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Figure 1 The effect of 0.5% Ginkgo biloba extract (Ginkgo) diet on
systolic blood pressure in normotensive Wistar Kyoto rats (WKY) and
spontaneously hypertensive rats (SHR). The ordinate denotes systolic
blood pressure, while the abscissa indicates the time course (days) after
control diet (A, WKY; @, SHR) and 0.5% Ginkgo diet (A, WKY; O,
SHR). Each point represents the mean ts.e.m. (n=6). ¥P <0.05 vs con-
trol SHR.
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Ginkgo inhibited a rise in blood pressure by cortisol release
during stress in healthy volunteers. In this study, 30-day
administration of Ginkgo caused a significant inhibition of
any increase in blood pressure in SHR, but had no effect on
normotensive WKY. These results indicated that Ginkgo
inhibited the development of hypertension.

It is well known that vascular resistance is regulated by the
endothelium via the synthesis and secretion of a variety of
vasoactive substances, such as nitric oxide, prostacyclin,
endothelium-derived hyperpolarizing factors, and endothe-
lium-derived contracting factor. The stable balance of these
factors released from the endothelium is disturbed in diseases
such as hypertension, atherosclerosis, and diabetes. In hyper-
tension, endothelium-dependent relaxation induced by a vari-
ety of vasodilator agents, such as ACh, is markedly impaired;
this has been documented by various investigators (Lockette
etal 1986; Linder etal 1990; Jameson etal 1993; Taddei etal
1993; Vanhoutte & Boulanger 1995). The overproduction of
vasoconstrictor prostanoids (Diederich etal 1990; Vanhoutte &
Boulanger 1995) and super oxide anions generated in this patho-
logic process have been proposed as factors that contribute to
the impaired relaxation of vessels to endothelium-dependent
vasodilators (Fu-Xiang etal 1992; Jameson etal 1993).
Akpaffiong & Taylor (1998) suggested that either excess pro-
duction of oxidants or deficiency of antioxidant systems may
have contributed to high blood pressure and vascular
endothelial impairment in SHR.

In these in-vitro experiments, diminished relaxation in
response to ACh was confirmed in SHR aorta, and relaxation
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Figure 2 The effect of Ginkgo biloba extract (Ginkgo) diet on relaxation induced by acetylcholine in aortic rings preconstricted with noradrenaline
(1077 M) isolated from normotensive Wistar Kyoto rats (WKY) and spontaneously hypertensive rats (SHR). The ordinate indicates the ratio of relaxa-
tion (%) to maximum relaxation in response to papaverine at 1075 1 and the abscissa shows the concentration of acetylcholine (M) in rats fed the con-
trol diet (&4, WKY; @, SHR), the 0.05% Ginkgo diet (X, SHR), the 0.1% Ginkgo diet ((J, SHR), and the 0.5% Ginkgo diet (A, WKY; O, SHR). Each
point represents the mean * s.e.m. (n=6). ¥P <0.05 0.1% Ginkgo vs control. *P <0.05 0.5% Ginkgo vs control.
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Table 2 Effects of Ginkgo biloba extract (Ginkgo) treatment on EC50
of relaxation produced by acetylcholine in the aortic rings preconstricted
with noradrenaline (1077 M) of spontaneously hypertensive rats

Diet EC50 (nm)
Control 21.5+2.6
Ginkgo 0.05% . 162134
Ginkgo 0.1% 17.9+25
Ginkgo 0.5% 12.6+1.0*

Each value is the mean £ s.e.m. for six rats. *P < 0.05 vs control.
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Figure 3 The effect of 0.5% Ginkgo biloba extract (Ginkgo) diet on
relaxation induced by sodium nitroprusside in aortic rings preconstricted
with noradrenatine (1077 M) isolated from normotensive Wistar Kyoto rats
(WKY) and spontaneously hypertensive rats (SHR). The ordinate indicates
the ratio of relaxation (%) to maximum relaxation in response to papaverine
(107%M) and the abscissa denotes the concentration of sodium nitroprusside
(M) in rats fed the control diet (A, WKY; @, SHR) or the 0.5% Ginkgo diet
(A, WKY; O, SHR). Each point represents the mean +s.e.m. (n=6).
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was restored by long-term administration of a Ginkgo-con-
taining diet. This effect of Ginkgo was not observed in WKY.
However, a significant decrease in EC50 values was observed
only with 0.5% Ginkgo diet and a significant increase in max-
imum relaxation values was observed only with 0.1% and
0.5% Ginkgo diets. These results indicated that ACh-induced
relaxation at 107'-107M concentrations was enhanced by
0.1% and 0.5% Ginkgo diets in SHR. Furthermore, relaxation
in response to nitric oxide, such as sodium nitroprusside-
induced relaxation, was not affected by a Ginkgo-containing
diet in either SHR or WKY. These findings suggested that
enhanced relaxation resulting from Ginkgo administration
was due to increased nitric oxide production/release from the
endothelium or to greater nitric oxide bioavailability.
Flavonoids are considered important dietary antioxidants
(Robak & Gryglewski 1988). Ginkgo also has antioxidant
properties (Haramaki etal 1994; Koc etal 1995; Miyajima
etal 1997; Pietri etal 1997). Sasaki etal (2002) reported that
Ginkgo produced antioxidant effects, increased nitric oxide
metabolites, and increased the expression of endothelial nitric
oxide synthase mRNA in stroke-prone SHR. One of the
major active ingredients of Ginkgo is considered to be quer-
cetin. Indeed, quercetin was reported to inhibit hypoxanthine-
xanthine oxidase activily and scavenge superoxides, hydroxy
radicals, and peroxynitrite in-vitro (Rice-Evans & Packer
1998). Moreover, metabolites of orally administered querce-
tin have been demonstrated to retain the antioxidant proper-
ties of the parent compound (Manach et al 1998). Duarte etal
(20012, b) demonstrated that while quercetin reduced ele-
vated blood pressure and restored the endothelium-dependent
vasodilation in response to ACh in SHR, no such effects were
apparent in WKY. They suggested that the effects of querce-
tin were associated with a reduced oxidant status due to its
antioxidant propertics. Superoxide is generally recognized to
impair endothelium-dependent vasodilation via inactivation
of synthesis and/or release of niiric oxide and consequently to
elevate blood pressure (Taniyama & Griendling 2003). Taken
together, these findings suggested that the antioxidant proper-
ties of the flavonoids within Ginkgo, such as quercetin, may
have participated in the effects of Ginkgo on blood pressure
and endothelium-dependent relaxation observed in this study.

