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7z Ty NREIRIZ SV — R AR, 3 EM, 10

D DRER AR R IBGT % 17 - 7=, HEg Rﬁﬁtiﬁlklzso mW o 70%

DT, 24RO A 2V & Lre, THES LO14 IHEICEBIIRE R U, JEIRSIEE S Jhat L7, s el

ORI e I u'ﬁlJr\V]Jx”rlﬂﬂ’@, T N KBRS A ¢
MR v A

(P<0.05), 2:5M % T 49% (P<0.001) DA B A AT A S ALz,
AIMEIET (2 & 0 25% A U2 (P<0.05). 72, T/8Y AT )—

DAL ORI AT & L1 (P<0.05). Ml OME ¢
BEHIRIL 10 J/cm® D IS C 4 35 A M D IR A3 & L7z,

& UTHMBALOMGHE LD & 2 THEATHI o> B FHI AT 70 & dui. i

WS E 1, 5, 108 X TU20 J/cm® % MR4) LIS RIS & JEIR
v MRSV — 2 BB O NI/ I, SRR LR RS & 0 1T T 25%
158 (1] F 0> 5093 LA o C Uk B RN AL LI o I MR B 8 1
et l2 & BTN LR OFEM T,

Tid, EEHRIZ T RIS OB EF T o 2oht, BN
Bl EofEgtnrs, ERsGEERSHE R BRI L, o

TCARYHRERSHC & b 49%

HEARSRBEGHI IR PO MBI T &R Z &b,

M TR B TR AE O F PS4 B8 L\ sk & & 2 WS 5.

Key words near-infrared ray, restenosis, reendothelialization

BAE, IR PUBCRRE S 2 E IR IR 2 Ly 7
— T NEHGIBE, BEREILIThR, EREMEESFT
W B, BECRETHIR B M L T HL 1977 4 Gruenzig |2 & » TH)
& TRBEMEBIIRTEEA (percutaneous transluminal coronary
angioplasty, PTCA) #Wi{T S CLA, ZOMKM LR IZK

<, BEFRBTEMBIBAUHITEShBIIE>TWwA, L
7 L, PTCATIHi#% 30 ~ 50% (= iz U, #DMRkHi
J?tﬂ HELMEEL>Twa ", EREOMEIZNLTAT

> b, HIEAEEDIREIEDRRT O -y T L -8 R EDFH LW
BREBOBANCL NYEEZRD TN, WELE+Ho5aik
LTV RV,

MR, BYIRFELEAGZS <00 B LA X4 B FeBe i iR iR E B
SNTVAE. GBEMEFRFEZOHTICE ) 2BEICSEHE R

FRL144FE 11 A 20 B2, FR154E 1 A 8 B
Abbreviations

B, 1D BFOMRBEE AL LAb0T, SRV —F
—HVERE. LENGLDE LTOHHIZL—F— 2 BEL
AFLEERT A Z & TLBEIMNEE B &+ 5806 M8
4k (transmyocardial revascularization)™ < JEECE MM E % 5%
ﬁ %5 L, F0HIIL—W—% Bat UIE & i 5 6088
iH#E (photodynamic therapy)¥® 758 &, % 3 1013 e85 %M
fLIsUC»%EE’J& LEbDTHE, ZhiZEFANY I LRF L —
PR BBL —F— IIRESNBEBI L —F—2H Y, B
IRFAEERECH T 2EFRORA P RESAL TS
Kipshidze 5 ™32 L A 70— VEH# L =R BOKBEEIRIZ S
—BEEMZ, FOBIER DL —F -2 MERREL Y B,
SBEMBICBE L L I AFENEDBIEIHEEIZIH s
EHE L, SHITHEDIEE FPADIBHEERA, PTCARKIZIM

a-SMA, «-smooth muscle actin; BrdU, bromodeoxyuridine; DMEM, Dulbecco’s modified eagle

medium; I/M, intima/media ratio; MCP-1, monocyte chemoattaractant protein-1; NIR, near-infrared ray; PCNA,
proliferating cell nuclear antigen; PI, proliferation index; PTCA, percutaneous transluminal coronary angioplasty;
TUNEL, terminal deoxynucleotidyl transferase-mediated deoxyuridine-5' -triphosphate-biotin nick end-labeling;

