-way ANOVA
followed by the
T ukey-Kramer test for multiple comparison.

Dunnett test or
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Fig. 3. Remineralization rate (percentage
reduction of AZ reduction with respect
to the initial AZ value  after
demineralization).
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Fig. 4. Correlation between logarithmic values
of POs concentrations in mineral
solutions and remineralization rates.

Results

The mineral parameter values were
compiled in Table 1. Compared with the
demineralized enamel samples (Demin.) or
the samples exposed to the mineral solution
without fluoride (Mineral soln.), addition of
0.07-02% POs into the mineral solution
showed significant reduction of AZ values in
enamel (p<0.001). In addition, it was found
that AZ values in the 0.07-1% POs groups
were statistically identical with that in 2

ppm-F  group indicating POs had
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comparable effectiveness on
remineralization with environmentai low
fluoride ions (Table 1). The ld values in the
S@mples treated by mineral solution
containing 0.07-0.2% POs were significantly
lower than that in the samples remineralized
under the presence of 2-ppm F (p< 0.001).

Remineralization rates (percentage of AZ
reduction with respect to the AZ value after
initial démineralization) in the samples
treated with 0.07-0.2% POs were in the order
of 53-67% exceeding that of samples exposed
to the mineral solution containing 2 ppm F
(42% ; Fig. 3).

As presented in Fig. 4, the
remineralization rates of the samples in the
POs groups were inversely correlated with
the logarithmic values of POs concentration
in the mineral solution with statistically
significant correlation coefficient (r=0.99, p
<0.0001). '

Discussion

In nutritional sciences, oligosaccharides
have been so far revealed as one of beneficial
ingredient to improve the intestinal
microflora and calcium absorption, to
reduce acidogenicity, and to decreased
calorie effects of foods*'?. In addition to these
advantageous features, this study newly
demonstrated an unique function of the
substance that the presence of relatively low
s of POs (0.07-02%) in the mineral
solutions enhanced remineralization of
enamel significantly without fluoride and,
furthermore, the effects of POs on
remineralization exceeded that of low
fluoride ions ( 2 ppm as NaF) in the solution.
It was also interestingly found that the
beneficial effects of POs on enamel

remineralization was inversely correlated

with logarithmic values of POs
concentrations. The optimum concentration
of POs seemed to be in the order of 0.05-0.1%
for remineralization of early caries lesions in
enamel (Table 1 and Fig.4).

Although available information about the
role of POs in caries process is limited at
present, the enhanced remineralization of
enamel lesions by POs could be explained as
following so far. The pH of the mineral
solution was adjusted to 7 in this study.
This pH is suitable for remineralization, but
is not preferable for Ca and phosphate to be
ionized 3).In fact, the mineral solution itself
had- no substantial effects on
remineralization in this study despite the
solution contained enough amounts of Ca
and phosphate (Table 1 and Fig. ‘3).
Therefore, it was implied from the present
results that small amounts of POs as low as
0.1% in the mineral solution could maintain
solubility of mineral ions even at pH 7 and,
therefore, contributed for soluble Ca to
recrystallize onto the residual
hydroxyapatite crystals in enamel lesions.
Hence, POs may play an important role in
caries prevention as an ingredient to
regulate mineral solubility in the oral
environment (saliva and/or dental plaque).

The inhibitory effect of POs on formation
of calcium phosphate precipitate was
suggested to be derived by the feature of
POs to form a soluble complex with Ca
dependent upon the covalently bound
phosphoryl groups in the molecule**™. In
addition to the present findings, it was
suggested in vitro that POs are not
fermented by both of Streptococcus mutans
MT1848 and Streptococcus sobrinus 6715, and
inhibit the .pH fall ascribed to the

fermentation of sucrose by these
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microorganisms in dose-dependent
manner'”. The inhibition of pH drop in the
culture was considered to be facilitated by
buffering action of phosphoryl groups in
POs.

Thus, POs is expected not only to enhance
remineralization by acting as a mineral ion
stabilizer at neutral pH but also to be
classified as one of non-cariogenic
carbohydrates. In conclusion, it was
suggested that POs may be a novel and
unique substance produced from potato
starch to enhance enamel remineralization
by solubilizing environmental Ca, and could
be utilized for caries prevention by
nutritional approach. To examine the
possibility of POs as a dietary ingredient for
caries prevention, further studies on the
intraoral effects of POs on remineralization

of enamel are in progress at present.
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T F A WVEEEMIHE O in vitro BAK LI i34
) vBRILA ) THE (POs) DxhR

REZE KW, F OMERER, 2R E, K ESE
HFEBAFREHT o HE
(EfE kil EX #3®
UL Y 3 WM LB
(3£t : 20024108 238)
(ZH : 2002115 18H)

B FESZ, RHREBRROMKSEDL v ARISNZ Y vB(LA ) IHE (POs) »Av
VY LDEREBUBEL, Hvvy s— ) VEBOEBERERET 2 L ARG L, &
HrERO BiiE = 5 A VEOBEMIHRE R OFGIKLIcE XiF T POs O%hE%E in  vitro THET
THLLETHB, v VIFANERIEOIMEBmY v H5) THIKK, NaF & LT 2
ppmF F 1238k A 1BED POs (0.07T—4%) 2L 7 3 2 5 Vigik (20mM Hepes, 1.5mM
CaCl,, 0.9mM KH,PO,, pH7) iZ37°CT T HM], BE LK. T+ A IWED I X 5 IWVEESHH
i3 transversal microradiography 1< & D EEIL L 725 0.07—0.2% D POs 288 3 % 5 WVIBK
TR L 723D 3 % 5 VEBKE (4Z, vol%im) &, BRIk 2 VEL D bEFEEITEL @
<0.00D), Lbb 2ppmF B ERETFRNICRFDOMTH - oo POs BRI OB AIKILE I
POs BEOMEIE L BFELSAOHEBIAZR L r=0.99, p<0.0001), KFFZDERH S, POs
BFHRbO2I= - R+ A VEOHAKIUEEME TH O, FEFHUIB T 7o —FitkD
EERT B ICIER L S 5 WREEARIB S Nz,

F—97—F ) UERIEA Y T8 (POs), BAIKIL, =+ 2 0VHE, <4205 947 574