Figure 4 The cffect of acetyicholine on intracellular calcium ion level in aortic endothelium isolated from spontaneously hypertensive rats (SHR).
Left pancl: phase-contrast microscopic image of the endothelial layer. Stainless steel wires are identified in the top and bottom of the image. The
degree of vasoconstriction can be estimated from the distance between these two wires. The remaining panels show fluorescent confocal images of
intracellular calcium ion level in the endothelial layer of the aorta precontracted with noradrenaline (1079 M) in the absence (middle pancl) and pres-

ence (right panel) of acetylcholine (1070 M),

-200-



248 Yoko Kubota et al

1.3
[ ]Basat [ After ACh

1.2+ .
2| s :
« .
= ;
g
O 1.1+
o
=

1 -
0.9

Control 0.5% Ginkgo
Figure 5 The effects of 0.5% Ginkgo biloba extract (Ginkgo) diet on
the intracellular calcium ion increase induced by acetylcholine (ACh) in
the aortic endothelium isolated from spontaneously hypertensive rats
(SHR) fed with control and 0.5% Ginkgo diets. The ordinate shows the
intracellular calcium ion level (F/Fp) (fluorescence intensity was the
peak fluorescence intensity (F) divided by fluorescence intensity at the
beginning of each experiment (Fp)). Each column represents the
mean+s.e.m. (n=6). *P <0.05 vs each baseline value. *P <0.05 vs con-
trol acetylcholine.

Indirect and direct experimental evidence demonstrated
that the entry of extracellular Ca®" and the liberation of Ca®*
from intracellular stores could contribute to an increase in
free cytoplasmic Ca®* concentration in endothelial cells,
which was an essential step in the synthesis and release of
nitric oxide (Rubanyi & Vanhoutte 1988). Endothelial nitric
oxide synthase is constitutively expressed in endothelial cells
lining the blood vessels and heart. Its activity is tightly con-
trolled by an intramolecular auto-inhibitory element that hin-
ders calmodulin binding and this molecular hindrance is
removed by elevated intracellular Ca? levels (Wu etal 2002;
Fleming & Busse 2003). Thus, many studies have indicated
that the release of nitric oxide must require an increase in
cytoplasmic Ca®* within endothelial cells. Pogan etal (2001)
have shown that the Ca®" signalling process in SHR endothe-
lial cells was affected by increased oxidative stress, resulting
in a depletion of releasable Ca®* from inositol 1,4,5-trisphos-
phate-sensitive and -insensitive Ca®* pools. They suggested a
possible beneficial action of antioxidants on Ca®" signalling in
endothelial cells from models of hypertension. In our study, a
greater ACh-induced increase in intracellular Ca®" level was
observed in endothelial cells of the aorta isolated from SHR
that had been fed a Ginkgo-containing diet than in those iso-
lated from control SHR. This accelerated response may have
been caused by recovery of an intracellular Ca®* mobilization
mechanism in endothelial cells resulting from the antioxidative
action of Ginkgo flavonoids. However, further study is neces-
sary to elucidate the site of action and mechanism of Ginkgo.

In conclusion, the results confirmed that Ginkgo reduced the
elevation of blood pressure and improved the dysfunction of the
endothelial nitric oxide synthase/nitric oxide pathway in the

endothelium in SHR. Ginkgo enhanced the increase in intracel-
lular Ca®* level to ACh in endothelial cells. This acceleratory
influence of Ginkgo on intracellular Ca** mobilization may have
participated in the restoration of endothelium-dependent vasodi-
lation in response to ACh. To our knowledge, this was the first
study to have investigated the influence of long-term Gingko
administration on intracellular calcium mobilization in vascular
endothelium. The pharmacological activity was considered to
contribute to the possible beneficial properties of Ginkgo in clin-
ical practice, including the reguiaiion of hypertension.