VEGEF, vascular endothelial growth factor
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HREL Y L -F-REETY, TOEREELFRICIEIL
LEAMELSY, Z2oOBFIIOVTRTSICHLSHTRE
Vs, EREHE OGRS, NERROMER EFRINT
Wz, LAL, BHAL—F— 3o g P ER.O
PIRED & D BITBEFLETSH D, EHEH L - — 2RI
EhALAF— T LERVTILEN D D TR OBRERICE
HBRAH B,

—%, EHHE (near-infrared ray, NIR) A L BEED L
— - LR DVFIERT L0625 1.6 umDBES N
HEROLHEERT S, —iI20.6 um U T OREEO LI
AEFOV VIZEBRNENEVE SN, BHFL16 m LD
FEARITKIZ L BRINBHE L SR TWA, Lz#F>T, NIR
OEEFIIECTERRERSOK, MEICRNE IS L, &
KIZIBWTERDTHWIEESEZRT. &S TH2000 mW

Relative strength 2

Wavelength of different types of
light therapy equipment (/Lm)

Fig.1. Wavelength of different type of light therapy. Water
barely absorbs rays below a wavelength of 1.6 xm whereas
blood barely absorbs rays above a wavelength of 0.6 pm.
Near-infrared ray therapy equipment emits ray with
wavelength of 0.6 to 1.6 zm (closed area), which penetrate
deeply into the body and are not affected by water or blood.
Conventional low-output laser therapy equipment has a wide
range of wavelength (dotted line), which means that it cannnot
produce sufficient output to obtain satisfactory effects.

Balloon injury  Sacrifice Sacrifice

v v ¥
44

NIR irradiation

Day 7

Day 14

Fig.2. Experimental design of in vivo experiments. Balloon
injury of the carotid arteries was performed using Forgaty
embolectomy catheter and NIR irradiated transcutaneously for
10 minutes at 3 consecutive days after injury. At 7 days or 14
days after injury, the carotid arteries were excised, defined as
NIR group. Control rats underwent the same operation,
except that the NIR was not irradiated, defined as control
group. NIR, near-infrared ray.
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DHAPEEND T Enb, EREEIT 5155 B R
AT E B, BAET TR ERAET~0 NIR IS
HRABR L A — % £ EIEIATRIEE 5 LT &
RTHY, BIREES 7D 2 & FARODEIEL NS 2 ks
s XTI 07D NIREESHZEH L — ¥ — & Al
SRS A L, BRI L —%— L B ) Rk
EERLRT 2 LA, KRR IET RO T T
3T B IR B TR A B LV R & e B TR AT
5.

7 TAD, MBI AR NIR IS BRI o
HEzBEONITEID, Ty PV BEEFVIIBITAH
o PR U T 12340 B NTR MR 00 B8 & 5608 15 7 AT
B X OSBRI BT B R A L7,

WRB L UVHE

1. 5y FEERNLV—-EEEFILICE T 3 ERIEERE
ICB & IETNIRBHOZE

B EBRIC D W T SIRNRE RN X B LR A & 0k
2P GREEE ; ERLI44E6 A7 H, KERE 021303 %,
P T v PEBIIRM B E TV ASH Y B BLUR AL AR
TR R DIRFD).

1. FEERTH

FEEREM & L TR 350 g4 5 400 g DY 1 R ¥ —F v b
55 L% F v 7z, FEBRTENM O 8 B I3 SR B4 0T 3 (X Bh gy S Bk
SHcL7cdto iz, AREMHIEMIZIMINTE B L Sz L.

2. NIRFES2:(E

NIR FBETHB & L TR —/3—F 4 ¥ — HA550 (REN, B
) 2@AL, lemX5ecmO Ly Aoz y MITRE L. A
== 5 4 F—HASS0 I AMMH Lz L v A=y MEER,
BET1250 mWE TOHNIFELN, 108 L ILREHNO
100% F TIOBRREOFAEATTE 5, F B TEIERE L
47 NERHY, A 7 VETIEIREIRER & R % foRA
THREVFTHTH B,

g 35~
B 34 L
-
E s 33
£ 324 € >
O o
= 9
5 314
=
8= 30"” ) 1
0 5 10 15 20

Time (minutes)

