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VETHLLEZT. T, BBEHOTTY, Elfr—
SED b & TIE—IF OB A < 74 5 &Sk E 55 <
b EVIWMED D ks e, MRS
VBHELRTWE TSNS EIE T IZBI 5 EIEHEFETIE,
L) WEASHIMSECHBRNPEE LnEEx TR
¥ CREIIHAL, S HAT ORI % 358 L 2B 8T
% M OZALIC BT 2 835" Y 138 2 A HAL O ELY]
B % 308 L3 kv, 22T, ARFFETIR & 0 VR
EYE L LCIR V) WERMMA3EL, ERenT o
L CIGET 2 TR A SO T A X — 2 IV CHEINT
PORHACOMB % RIETX 2 EBAIER L2 72,
ZNE CIER LR T 12 3\ TR ORI % 520 72 Bl
DB B EIR O A & F CHERT 2 & #1721 IR RN
B MU NEET 28 & 2 2 & v ) WEdid > 19 4
EICE B EROBENCIE, HEEEO BRI % 91k <<
B ENEELREETHLEELOND.

ZZTC, ARk L, IR T B\ CER I O E A
A RS KD A IV A BT, R 2k
REIXEI T L2 BMIME 2R TE 2 v e
ST, WEREEFRLIALAY — R, L) RO
WEMG12 X 2 BB 2 BN 0L & O
W % MRS L D O IAFLIEAVE U 2 BRI 4o h 12D TRt
THZERHME LT

R e FHE

1. EBRBYMEFESRMGF (1)

FRREN & LC, JEESRERE (DL Fnormalfif) (213E
%6 BMESOMELES ) T T— )V F VNN RS — 4L, FER
FRTEICIER S BMOMEEL ) T Y T VT Y NL A Y —
16VE, ffdCRI200C% (i L 72,

WIS, HERRIERED16IL %, fif E % {1 5- L 7 \»control
B, BIOWEMNS LIMENG e 1M & 198
M (T208), 1M &390 (T40%E), 1 AV & 5980
(T60HE) DAAE D THD KT SHEORI AR (KH4
B90) 1237 (1), EBMEHE LY —13TF

w1 FEREE & R S

IR | SR
JEREIRIEHE | normalkf 57 L
control# M 5-7 L
oo 1 19
MR T40% 1 39
T607 1# 59%%

R BE T AT 5 L 7 VonormalfE, HERMGEED 5 BT EA
5. U7 control#f, F 72 B & JemrEm BN 2 2 2 h
1 & 198 (T20HE), 1#&39%0 (T408E), 1% &59% (T60
) TR ORI WEMNGHO 5B (F#n=4) ZRELL

AF w7 r—VTHEL, BEEHH, KEKOENZ L,
Al — DA G P CE L.

2. VERRFRE
HERIROZTEIE, BT > 7 v A B B2
ML b 725 LKA >~ A VIRREEIZ T Sstreptozotocin (1
FEATIE T 3EWN, KB, LLFSTZEWSd) 512 & 5 ik
WD Y D x gLz — 50 O AREE A L
STZ50 mg#005 ml»01 M7 = - 7 TV hU
LR (pHAS) (ZMNA CHE L, AR AEK095 mlix
Mmz7zb 0%, KfElkg72 050 mgDE| & THEIEANIZHZ
5L, 4 HBEOIMEMEA150 mg/dIL TR E R %
ROTZND ALY — E PRI & L CEBRICHW2 (K1),
MBEHEOREIE 7NV T — A - F F 35— Bk TR
FHHEAIB L OSTZI% G- 4 H 5O EEEH A5 R I RHIR L
D IMES > TV EBRILAT- 72, %8, HERBHIESTZ%
5L, 4 HRICEEEBEZ RS T 5720, HEEGRIC
normalff & [AA£IZ 6 Hift & 7 5 L H IZFREE L 72

(mg/dl) (8)
250 130

120
200

-~ 110

150 -~ 100

. - 90 ¢---IFE(E
m —
20 - 80
- 70
050
60
000 50

STZ# 5/ stz 540%
1 STZHS-Hit oMbl & A E D21k
STZH G- 4 H %O MAEEAS150mg /dI T H DK E A % 580 72
SO ERERIEREE L TR L7z,