Akpaffiong, M. J.,, Taylor, A. A. (1998) Antihypertensive and
vasodilator actions of antioxidants in spontaneously hypertensive
rats. Am. J. Hypertens. 11: 1450-1460

De Smet, P. A. (2002) Herbal remedies. N. Engl. J. Med. 347: 2046-
2056

Diederich, D., Yang, Z. H., Buhler, F. R., Luscher, T. F. (1990)
Impaired endothelium-dependent relaxations in hypertensive res-
istance arteries involve cyclooxygenase pathway. Am. J. Physiol.
258 (Suppl. 2): H445-451

Duarte, J., Perez-Palencia, R., Vargas, F., Ocete, M. A., Perez-Viz-
caino, F., Zarzuelo, A., Tamargo, J. (2001a) Antihypertensive
effects of the flavonoid quercetin in spontaneously hypertensive
rats. Br. J. Pharmacol. 133: 117-124

Duarte, J., Galisteo, M., Ocete, M. A., Perez-Vizcaino, F., Zarzuelo,
A, Tamargo, J. (2001b) Effects of chronic quercetin treatment on
hepatic oxidative status of spontaneously hypertensive rats. Mol.
Cell. Biochem. 221: 155-160

Ernst, E. (2002) The risk-benefit profile of commonly used herbal
therapies: Ginkgo, St. John’s Wort, Ginseng, Echinacea, Saw Pal-
metto, and Kava. Ann. Intern. Med. 136: 42-53

Fleming, I., Busse, R. (2003) Molecular mechanisms involved in the
regulation of the endothelial nitric oxide synthase. Am. J. Physiol.
Regul. Integr. Comp. Physiol. 284: R1-12

Fu-Xiang, D., Jameson, M., Skopec, J., Diederich, A., Diederich, D.
(1992) Endothelial dysfunction of resistance arteries of spontane-
ously hypertensive rats. J. Cardiovasc. Pharmacol. 20 (Suppl.
12): $190-192

Haramaki, N., Aggarwal, S., Kawabata, T., Droy-Lefaix, M. T.,
Packer, L. (1994) Effects of natural antioxdant ginkgo biloba
extract (EGB 761) on myocardial ischemia-reperfusion injury.
Free Radic. Biol, Med. 16: 789-794

Ibarra, M., Moreno, L., Vera, R., Cogolludo, A., Duarte, J., Tama-
rgo, J., Perez-Vizcaino, F. (2003) Effects of the flavonoid querce-
tin and its methylated metabolite isorhamnetin in isolated arteries
from spontaneously hypertensive rats. Planta Med. 69: 995-1000

Jameson, M., Dai, F. X., Luscher, T., Skopec, J., Diederich, A., Die-
derich, D. (1993) Endothelium-derived contracting factors in res-
istance arteries of young spontaneously hypertensive rats before
development of overt hypertension. Hypertension 21: 280-238

Jezova, D., Duncko, R., Lassanova, M., Kriska, M., Moncek, F.
(2002) Reduction of rise in blood pressure and cortisol release
during stress by Ginkgo biloba extract (EGb 761) in healthy vol-
unteers. J. Physiol. Pharmacol. 53: 337348

Kleijnen, J., Knipschild, P. (1992) Ginkgo biloba. Lancet 340: 1136~
1139

Koc, R. K., Akdemir, H., Kurtsoy, A., Pasaoglu, H., Kavuncu, I,
Pasaoglu, A., Karakucuk, 1. (1995) Lipid peroxidation in
experimental spinal cord injury. Comparison of treatment with
Ginkgo biloba, TRH and methylprednisolone. RPes. Exp. Med. 195:
117-123

-201-



Kubota, Y., Tanaka, N., Umegaki, K., “Takenaka, H., Mizuno, H.,
Nakamura, K., Shinozuka, K., Kunitomo, M. (2001) Ginkgo
biloba extract-induced relaxation of rat aorta is associated with
increase in endothelial intracellular calcium level. Life Sci. 69:
2327-2336

Linder, L., Kiowski, W., Buhler, F. R., Luscher, T. F. (1990) Indirect
evidence for release of endothelium-derived relaxing factor in
human forearm circulation in vivo: Blunted response in essential
hypertension. Circulation 81: 1762-1767

Lockette, W, Otsuka, Y., Carretero, O. (1986) The loss of endothe-
lium-dependent vascular relaxation in hypertension. Hypertension
8 (Suppl. 2): 1611166

Manach, C., Morand, C., Crespy, V., Demigne, C., Texier, O.,
Regerat, F., Remesy, C. (1998) Quercetin is recovered in human
plasma as conjugated derivatives which retain antioxidant proper-
ties. FEBS Lett. 426: 331-336

McKenna, D. J., Jones, K., Hughes, K. (2001) Efficacy, safety, and
use of ginkgo biloba in clinical and preclinical applications.
Altern. Ther. Health Med. 7: 70-86, 88-90

Miyajima, T., Yoshikawa, T., Kondo, M. (1997) Antioxidative
effects of Ginkgo biloba extract (GBE). Food and Free Radicals,
Proceedings of the symposium on Food and Free Radicals, Ist,
Yamagata, Japan, June 16, 1994, pp 129-130

Pietri, S., Maurelli, E., Drieu, K., Culcasi, M. (1997) Cardioprotective
and anti-oxidant effects of the terpenoid constituents of Ginkgo
biloba extract (EGb 761). J. Mol. Cell. Cardiol. 29: 733-742

Pogan, L., Garneau, L., Bissonnette, P., Wu, L., Sauve, R. (2001)
Abnormal Ca2+ signalling in vascular endothelial cells from spon-
taneously hypertensive rats: role of free radicals. J. Hypertens. 19:
721730

Rice-Evans, C.A., Packer, L., eds. (1998). Flavonoids in health and
disease. Dekker. New York.

