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i JEE IR EEYR CdhD— 7, Porphyromonas gingivalis, Prevotella denticola 728 oD [ 12 PN &M B 20N B kAL
PIZIGEL, 1B PERZR RIEDRE R, IEE OWINA 23 A EERYE Ch oD, WERIZeDE, DM E R (FE
PRIPT, BB PR AR, CiBp 70 &) SRR <D ZENERIN TS, Lo T, HJERDRIEAN =X LA BT
HIEZEETHD, AFIREEL THOFETHLR SIS 07 R ERE (Staphylococcus aureus) 1, EGeELNIEZE O
JRIRSCAti R DJFIRAEL TGS TS, T, ﬁuu@%ﬁ W HEND— T, EROARNAIRIOMERFIZ B2 ZAR
AT IVGY D—DThD, LINUITAEDMFIERIND, Yoy ORI ISR FMED 17 Bl L S—T f#ifd (Th17) Z 355
THIET, B~ A7a A — N RE 5 2, SLEEE Lactobacilli 2/ S22 Eovfiss &7z, Lactobacilli (3 M %
WIEE THY, AW E LI T 58 Thd, 22T, HOMEHEE D PEOD Lactobacilli 298 S8, H &9 1 73
LG WRIZ LD TRV EE R, @iiRZ~T ATERSE TAPESME#ENE DI EL T 20t a T
Too QWIS NV E ENT AR 2~ U A H BE_SE 5L, I 14 H BSHUWNE 0.5% D B A GlE ) [T~ &R
@ Lactobacillus ®i#4>, Staphylococcus DM BLEZS T, S A%Z 14 AMENSEL~VAOAREC
gingivalis Z /&L S5 &, BRXMEEE OISO BTz, £12, BF1RLE THh5 Staphylococcus HHEMNL TV e, I,
DS AR S THHEBAED A AT, Staphylococcus X572 HFR LB O BE N LR EEM: I 7 O FEAE BTV, B
SRR O & R AE B0 5, R diE H OB EUE 150 H £ THix, lactobacillus AL DR FIZER A, 12
Ta—ZOAEE, P. gingivalis DGR It B9 A & Tl KENE B O INC K0 B 2558 55 r R DD, |
A omE B OFHUT AR B ANVEEZ I 2R F RERIEIZIR N DL 07120, M a2 D0 @i & o 042
MERLDHLHIRE, NTUADLNEAETENEE THLI LRI,

1. IR E/ LT, v AranAF — NI B B 2, LA
B JE R X AETE E BN T DH—F, P. gingivalis, P. Lactobacilli ZbEH5ZEpEEREESNES, s
denticola 7 & B Ji5] Jp3 BH I B 75 i JE LR PR L IR L, 2 H O RERE THLMMEMALR LELBIESE LT L
PER 72 RIE DOFER, WFEE OWINAZ R 3 OPERYE BV RACBWTHLNIS, oo/ LV —7 T,
THHO, ZOWMERZRIE, BRI, DEESCBNR  WERORIEAD =X Thi7 MRS L THHZE
L7 8 DOREEREL S KR T ZERHLNER>T  BHLNITR-72W, XoT, A OBMEHER Thi7 #
WBA, AR, DALY, EEE LRI JATSEL, DIERNO Lactobacillus sp. A&, P
HZEZED, B2 HERERABE S 2, BRAVRHER  gingivalis 7o S DAL, HEER A RIES D AHENE
TRARIR DML ESILTND, vV RAICBITHIESOME BB 255, Fi2 Lactobacillus 1%, 723137 1w 7 A
BEEOSFEEMED 17 Bl L R3—T Hifd (Thi7) 235532 ELCHOREICER T A2 ClERE T T LV oW
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Staphylococcus spp. D/ A7 4 )V AL R E R E T HE
ZHENITUT, 2B DRE RN, Moy ORI HL)S i
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REMENE 2D, 2T, AWFIETIX, ZNHDIRIGE
WAL B ERICREAL T2 e% B B ELEHE
L7z,