Fig.3. Temperature changes in injured carotid arteries before
(5 miniutes), during (10 minutes), and after (5 minutes) NIR
irradiation (n=5). There was no significant change in
temparature during NIR irradiation. Arrow indicates NIR
irradiation periods. Results are expressed as X == SEM. NIR,
near-infrared ray.
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3. N — UEEE TIVOMER & MRS e
WRBEIE Y RSV E S — )b (KAASEE, kFK) 50 mg/kg %
BEREPN G- L CHT o 72, SEERZ OB L, ZEdh sk # [Fe L
MR EMZ, RELLY27 L0 F - T3 HF 4 =N )L—
AT =T N7 XY —, HiE) &FATHICHEA L. KH)
IR — A SBIIR 73U & O NSHBIIR — S+ SABYIR 5k F T3 —
NZTIMHEY R LB A AT - 725, RIS 2 &5 LEAAI L 72,
PNV — GEMEH & D BEEALICH LT3 HIBERE, 1H 10
T DR NIR FR S % 17 - 72 HRSFEk 5 13 ik @ 70%,
SRS, ARIRIEDOSRIET CIT o 72, BEEA O FE L AR
FNCHERRIZ CE Rz, HERICH S0 U DA 4 R o
Y= LTHro7. HEAToBENIREEE L, il LT
RS A o v bO— L BEE Lo, TR 7HB E 131401
R MNIVE Y — VREI 512 TR, 10% 18 R v
) ZICTHERBE AT, ERSEEIIR RS L7 (M2). fi§

1.5 1

£

Intima/Media Ratio
o
ok

0
Control  NIR Control  NIR
7 days 14 days
after injury after injury

Fig.4. Neointimal formation after vascular injury. (A)
Representative photomicrographs of cross sections of carotid
artery at 14 days after injury in rats with intact carotid artery
(a), balloon injury only (b), balloon injury and NIR irradiation
(c), and NIR irradiation only (d). Bar indicates 200 pm. (B)
Morphometric analysis of carotid arteries at 7 and 14 days
after injury. I/M at day 7 and 14 in NIR group were
significantly reduced than those in control group (n=10 in each
group). Results are expressed as X + SEM. NIR, near-
infrared ray; I/M, intima/media ratio. Statistical difference
between control and NIR groups. * P<0.05, P<0.001.

Wiz, 774 OHLTEE3 mOYH 2EKL, ¥ 5>
=T 4 Y7 A7 4 F (Dako, HHR) \ZHY ) T <70,
TOBRNT N2 ) Pt T o 72, FAENEL & B R 2
NIH 1 % —< 1.62 (NIH, Rockville, USA) % FH\V &l L, P/
"t (intima/media ratio, I/M) % H#chst L 7-.

T2, BB A2 NIRICE O BB 4T 2720, 1
ERIBEOWEX1T-72. WEICRERL mmOREL >+
—MNEHEREE 7Y 5 VIRER (HEEE, BY) o865k
2bDE G IR TN, $ % BRI e L
BIL 7. RERBEARE L% 5 MLk E 1T, 20%FA—
DEEFMTNIRE S L, WA 1055 M B L OBEHR T %
S5 IS5 B ORERE 21T 7-.