Long-term treatment with Ginkgo biloba extract 249

Robak, J., Gryglewski, R. J. (1988) Flavonoids are scavengers of
superoxide anions. Biochem. Pharmacol. 37: 837-841

Rubanyi, G. M., Vanhoutte, P. M. (1988) Calcium and activation of
the release of endothelium-derived relaxing factor. Ann. N. 1.
Acad. Sci. 522: 226233

Sasaki, Y., Noguchi, T., Yamamoto, E., Giddings, J. C,, Ikeda, K.,
Yamori, Y., Yamamoto, J. (2002) Effects of Ginkgo biloba extract
(EGb 761) on cerebral thrombosis and blood pressure in stroke-
prone spontaneously hypertensive rats. Clin. Exp. Pharmacol.
Physiol. 29: 963967

Sierpina, V. S., Wollschiaeger, B., Blumenthal, M. (2003) Ginkgo
biloba. Am. Fam. Physician 68: 923-926

Spinnewyn, B., Blavet, N., Clostre, FF., Bazan, N., Braquet, P.
(1987) Involvement of platelet-activating factor (PAF) in cere-
bral post-ischemic phase in Mongolian gerbils. Prostaglandins
34:337-349

Taddet, S., Virdis, A., Mattei, P, Salvetti, A. (1993) Vasodilation to
acetylcholine in primary and secondary forms of human hyperten-
sion. Hypertension 21(6 Pt 2): 929-933

Taniyama, Y., Griendling, K. K. (2032} Reactive oxygen species in
the vasculature: molecular and cellular mechanisms. Hypertension
42: 1075-1081

Umegaki, K., Shinozuka, K., Watarai, K., Takenaka, H.,
Yoshimura, M., Daohua, P., Esashi, T. (2000) Ginkgo biloba
extract attenuates the development of hypertension in deoxy-
corticosterone acetate-salt hypertensive rats. Clin. Exp. Phar-
macol. Physiol. 27: 277-282

Vanhoutte, P. M., Boulanger, C. M. (1995) Endothelium-dependent
responses in hypertension. Hypertens. Res. 18: 87-98

Wu, C., Sui, G., Fry, C. H. (2002) The role of the L-type Ca(2+)
channel in refilling functional intracellular Ca(2+) stores in
guinea-pig detrusor smooth muscle. J. Physiol. 538: 357-369

-202-



Effect of Disaccharide Xylosylfructoside on Sucrose
Cariogenicity in an Artificial Mouth System

ATOEEBICBITARZ O— A0 ) fhEMEIZRITT
THEY OV INT MY FOEBIZONWT

Takeshi KAMODA, Toshio IMAI Tsutomu SATO, Susumu IMAI,
Tosiki NISIZAW A and Nobuhiro HANADA

H MR 4 #Ek kR @
S &' OWR O®BE fEH EIA

PR R SR MRS SE 56 %8 3 5 R
(PR 18 4 7 A%1T)

JOURNAL OF DENTAL HEALTH Vol. 56 No.3
(Jul. 2006)

-203-



OS] Dent Hith 56 : 281 — 288, 2006

Original

Effect of Disaccharide Xylosylfructoside on Sucrose
Cariogenicity in an Artificial Mouth System

Takeshi KAMODA, Toshio IMAI Tsutomu SATO, Susumu IMATI™,
Tosiki NISIZAWA™ and Nobuhiro HANADA”®

Abstract | It has been reported that xylosylfructoside (XF) effectively inhibited the synthesis of water-insoluble glucan
(WIG) and adherence of mutans streptococci to smooth surfaces. The purposes of this study were to examine the cario-
genicity of XF and assess the inhibitory effect of XF against the cariogenicity of sucrose using culture and artificial mouth
systems. S. muians MT8148 was cultured in heart infusion broth containing 1% sucrose with 0-5% XF in a glass test tube.
The amounts of WIG and bacterial cells in the adherent fraction were significantly inhibited by XF in a dose-dependent
manner. In the artificial mouth system, 1% XF did not inhibit the formation of artificial biofilm and ename! demineraliza-
tion in the presence of 1% sucrose, but 25% XF significantly inhibited the formation of biofilm on enamel slabs, pH de-
crease underneath the biofilm, and enamel demineralization, suggesting that an appropriate concentration of XF could in-

hibit, in part, the cariogenicity of sucrose.
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Introduction

Dental caries are analogous to bacterial infectious dis-
eases involving a variety of factors'?. A causal relation-
ship between sucrose and dental caries has been clari-
fied by epidemiologic and animal studies®”. Sucrose is
transported into mutans streptococci and other oral bac-
teria and metabolized into organic acids, resulting in
enamel demineralization. Moreover, sucrose is utilized
by mutans streptococci as a substrate for glucosyltrans-
ferases (GTFs) which are involved in the synthesis of
the adhesive water-insoluble glucan (WIG), responsible
for the formation of cariogenic biofilm*®. Consequently,
numerous attempts directed at the prevention of dental
caries have been performed using either sugar substi-
tutes that do not ferment easily or GTF inhibitors.