2. RAZE
2. 1. HERAEK

P. gingivalis ATCC332377
2. 2. IYR~DEH

i 5 (0.5% NaCl) 7> &t (4% NaCl) Ofafha <7
R REETHET D,
2. 3. Y OAARERATO—SEH

2 JAH], % (0.5% NaCl) 2 st (4% NaCl) ofi
Bt &S~ 20 BHER R A BRI 25, MERK 1
WA D DNA ZEREL, 16S > —27 2 A% V-l
BRI 21TV, EO X RMAEW 7 )V — T BMFAEL T
WO 2,
2. 4. XHOROERAD P. gingivalis D1E1E

e i 7 (4% NaCl) O fil 2 & S/~ U2nh
Lactobacillus group OB &AL TWDZEEHERT D,
Lactobacillus group DB &AL TNDZ LA,
Z D~ AT P, gingivalis & N ENIZ 1 H 2 AR5,

2. 5. ¥H9RAOENA P. gingivalis & XU S. aureus 0 B
DHER

W B L OV AN AT 73k W T, 2 E oM
DBFUFHUZZNOOFBI 2 ML, R ZREOan=
—Ha AT 5,
2. 6. Treg fRE DT

i 5 (0.5% NaCl) 7@ & (4% NaCl) O flkhz i~
ST~ ANLSEE LR, Bl D) L SBREBRE
T 5, TNHDOY L /NEKIZHT CD3-FITC, #t CD4-APC-
Vio770, $L CD25-VioBlue, $L FoxP3-PerCP-Cy5.5 72X %
FAWCRIGEH, Treg MIFROIFEE FACS (2 CHENTS
Do

3. MIRHER
3.1. NRERLBEBOIIVAKE~ADFE

6 Il BALB/C ~7 AARIT A% B Ha &t ofinl & i £
(0.5% &G Te) 5%, B, NIENHMEEZ T~
R O 1 B 3 ~ DR B A R LT, MER SOt &
[HAV 7 TN LT, 65U, P. gingivalis @ 1
PR OEBELRH L, BMitAZ Y a—/L%, Fig. 1 1TR
L7,

REL, A%BIERZERL WD~ AL EEA LS
ML TWAYTRETRERZITHO BN D -T2 (Fig.
2), ZORER, A% RIEOFEIIAEIZEL GRO LR
Mmootz
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Fig. 1 Time schedule of intake of salt diet and sampling
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Fig. 2 Effects of 0.5% or 4% salt intake on body weight

3. 2. NBIEBLETEDIYVRAOEME~NDEE
(EE%R2188)

IR & 26 1 AT 7 7 )LIZ BT S Lactobacillus, 2
#, BESHERE A~ 4% RIERICI W EL BT Rl
LR NOAToTe, ZORER, TRTORHICBWTHE
FETRD SN -T2 (Fig. 3), UL, MEHE &3
CTNVTHE T DL, R E O IXIXSDE Do
7o IXBDEDREBENIVDRIT DD, MET
Lactobacillus DB &EZEFIVHE LTz, ZORERAE T 54,
A% B R DN RITEO LIRS0, HRBEOH X
HER 0B IX 5 >& 3 I/ h&<l72->7= (Fig. 4),

St OY T AT I#FR I TITHZ &Lz,

3. 3. NBIEBLETEDIVRAOEME~NDEE
(fEH# 35 HE)
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ZORER, A% A 21X, Lactobacillus IZFWTHE 21T
IRINSTEN, BB A BITEE ELOBHEML T
(Fig. 5),

Lactobacillus BEHEAFREE CHIVELIZHER, 4% B
BOHPEEICEE ELOHED L T (Fig. 6), 20
ZED, EHAE, AEROBEHICXIL T Latobacillus
DEFEE T TCODIENE 2 bz,