4. BEMARF NIRRT

FLr (FEMEE, KK) #HWCTE/ST 7 1 21, 0.3%
BERILKEMA Y ) — L THEBEALV A F S 57— E 2554

B ~
¥ 50
5 40
=
w30
=
8 ian
= 20
s
&= 10
|2
& O
Control NIR
7 days
after injury

Fig.5. Effects of NIR irradiation on smmoth muscle cell
proliferation after balloon injury. (A) Representative
photomicrographs of immunohistochemical staining with
antibody to PCNA (a, b) and « -SMA (c, d) in control group (a,
c) and NIR group (b, d) at 7 days after balloon injury. Bar
indicates 50 xm. (B) Effects of NIR irradiation on proliferation
index. NIR, near-infrared ray. Statistical difference between
control and NIR groups. Results are expressed as X & SEM.
* P<0.05.
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7:0%, PBS (pH7.4) Tk L, 4MiF7 V7 3 2 TIHER
BIRUG & BRI Lz, —RPUEE LTy W FHERUHMRAET 7 7
> (a-smooth muscle actin, «-SMA) ¥ ZE/ 7 10—+ )L
f& (Dako) & PrisEfilas%ini/E (proliferating cell nuclear
antigen, PCNA) ¥ 7 2 €/ 7 u—F Lijifk (Dako) %M L,
ACTIMRIE &7z, WIeThEFF /i~ 7 A 1gG K
itk (Dako) % TrisHCl#EM i (pH7.4) (2 CT400f5A ML, 30
SEREEER. RIITEYYy—EFFr— Ut X ¥y—¥
AR (avidine-biotin-peroxidase complex) Z4«fo¥ v k (Dako)
12 T304 MR &7z, &R IZPBS (pH7.4) TH#EL, %
BEVTIIN VT EREY o P (73, HE) T,
FBREEIEAT N F D) VT T o 72, FHMEEHAENEN DO
PCNA B P RE 0 4 #1580 5 E) & % BaGiEfe % (Proliferation
Index, PI) &€ L, MM CHEL .

5. 7R b= A0

NIRIZCEZ2T7RbE—=V ANDOEETHZ B2, TUNEL
(terminal deoxynucleotidyl transferase-mediated deoxyuridine-5’
-triphosphate-biotin nick end-labeling) % F\V\#Et L7z, 787

A
Intima
Media
NIR Control
B
ﬁ\3®
I
5 201
=
[
3 10f
Z
jan)
[
0
‘ Control NIR
7 days
after injury

Fig. 6. In situ detection of apoptotic cells by TUNEL staining.
(A) Representative micrographs of TUNEL staining in NIR
group and control group at 14 days after balloon injury.
Arrows indicate TUNEL-positive cells. Magnification X 400.
(B) Effects of NIR irradiation on TUNEL index in control and
NIR groups (n=5 in each group). There was no significant
difference between two groups. Results are expressed as X =
SEM. NIR, near-infrared ray irradiation; TUNEL, terminal
deoxynucleotidyl transferase-mediated deoxyuridine-5 -
triphosphate-biotin nick end-labeling.
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T4 AEO%, 3umOY Y I ra-T4 YT ATAFN
IZE%E L, MEBSTAIN I % v b (RAEWEMERT, %ibE)
THefe L7z, ek, SOGBAMEEAXS0 (£ ¥ /3Z, HH) %
HWTBE L. &0 b, BEEMOE 4 % TUNEL &
Bl ER LmBER CB L 7.

6. FNEALOFHIm

BHNRLOFF MO0, MiE7THEO NNV - MFEET IV E
w7z, T FREEIRE D 0.5% T80 A7V —4hiE (Sigma,
St. Louis, USA) % 0.5 ml #%5- L 7. 3050f4~_> h/SLE S — )b
KEHRGICTERL, HTHICKERE D EBAEK (KE,
HE0) 5% 100 mmHg |2 CTHEREAERII R 5 T TiT o 72,
SHBIR 354 A TSR L, 100% £ & 7 — VIZTREE
L7z, TNV ATV =3 TIRNEL S N8 E, ML
ENTVARWEMAFTYRT L0, EHED) BHTHEDH
N7-El a2 FNELREERL, MR THRELZ.

I.3EEMAICH &ITT NIRDF

1. HMifakE2E

B e LCT v M REIRFE M S & O e b R

A
Control
NIR
B .
. 70
£ 60 {
=
S 50 ;
8
< 40 -
=
2 30 -
=]
§ 20
gg 10
0 o
Control NIR
7 days
after injury

Fig. 7. Effects of NIR irradiation on reendothelialization after
balloon-injury artery. (A) Representative macrophotographs
of injured artery at 7 days after balloon injury.
Reendothelialized area appears white. Bar indicates 1 cm.
(B) Effects of NIR irradiation on reendothelialization in control
and NIR groups. (n=5 in each group). Reendothelialized area
in NIR group is superior to that in control group. Results are
expressed as X+ SEM. NIR, near-infrared ray. Statistical
difference between control and NIR groups. * P<0.05.




