
Title セルフケア予防材料へのS-PRGフィラー応用による
Streptococcus mutansのう蝕原性抑制効果の検討

Author(s) 北村, 崇洋

Citation 大阪大学, 2022, 博士論文

Version Type VoR

URL https://doi.org/10.18910/87966

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKAThe University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



 

 

QtdH;�ȧŌľ)% S-PRGd<rxĠƗ$25

Streptococcus mutans%	Ǩ¾ġī¬µœ%řǸ 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

èȦèðèðȫŠðƭƻƵÃǝƵðüĹ 

Ãǝ©íĥŔ¬ĜðȁďĀ ŠƵðĻô 

 
º� ō� ą� ű 

 
  



 1 

�	.�

�

� 	Ǩ&ç�%�ȐÙ$���Žā�Ç$�50%%��#�~ƛ ņ0ç�ĥŔƟ%

Ʉ� �5ɁPeres 3, 2019ɂ�	Ǩ%ȐǪ&�ƕŴ%Ȇ9�{��5�� #��ūƠ
9Â�5�! Ģǘ&è�#ǍżƤȄį9đ�365�!0�5ɁPeres 3, 2019ɂ�	
ǨūƠ �Ɨ�65ŠƵŌľ&�ƍġ1Ĭǣġ%ȶ Ǥ��ơĂ9ȑ���50%%�

�¢Š$·5ŠƵŌľ&�#�ïÚ����ȧƤ#;fvxUȋċ$#��Ǝ$ȜǱ

Ǵ�6��5ɁLee3, 2013ɂ�	Ǩ%�ȧŭ!��&�ŠerM1ŠƱ�ƗgxOY#
"9Ɨ��QtdH;$2���	Ǩ¾ġǊǣ9È._=Ad<tm9Šȶ�3Ȭ¿�

5�!ņ0Ňµ#ĪŤ%Ʉ� �5ɁJepsen3, 2017ɂ��%�/�	Ǩ�ȧ$����
24µœƤ#QtdH;�ȧŌľ%ŀǳȢơň,6��5ɁMatayoshi3, 2021ɂ� 

Streptococcus mutans &GrmȭġȍġìŨġ%uwKƒǣ �4�	Ǩ%�Ǳ#ƞ
¾Ǌǣ% 1�!��ƪ36��5ɁHamada! Slade, 1980ɂ�S. mutans &OFvxOï

Ú{$����GtBw!Ë'65ǂƩġ��|Ƃġ%ȜÆ�9ÆĨ�5�!$24�

Šȶ$�Ʃ��đØ#_=Ad<tm9ēĨ�5ɁOoshima3, 2001ɂ�_=Ad<tm
¤% S. mutans &�OFvxO9�Ȃ��Ț9Ɩƕ�5�!$24ŠȆ%ǜƆ9ƕ���

	Ǩ9ȐǪ��5!Ǘ
36��5ɁHamada! Slade, 1980; Hamada3, 1984ɂ� 
Surface Pre-Reacted Glass-ionomerɁS-PRGɂd<rx&�çŞǚġCrOɁdtAvi

v;tl]MsHxYCrOɂ$çîġƊŞMsBCrOă9JxW<wG��ǭȶĸ

Ȇ��çŞǚġCrOd<rx9�¾ľ!�5ɁIto 3, 2011ɂ��%çŞǚġCrOd
<rx$js;FstȚũƂŹ9Òȳ�5�!$24�çŞǚġCrOJ;!ǭȶĸȆ

ă%ȣ$ñò��GrO;=A]kxƨēĨ�6�ɆăśȎ�3#5_=A;FW<

eŞǚġCrO �5 S-PRGd<rxǯȎ�65ɁIto3, 2011ɂ�S-PRGd<rx&
ȿ�ƍƓƤđĎ9Ň�5z$�GrO;=A]kxƨ�3dV¹ƍ=AwɁF-ɂ�[Ys

>m=AwɁNa+ɂ�h>Ț=AwɁBO3
3-ɂ�;tl\>m=AwɁAl3+ɂ�H=Ț=Aw

ɁSiO3
2-ɂ�2(OYvwU>m=AwɁSr2+ɂ%ɈƹȺ%=Aw9ęĺ�5�!9Äǚ

!���5ɁIto3, 2011ɂ��63%=Aw%��$24�S-PRGd<rx&Ĭǣµœ�
ȚǓǫǚ�][ntȆ%ǜƆī¬µœ#"%_=A;FW<eµœ9Ʋ��!ưǾ�

6��5ɁNomura3, 2018ɂ�,��S-PRGd<rx& S. mutans%åţǚ1OFvxO

�ïġ%_=Ad<tmēĨǚ9ī¬��S. mutans %Ǆ�Ȃ$Ȥ85Sw`F9Jx

Z�5Ȗ�í%ơƑ9ī¬�5�!Ʋ�6��5ɁNomura3, 2018ɂ� 
S-PRGd<rx&�JwjNVYuNw�QnwY�d<VMpxMxrwY�2(

ŠȶJxW<wG¯#"%Ŝ�#ŠƵŌľ$ĠƗ�6�ŠƵǞč$���óƗ¹$Ǡ�

��5ɁShimazu3, 2012; Ma3, 2012ɂ�S-PRGd<rx�3ęĺ�65=AwȞ&�
S-PRG d<rx%ǁíĖ�2(ÈŇȞ1ŠƵŌľ$È,65�%Ĩ©$2��Ɲ#5
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0%%���6%Ōľ$���0ktU=Aw%ęĺ1_=A;FW<eµœưǾ�

6��4��63%ŠƵŌľ9�Ɨ��Ȱ% S. mutans $û�5ī¬µœ0Ʋ�6��

5ɁYoneda3, 2015ɂ��%yŁ �QtdH;�ȧŌľ$ S-PRGd<rx9ĠƗ��
ƭƻ&+!:"Ǫ86��#�� 
ŋƭƻ &�S-PRG d<rx9ĠƗ��QtdH;�ȧŌľ�S. mutans %	Ǩ¾

ġ$}
5ĕȸ9řǸ�5�!$����� �ŠerM%ŧȗ �5o]d<rn

wY$ S-PRGd<rx9ĠƗ��o]d<rnwYÊÖ$��5 S. mutans$û�5ī

¬µœ%©Œ9Ǫ	�!!���,��S-PRGd<rx9ŠƱ�gxOY$0ĠƗ���
S. mutans %åţǚ!OFvxOïÚ{ %_=Ad<tmēĨǚ$ƩƦ��	Ǩ¾ġ