3. KBAHE

1) RiEfE

INLKAY =%V T F VT —F)b (BRI S, K
W) CEFMBEEALTFTIT—NVF M) a (25 %A
V=V ZEEY VT 7 =<, KB D BEREN ST
(25 ml/kg body weight (MTFb. w.)) 2 X Y MERFRE: %
To7z. F0fk, HOGERMA % MEPITRS T 2 720808
HiRIC~ 1 7 0% 57— )b (KN-392 SP8, % H #AEATER,
) RABEEL, EBRUMA®LCRELZ Ko
T, XA TF—TNEYW T I=Av Y (v v
740, MSD#K, #Hui) (2mg/kg b. w.) =% 5L, 77L
VT 4 Y (LY E03mg, KRIFHZEM, 50 (001
mg /kg b. w.) FEAEGHC X WG L2
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2) WNIEDBRELFEMSEE
(M2,3,4,5,6)

NI OB I LAY — OIS HR B S A % H 7
R EIERE 0T ZA YY), EERME % BT Ak 1
PR A L ICERQTOY) L, EMOERBE L UKT
HE A B mmOMIZICEIE Lz, Sk ) ZEIC
L7250 (2 BT, MR A BB L 728 &3 SOl o B2
TR AR L S AL, BORMAILEE T AL 2 BIgEAr & L7z, K¢
JB & BT AR & DB L 7o AL o s gels, A1) mmo
BEEBNT 277 VVET L — &, BOHIO R I EE
25 mmOMEN G E A BT RE T2 T 7 ) LV
TL— EEDLET, W7 L— MEEETHRATRIIZK
D 4 fEPTIEE L7z, BIERERALCd B FBH L 72 T LR
WIEEEL2 mmO I N—=HT T A%HEFEL, INEHEE
Ll INSEHEEzROBERLDHITZ2HOT
) NVET L — NS 7% A5 E % dorsal skinfold chamber
(L Fchamber) &5 (M2). 512, WEAMASHICE
WA ERGEEE S LT, SIS EIER ) v v
Ry (vA4zaay 2 ) HANVKREY Y, FI—A 07—
Fa b, #H) ON—AfERLEESESEZLO
Lo G N A LZEW, KD 2HlAGbhE, 512
AT & TS 2 TRIRRLEAERHDO T 7 F 21—
Y THIENAFTAZ N (FFa—=KRL—2 3 Y0, FEK)
ZRH, NAF AT VDIHET B 2 &) EEEEIH
RO IEIPE L)L, EEYRL TRWEloT 7
V7L —hMZREELZ (M3, 4). VY ANVES >0
BHED (EAE20 mm) 13727 ) VBT L — MIdH HEE2S
mmOEDFRIATE S, S SIEFICHLTERY UA°
TEE 2100 g/co* DR EAND B & 9 FHEE L 72,

F 72, REBRTIEZZHEOMN BRI BIT 2 M) %
MZ 572012, W5IRT L) %8 A ~—1C (NE555P,
Texas Instruments Incorporated, Dallas, Texas) % F\ 727
THREER L, EILe gy 7Ty —oflaaber %z
52 LT, RELMESEMEZI P u—v L 4B,

2 dorsal skinfold chamber
WEHREEROCBEEY DT 2807 7 ) VT L —
5 7% % ¥ 18 % dorsal skinfold chamber & 53

S ESR

6IRT LAy vy 7Yy (PLR27, HAREEI /N
WVETE, HE) ZHWD I ETHESLLE LWL D
2L, NARY—=HPHBIZr—YWNEENTS L) I L7

K3 frEEE
BIEHY YA VEY v ONR—ZAHER L 2HEE SO
L ThEAS DY, SHICERERT L CIUET 2R
FEAEHOT 7 F 21— THIHNA T A Z NV EFGAE
Sl a7z

AR IR T T T EETETTEEEEELE,

4 frEZEEA X dorsal skinfold chamber DX
CBEBTETAT )V TL— b
CHION—HTF A
Al
DR
CWEMGEEEETAT 7YV TL— b
HVASS
AT E A G EORRE N —

i A G
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M5 FEFHENR
BIROANERZ & HEIIZAT) 7202y A ~—ICT v T %
W ETFERAER L 2. CoblgorT, iitkar s
T — DA G DOERZEZ B I L TR St % 25 L7z,

a / vl

100000004 ] d
o —— |

e

X6 L
i R
DT
ATy T
S AR
D SRR A N —
=0 IZER, BTN R L E R & R
TORSIET, BEOUVEZZHBTITZ A L) 127
F/2, AV ) T ERGLZETHBEPS TSRV ED
L7,

o Q0 T oW

3) REREIRPICH T DEREE (IN7)