RERZ ARSI RIS & 2 R TRy 321

MRl (Clonetics, San Diego, USA) % Fiv 7. EiEA5HINL I
10% 415 BT (Gibeo, Carlsbad, USA) # & A L~_y 2
kA — 7V (Dulbecco’s modified eagle medium, DMEM)
(Gibco) %, MNEZMIME I I3 PR M MR s il b EGM-2MV (=
FeHZE, WE) & HVT37T, 5% COy, KERMH O GG T CH
RBRERE T/

2. MRy R oMt

WiaieE BLISA ¥ v M (7~ Y v 4, ) #Hv, NIR®
BHEMBICBLETHEETOEX VPRI )Yy
(bromodeoxyuridine, BrdU) Y A& ZFHME L, ME L. ™
Feile, FEmMae 96787 L — M IZBAS5000E o X,
AR MR AL 2% 17 2 I VR L ¥ % & A 72 0 8 0 R i Y, e et s D
EBM-2 (Z3bHigE, HE) T24MM, F 2Pl anaing 2w s
@ DMEM % vy 481K, 37°C, 5% CO., KIERSMDEMT
THEEL, FOHNIR%Z L, 5, 1038 L0520 J/cm? BRET L,
BrdU Z N2 6 KHE 37 CIZTHR Lz, HES L OCREH~ Y
FHFY-EOHELRTo 0%, BRETEMASL— 1) -
& — MTP-120 (Corona, UMb %) (2 THIE L7, i3 IEm
HIHE% 100% & L, DM 2300 T HIBRE L 7=,

. HEEFFIRE

R T LS (X £ SEM) TR LA, I/M, P,

150
=
=)
=
£
& 1007
S 3
-
=T
o £
mo 50'
§§
o
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=
= 100 1
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=3
= & 60 +
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= © 40 -
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Total doses exposed to NIR (J/cm?)

Fig. 8. Effect of NIR irradiation on BrdU uptake in cultured
HUVEC (A) and RASM (B). HUVEC were significantly
increased by NIR irradiation at 10 J/cm?, but NIR didn’t affect
the proliferation of RASM. Results are expressed as X =+
SEM. NIR, near-infrared ray; BrdU, bromodeoxyurudine;
HUVEC, human umbilical vein endothelial cell; RASM, rat
aortic smooth muscle cell. Statistical difference between
control and NIR. *P<0.05.

TUNEL #6#, BAEIL%E 28R HE X Mann-Whitney @ U &
EE Az, BrdURLY AAARED B E, Wilcoxon DA
UAREE AW TiFo 2. 2d, fEREA10.05 5k % T ic
FEE L.
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I. 5y FRBIRNSIL— ABEEFNICE T 3 3E s
L8 &LITTNIRBHOEE

1. NIRBSORERE

BMEE? O ONIRBHOMEXRTHREDELE Y1 Ay —
7y FEIETHREI LA, MEREREL, BIEATT345x
03T TH -7z BI105%IE345+:02C, BEERT 535
343+01TCTHY, NIRBEIZ X 2 HELELIEED -7 (F
3).

2. NI — EEHOFENBEIEICL X2

BI4ALZ S — AMFEH O AN B X124 NIR R &)
DREE HLEBERT, RLBME (As) & NIRBH DA D
Mm% Ad) TIEABEEIEA SV, Sb— 2 {BE 2
FBRAZIZADITRT L) ICEB L MIEMMATHE T 5, —F,
V— G EH% 3 H HINIR ST 2 17 - 721U (Ac) T, /Nib—>
WEI L 2B OEH LR AR BN DL, ThE DR,
PR AR % AT L /M % i L oS 5, BERTHE Clda >
b — L3 0.45 £ 0.21 {244 LT NIRBET 0.34 £ 0.11 & 25% O A7
Bt/ (P<0.05, [M4B). FAHER4AEIZBY
Tha v hu— U134+ 049 (2% L TNIREET0.84 £ 039 &
49% D E A I % 7R L7 (0<0.001, [D4B).