$û�5ī¬µœ%©Œ9Ǫ	�!!��� 
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MI���JR�

�

lk^P�=<�

�  S. mutans MT8148 ŗɁǩŻÝɉcɂɁOoshima 3, 1983ɂ9�Ɨ��Brain Heart Infusion
ɁBHI; Difco Laboratories Detroit, MO, USAɂŹ�ßÛ�2(Mitis-salivariusɁMSɂøé
ßÛɁDifco Laboratoriesɂ$_MYrMwɁ100 unit/mL ; Sigma-Aldrich Co., St.Louis, MO, 
USAɂ�2( 15%OFvxO9ź´��MSBøéßÛz9Ɨ��ßȽ����Ǽǣ&
BHI Ź�ßÛ & 37  18 Ņȣ�MSB øéßÛ &ƽǈ 95%�ƇȚ 5%%Ŏ�{ 
37  48ŅȣìŨƤ$ßȽ��� 
 
mkS-PRG$�*/:L)"$�*(.  
ljS-PRG$�*/:L)"$�*(. �3` 

S-PRGd<rxÈŇo]d<rnwY&�[=vw 60��&js]OWt$ S-PRG
d<rx9ÈŇ��5�!$24�ǯ�6�ŗĐ�ƴőȻɁ�Șɂ24ĵ��6��,

��¾Ōľ �5[=vw 6 0��&js]OWt$ S-PRG d<rx9ÈŇ���ŝ
ǛguVY9�ƧĖ 200 µm%o]d<rnwY%ēƏ$ǉǅ���o]d<rnwY
$ÈŇÄǚ#ņèȞ% S-PRGd<rx&�[=vwǯo]d<rnwY 20 wt%�j
s]OWtǯo]d<rnwY 1.4 wt% ����S-PRGd<rxŊșÆ%o]d<
rnwY&�ûƌǖ!��©Œ$�Ɨ���[=vwǯo]d<rnwY&�S-PRGd
<rx9´
5�!$24ƊǢ�3ƢǢ)!æ¹�Ɂ× 1ɂ�js]OWtǯo]d<
rnwY& S-PRG d<rx%ŇƊ$��83�ƢǢ ����ȇŕÝȲíȹĝȠĩǲ
�3�S-PRG d<rxÈŇ%Åo]d<rnwY%¤ȗ$&�ƧĖļ» nm �3ļ µm
% S-PRG d<rxǁíÜy$ÈŇ�6��4�[=vwǯo]d<rnwY &j
s]OWtǯo]d<rnwY240ç�% S-PRGd<rxǾ/36�Ɂ× 2ɂ� 
mjS-PRG$�*/:L)"$�*(. �����.f�SA 

S-PRGd<rxÈŇo]d<rnwY�3ęĺ�6�=AwȞ&�BO3
3-�Al3+�SiO3

2-�

Sr2+�Na+$���&ǿÿǎÆfrPkơ�©�©ŒǮǕɁICPS-8100, Ąųǯ�ĩ, �Șɂ
9Ɨ��ſò��F-$���&=AwȕĮġȲŚnxSxɁModel 9609BNWP, Orion 
Research Inc., Beverly, MA, USAɂ9Ɨ��ſò���o]d<rnwY 360ŋ9 10 cm
%ȡ�$ªĿ��ǥƜũ 15 ml $ŸƄĘ�vxSx 18 Ņȣķİ�5�!$24�S-
PRGd<rxÈŇ[=vwǯo]d<rnwY�3& S-PRGd<rx$Ƙŏ�5 6ƹ
�*�%=Aw 1 ppm�zř¨�6Ɂ× 3ɂ�BO3

3-ņ0ȿ�ƅĎ9Ʋ����6$

û���S-PRGd<rxÈŇjs]OWtǯo]d<rnwY�3ęĺ�65Å=Aw
ƅĎ&�[=vwǯ%0%240����Ɂ× 4ɂ�,��S-PRGd<rxÈŇo]d<
rnwY�3&�S-PRGd<rx$Ƙŏ�5=Aw 168Ņȣ, ǐǑƤ$ęĺ�6�
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[=vwǯo]d<rnwY &js]OWtǯo]d<rnwY!Ŧȉ��ȿ�=

AwƅĎǾ/36�Ɂ× 5�6ɂ� 
�

nkS-PRG$�*/:L)"$�*(. �T ��_9EG57O�4N 
lj)"$�*(. C
� S. mutans�2W]�4N 

1%OFvxOɁÌ�ǇǦ, èȦɂÈŇ BHIŹ�ßÛ 1 ml9Ɨ�� 1.0 × 107 CFU/ml!
#52	$ȀĽ�� S. mutansǣŹ�$�3 cm$ªĿ��o]d<rnwY9 1ŋŸƄ
��37  18ŅȣßȽ����%Ę�S. mutans�Ʃ��o]d<rnwY9 BHIŹ
�ßÛ�3ƃǣswȚǓǫƕƓȼãũɁPhosphate buffered saline; PBSɂ�$Ʒ��Ȉȷ
ů§Ɠ$24o]d<rnwY$�Ʃ�� S. mutans9�*�°ȱ����%ǣŹ9 PBS
 ŤȮĈț��0%9MSBøéßÛz$Ķƹ��ßȽĘ$Jv\xļ9Ƿſ��o]
d<rnwY$�Ʃ�� S. mutansǣļ9ſò��� 
£ƋƈuxLxȹĝȠ$25o]d<rnwY$�Ʃ�� S. mutans %ǵù&�

Nomura3Ɂ2018ɂ%Łŭ9Ɨ��Ǫ���S. mutans9�Ʃ���o]d<rnwY9

10 mM Hexidium IodideɁMolecular Probes, Eugene, OR, USAɂƂŹ$ŸƄ��Ȕ�{$�
ôž 15 ©ȣŔǢ���ŔǢĘ�o]d<rnwY9^wFOĊǬãƂŹɁLonza, 
Walkersville, MD, USAɂ ŲŶ��4%`rhtm;tXaZ 10©ȣØòĘ$Or=
ZCrO$k>wY����ǯ��Kwft9Ɨ���LSM-510 ȹĝȠɁCarl ZEISS 
Microscopy GmbH, Oberkochen, Germanyɂ 543nm%ůȡ%ÀýuxLx�9ƌý��
DMI6000Bǧ�ȹĝȠɁLeica Microsystems GmbHɂ% 63×ŪŸûƍuwP9Ɨ��ǵù
��� 
mj)"$�*(. C
� S. mutans�6g]�4N 
�  ɆɃɄɂ$ǹȊ%Łŭ o]d<rnwY$ S. mutans9�Ʃ���Ę�PBS�$Ʒ
�� 3ƶȣitWVFO�5�! o]d<rnwY�3 S. mutans9°ȱ����ş

$�ǣŹ�3o]d<rnwY9Á4¨��«%]VgwUqxe$Ʒ��PBS9´

�Ȉȷů§Ɠ9Ǫ	�!$24o]d<rnwY$�Ʃ���*�%Ǌǣ9°ȱ���

°ȱ��ǣŹ&�PBS ŤȮĈțĘ$MSBøéßÛz$Ķƹ�ßȽĘ$Jv\xļ9
Ƿſ���itWVFO$25°ȱĘ$o]d<rnwYz$Ţï�� S. mutans %²

ÆɁ%ɂ&�ɁitWVFOĘ$Ţï�� S. mutansǣļɂ/ɊɁitWVFO$24°ȱ
�6� S. mutansǣļɂ+ɁitWVFOĘ$Ţï�� S. mutansǣļɂ�%ƣ©Ɛ$24

ƿ¨��� 
nj)"$�*(. h[K� S. mutans�XKU^H?8�4N 
ɆɃɄɂ$ǹȊ%Łŭ o]d<rnwY$ S. mutans 9�Ʃ���Ę�o]d<r

nwY9Ƽ%]VgwUqxe¤$Ʒ��15�30�60�120�240©ȣ, ǍŅƤ$ƼŨ
� ĉž{$�ȴǕ���ȴǕĘ�o]d<rnwY9 PBS�$Ʒ��o]d<rnw
Y$�Ʃ���*�% S. mutans 9Ȉȷů§Ɠ$24°ȱ���ǣŹ9ŤȮĈț��0
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%9MSBøéßÛz$Ķƹ�ßȽĘ$Jv\xļ9Ƿſ��o]d<rnwYz$Ţ
ï��ƕǣļ9ſò��� 

 
okS-PRG$�*/:L��+&/� iPRG ��+&/� j�
ŋƭƻ Ɨ�� PRGN?tgxOYɁőȻ, �Șɂ&�5 wt%% S-PRGd<rx9È

Ň�5ŠȶŻĳƗN?tgxOY �4��ƀ¯!��%GsQsw�2(RtbYx

tƂŹ�ƭƱ¯!��%ƊũH=Ț�ǎÆŌľ!��%BtiDMnUtQtvxO�

2(ơŮ¯!��%r>stƮȚ[Ys>mșÆ�6��5�ŋƭƻ &�PRGN?
tgxOY$´
�ûƌǖ!�� PRGN?tgxOY�3 S-PRGd<rx%-9Ȭ�
�N?tgxOYɁS-PRGd<rxȵÈŇN?tgxOYɂ9�ǯ��©Œ$�Ɨ��� 
 
pkPRG ��+&/� �T ��_9EG57O�4N 
lj S. mutans�>Q]C
�G57O�4N�

BHIŹ�ßÛ 1.0 × 107 CFU/mL$ȀĽ�� S. mutansǣŹ�$�PRGN?tgxO
Y9 0%�0.001%�0.01%�0.1%�1%�2( 10%%ƅĎ$#52	$ź´����63
%ƂŹ9 37  ƫŅȣɁ10�20�30�60©ɂ��ŅȣɁ3�6�12�24Ņȣɂ�ȡŅȣɁ1�
2�3�4 ȏȣɂßȽĘ�ǣŹ9ŤȮĈț��0%9 MSB øéßÛz$Ķƹ�ßȽĘ$
Jv\xļ9Ƿſ��� 
EmLŔǢ$25 S. mutans%åţǚ%ǵù&�Nakano3Ɂ2004ɂ%Łŭ9Ɨ��Ǫ

���BHIŹ�ßÛ 1.0 × 107 CFU/mL$ȀĽ�� S. mutansǣŹ�$ÅƅĎ% PRGN
?tgxOY9ź´�� 30©�12Ņȣ�2( 1ȏȣßȽĘ$�S. mutansǣŹ9 10 µL
��Or=ZCrO$ĶƹĘ$nS]xt 2©ȣØò��EmLƂŹ 30©ȣŔǢ
����%Ę�Or=ZCrO9ŵũ 3 ©ȣŲŶ��ó�ȹĝȠ9Ɨ��ǵù��� 
£ƋƈuxLxȹĝȠ$25 S. mutans%åţǚ%ǵù&�Nomura3Ɂ2018ɂ%Łŭ