Lactobacillus @& &3, Lactobacilli MRS #& X1z Hi%
FI T ToT-, Bt Fooan=—|z 2 FEMFEEL T
72(Fig. 7), £ZC, Z D 2 MO W EREEL, 7T L%
BEOEREBIZRUT-, ZOME, HEHEREHD A LAEH
D B 1FR®H BT (Fig. 7). Lactobacillus X% E DO RES
AL TEY, B2 Lactobacillus THAHZENHERI ST, X
-7C, Lactobacilli MRS #& Xzt CRHAIS N7 T
Lactobacillus DEEITLAFEL TWDHEE 2 BT,
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Fig.3 Effects of 0.5% or 4% salt intake on oral bacteria (21 days)
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Fig. 4 Effects of 0.5% or 4% salt intake on Lactobacillus (21 days)
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Fig. 5 Effects of 0.5% or 4% salts intake on Lactobacillus and total bacteria (35 days)
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Fig. 6 Effects of 0.5% or 4% salt intake on rates of Lactobacillus and total bacteria (35 days)



A: Streptococci

Lactobacilli MRS agar plate

Fig. 7 Observation of colony on the Lactobacilli MRS agar plate (35 days)

3. 4. NBIERLEBERODYIVAOEHA~NDZE
(3782140 B L35HE DO HLE)

BLW~T 27 N —T % HNT, A% B SR R% 14
AEE 35 B HOOPEME~OREE 8RR U
NOIRFAAT T2, WREAT T 7V FNT, HE
I B2 a7, HEHE 14 0 B & 35 A HOREHIC
KRERFENEL, A% RIEAEN T ERIVZVMER N RS
MDA EZEIIeh -7z (Fig. 8), #EEHERE DT
BEEIToT, 2HBICBWTh, EE% 14 HHE 35 H
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HBT520lmE R (0.5% A E) & A% I E
Z=13 72072 (Fig. 9), Lactobacillus |22V THRE 217>
Too ZDOFER, BIE 35 A BICRWT, 4% RIERIE
HAR LYY Lactobacillus DEAE E IS L TOBIEMN
D772 (Fig. 10), #8HU% 14 H H T, 204857
NI D BN T, $RE X35 Lactobacillus @
A FR DL, BE% 14 A AL 35 B Abi@E ALY
b ANEIEROTIN, ZOERITRA LT, EE% 35
H B CHEZENZRD BN (Fig. 1),

Total bacteria

35 days after intake
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Fig. 8 Effects of 0.5% or 4% salt intake on total bacteria (14 and 35 days)
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Fig. 9 Effects of 0.5% or 4% salt intake on total streptococci (14 and 35 days)
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Fig. 10 Effects of 0.5% or 4% salt intake on Lactobacillus (14 and 35 days)
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Fig. 11 Effects of 0.5% or 4% salt intake on rates of Lactobacillus and total bacteria (14 and 35 days)
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H H72>5 Lactobacillus 23Miod DI S LU Tl L A& 01 Staphylococcus DB 3% <72 b EHLNE
TETCWDLIENRHLINEZR T2, ZD Lactobacillus DY 7eo72 (Fig. 12), LarL, ZOR &N B 21T720 o



720 SHIZ, ¥ K95 Staphylococcus O b4 FHHI
DL, AN EHETETE RIVHAEIC LA T2ZL0385
MmElo7=(Fig. 13), ko T, B O EE N
Lactobacillus D/ 12430, ey Staphylococus
DIEGHNINZ BN TS AT REMENE 2 DT,

1 ERANE CTHD P. gingivalis 1% E#% 14 H B o~
AIZHERE LT, ZORER, MKFEREE TR LT8R
ML $ L Staphylococcus O B & ANE T B LD 4% B