Various non- or low-cariogenic sweeteners including
oligosaccharides and sugar alcohols have been devel-

10)

oped and applied worldwide'®. Xylosylfructoside (O-o-

D-Xylp-(1<2)-B-D-Fruf, XF) is a non-reducing disaccha-
ride composed of xylose and fructose that has the same
glycosidic bond as sucrose'. It was reported that XF ef-
fectively inhibited WIG synthesis and the adherence of
mutans streptococci'’, as well as competitively inhibit-
ing the sucrose degradation activity of GTF as a sucrose
analog and reducing sucrose consumption'®. Although
XF was not easily fermented by mutans streptococci,
the cariogenicity of XF itself and inhibitory effect of XF
against sucrose have not yet been examined.

The aims of this study were thus to examine the cari-
ogenicity of XF and to assess the inhibitory effect of XF
on the cariogenicity of sucrose using an artificial mouth
system (AMS).

Materials and Methods

1. Bacterial strain and culture conditions
Streptococcus mutans MT8148 was used for this study.
Following pre-culture, S. mutans was cultured in brain

Department of Oral Health, School of Life Dentistry at Tokyo, The Nippon Dental University

* Department of Oral Health, National Institute of Public Health
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heart infusion broth (BHI : Difco Laboratories, Detroit,
MI) at 37C for 16 hours. Bacterial cells were collected
by centrifugation (6,000 rpm, 10 min), and washed once
with phosphate-buffered saline, pH 7.2 (PBS). The cell
suspensions of bacteria in PBS solutions were adjusted
to an optical density of 2.0 at 500 nm (5.0x10* colony
forming units/m/).

2. XF

XF was synthesized by the method of Avigad et al.?
using levan-sucrase of Bacillus subtillis var saccharolyticus
and provided by Dr. Kitahata (Osaka Municipal Techni-
cal Research Institute).

3. Adherence assay in culture system

The effect of XF on the synthesis and adherence of
WIG and adherence of mutans streptococci to a glass
surface were examined by batch culture. Twenty pl of
subcultured S. mutans MT8148 was inoculated into 2 m/
of heart infusion broth (HI : Difco Laboratories) contain-
ing 1% sucrose and 0-5% XF, and the bacterium was
cultured at 37°C for 17 hr in a small glass test tube at a
45° angle. After cultivation, bacterial cells and WIG
were fractionated into firm-adherent, loose-adherent,
and non-adherent fractions. The cultured tube was ro-
tated gently 3 times and non-adherent culture was
poured into another test tube. The original test tube
was washed with 2 m! of PBS. Washing was combined
with non-adherent culture and this fraction was re-
ferred to as the non-adherent fraction. Two ml of PBS
was added to the original test tube and shaked by a
mixer (Scientific Industries, NY, USA) for 10 sec. The
upper fraction by this procedure was the loose-adherent
fraction, and the residual fraction on the glass surface
was the firm-adherent fraction. In non-adherent and
loose-adherent fractions, bacterial cells and WIG were
precipitated by centrifugation (25,000 rpm, 20 min) at
4C. Two ml of 0.5 N NaOH was added to each adherent
fraction to resolve WIG on the bacterial cell surface, and
cells and WIG were separated by centrifugation (25,000
rpm, 20 min) at 4C. The amount of cells in each fraction
was measured by turbidity at 500 nm after suspension
in 1 m! of PBS. WIG in the supernatant was determined
colorimetrically at 492 nm by the phenol-sulfuric acid
method" using glucose as a standard.
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4. Biofilm formation and enamel demineralization in
artificial mouth system

1) Preparation of enamel slabs

Enamel slabs with a flat surface, 3.5X35% 15 mm in
size, including dentine were prepared from the central
part of the labial surface of unerupted bovine lower inci-
sors. The enamel slabs were gradually polished using
wet abrasive paper and finally with 1 um grade polish-
ing film. Nine symmetrical points on the surface of each
slab were measured for hardness with a diamond
Vicker's indenter on a microhardness tester {Akashi
Seisakusho Ltd, MVK-E) loaded with 200 g. Slabs with
mean Vicker's hardness values of 280 to 320 were used
in the experiments. The area of each enamel slab was
measured using a micrometer caliper (Mitsutoyo, CD-15,
Kawasaki, Japan).

2) AMS

The AMS consisted of two identical columnar artifi-
cial mouths, thermostatic incubator, multiple pH meter,
peristaltic pump, and cooling stirrer (Fig. 1): The artifi-
cial mouth (60 mm in diameter, 140 mm in height) and
surrounding water jacket (140 mm in diameter) were
made from transparent vinyl chloride. Warm water was
circulated by .the thermostatic incubator (Taitech, Sai-
tama, Japan) to maintain the temperature of the artificial
mouths at 37C. A pH electrode with a flat bulb (9 mm in
diameter, TOA-DKK, Tokyo, Japan) was set upside
down in the center of the artificial mouth with a silicon
plug. Four enamel slabs were arranged on the flat sur-
face of a special Teflon holder (24 mm in diameter)
around the bulb of the electrode. Another silicon plug
with five stainless steel tubes and a thermometer was
set on the upper part of the artificial mouth to con-
stantly supply HI medium supplemented with sucrose,
PBS, or XF in PBS, and bacterial cell suspension with a
peristaltic pump (Furue Science, Tokyo, Japan). The cell
suspension (ODsw=2.0) was maintained at a low tem-
perature using a cooling stirrer (Iwaki Glass, Tokyo, Ja-
pan) during the experiment. Changes in pH underneath
the artificial biofilny were continuously monitored with a
multiple pH recorder (TOA-DKK. Tokyo, Japan). All
procedures were conducted under aseptic conditions.