9Ɨ��Ǫ���BHIŹ�ßÛ 1.0 × 107 CFU/mL$ȀĽ�� S. mutansǣŹ�$Åƅ

Ď% PRGN?tgxOY9ź´�� 30 ©�12Ņȣ�2( 1 ȏȣßȽĘ$�S. mutans

ǣŹ9 10 µL ��Or=ZCrO$ĶƹĘ$ 4%`rhtm;tXaZ 10 ©ȣØò
��10 mM Hexidium Iodide Ȕ�{$�ôž 15©ȣŔǢ���ŔǢĘ�Or=ZC
rO9 PBS  3ÔŲŶ��£ƋƈuxLxȹĝȠ9Ɨ�� 543nm%ůȡ%uxLx�
9ƌý�� S. mutans%ƏĦ9ǵù��� 
mj ��-/�@;0��� S. mutansC
�G57O�4N 
  S. mutansǣŹ9 1%OFvxOÈŇ BHIŹ�ßÛ 1.0 × 107 CFU/mL$ȀĽ��PRG
N?tgxOY9 0%�0.001%�0.01%�0.1%�1%�2( 10%%ƅĎ$#52	$ź´
���37  24ŅȣßȽ����%Ę�ǣŹ9ŤȮĈț��0%9MSBøéßÛ$Ķ
ƹ�ßȽĘ$Jv\xļ9Ƿſ���,��0%�2( 0.1%% PRGN?tgxOY9ź
´�� S. mutansǣŹ$���&�PBS 2%$ȀĽ��GtSt;tXaZ ØòĘ$
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H-7650ȌȓÝȲíȹĝȠɁłƾ, Ő�ɂ9Ɨ��ǵù9Ǫ��� 
njS. mutans�#��$�+'DF]C
�G57O�4N 
ilj %,/ �T �4N 
� _=Ad<tmēĨȞ%ſò&�Nomura 3Ɂ2018ɂ%Łŭ9Ɨ��Ǫ���,��
S. mutans9 1%OFvxOÈŇ BHIŹ�ßÛ9Ɨ�� 1.0 × 107 CFU/mL$#52	ȀĽ
��PRGN?tgxOY9 0%�0.001%�0.01%�0.1%�1%�2( 10%%ƅĎ$#52
	ź´����63%ǣŹ9 200 µL�� 96ƺfuxY$©Ű��37  18ŅȣßȽ
����%Ę�fuxY9 PBS  3 ÔŲŶ�5�!$24ŷȒ��Ǌǣ9Ȭ¿��ē
Ĩ�6�_=Ad<tm9 25%htm;tXaZ$24 10 ©ȣØòĘ�Å>?t$
0.05%FsOSt_=AuVYũƂŹɁSigma-Aldrichɂ9 200 µL��©Ű�� 5©ȣô
ž ŔǢ���ŔǢĘ%fuxY9 PBS  ŲŶ��_=Ad<tm9 95%]S]xt
9Ɨ��ƂǶ���Ę$�k=FvfuxYsxTxɁThermo Fisher Scientific, Waltham, 
MA, USAɂ9Ɨ��Å>?t% OD595�9ſò���,��S. mutans$25_=Ad<

tm9Upw_xOr=Zz ēĨ���ɇɃɄɂ%Łŭ$2��£ƋƈuxLxȹĝ

Ƞ9Ɨ��ǵù��� 
 
imj ���!(+d�T �4N 
©Œ$�Ɨ��>M][ntȆ&�ǟ¶ǃ÷ªĿŞ9�Ɨ��ĭ¿��>M®Š�3

6 mmÓŁ�½� 1 mm%úŭ$Or=O��0%9Ɓ����Or=O�6�>M]
[ntȆ9 0.05 g% PRGN?tgxOY9âć��r_xBVf9Ɨ�� 1©ȣŠȶ
§Ɠ��Ę$�PBS9Ɨ��ŲŶ�5�!$24�±% PRGN?tgxOY9Ȭ¿�
��ş$�1%OFvxOÈŇ BHIŹ�ßÛ  1.0×107 CFU/ml$ȀĽ�� S. mutansǣ

Ź$>M][ntȆ9ŸƄ��37  18Ņȣ S. mutans9ßȽ���ßȽĘ�>M][

ntȆ9 PBS  3 ÔŲŶ��1 mL % PBS 9ź´��Ȉȷů§Ɠ!cgVW<wG$
24�Ʃ�� S. mutans9¢�°ȱ���°ȱ��ǣŹ9ŤȮĈț��0%9MSBøé
ßÛz$Ķƹ�ßȽĘ�Jv\xļ9Ƿſ���,��>M][ntȆǭȶ$ēĨ�6

� S. mutans%_=Ad<tm9ǵù�5�/$�S. mutans%_=Ad<tm9ēĨ�

��>M][ntȆ9 10%htm;tXaZ$24Øò��Ę�0.3%;CvxOɁÌ�
ǇǦɂÈŇ 3%ɀJrxIwɁÌ�ǇǦɂ$Þ¡��0%9 EDTA ǜƆ��`rd<
w$¸ÞĘGrmŔǢ9Ǫ����3$�>M][ntȆǭȶ$ēĨ��� S. mutans$

25_=Ad<tm9�ɇɃɄɂ%Łŭ$2��£ƋƈuxLxȹĝȠ9Ɨ��ǵù�

�� 
oj��+&/� 1� S-PRG$�*/WV�� S. mutans��_9EG57O�
4N�

0.1%�1%�10%%ƅĎ ź´�� S-PRGȵÈŇN?tgxOY,�& PRGN?tg
xOY9È. BHIŹ�ßÛ0��& 1%OFvxOÈŇ BHIŹ�ßÛ9Ɓ�����6
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3%Ź�ßÛ$ S. mutans9 1.0 × 107 CFU/mL!#52	ź´��ɇɃɄɂ�2(ɇɃ
Ɇɂ%Łŭ$2��åţǚ�2(_=Ad<tmēĨǚ%©Œ9Ǫ��� 
 
qkZa4N�

� ǏǷðƤ©Œ$& GraphPad Prism 9ɁGraphPad Software Inc., La Jolla, CA, USAɂ9Ɨ
���2ǖȣ$��5ǏǷðƤŇĤĆ%řò$&�Student% třò9Ǫ��çǖȣ%Ŧ

ȉ$& ANOVA%Ę post-hocǶŒ!�� Bonferroniŭ9Ɨ���¢�%©Œ$���Ň
ĤũƁ 5%�{%áÆ9ŇĤĆ�4!��� 
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YO�

 

l. S-PRG$�*/:L)"$�*(. �T ��_9EG57O�4N 
lj)"$�*(. C
� S. mutans�2W]�4N 
[=vwǯ�2(js]OWtǯo]d<rnwY$����S-PRGd<rxÈŇo

]d<rnwY$�Ʃ�� S. mutansǣļ&�S-PRGd<rxȵÈŇo]d<rnwY
$�Ʃ�� S. mutansǣļ!Ŧȉ��ŇĤ$�{��ɁP < 0.01ɂɁ× 7�8ɂ�ó�ȹĝȠ
ƚ��2(£ƋƈuxLxȹĝȠƚ��3�[=vwǯ�2(js]OWtǯo]d<

rnwY%�Ł �S-PRG d<rxÈŇo]d<rnwY & S-PRG d<rxȵÈŇ
o]d<rnwY!Ŧȉ����Ʃ�� S. mutans%Ń3�#ŽāǾ/36�Ɂ× 9�
10ɂ� 
mj)"$�*(. C
� S. mutans�6g]�4N 
[=vwǯ�2(js]OWtǯo]d<rnwY$����itWVFO$25 S. 