JEfif A T B S normalfif & control#f 1, chamber % %%
HLAREMHETHL OHEEZED, WMEANZ & WIKET
1HH~5HHEF CHHEEZA5 6 MBI L F
7o, MEASEO 3BT, IEMERELFERICO HBICHE
BEIToRICWENS 2L, 1HE~5HHE T
HREZNC AR 6 B L7, B8 T _RToBIZBNT
BB X OFA D BUNMIE RIS E 2 TS vk H 1T
%728, chamber®t s RA8KEHI 22 L 722 I BtA L 72

7% BEBRITAGHEE R R B R A SR B R 2 B &
WO 7z [l E R FE W EBRFER~ =2 7 v ] TEZK
S NACHEE KT FEER B 51640 | 1ICEV T - 72

4) WMUhEDERE
UNIE OBIZ IOV T, FAREmMEE (SZ61, 4+

YNAMR, W) BLUCCDA 2T (DP22, * 1 »/%A
R, WH0) & EGTHEOLHEMET (BX50, AU ¥ /8, H
) BLOHOEF 2 —7 (UNIVA2, 4+ 282, H
) RV S5 LoikE L2BISEHIZ, HNa
7 — MR, REBERETCZENZNOBEMEO AT — Y
W) AR 2B B D, S 5 I2chamber % [ %E L 72,
FARBAMEE TIE, g e (x08) LERENEBIE
MigH (OHH) »55HHEZETCCDA X FIZTHRFE L
7o, WICHEBLCHEYA 700 T —T Vb IMLHOH
et & U CFITC labeled dextran (mw150000, Sigma
chemical, St Louis, Missouri) (Ll FFITC-dextran) # i&
A (100 mg/kg b. w.) L7-t4, 45 GEEMEEIZ CTEM
MEDETS LMtz 5 L7z FkiZZ 0%%CCD
B AT (CS230, A1) v/8AM, WH) THEL, ¥
2. — 4% — (Surface, Microsoft, Redmond, Washington) 2
FUk L 7z 352 IEFITC-dextrani® A #1555 DU IZ AT v

FUEk L7z 0 H H OFITC-dextranf§ (LT, #oLI§) ThE
ATELMEDETEHEESHEIZTHIET, OHHLE
F—o#MB L CIMETHL L Z2FEELBEET- 7.
%B, REBRICBITZEMIMEOBIZIE, IFTERETILE
LZRPLEBOME %, fEH CIEIEMEE CHIZE SN E
GEEELTOY Y ANRY VETONE % BIEE L7,

vV v vy vy YVvYyy

normal &
control#
HEMER
Pabdifeiol —C————)
4B [ agesh |
T

szl %E%EH oBHE 18R 288 3B 488 SHE
 nmigne 4@ FEGSHR

X7 frmESet L BsirE
normalff1E, #{E%%E L4 % CTHH 0 HH X &, fif
EEMARVIRETS HH F THEHREEZNICAE 6 mIBI%L
7z, BEFRIBHE CIESTZH G- B4 12 MBS & AR 2 fERE L 721212
KEHAE L, normalff L FERICAFF6OMBIZLE L 2B,
MERMGIZ0 HEHBISERE YRGB L.

V mmen

5) HMEROFHE (X8)

FLERk L 72 SRS S & WifgLEL Y 7 I (Adobe Photoshop
CC 2014, Adobe Systems Incorporated, San Joe, California)
(L. FPhotoshop) # HI T 5 — ¥k % Bl 5 L 256/ 7
DTV — A — VA2 L7z LT L7z, T IcBR LT,
chamber 2 /N—7'F A & [T 572DV v 712
HD2OOROPLEFEALZEMOEE —E5Hrr] X,
ZOMEBIREDLD D 2 FA KA TCHB O ZE 5
HlE, AFEIS N EHEBICB W TEHE L 72, S EIgEIR
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FAZ B 2 AP EE TBI% T & 2 MU/NmE 12 Sk
5 HMILE T, TOBEENERT S FEMEEL LT, »
D7 L —ES LR O = 10LAA 0 H ML % 720 72 FHIE
% (+), ZoREHEE 3 RIS %220 R0 - s
(=) L L, BISELELERMICEML T TCOHICE
WTHE L7z, FRilike LT, (+) 2148, () %
0M&ELT, MEOFHMEAEL LA HEOMEIZIE
unpaired thiE (JMP® Pro, SAS Institute Inc., Cary, NC,
USA) (BLFJMP) % Hivy, HEK#EZDP<005L L CHE
EEHEL.