3) Evaluation of quantity of artificial biofilm and
enamel demineralization

After stopping the operation of the AMS, the entire
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flat electrode and enamel slabs were photographed. The
biofilm formed on each enamel slab and flat bulb was
carefully removed with a silicon scraper .before being
immersed in a 0.5 N NaOH solution to resolve the WIG
on ice. This was followed by centrifugation (6,000 rpm,
20 min) to separate the bacterial cells from the WIG.
Bacterial cells were re-suspended in PBS and the turbid-
ity at 500 nm was measured. In addition, the amount of
WIG in the NaOH solution was determined colorimetri-
cally at 492 nm by the phenol-sulfuric acid method. Both
cell turbidity and the amount of WIG were used as indi-
cators of the amount of biofilm.

Vicker's hardness values of the enamel slabs were
then determined after the experiment and compared
with those before the experiment. The differences in
hardness (AH) were used to infer the degree of demin-
eralization.

4) Statistical analysis

Student's t-test was used to compare differences in
the mean value of the degree of enamel demineraliza-
tion and the amount of artificial biofilm in the control

and experimental groups.

Cross-sectional appearance of the artificial mouth system

Results

1. Effect of XF on artificial biofilm formation by §.
mutans in culture system

S. mutans MT8148 was cultured in HI broth contain-
ing 1% sucrose with 0-5% XF in a glass test tube. The
amounts of cells in the total adherent (loose plus firm)
fraction were significantly inhibited by XF in a dose-
dependent manner. The inhibitory rates for 1%, 2.5%,
and 5% XF were 68%, 83%, and 86%, respectively (Fig.
2). Figure 3 shows the amounts of WIG and water-
soluble glucan (WSG) in the presence of 1% sucrose and
each concentration of XF. The amounts of WIG and
WSG in each adherent fraction were significantly inhib-
ited by XF in a dose-dependent manner. XF alone con-
tributed minimally to the development of artificial
biofilm formation in terms of bacterial cells and WIG.

2. Effect of XF on artificial biofilm formation, biofilm
pH environment, and enamel demineralization in AMS

Two identical artificial mouths were operated simulta-
neously under the same conditions except for sugar sup-
plementation. Changes in pi{ values beneath the artifi-
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cial biofilm are shown in Fig. 4 The pH values of the
control (2% sucrose) began to decrease after 8 hr of run-
ning the AMS, reaching pH 5.5, which is thought to be a
critical pH for enamel demineralization after 13 hr and
pH 4.6 after 20 hr. Conversely, the pH values in the ex-
periment (2% XF) remained unchanged for 20 hr. Ta-
ble 1 shows the changes in Vicker's hardness values
(AH) of the enamel slabs before and after the experi-

0.50 r

loose-adherent
B firm-adherent

0.40

0.30

0.20

0.10

Cell turbidity (OD at 540nm)

0.00

A B C D E

Fig. 2 Amounts of bacterial cells in firm- and loose-adher-
ent fractions in a culture system of S. mutans MT8148
in the presence of sugars
A:1% sucrose, B:1% sucrose + 1% XF, C:1% sucrose
+ 25% XF, D : 1% sucrose + 5% XF, E : 1% XF.
*:p <005 **:p<001 (Compared with A)

1000
-
800 +
E
g0 600
=3
o
S 400
2
©
200
0

A B C D

ments with the amount of artificial biofilm indicated by
the turbidity of the bacterial cell suspension and the
amount of WIG produced. The amount of artificial
biofilm and change of microhardness were considerably
lower in the case of XF alone.

Figure 5 shows the change in pH values of AMS in
the presence of 1% sucrose (control) and 1% sucrose
plus 1% XF (experiment). The decrease in the pH of the
experiment was slightly delayed compared to that ob-
served in the control. The pH values beneath the biofilm
on the electrode decreased to 5.5 after 14 hr and 17 hr of
AMS operation in the control and experiment, respec-
tively. As shown in Table 2, no significant differences
were observed in the amount of biofilm and AH from the
enamel slabs in the control and experiment.

Figure 6 shows the changes in the pH values under-
neath the artificial biofilm in the AMS in the oresence of
1% sucrose (control) and 1% sucrose pius 25% XF (ex-
periment). In the control, pH values began to decrease
after § hr, reaching 5.5 after 16 hr and 4.7 after 22 hr of
operating the AMS. However, the pH values in the ex-
periment did not exhibit any apparent decreases, even
after 22 hr. The amount of biofilm produced in terms of
bacterial cell turbidity in the experiment was signifi-
cantly less than that of the control (Table 3). Similarly,
no WIG could be detected on the enamel slabs in the ex-

a WSG
onon-adherent WIG
B loose -adherent WIG
@ firm - adherent WIG

F G H 1 J

Fig. 3 Amounts of glucans in each adherent fraction in a culture system
of . mutans MT8148 in the presence of sugars

A and B 1% sucrose, C and D : 1% sucrose + 1% XF, E and F: 1% sucrose

+ 25% XF, G and H : 1% sucrose + 5% XF,Iand J : 1% XF

*# 1 p < 001 (Compared with A), T T :p <001 (Compared with B)
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Table 1 Effect of XF on enamel demineralization and the amount of artificial biofilm
formed on bovine enamel slabs by S. mutans MT8148 in thc artificial mouth system