3. FEEEB LT HR -2 228 XIZTNIRIBO 8
w
BEH%7AEIZPCNAB L U ¢ -SMA |2 THRIEAME N 12
HEfTorz. o SMABRBTIZI Y PO — VERONIRETH
AN, PREESRICE—ICRE SN, BRI TS A AL
B STV E Z LAREN L (F5Ac d). PCNAgf:
WEDKDAPIE, T2 FO— LEET4832£01%TH o720
WAL ONIREETIE22.0 £16.3% L HFHE LG % FZd 7o
(P<0.01, ®5B). F/2, TUNELIETO7 F b — ¥ ADRET
14, TUNEL#§#ida > b — VEET22.7+4.3% 25 LTNIR
BT 23.8 £ 5.1% & THEM TEIL A A 72 (M 6B),

4. BENEDHEMNEILIZE XITT NIRBH DY

INY AT N —BefmE Vv, NIRIZ L 2FRERIL~DBE %
B L, B7AFRT £ 912, NIRBEHI &0 BV
MLTHBH NELLDRENALND, BRELESRHEEIT
BTak, Nb— EEZUAFE CNIRBETIX53.2£10.8%
THADIIHLTIY O — VEETIE358£69%THH, NIR
FRETIZ & 0 BAE LA B IS L Tw i (P<0.05, E7B).

I. S#EMEICH L IZTNIROEE

MERIRZ A L TIEBISAICART & 9|2, BBETEKEME
{2 BrdU OFLY sAAIZHEI L, 10 J/cm® T 35% D7 7% BrdU L
0 ABROIEINZE DI (P<0.05, F8A). LArL, 20/ cm??
BECIEBAREEE 2o, —F, TG LT
i, WTFROBHEICBEWT D BrdUR D ALRIZE E 525l
2% b 7= (X 8B).
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BMAEEEC R 22EPEHELLIITELD, Ty FEBR
NV —BEETFNVABITAHERNEEE S, T8I
BLIZTNIRESOEELHRIT L. ZOKER, 7y b2 —
YBETTVORE T, BEMNIR BENC X ) #4A EEE
FHEICME SRS &L b0, FERBENRIRE TIETES
RIS - R IR R A SNz, E-NIRBSIC L W E
R L DIRE A A b L7zhS, TUNELETEMLATH -
RZIIERIE R Dok, —, FEEREEC L 25 TIEINIRE
B & 5 FER AR SRR Rld e o 7208, LB RZHNE
WREEENRIR I, IGO0 KIE, REMNIRESE
N —EEROFENEMBEEZIH L, TofFLE L TEN
RALRELD X 2 FEGAEEEONHAMES LT AN
RIELTWS,

PRI ISR I BT A M b — X A, /MR BERORE
%, THEBEMPHRAETEOBELZEIZELTRAF A S —
PAEBRODUEELBEHERALTEY, EHNE TR
B, HeEEHICEELRHIHEE- LTS, Ross™ 3 Hlalg
ERIGHERE L, AEMIEORE F0EE LB AN 7 (5T
BEEROBEN EBIEERLE. LT, MERE
DUERLHEP RO S EEIRTLEREDBFRICBWT
BOTEELRRSERLTEEDLNL,. Asahara b5 W9 305
MKz 858K ¥ (vascular endothelial growth factor, VEGF) (2 & 5
PR B TR DS FT AR N IR & 40T 2 2 & 2 5 v PR
BN —CBEEFVIIBOWTRE LA, —F, %
Kipshidze 5124 b, K7L — ¥ -2 MFEMm% OMR{L %
ETHIEPMEENL, BOSEERRICIVATF O~ VA%
Tofth, RBRBIRIZ/SV — ABEZ N BIRIEEE 7N %
B L7z, BEMMICMERED S L —3 — % 345 MRS
L, 28 BIRICERE L /- & Z A2 H E I\ SH A= PRIESERE AT & iz,
FTOBFEL LT, #6 IXMERENIZ L — 5 — O TRl
BAE—IZBOOND T LS FREILORENF DTS 58
FThdEMHRLTVS, 6 OBREHE, KEH» S NIR % B
BLISRIOBME—FL T3,