Sy

8 A o A

chamber |2 /N—=HF A% [EET 5 72O AW v 712
% 2O0DROFLEFAZEROBEE E5HE5] &, ZOH
CHRBENL DD 2 0 EKEAEROEE S5 MED &, 4
A3 S N A FEIT T B\ TSRS I B\ T PRI H
(KH) R0 0% (+) 0 11, B LEZRED o7
box (=) 0me L, BIRESKRZHFMLIRTORICE
W L 72

6) EMMEHEKLE (M9)

FHHIZBWT, BIERKBE (OHH) &BIGR TR
(5HH) ®2REIZBNT, B% L THEZETE 545
Iz 30 % — T4 L, Photoshop I CREIR L 7245 Ik #6 & 45
IS0 % AR TR 0N, ZOEMICEIST 2 EE 555 5|
Wie ZOEE S E HIROBE DL R EFEA T
&b B BHINE OAREE K8, KETICBWCERIIL
BIRBAMRIED S O REL B L, FHMOMEEIZOWT
L7 B, BRI EIE, SBIC70~904K % 3% 5E
L, BEMOMSEIZ IZunpaired tiE (JMP) % Hv, A&
JKiEZp<005& L CHEATHEL.

7) EHMOEDETS LUMEROHE

ROER L 7-HOGBEMEEG L D, SRS B 2 EMIE
DETBLIVEZEZBIE L, BRFNEIE L OEERO
MHEIZOWTIE L7z, b, MEROFHIIIZE L T
Photoshop @D A A Y — v & FH vy, BAIE o K8l 2§
L EE A BMMAEEE Lo, RIS I8 25 7 <
100 umPh O R S SBIGETRe 2 iz 1 vk L, Z0
1 ALOME 1B BAEE D207 P& e L7z, WoEid 8l
FE & & 2o Bl T (one-way ANOVA) %17
V3, Post hoc test& L CHER 0% W [L# 12 (X Turkey-HSD

SR E /N

g (JMP) \CCERZME L, AEKEZP<001E LT
HEEzHE L.

9 EMIMETE LR O %

HOGBIZB VT, BIEHIGR & BIER TIRO 2128\,
BUJj %3 U CHEREC & A 0I5 % & AT L, Photoshop . C
FRIN L 7243 W50 & A i % IEAR TG O, ZOEMICER T 58
[ b (VAN I OE R - 335 Rl i {D) 7 SR DI
FREATERR & 38 B BMIE O R KR, KEFSICBWT
RN LB RAEE 2 & OW R EA B L, SEBOMEIZ DOV
THB L7,

& R

1. MMES S UCERLEDOERE
AW T, MU mE 2 s IR, MER S L OTBHIn
Fragbbol L, BMMEZHEE mAHObDE L

7 19, 20)

1) #hmEDZEL

10~ 141 S B o BIEMGE: (OHH) »55HHET
D FARBAMBS %R T

normalf ([10) Tl&, MU/NLE A FEERICILER L C
WAERGR L HE % E— 2 1R 2%, 0/ 5
HHICIZOHHBE OB L 2RSSR 25 2B B
M I BRI L, I & L CInE o557 I2EH
BIALIERRD R o 72,

control#f (X11) Tid, FEEEAYIZM/NIAET O JLFE )
O OAHICTTICHIML T A Eszlo, &5
VB BAG T2 T 72 \ S IS I B L i L T 2 589 %
7z

T20%E ([¥12) <Tl&, 1 HHPBESENISE L Hine
% iR, ZTOREIIRRIICHC 2o Tz, RS
ETFomE X1 HH XD #fi/Mam RS, 5 HHICIEAE L
e, BUNIEOHRERDT.