mutans %°ȱĘ$ S-PRG d<rxÈŇo]d<rnwY$Ţï�� S. mutans %²Æ

&�S-PRGd<rxȵÈŇo]d<rnwY!Ŧȉ��ŇĤ$�{��ɁP < 0.001ɂɁ×
11�12ɂ�ó�ȹĝȠƚ��2(£ƋƈuxLxȹĝȠƚ��3�[=vwǯ�2(j
s]OWtǯo]d<rnwY%�Ł �S-PRG d<rxÈŇo]d<rnwY &
S-PRGd<rxȵÈŇo]d<rnwY!Ŧȉ���Ţï�5 S. mutans%Ń3�#Ž

āǾ/36�Ɂ× 13�14ɂ� 
nj)"$�*(. h[K�XKU^H?8�4N 
��6%ſòŅȣ$���0�S-PRGd<rxÈŇ[=vwǯo]d<rnwY &

S-PRG d<rxȵÈŇ[=vwǯo]d<rnwY!Ŧȉ���S. mutans ǣļ&ŇĤ

$Žā��ɁP < 0.001ɂɁ× 15ɂ� Ǝ$�óȾȢë 240©Ę$&�S-PRGd<rxȵÈ
Ň[=vwǯo]d<rnwY &1.2×105 CFU%S. mutansǾ/36�%$û���

S-PRGd<rxÈŇ[=vwǯo]d<rnwY & S. mutans&Ǿ/36#�#���

,��js]OWtǯo]d<rnwY$���0�S-PRGd<rxÈŇo]d<rn
wY & S-PRGd<rxȵÈŇo]d<rnwY!Ŧȉ���S. mutansǣļ&ÅŅȣ

 ŇĤ$Žā�ɁP < 0.001ɂɁ× 16ɂ�óȾȢë 240©Ę$& S-PRGd<rxÈŇo]
d<rnwY & S. mutans&Ǿ/36#�#��� 
 
m� PRG ��+&/� �T ��_9EG57O�4N�
ljS. mutans�>Q]C
�G57O�4N�

PRGN?tgxOY9 0.001%�3 0.1%%ƅĎ ź´��Ȱ$&�ź´ 60 ©Ę, 
S. mutans%åţǚ&ī¬�6#���Ɂ× 17ɂ�yŁ�1%ƅĎ% PRGN?tgxOY
ź´Ņ &ȵź´ǖ!Ŧȉ���ź´ 10©Ę�ȩ%ÅŅȣ$��� S. mutansǣļ&Ž



 9 

ā����3$�10%ƅĎ% PRGN?tgxOYź´Ņ$&�S. mutans& 10©ȣ š
ƃ����%Ę�0.001%�2( 0.01%ƅĎ% PRGN?tgxOYź´Ņ$&�24Ņȣ
Ę, S. mutans %åţǚ&ī¬�6#���%$û���0.1%ƅĎ% PRG N?tg
xOYź´Ņ$���&ȵź´ǖ!Ŧȉ�� 6ŅȣĘ�ȩ% S. mutans%åţǚī¬

�6�Ɂ× 18ɂ�,��1%ƅĎ% PRGN?tgxOYź´Ņ$&�6ŅȣĘ$�*�%
S. mutansšƃ����3$�0.1%ƅĎ% PRGN?tgxOYź´Ņ$&�1ȏȣĘ
�3 4 ȏȣĘ$��� S. mutans ǣļ&ǍŅƤ$Žā��Ɂ× 19ɂ�ó�ȹĝȠƚ��
2(£ƋƈuxLxȹĝȠƚ�$25ǵù%ǎœ�3�0.1%ƅĎ% PRGN?tgxO
Yź´Ņ$& 12ŅȣĘ�2( 1ȏȣĘ$��� S. mutans%åţǚ%�{Ǿ/36�

Ɂ× 20�21ɂ�,��1%ƅĎ% PRGN?tgxOYź´Ņ$& 12 ŅȣĘ$ S. mutans

Ǿ/36#�#4�10%ƅĎ% PRGN?tgxOYź´Ņ$& 30©Ę$ S. mutans

Ǿ/36#�#��� 
mj ��-/�@;0��� S. mutansC
�G57O�4N 
OFvxOïÚ{$��5 S. mutans %åţǚ&�0.1%�1%�2( 10%ƅĎ% PRG

N?tgxOYź´ǖ$���ȵź´ǖ!Ŧȉ��ŇĤ$�{��ɁP < 0.001ɂɁ× 22ɂ�
,��ȌȓÝȲíȹĝȠƚ��3�PRG N?tgxOYȵź´Ņ &çļ% S. mutans

ǵù�6�ǊǣÊÖ$&çȞ%GtBwưǾ�6�Ɂ× 23ɂ�yŁ �0.1%ƅĎ%
PRG N?tgxOYź´Ņ &N?tĨ©%ȯȣ$���%-�ǊǙȆśȎ$æ¹9
Ǿ/5 S. mutansïÚ��Ǌǣ%ÊÖ$&GtBw%ēĨ9+!:"Ǿ/#���� 
nj S. mutans�#��$�+'DF]C
�G57O�4N 
ilj %,/ �T �4N 

0.1%�1%�2( 10%ƅĎ% PRGN?tgxOYź´Ņ$����S. mutans%_=A

d<tmēĨǚ& PRGN?tgxOYȵź´Ņ!Ŧȉ��ŇĤ$ī¬�6�ɁP < 0.001ɂ
Ɂ× 24ɂ�£ƋƈuxLxȹĝȠƚ��3�0.1%�2( 1%ƅĎ% PRGN?tgxOY
ź´Ņ &8��$ S. mutans%ïÚ9Ǿ/��10%ƅĎ% PRGN?tgxOYź´
Ņ & S. mutans&¢�Ǿ/36#�#��Ɂ× 25ɂ� 
imj ���!(+d�T �4N 

PRG N?tgxOY9Ɨ��>M][ntȆ)%Šȶ§Ɠ9Ǫ��áÆ &�PRG
N?tgxOY9Ɨ�#���áÆ!Ŧȉ���>M][ntȆǭȶ$�Ʃ�� S. 