N E TNIREBHOMBE~OBEBIZME L CHE L 2 8E i H
Lz, NIREBEHIEE LTA ¥ 7 ) = 7 s B
WTERBNIL—F =25 8RB L, LYEVAEEEEIELN
BHLVRBHEEE LTEHL DM CHRREH SR, 20K
WMRBLOCREMITRENT WS, Arita 5 D12 4165, 688D
BHAEREETNE L LT EERILERIRT, BIREEE L
B L ONIREBSEE TR ADOIRE L 2 2 B A 7 — L 25ET
LZez®ELA. FAERDIINIRO RIRAEEEE I X
L LEMDOHE LRI L, FOMENT L o T L 7= Clsem
MRS HR SN2 Z LB R LA, 7, EMESRICBL
THHER, AEBREICEDTHL LORENASNS,. Danno
LT AOEBBEETLERR L, NIRICL 581SEE
TRERIREIR L7z, B30 % Fl v, NIRBRSHASILAE s,
HHEFHEOBME L REL, ZOWEAREICKEETNIRI
LB EWENFELIZL 2D THE LRE L.

NIRHESFOEA#E 128 L Tld Danno 5 P03 Lot 2640
BRFHEA LMLV, BEAL—F—itBnTiEw{2h0
HENALNS, Deckelbaum b i, HEETEGEEOMEE
I S B Z & %R L, Kipshidze 5 *i3 B2 sz e %
WV, R L= -0k o TVEGF AL, NEMLD
BT RELLEHEL TV, FAEEH L2 i
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TAEED R I b2 P TIHRSEARE SN AR L LS
NTwa, ThH ORIV —F—DEERFEE, PTCAKR
A5 v MEABROBEHEECTHISERT 2 THEERH 5, =
DEIZOWT, TTIREYERIIBYTRERILVAFO—LA
BWMEBEETVICIBVT, #F—F M EHVAEEHL—
W—HREHT & ) FraE NI AR S A Z E L PIC SN
T3S Flb PAOHKGHELEBEENTEY, PTCA%
DHF=F ML BEEI L —F— B RE T TES
EFRE SN LaL, BRI LR ERATHY,
F0.6 ymATHROHEBEREM VT VB 720, EEEZENE
DTEVWREDH DL, 20O, © NOBEEHICBNTL S
FFUEHHL, EERD> S RRRSETILERSES, ¥
T—T VORI, FHRARHAS T - TFAPBRETHY, &
DRFHRAHLEEORIATKE , F 2T T O EAHEL,
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Transcutaneous near-infrared ray irradiation accelerated reendothelialization and attenuation of neointimal
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Abstract

A near-infrared ray (NIR) system has an output up to about 2000 mW which corresponds to that of median-output laser
and emits wavelengths limited to a range of 0.6 to 1.6 um. These wavelength are barely absorbed by water and blood, and
therefore provide deeper penetration into the living body. NIR irradiation has been found to decrease the inflammatory
response, accelerate reendothelialization, and inhibit migration of vascular smooth muscle cells. To evaluate the possibility
that NIR might be a novel and effective noninvasive therapy for restenosis after percuataneous angioplasty, the effects of NIR
irradiation on neointimal formation in balloon-injured rat carotid arteries (n=55) as well as on cultured endothelial cells and
vascular smooth muscle cells were investigated. In the balloon-injured model, NIR irradiation was transcutaneously applied
for 10 minutes each on 3 consecutive days after the injury. NIR was performed using 70% of maximal power output with
cycles of 2 sec on and 4 sec off. In the cultured-cell experiment, NIR irradiation was applied to human umbilical vein
endothelial cells and rat aortic smooth muscle cells at 0, 1, 5, 10 and 20 J/cm?® NIR irradiation significantly reduced the
intima/media ratio by 25% (P<0.05) and 49% (P<0.001) at 1 and 2 weeks, respectively. The appearance of proliferation cell
nuclear antigen (PCNA) at 1 week after balloon injury was significantly inhibited by NIR (22.0 == 16.3%) compared with
nonirradiated arteries (43.2 % 9.1%, P<0.05). The extent of reendothelialization measured by Evans blue dye staining was
significantly superior for arteries treated with NIR (53.2 % 10.8%) compared with nonirradiated arteries (35.8 =+ 6.9%,
P<0.05). In vitro, NIR significantly increased the cultured endothelial cells at 10 J/em?, but did not affect the proliferation of
cultured smooth muscle cells. These results suggest that transcutaneous NIR irradiation inhibits neointimal formation,
possibly by accelerated reendothelialization, so it is possible as a new apparatus for noninvasive treatment of restenosis after
angioplasty.