AHY ODsoo » WIG (iig/mm?)e
Control (2% sucrose) 2527+51 0.009 +0.002 2503 =0.360
Experiment (2% XF) 824424 ND 023901834

a) : Differences in microhardness of 4 enamel slabs before and after experiments (Mean = SD)
b) : Bacterial cell turbidity at 500 nm per square mm of 4 enamel slabs (Mean = SD)

9 : Amount of total WIG per square mm of 4 enamel slabs (Mean =SD)

@ :p <001 (Compared with the control group)
ND : Not detected

> —8— 2% sucrose
—0—2% XF
4 1 i i 1 i 1 J
0 3 6 9 12 15 18 21
Time (hr)

Fig. 4 Changes in pH underneath the attificial biofilm
formed by 2% sucrose or 2% XF

periment, and the value for AH in the experiment was
significantly less than that of the control.

Discussion

Adherence of S. mutans MT8148 cells and WIG to a
glass surface were inhibited by XF in a dose-dependent
manner in this study. WSG production was inhibited by
XF in a similar manner. Imai et al. "’reported that 83%
of WIG adherence by Streptococcus sobrinus 6715 in the
presence of 5 mM sucrose was inhibited by 10 mM XF
in a culture system. Takeuchi'™ reported that 10 mM
XF inhibited both the production and adherence of WIG
by crude glucosyltransferase from S. sobrinus 6715 in the
presence of 5 mM sucrose by 86% and 94%, respec-
tively. Kishi' reported that XF effectively inhibited pu-
rified GTF from S. sobrinus MT3791 and that XF com-

16)

8
7
L6
5 b
—&— 1% sucrose
—0— 1% sucrose +1% XF
4 - i i i 1L 4. b 1 }
0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 5 Changes in pH underneath the artificial biofilm
formed by 1% sucrose or 1% sucrose + 1% XF

petitively inhibited the sucrose degrading activity of
GTF, inhibiting the activity of glucan production.
Togashi™ reported that purified GTF from S. mutans
MT8148 was competitively inhibited by XF.

Under the culture conditions used in this study, 43%
of S. mutans MT8148 cells and 33% of WIG were recov-
ered in the total adherent (loose and firm adherent) frac-

" reported that the adherence ability of mu-

tion. Imai'®
tans streptococci to a smooth surface was dependent on
the ability to produce WIG from sucrose, and that a posi-
tive correlation existed between adherent WIG and ad-
herent bacterial cells. Consequently, bacterial cells and
WIG were both suitable for use as adherence parame-
ters of S. mutans.

In vivo test systems such as animal experiments?, hu-

20}

man plaque pH tests”™, and human intraoral cariogenic-

ity tests (ICT)® have been used to assess both the cari-
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Table 2 Effect of XF on enamel demineralization and the amount of artificial biofilm formed on bovine
enamel slabs by S. mutans MT8148 in the artificial mouth system

AH? QODsoo WIG (ug/mm2)9
Control (1% sucrose) 2458+ 84 0.014 =0.005 4527+0.991
Experiment (1% sucrose + 1% XF) 2442+11.3 0.014 £0.002 4,183 +=0.627

@ : Differences in microhardness of 4 enamel slabs before and after experiments (Mean = SD)
b : Bacterial cell turbidity at 500 nm per square mm of 4 enamel slabs (Mean =SD)
¢} - Amount of total WIG per square mm of 4 enamel slabs (Mean +SD)

Table 3 Effect of XF on enamel demineralization and the amount of artificial biofilm formed on bovine
enamel slabs by S. mutans MT8148 in the drtificial mouth system

AH? ODspo »? WIG (ug/mm2)e
Control (1% sucrose) 2427+54 0.009 =0.002 1.850 = 0.692
Experiment (1% sucrose + 2.5% XF) 11.1=309 0.0005£0.0001 ¢ ND

o : Differences in microhardness of 4 enamel slabs before and after experiments (Mean * SD)
b) : Bacterial cell turbidity at 500 nm per square mm of 4 enamel slabs (Mean = SD)
© : Amount of total WIG per square mm of 4 enamel slabs (Mean =SD)

@ p < 001 (Compared with the control group)
ND : Not detected

—6— 1% sucrose

—0O— 1% sucrose +2.5% XF
4 1 i i 1 1 1 3 J

0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 6 Changes in pH underneath the artificial biofilm
formed by 1% sucrose or 1% sucrose + 25% XF

ogenic potential and inhibition of sugar substitutes or
enzyme inhibitors. However, in vivo test systems have
had several associated intrinsic time and economic prob-
lems, so that in vifro test systems, especially artificial
mouth systems, have been developed®™®. We improved
an AMS originally developed by Hinoide et al®. The
characteristics of this system made it possible to assess
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the important parameters responsible for causing dental
caries such as biofilm formation, the pH underneath
biofilm, and enamel demineralization.