Tooth surface

THEETHIENHALNI/ -7 (Fig. 14), 26D IHIZ,
P. gingivalis @ MPENEEREICZED, B REZEIL T\D
FmE RIS, OPENORKIMERES Staphylococus &
WIS HZEDVRIBS LT, P. gingivalis 38R T
5%, Lo T, & RIX Lactobacillus /0 31T, P.
gingivalis % & T 5UMEHE DJY<> Staphylococcus D)k
Y B RIREMED B D,
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Fig. 12 Effects of 0.5% or 4% salt intake on Staphylococcus (14 days)
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Fig. 13 Effects of 0.5% or 4% salt intake on rates of Staphylococcus and total streptococci (14 days)
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Fig. 14 Effects of 0.5% or 4% salt intake on anaerobic bacteria and Straphylococcus(14 days)

3. 5. NBRIEBLEEROIVAOZRHEE~DEE
(g% o0 BAB)

A% R R OB A @ E B LR LR DS 1 EAE )
DOREZBNT, BEL TS 90 H B OMFEITo72,
ZORER, BB, AEEITRVPETEEIVS
Lactobacillus 738> LT 7= (Fig. 15) . #MEIZx T2
Lactobacillus DHFEZFHETLHE, WFEAELIVS 4%RHE
BOFHN, FOLRITAE B LT (Fig. 16) . 4% &
L, MESEREICB W THEZET RV, BE R

Tooth surface

i U C B A S0/ (Fig. 17) , Staphylococeus #
BT8R, HBIRL TS 14 A HEFERC, @5
BLVE 4% & A 0503 EIZ Staphylococeus O F -7
BT (Fig. 18) ., P. gingivalis @ [E~OH:FE K5

IZBWTH, HEFRRTE A T N EN BRI R e %
&, PRERTIEE R LKL C 4% BIERZERT 5L,
BERPERE A BT 3508, B IRl R I 4%
BB S A B ITHEMER D LA T 20033
b7z (Fig. 19) .
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Fig. 15 Effects of 0.5% or 4% salt intake on Lactobacillus (90 days)
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Fig. 16 Effects of 0.5% or 4% salt intake on rates of Lactobacillus to total bacteria (90 days)
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Fig. 17 Effects of 0.5% or 4% salt intake on rates of total streptococci (90 days)

Tooth surface
Staphylococcus

35
30 -
25
20
15
10

5
0

* %k

1

Colony number of bacteria (/ml)

0.5% salt diet 4% salt diet

Fig. 18 Effects of 0.5% or 4% salt intake on rates of Staphylococcus (90 days)
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Fig. 19 Effects of 0.5% or 4% salt intake on rates of anaerobic bacteria (90 days)
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3. 6. ANRIBREBEEBRDOIIVAOBEBEREAD
(#%fE% 00 R0AH)

A% EmLME R 90 H B O~ AN B 4 Ut
Ry =z Y =[N TRETE T o7, L 4%
WEEZEIRLI-~T AO DR # I IRE R 60
o E7eoT (Fig. 20), B &LV A% BIH AT,
Pseudomonas, Sphingomonas, Clostridiaceae, Turicibacter,
Lactobacillus DHHEIME T 4523 ENERoT, —

75, Aerococcaceae, Staphylococcus sciuri, Jeotgalicoccus
psychrophilus, Corynebacterium stationis Okt EF-5
HZENHBMN IR ST, BEBIE THLMNC o TR &
[AIERIZ, Lactobacillus DMK L, Staphylococcus @
PR EHL QW ZO/REDDS, mlES &I, Ok
A #IC A k& 5 %, Lactobacillus % J 4 & &
Staphylococcus ZHEMSHHZ LN BT o T2,

- Aerococcaceae

Staphylococcus sciuri
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Fig. 20 Effects of 0.5% or 4% salt intake on oral flora (90 days)



3. 7. A%BIEBELBEBEBNDT YA Treg MO LR (3
% 150 HE)