T40% (X13) TiE, UM Ix4 HH F CRFEFICHL
RL, 4 H BN U7z, B % 58 U C i
% B 7278, T20MEIC AR ZOREIREE L, WEMSE
T OE MR NNIE DR LT RO R »o 72,

T60HE ([X14) Tl&, MU/ OHLHR R I % 720
7275, T20, T40BEIZEH~N2Z & Z ORI A - 72, A
DWHINLFRD T, controlE & Bl L 7215 % o 72,



K10 normalfiflZ BT A HUNIE OFREEFRZAL (scale bar=3mm)
a:OHH b:1HH ¢c:2HH d:3HH e:4HH
f :5HH
PN SRR ICIEIR L TV 2345 (R 1 HE %

WZHERRT 5 78, %@?&’ﬁﬁd\LS E! HIZIZOHHEEEBL

FeREZ R BEy (R 3RO 77z BUNLE 3 BRI

SR &0l LTI O 5 1335 H 2 2RI 5RO 2 o 72

@ ORI
e /b ) /Ci /
RN RN 7

B0 Ae0" UK A

K11 control# 231} 2 UMM OFEEFNZAL (scale bar=3mm)
a!:OHH b:1HH ¢c:2HH d:3HH e:4HH
f :5HH
FEIFAY L2 NI o JEER M 2 320 72 (RF). OHHE &Y

:ﬂ]ﬂlb“(b‘%iﬁ (%E’L) %’455:12@?7&4‘]1]1%%@5:&]1]1[/

TWAEDY (&) #3ER

K12 T208IZBT 2 My s O#ERZAL (scale bar=3mm)
a:OHH b:1HH ¢c:2HH d:3HH e 4HH
f :5HH
1 H HPIBE SRR L HIIER & 526, 2 OFREE 1L ReH
2 2o T/, FEATGE T oI & 5 H B IS &I

LD, MUNIEOWHEERD . 72, WEMNSE T LSO

/I TR & 72 I OILIRIZFRD 7 o 72,

145

X13 T40?¥01£’UZ>17»’UJ\JI]1 S @ﬁ%ﬂﬂﬁ@%ﬁﬂ: (scale bar=>3mm)
a:OHH b:1HH ¢c:2HH d:3HH e:4HH
f:5HH
PUNMAE T 4 HH F CREFAICIEEL, 4 H B DRI R0M

INL 72 (RED). T208E e HIMER S A7 <, fwE A5 s

T OE MM NIE DN L RO b o 7.

14 T60HEZ BT 2 HUMiE ORI ZAL (scale bar=3mm)
aiOEIE b:1HH ¢c:2HH d:3HH e:4HH
5 HH
)’UJ\JI[L’EU)?ILEE’?&EMEEVJ% D72, T20, T40BEIZHE~N
b ZOREITEr o7z MEDOHEKILFED T, controlfif &
WL 725 % R 72,

2) EHMENE(

M15~1912BZEEMEE (OHH) 55 HH F Codslh
BxRT.

normal#f ([X15) TIZEMIME XMW EIRIZOMHLTH
D, MR R IEER LT 72 28I o 45 A R FERE 12 1,
PERL T R XREIE Y 2 ZALIXFE O H L Ao 72, controlfif
(IX¥16) Tix, FEMIME dnormallf & [FHEE 24 H AR O 5 Af
ZRL, DI PITIMEEIIIER L T2y, —HCEMim

BOHEEROz., T20HTIE, OHBEICKLT, £To
BIEHI©, RERIICBMIMEE ORI RO bz, &
512, BHIME & » FITC-dextran® ik Hi L L5 J& PH o> #
FEAES LTz, 5 HHB F CIGAYR7 LT 7z B
BIEE L CMBEAIILEL T ([17-1). 72, IR
HREIE SN L WIS E B EO TS L\ Ik I ATE L,
FITC-dextran® g2 X 0 ME B OMEE D LA L, E
MM OEFTBIEATREE 22 0, MFEAYEIL L TW B EL
SRR (M17-2). T40%E (XM18) T, BAIME R
SRR L CB Y, FH 2RI O5 b o 7.
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T20HE & E 52 D, miidfFik89 5 H H £ CEMME D
EATIRBE T CTH - 72 T60RE (K19) Tk, EMMmE
ERERFICIR L CB Y, FBMIME LT 280 %
& controlkf & AL 7215 % fR& 72, T40HEL 1T R4,
e 2 & D AIFRD T o 72,