As mentioned previously, XF was not used as a sub-
strate for GTF and it was found to inhibit GTF activity
and the production of WIG. In ICT in human subjects,
2% XF did not inhibit enamel demineralization in the

® However, enamel deminerali-

presence of 2% sucrose
zation by 2% XF alone was significantly lower than that
observed when exposed to 2% sucrose, indicating that
XF appears to be a low-cariogenic sugar. It is not known
whether or not XF produces the same results in the
AMS as those in ICT. As shown in Fig. 4 and Table 1,
2% sucrose caused marked decreases in pH, the produc-
tion of large amounts of biofilm, and considerable
enamel demineralization. These results indicate that the
use of the AMS facilitated the assessment of the cario-
genicity of sucrose. Conversely, 2% XF alone did not de-
crease the pH in the AMS, and the amount of biofilm
and enamel demineralization were considerably low,
suggesting that XF might be a low- or non-cariogenic
sugar. These results corroborated previous findings ob-
tained by ICT. Using S. sobrinus 6715, Hinoide et al® re-



ported that xylitol, a non-cariogenic sugar alcohol, did
not decrease the pH of their AMS, the prototype of the
system used in our study, over a period of 24 hr.

The capacity of 1% and 25% XF to differentially in-
hibit the cariogenicity of 1% sucrose was interesting.
While pH values under conditions of the simultaneous
addition of 1% XF and 1% sucrose were slightly de-
layed compared with 1% sucrose alone in AMS, 1% XF
did not suppress the formation of biofilm and enamel
demineralization (Fig.5 and Table 2). There was also a
discrepancy between the results obtained in the culture
system and those from the AMS. In the culture system,
1% XF significantly inhibited the adherence of S. mutans
cells and WIG to glass surfaces in the presence of 1% su-
crose (Figs. 2 and 3). This discrepancy might be as-
cribed to the differences in experimental conditions be-
tween the static conditions of the culture system and
the flowing system of the AMS. However, 25% XF sig-
nificantly inhibited the formation of biofilm on enamel
slabs, pH decrease underneath the biofilm, and enamel
demineralization (Fig. 5 and Table 3). These results sug-
gested that an appropriate concentration of XF could in-
hibit, in part, the cariogenicity of sucrose.
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8. IRETEEMN
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%3 NES70EESIUVRESSHEOME

- HE HEER 8 Img EEF
mS - CHSH - CPL BEEH 355 g% (ng PMEH  wOHK
HaS 1
1
CHs3SH 0.725 ** 1
0.756 ** 1
CPI - 0.307 - 0118 1
- 0.138 - 0134 1
W 0.101 ~ (.148 — 0541 ** 1
- 0.115 - 0.091 0.179 1
EEAQT 0.365 0.225 0.080 - 0128 1
0.297 0.046 0.310 - 0357 1
HFEREE 0.133 0.270 ~ 0.079 0.029 0.671 ** 1
(mg) 0.400 0.306 0.080 - 0120 0.703 ** 1
& Img 0.444 * 0.278 ~ 0.265 0112 0416 * 0.186 1
i £ 0.456 * 0.110 0.000 0.226 0.228 0.308 1
%:‘H"‘:P (.458 * 0.290 - 0.190 0.151 0.684 ** 0.620 * * 0.783 * * 1
N N 0.557 ** 0.212 - 0.070 0.131 0403 * 0.619 ** 0.892 * * 1
FHOEIE Spearman DIFFIABBRLL, v EBIC AR, TRICAKE 2 »B®B4R+ (*p <005 **p < 001).
CPIKDWTIIHEHEME C48) Ko ToORHBERERT.
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FEE ImgIER EE mgh B
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Z.W$Wh@tM@$WhE®ﬁﬁ (F3). &6 OFEERD VSCBELEER 2723

AbEls & ARE 2 A AR OTNEIZBIT B ERRAIRIE & REHEL, SEPRIENE BMERLE LI-ERE
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T4 O VSCRES X UEEADT L EERMBHOML

ARk
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A2 2R
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LR L OEREOMEILOVWTIE, INETIRELD
HREVH L™, bhbhd HEAREEEOEENEE
EIR#R VSC I E® . SEHEEHKENTFEATT L0
R HSBRECHEOH LI EPHELTEL. KR
HRETHRESEWIIABE TR o2, FBERAIT,
EEFERLVITEOENFMER L OPEFD HS
MR CHSHBREWNDABEORENBDLNL. D
BRIIMA, AETEOEY 7RIZOMEET, OF
SHO LS MEFESE Inmg S OMARBLUEE
FRAEREBCEES R LA(RS, B2, 3). FWE
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¥ LT 159X 10P~143x10M e L CBh (FH
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BRZBEMETL, TEOREBELIVLDEFEOHRNEREY
RO OMBERSRERERICER S LD EEILN
L. FNWA, HAREORBRRENRIFLBEINN,
FEZAaTHY TR, HSBREZHZETII LI L
T, EEPMEEL L) & RMT 5 I EATRENT.

AT, EEPHMEKT 16 SrRNA 2 E L
realtime PCRICE o TEB L. TNETUEELRE
& LT real-time PCR % T o 72 WI3EA VW { o E1 T
VAR RBERERL)OMBEHEIRINTELT, K
W MEHOEBERE>»HETAIZI LI TE R W
Lyors &3 #E % 88 & U7 real-time PCR T, HiPi#
PR — =R A v M EFALTHAMEBERHT 210X
107~215%10" ¢ MELTWAE. TROWEIFEEHLY
OMAPORR TR 2V, BETERKELIOVWTO
EFROHMRBTH A 1gBh I0ME™ICHLTE FHE
ENTVEbDEE R HILA. Suzuki 5™ 16 S rRNA
% HERY & L7 realtime PCRIC X AMEA RO EE T E
BOMBEHEL Y bEFMSNATREELREHL TV
B, FOHMBAE LT 16SrRNA O EFEHRD DMEH
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