mutans ǣļ&ŇĤ$Žā�ɁP < 0.001ɂɁ× 26ɂ�_=Ad<tmēĨǚ0ŇĤ$�{
��ɁP < 0.001ɂɁ× 27ɂ�ó�ȹĝȠƚ��2(£ƋƈuxLxȹĝȠƚ��3�PRG
N?tgxOY|�ƗŅ%>M][ntȆǭȶ$&Üy$½�_=Ad<tmưǾ

�6��PRG N?tgxOY�ƗŅ$&_=Ad<tm&āȞ��ǵù�6#��
�Ɂ× 28�29ɂ� 
oj ��+&/� 1� S-PRG$�*/WV���_9EG57O�4N�
ilj S. mutans�>Q]C
�G57O�4N�
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S. mutans%åţǚ&�gxOYȵź´Ņ!Ŧȉ�� 0.1%ƅĎ% S-PRGd<rxȵÈ
ŇN?tgxOYź´Ņ$���ȿ�ī¬µœ9Ʋ��0.1%ƅĎ% PRGN?tgxO
Yź´Ņ &�3$ȿ�ī¬µœ9Ʋ��Ɂ× 30ɂ�,��1%ƅĎ% S-PRG d<rx
ȵÈŇN?tgxOYź´Ņ & 24 ŅȣĘ$ S. mutans šƃ��%$û��1%ƅĎ
% PRGN?tgxOYź´Ņ & 6Ņȣ S. mutans&šƃ��Ɂ× 31ɂ�10%ƅĎ%
N?tgxOYź´Ņ$���&�S-PRGd<rx%ŇƊ$��83��3ŅȣĘ$ S. 

mutans&šƃ��Ɂ× 32ɂ� 
imj S. mutans�#��$�+'DF]C
�G57O�4N 
ÅgxOY9 0.1%%ƅĎ ź´��áÆ$����PRGN?tgxOYź´Ņ &

S-PRG d<rxȵÈŇN?tgxOYź´Ņ!Ŧȉ���S. mutans %_=Ad<tm

ēĨǚ&ŇĤ$�{��ɁP < 0.001ɂɁ× 33ɂ�,��>M][ntȆǭȶ$��5_=
Ad<tmēĨǚ&���6%N?tgxOY Šȶ§Ɠ9Ǫ��áÆ$���0�g

xOY|�ƗŅ!Ŧȉ��ŇĤ$�{��ɁP < 0.001ɂɁ× 34ɂ�Ǝ$�PRGN?tg
xOY�ƗŅ & S-PRG d<rxȵÈŇN?tgxOY�ƗŅ!Ŧȉ���_=Ad
<tmēĨǚŇĤ$�{��ɁP < 0.001ɂ� 
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\B�

�

� S. mutans&	Ǩ%�Ǳ#¾ÕǊǣ �4�	Ǩ�ȧ%ǵƈ�3 S. mutans$û��Ĭ

ǣĨ©9È.ŠƱ�gxOY1ÈÑǦ!���QtdH;�ȧŌľȢơ�6��5

ɁPrabakar3, 2018; Guven3, 2019ɂ�����ŠerM%Řŧȗ �5o]d<rnw
Y$���&�Ĭǣµœ9�}��ǯÍ%Ȣơ&+!:"Ȑ: �#�Ɂdo Nascimento
3, 2015ɂ�,��	Ǩ�ȧ9ƦƤ!��ŠƱ�gxOY!���_=A;FW<eŞǚ
ġCrO �5 S-PRG d<rx9ÈŇ��ǯÍȢơ�6][ntȆ%¥ƬƆ¹ǚ
ưǾ�6��5ɁAmaechi3, 2017ɂ�	Ǩ¾ÕǊǣ$û�5µœ%ǽǊ&Ń3�$�
6��#���� ŋƭƻ &�S-PRGd<rxÈŇŠerMƗo]d<rnwY�2
( S-PRGd<rxÈŇŠƱ�gxOY9Ɨ���S. mutans$û�5ī¬µœ9řǸ�

5�!!��� 
� �6, $�Ĭǣġ9Ň�5ŠerM!���o]d<rnwY$ȟ=Aw9ęĺ�

5µœ9�}��0%Ȣơ�6��5ɁAl-Ahmad3, 2010; do Nascimento3, 2015ɂ�
�����63%ŠerM &�o]d<rnwY%ǭȶ$ȟ=AwJxW<wG�

6��5%- �4�ȟ=Aw$25ıǑƤ#Ĭǣµœŉė �#��!Ń3�$

#���5ɁAl-Ahmad3, 2010; do Nascimento3, 2015ɂ��6$û���S-PRGd<r
xÈŇo]d<rnwY$&�ƧĖļ nm�3ļ µm% S-PRGd<rxǁío]d<
rnwY¤ȗ$, ǒ÷$ÈŇ�6��5�/�6ƹȺ%=Aw%ȡŉƤ#ęĺ$25
ŠerM%ıǑƤ#Ĭǣµœŉė �5!Ǘ
365�ŋƭƻ &�S-PRGd<rx
ÈŇo]d<rnwY�3%=Aw%ęĺ9 168Ņȣ, ưǾ ����%o]d<r
nwY �ǯ��ŠerM%óƗ¹$Ē���&�o]d<rnwY�3%=Aw%ę

ĺ$Ȥ�524ȡŉƤ#©Œ�ĘğǱ!Ǘ
365� 
� ŠerM9Ɨ��ÃǝŻĳ9Ǫ��Ę�ç�%Ǌǣo]d<rnwY$�Ʃ���

5�!Ń3�$#���5ɁAl-Ahmad3, 2010ɂ�S. mutans&Ưǌǔ)%đ��Ʃǚ

�2(_=Ad<tmēĨǚ9Ň�5�!�3ɁKawabata 3, 1999ɂ�o]d<rnw
Y$0đØ$�Ʃ��_=Ad<tm9ēĨ�5ÄǚġǗ
36���� �Ěŏf

rOUVFǯ%fuxYz Ǫ86���_=Ad<tm;VQ=9ĸæ���o]d

<rnwYz$ S. mutans %_=Ad<tm9ēĨ��5�!$���,��S. mutans

9�Ʃ���o]d<rnwY9itWVFO�� S. mutans %°ȱǚ9řǸ����

3$�erVMwGĘ%ŠerM$Ţï�5 S. mutans9ģò���S. mutans9�Ʃ�

��o]d<rnwY9ƼŨ�$ȴǕ��Ȱ$Ţï�5ǣļ%ǍŅƤæ¹9ſò���

�63%�*�%©Œ$����S-PRGd<rx9ÈŇ��5�!$24�o]d<r
nwYÊÖ% S. mutans&ŇĤ$Žā����%2	# S. mutans$û�5ī¬µœ&�

S-PRGd<rx9 20 wt%ÈŇ�5[=vwǯo]d<rnwY�� #��S-PRGd
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<rx9 1.4 wt%��È,#�js]OWtǯo]d<rnwY 0Ǿ/36��!�
3�o]d<rnwY$ 1 wt%ƸĎ% S-PRGd<rx9ÈŇ�5�! �o]d<rn
wYÊÖ% S. mutans%�Ʃǚ9ī¬ �5�!ƲÏ�6�� 
� ŋƭƻ$����ŠerMŧȗ)% S. mutans%�Ʃī¬9ƦƤ!�� S-PRGd<
rxÈŇo]d<rnwY%©Œ$û���Šȶ$ïÚ�5 S. mutans %ī¬9ƦƤ!

��ŠƱ�gxOY%Ňµġ$���0řǸ9Ǫ���,��S-PRGd<rxÈŇŠƱ
�gxOY �5 PRGN?tgxOY9 10%%ƅĎ!#52	$ S. mutansǣŹ$ź´

��!�7��*�% S. mutans 10©�¤$šƃ����%�!�3�PRGN?tg
xOY9¾Ź ŠƱ�gxOY!���Ɨ�6'�Ãǝ¤% S. mutans &Ƨ�$Žā�

�5�! �5!Ǘ
36��,��0.1%�z%ƅĎ PRGN?tgxOYïÚ
�5�!$24�S. mutans %åţī¬�65�� #�|ƂġGtBw%ÆĨȨ

õ�6�_=Ad<tm&+!:"ēĨ�6#�����%�!�3�erVMwGĘ

$Ãǝ¤$Ţï���ƅĎ% PRGN?tgxOY S. mutans%	Ǩ¾ġ%ī¬$Ňµ

 �5ÄǚġƲÏ�6�� 
� >M%][ntȆ&ǜƆ�2(¥ƬƆ¹%ǻ�#"�aY%	Ǩ$ȋ�ƞĦ9¥Ƒ�

5óȾǆ Č��Ɨ�6��5ɁTschoppe3, 2011; Almohefer3, 2018; Hamba3, 2020ɂ�
ŋƭƻ &�Ěŏ%frOUVFfuxY,�&Upw_xOr=Z9Ɨ��_=Ad

<tm;VQ=$´
�ɁYoo3, 2018; Nomura3, 2021ɂ�Ǟč$24ȋ�ƏŬ9¥Ƒ
 �5>M][ntȆ9Ɨ��_=Ad<tm;VQ=9śǀ���©Œ%ǎœ�>M

][ntȆ%ǭȶ9 PRGN?tgxOY §Ɠ�5�! �S. mutans%_=Ad<t

mēĨǤ��ī¬�6���Ę&aY9ûȃ!��ǞčǼȾ$2���PRGN?tg
xOY%µœ9řǺ���!Ǘ
��5� 
� ŋƭƻ &�PRG N?tgxOY�% S-PRG d<rx%µœ9Ʋ��/$�S-PRG
d<rx9Ȭ��N?tgxOY9Ɓ�����% S-PRG d<rxȵÈŇN?tgx
OY &�PRGN?tgxOY!Ŧȉ�� S. mutans$û�5ī¬µœŽā���!

�3�ŠƱ�gxOY�% S-PRG d<rx%ŇµġưǾ�6������S-PRG d
<rxȵÈŇN?tgxOY$0 S. mutans$û�5ī¬µœŢï������6&�

ơŮ¯!��ŠƱ�gxOY$Č��Ɨ�6��5r>stƮȚ[Ys>m%Ĭǣġ

$250%!Ǘ
365�r>stƮȚ[Ys>m&ŠƱ�gxOY$!��ŇƗ#Ĩ

© �5���)%ĕȸ�3�%ÈŇƅĎ$&ȪĎïÚ�5�,��ŠƱ�gxO

Y$Ĭǣ¯!��Č�Ɨ�36��5ã¹QUtcsN\>m1YsFvKw$Ȥ�

�&ťġ%àÉïÚ�5ɁJohnson3, 2016; Kim3, 2021ɂ��6$û���PRGN?
tgxOY$& 5 wt%% S-PRG d<rxÈŇ�6��4�ǞčĠƗ�6��5Qn
wY�JwjNVYuNw#"%ŠƵŌľ$&24ȿƅĎ% S-PRG d<rxÈŇ�
6��50%ïÚ�5��6, $��)%Ɖõġ&àÉ�6��#��þŏƤ$
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&���$Ňõ!#5Äǚġ%�5ĬǣƍȆ9ÈŇ�� S-PRG d<rx��9ÈŇ�
5ŠƱ�gxOY9Ȣơ���!Ǘ
��5��

� ŋƭƻǎœ�3�[=vwǯ�2(js]OWtǯo]d<rnwY¤$ÈŇ�6�

S-PRGd<rx&ǰļ%=Aw9ęĺ�5�! �o]d<rnwY$û�5 S. mutans

%�Ʃ9ī¬���Ʃ�� S. mutans&öń$°ȱ�6��,��S-PRGd<rxÈŇ
o]d<rnwYz$Ţï�� S. mutans &�ĉž{ ȴǕ�5�!$24šƃ���

�3$�ȿƅĎ% PRGN?tgxOY&ƫŉȣ S. mutans9šƃ����ƅĎ% PRG
N?tgxOY& S. mutans ǣļ!|ƂġGtBw%Ȟ9Žā��ŵ!!0$_=Ad

<tmēĨǚ9ī¬����z%�!�3�S-PRGd<rx9ÈŇ�5QtdH;�ȧ
Ōľ&�S. mutans%	Ǩ¾ġ$û�5ī¬µœ$24�ÃǝƔä%ĸÐ$µœƤ �5

ÄǚġƲ�6�� 
�Ę&�QtdH;�ȧŌľ$ĠƗ�� S-PRGd<rx S. mutans%	Ǩ¾ġ9ī

¬�5ǽǊ#nB\Pm%ǶŒ1��%QtdH;�ȧŌľ)%ĠƗĂȢ9Ǵȝ$¡6

#3��3#5řǸ9Ǫ������!Ǘ
��5� 
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Yb�

�

S-PRG d<rx9ĠƗ��QtdH;�ȧŌľ$��5 Streptococcus mutans %	Ǩ

ƞ¾ġ$û�5ī¬µœ9řǸ��!�7��{%ǎœě36�� 
Ʉ. S-PRGd<rxÈŇ%[=vwǯ�2(js]OWtǯo]d<rnwY&�ı
ǑƤ$=Aw9ęĺ�5�!$24 S. mutans%�Ʃǚ9ī¬�5�� #���

Ʃ�� S. mutans%°ȱǚ9�Ȑ��o]d<rnwYz$Ţï�� S. mutans%

ƕïƐ9�{���� 
Ʌ. PRGN?tgxOY&OFvxO%ŇƊ$��83��S. mutans%åţ9ī¬�

��,��S. mutans$25OFvxO�ïġ%|ƂġGtBw%ÆĨ�2(_=

Ad<tmēĨǚ9ī¬��� 
�z%�!�3�S-PRG d<rx9ĠƗ��QtdH;�ȧŌľ&�S. mutans $2

��ǿơ�65	Ǩ%�ȧ$Ňµ#ĪŤ!#4ě5�!ƲÏ�6�� 
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ce�

�

ŋƭƻ9Ǫ	$��4�ǋëĜħĤ#5ĜĲÿ9ȅ4,��èȦèðèðȫŠðƭƻ
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9ǭ�,��,��ŋƭƻ9ȑǪ�5$��4�ǋëŜ�#ĜĲÿ!ĜŖȥ9����

,��èȦèðèðȫŠðƭƻƵÃǝƵðüĹÃǝ©íĥŔ¬ĜðȁďĀ ŠƵðĻ
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Results
Analysis of the internal structure of monofilaments containing S‑PRG filler. Two types of mono-
filaments for toothbrushes with a diameter of 200 μm were manufactured using nylon and polyester (Fig. 1A). 
In the manufacturing process, monofilaments containing S-PRG filler were also prepared. To spin a uniform 
monofilament, it was possible to contain up to 20% of S-PRG filler in the nylon monofilaments and 1.4% of 
S-PRG filler in the polyester, respectively. Therefore, these concentrations of S-PRG filler were used in the mono-

Figure 1.  Structure of monofilaments with or without S-PRG filler. (A) Representative images of 
monofilaments (bar = 600 μm). (B) Transverse sections of monofilaments in scanning electron microscope 
(SEM) images. Upper panels show low-magnification images (bar = 50 μm) and lower panels show high-
magnification images (bar = 30 μm). White particulate materials in the nylon and polyester monofilaments 
containing S-PRG filler are S-PRG filler. (C) Side structure of monofilaments in SEM images. Upper panels 
show low-magnification images (bar = 50 μm) and lower panels show high-magnification images (bar = 20 μm). 
Arrowheads indicate S-PRG filler that has penetrated into the monofilament fibres.
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polyester monofilaments without S-PRG filler, but the amount of biofilm was much less in nylon and polyester 
monofilaments with S-PRG filler. These results indicate that S-PRG filler dispersed in the monofilaments inhibits 
biofilm formation on the surface of the monofilament. Nylon monofilaments had a greater inhibitory effect on 
biofilm formation than polyester monofilaments, possibly because the inhibitory effect on biofilm formation 
was dependent on the concentration of S-PRG19.

Figure 4.  Biofilm formation of S. mutans on monofilaments. (A) Number of S. mutans adhering to nylon 
monofilaments with or without S-PRG filler. Significant differences were determined using a chi-square test. 
**P < 0.01 between the groups. (B) Representative stereomicroscopic images of nylon monofilaments with and 
without S-PRG filler. (C) Representative confocal laser microscopic images of nylon monofilaments with and 
without S-PRG filler. Orthogonal views of z stacks composed of S. mutans cultured on nylon monofilaments. 
Bacterial cells adhering to the nylon monofilaments are stained red. (D) Number of S. mutans adhering to 
polyester monofilaments with and without S-PRG filler. Significant differences were determined using a 
chi-square test. ***P < 0.001 between the groups. (E) Representative stereomicroscopic images of polyester 
monofilaments with and without S-PRG filler. (F) Representative confocal laser microscopic images of polyester 
monofilaments with and without S-PRG filler. Orthogonal views of z stacks composed of S. mutans cultured on 
polyester monofilaments. Bacterial cells adhering to the polyester monofilaments are stained red.
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A sucrose-dependent adhesion experiment has been developed as an in vitro experiment for evaluating the 
adhesive properties of S. mutans to tooth surfaces in the presence of  sucrose25. In this experiment, S. mutans 
adheres to the glass surface of a test tube in the presence of a sucrose-supplemented bacterial broth, and the 
amount of S. mutans remaining on the glass surface after vibration is measured. In the present study, we modified 
the method to evaluate the adhesion of S. mutans to the monofilaments instead of the test tube. We found that 
approximately 40–55% of S. mutans remained on monofilaments without S-PRG filler after applying vibration, 

Figure 5.  Adhesive properties of S. mutans to monofilaments. (A) Rate of S. mutans remaining on nylon 
monofilaments with and without S-PRG filler after vortexing for 3 s. Significant differences were determined 
using a chi-square test. ***P < 0.001 between the groups. (B) Representative stereomicroscopic images of nylon 
monofilaments with and without S-PRG filler. (C) Representative confocal laser microscopic images of nylon 
monofilaments with and without S-PRG filler. Orthogonal views of z stacks composed of S. mutans adhering to 
nylon monofilaments. Bacterial cells adhering to the nylon monofilaments are stained red. (D) Rate of S. mutans 
remaining on polyester monofilaments with and without S-PRG filler after vortexing for 3 s. Significant 
differences were determined using a chi-square test. ***P < 0.001 between the groups. (E) Representative 
stereomicroscopic images of polyester monofilaments with and without S-PRG filler. (F) Representative confocal 
laser microscopic images of polyester monofilaments with and without S-PRG filler. Orthogonal views of z 
stacks composed of S. mutans adhering to polyester monofilaments. Bacterial cells adhering to the polyester 
monofilaments are stained red.
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