~ AT DI OIEHR IR MED 17 Hl~ 1
=T Hifa (Th17) 25583524 C, B~ A7 14—
LB E G 2, A Lactobacilli 28 SH5HZEMN
VRSN TS 2o Thi7 13 Treg Ml HIE1Z
ZUTTWDZENHBIE > TS, FT-, Treg il
FEINHIREZAHD DITHRGK - TdD Foxp3 ThHHI L
BN TS, ZD Foxp3 Bt TR N o #iHI HE
b, Th17 OFIENZ RS> TWALZENEZOND, T2

T, K THHIMNEMIICE TS Foxp3 Bt T A
(Foxp3'CD3") Zfi#HrL , i AR HE 4% 5 B~
UATHITHIE51ToT2, TOFER, WH O MR
Treg MfeEI 0.5%, 4% A& O Treg FfIX 0.9%&
05% Th o7z, REREITRD LD -7 (Fig. 21 ~
Fig. 23), £oC, 4% EERITED Treg Mfad T,
Lactobacillus ™= Staphylococcus OHIMNE (L EEFR7R
WEE 2 LI,
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Lﬁwi 30.5

APCA

CcD3

Treg cells

0.3

0.0

Fig. 21 Effects of 0.5% salt intake on Treg cells in spleen from mice (150 days)

Experiment-1 (spleen)
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Fig. 22 Effects of 4% salt intake on Treg cells in spleen from mice (150 days)



Experiment-2 (spleen)
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Fig. 23 Effects of 4% salt intake on Treg cells in spleen from mice (150 days)

4. % &

A% DI oy D3 E EN T B2 H & _To~ U R,
0.5% D i | DI 7y NG ENT R A BT~ T ALK
BHOEACITHR o7z, LU, 4% DM 5038 iz
Akt 2 A B A_Tov U A IR E BB Z DL Th
ST, UL, WHNETEDIENETRWRT -
DITERA TN EEZBND, RO ENZVNBES ST,
RENEZDHZETeh Tz, BEORFERST~T A
D EX, R 48 TH5 35 H H T Lactobacillus 73
DE LT T 2FRHONERS T, ZHUE, vU
AZET D5y OEFHEEOR, I~A27 0 A4 — L2
W hz, JLEEHE Lactobacilli ZH&H528@ 1m0
PR THHIENE XL, IBIT, TRVEKE THH
Staphylococcus 23 M35 Z b B b bl o7,
Staphylococcus (%, mfEiTxf U CTHbiEER D, £omii
DIRRETAAF T 4NV LETERR T DI LN BN/ >T
Wb, £oC, B¥ICEE S OBEIL, niETe—J7%%
B &4, Lactobacillus 72 OFLBREZIROL, HEETIX
AR EE L TALE DB TV% Staphylococcus 734
ZHZEDBHABNEI ST,

FLERIR A A 358, o8RG L 5 <72 > T
WHRTREMED D, 2T, #HU% 14 H B IZ P. gingivalis

O O PENEEREERAAT o7, ZOREH, P. gingivalis % [
PENEERE T 2L, 4% D B EZHEIRL TWD~T R 3l
WRIZHAS, OPENBMER & Staphylococcus 738 -
BHZENHBINE 2T, P, gingivalis & & b i &7 B E
IXBFRPER THY, P. gingivalis & MIERNEERET DL, &
HAZERL TWD<TAICBWT, OWREREEA 5 ES
EIIESE LT WIS H FI R L W EREEIZA X T
WDDNELAVR,

fBHU%90 B BT, 35 A B ClRIZ-7-BIgU MRS
THY, Lactobacillus D) & Staphylococcus DHEANANFE
Dbz, P. gingivalis OFEFE FEER TlE, HefERTIX S WA
F0H AN B R Z B TOD M BEICHEIERE 037
MoTeis, %I AN RIEREZ BTSN AEIC
BESPEE B INL T, B R ERICB W T, P
gingivalis J& YL HEAUERH OIS Lactobacillus i/
(AT DO BIE MDD D AT REMED S 2 BiLTe, 2D~ A
ZRHLT, WL 4% R LD NN # D 22D
MEEAT o7z, ZORER, BHE LT 4%RHEAIT,
Lactobacillus @ H3RI3{K<72Y, Staphylococcus @ k373
R ORER o7, BRI TR LTSRS R L FER T
HoTz,