15  normalff2 B % BN OREFNZL (scale bar=100um)
a:0OHH b:1HH c:2HH d:3HH e:4HH
f :5HH
EMIME ) (SHEIRICAMA L TEB Y, MERILR LR

L CW AN DA R TERELZ I, a3 &R 2 25 kit

ROLNLro T

K16 controlffflZ 817 2 BHIIME OFERYZAL (scale bar=100um)
a: OHH b:1HH ¢c:2HH d:3HH e:4HH
f :5HH
EA I (26 ) i normal B & AR I HIRD S A2 — L, b

FHCIMAERIIILRE L T2y, — i CBMILE ok % 8o

7z (RHD).

K17-1 TR BUF 2 B OFREREIZAL (scale bar=100um)
a:OHH b:1HH ¢c:2HH d:3HH e:4HH
f:5HH
OHHIZILT, &CoBZM cRIFINICBHMINE RO

B () & EBMIME X Y FITC-dextran?s i i L M4 & PH o

FEEEDS EA L Tz,

PR ET/A

X17-2 T2 BT 5B ORERHAYZAL (scale bar=100um)
a:OHH b:1HH ¢c:2HH d:3HH e:4HH
f:5HH
FH LW O TLHE I AE ) FITC-dextran D g i 12 & 1

MEMBEOMED LA L, BMILE OETSBIEATHE (K

B 2, MEAMEIR L TWw ARG (RED) 2307,

K18 T40#Z BT 5 BHIME OFRERFYZAL (scale bar=100um)
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Changes of microvascular reactions induced by intermittent mechanical

pressure in diabetic hamsters

Eisuke Nishikawa, Yoshiaki Sato, Kento Shoman, Yuusuke Kudo, Takaaki Yamamoto
and Junichiro Iida

ABSTRACT : Recently, the number of adults and elderly people seeking orthodontic treatment has increased and we
frequently encounter opportunities to treat patients with diabetes and of the diabetic corps. However, regarding tissue
changes associated with orthodontic force to move teeth, much is still unclear about differences in the responsiveness
of microvasculature to mechanical stimulus for those with hyperglycemia. In this study, we focused on intermittent
pressure of shorter loading periods because the fragility of microvasculatures tends to advance in hyperglycemia.
Thus far, it is clear that monocyte lineage cells are stimulated to migrate outside of blood vessels when capillaries are
dilated to the width of post capillary venules by mechanical pressure in normoglycemia. However, there is no report
examining microvascular changes in response to weak pressure stimulation, and in particular intermittent pressure, in
hyperglycemia. The purpose of this study is to observe microvascular changes with intermittent pressure and to examine
the load conditions under which sufficient vasodilation occurred with vascular structure maintained by streptozotocin-
induced diabetic hamsters. Non-diabetic male Syrian golden hamsters (6 weeks old) are termed “normal group” (unloading)
and streptozotocin-induced diabetic hamsters (5 weeks old) are divided into “control group” (unloading) and three loading
groups. The three loading groups were alternately repeated loading and unloading. The duration for loading/unloading
was lsec/19secs (T20), 1sec/39secs (T40), and 1lsec/59 secs (T60). Each animal was fitted with a specially-designed,
purpose-built dorsal skinfold chamber with a loading device capable of exerting an intermittent pressure of 100 g/cm?
Intermittent pressure was applied to the three loading groups. From day 1 until day 5, microvascular changes were
observed with a stereoscopic microscope and a fluorescence microscope, and differences between the groups were
observed with the following results.

1. Under loaded conditions, capillary diameters for the T20 and T40 groups were significantly higher than for the control

group.
2. Under loaded conditions, the T20 group exhibited significantly stronger bleeding tendency than the control group.
3. Regarding disappearance rates of capillaries, the loss rate for the T20 group was significantly higher than for the other

groups.
The above results suggest that through the application of intermittent orthodontic force in intervals consisting of one
second of pressure followed by 39 seconds of rest, it may be possible to bring about dilation of the capillaries of diabetic

hamsters while their structure is maintained in periodontal tissue.

Key Words : microvasculature, intermittent pressure, diabetes mellitus, orthodontic force
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