ZOIINTEH A BEKUT DL T, AFENME DL
(LB ZDENH LN T, ZOEENED IS 7
HICEDLONBRTT 57201, LENZHBMI 25T
DHESy OWFHERS Thi7 MlaE#FE 2LV D LI
HU7-, £Z°C, T17 ffakvd T17 ez s 2 Treg
MlaEBlEE 3oLz, T ClE, Treg Al Foxp3
DOFBME T L TR, T17 #lEZ 0L O THHEN
IR ELHHIEND, T MldlZEBIT5 Foxpd DR BLA
FACS IZXOfMT LT, ZTORER, BH L 4% R RLT
RERZEVBDONIRD T2, Lo T, Th71Z%57 % Treg
R LA HIENL, mEAIZED O b % 0 222
RIRNZEDRBS T,

FoT, @O N EME DR BEDA =X AT
B S22 72 572 0> - 7= 2%, Lactobacillus @ J& 7,
Staphylococcus DI, P. gingivalis (2 XA HEAUE# D1
L, AREOIRIFEMEICRESEDL LB Th D, Frig, &
TRt 2 THLIBEDOHRRITEWT,
Staphylococcus 057 H i 5L B o s I XRAMENE T 26
FEIENZ B0, BRI O BN JE R R AE (2B D,
R o B O HUT, Lactobacillus 2O T 125
v, A7 a—70ZE, P. gingivalis DREGDOEEIMILY,
A B DR REEN DD, MR OE B OB,
H R B0 A EE N T 2 R B R B IR D2 8T,

D128, a2 D) i O HBERA LD L7 Y,
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Summary

Periodontal diseases are infected by an anaerobic oral bacteria such as Porphyromonas gingivalis and
Prevotella denticola in the periodontal tissue, and are the infectious diseases which causes absorption of an
alveolar bone as a result of the chronic inflammation. It is feared that other systemic diseases (diabetes,
cerebrovascular disease, heat disease, etc.) are more likely to be caused in periodontal diseases. It is important to
clarify the onset mechanism of periodontal diseases. While salt is used for seasoning foods, it is one of the
essential mineral components required for the maintenance of human cells. However, a recent research has
reported that excessive salt intake induces pathogenic type 17 helper T cells (Th17), which affects the intestinal
microbiome and reduces Lactobacillus. Lactobacilli are commensal bacteria in the oral cavity and contradict the
periodontal diseases pathogens. Therefore, we suppose that excessive intake of salt may decrease lactobacilli in
the oral cavity and create a condition in which periodontal diseases bacteria are easily infected. We investigated
how oral bacteria flora changes by ingesting a high salt diet to mice. When mice were fed a diet containing 4%
salt diet every days, a decrease in Lactobacillus on the tooth surface and an increase Staphylococcus were observed
at 14 days after ingestion compared with 0.5% salt food (regular diet). An increase in the number of anaerobic
bacteria was observed when P. gingivalis was inoculated in the oral cavity from mice fed a high salt diet for 14
days. In addition, the opportunistic pathogen, Staphylococcus was also increased. Daily intake of high salt diet
continues for 150 days, lead to a decrease in the number of lactobacillus, alteration of oral flora, and infection of P.
gingialis may induces periodontal diseases environment due to an increase in anaerobic bacteria.  Daily intake of
high-salt diet may lead to the development of periodontal diseases and systemic diseases such as aspiration
pneumoniae through the oral cavity. This suggested that a controlled salt in diet was important, such as refraining
from high-salt daily intake.



