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KIEHE (light emitting diode, LED) £ &E&=%. 858K KHFwD
BRIEAE. B ZNATRKRERRER, LRESH, 284G BFMHE, R
EHE, TREFEHIEETE, TRt StTyaEIESFMmAg. TEK,
7R LED fEAMBIEE PN HZ R H S ZRskE, KRBT EEER
W LED AE46UR, AR5 B IET 4 B A s e

IR S, B MEET B AL FIH B YN R AR ERYLE,
YeE YR IE St e E A BIARIE . DR AYE BREBIMPYE /L7, wdH
AL T HHE LED A RIEERKIE. S8 F — SN ESE T &L JUER LED
e Rl 2 P TR R, FESH LED fEHEY. 3. AKIRKR. £
E AR, PR IARAT A TRMNA . B T4E LED AR R E, X
PRHI RS E. SLRIATTRCRN BN TSSH A E KRR e, M E sy LED
YN HSRE R Z XEIhEE, Eiit, JERE —EHXMAREYLENR, biE
B . KBECR LED BIREE TV ER, ZAYtERTE, 4 LED X
MET R DA LR RS - SR L L Rk,

F—EHIT T LED £WLENHE, XHEERAY OOLR. BEREFIRE
A Mt i T R e = MR B ¥ Uh, Wi T A T3 A A A RS FRE A
fy, KSR, PEREMEEEEN LED £k, EX=HGES®, 28
EEROCEF A TAESHOR R Tt R3S FRE . SRRl SR = B
{05 A Y Y5t B4R S IR BE T L 20 0.0021-—0.9961(W/m®), ZEELE 20mm f B4
T #H N BT A 5T R AOARME IR 25 4 0.02W/m” (n=40, Mean: 0.71 W/m®); &%
YeiBk AR R ERE h 0.3579—11.2286(W/m%), ZFER 30mm BHEERA
BN %8 5 BR B bR R 2 20 0.02W/mP(n=60, Mean: 6.37 W/m*; B EIBELER
H BB R TE A 17—110(W/im®), E£HE 40mm BT NES EEN
PRHERE R 0.02W/m?(n=80, Mean: 71.54 W/m?). 45X = eI e AT
ERES RRE R E SRR A, STRMBEGE, SRS SPSS &
H=FORE RS BELR I E AR, ENEEERRE PEFADT 0.05. &R

A




SICEIRER T Bt nl R, amigamsst, e BHRk. WeRER, LA
7, HrBE. BEFEIR. RAMDESF A, UEEZEYLIRER I XA R THSE
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Bz K R 1 4 40 A RS FE 7R 3 5% 89ml/em” . 214mi/em’ FRST I EE BEM, AR
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TFAN 1.3 AR H Y, (R HESE B T2 1, 89mY/em® Al 214ml/em” IXFH AN E
W BIMP1, RN, T 428ml/cm’ FIE{H 2 BIMP2, {RiIEHEHE.
IR T AT, £ 0.9(W/mH)H Lo(W/m®)F F448 41 B LED, B B,
1 AR (25-35) ERMRESMREANA PC12. £REH, AFMER LED
HGF AR B A REM, Ll 0.9(W/m?) B8 BN LED FRE 60 440, MGk
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Abstract

LEDs(light emitting diodes) have become new attractive solid light sources with
superntority in high reliability, high brightness, long life and high energy efficiency and
extensively been used in the area of big screen displaying, traffic signal lights,
raultimedia information storage and lighting. Whether in production value or in output,
LEDs was dominating over the semiconductor photoelectricity apparatus. In recent
years the potential for the development of LEDs for study of the visible light function
in life science is also well recognized despite the difficulties to be overcome. In this
paper three LED biology light sources were developed and have been used for cell
biology experiments.

In the first part of this thesis, the reasons of develop LED biology light source
have been discussed from the effects of non-concern homochromy light on cells, the
mechanisms and non-resonance characters of photobiomodulation on cells, the
biological information model of photobiomodulation(BIMP) of low intensity
laser{LIL) proposed by Professor Liu TCY. Recent advance of investigations of LEDs
irradiation in life science were summarized in the second part of this thesis.
Applications of LEDs to plant, animal cell, animal model, human clinical, biomaterial,
environment survey and scientific research were review in the literatures. It is highly
important for photobiomodulation on cells to measure irradiation dose, light intensity
and uniformity. Presently, LED biology application equipments are rarely function
above Because of its business purpose. So it is necessary to develop a set of LED
biology light sources with different intensity. This work will make LED light biology
technique more standardization and practicality.

Three LEDs biology light sources with different intensity for cell or tissue
culture have been developed in the third part of this thesis. A concave (convex) lens to
expand the beams of light, to focus the rays of light and an array of LEDs being set in

the sphere connected with Fresnel lenses are three newly-designed in our systems. In
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each source the illumination can easily be adjusted by selection of four parameters
respectively. The illuminations radiate from three systems were measured and their
experiential formulae for calculating illumination were obtained by SPSS. The
illumination of light from the three LED systems ranges from: 0.0021 to 0.9961]
W/em® with the spot diameter 20 mm in low intensity LEDs source, the Standard
Deviation is 0.02 W/em?(n=40, Mean: 0.71 W/em?); 0.3579 to 11.2286 W/cm® with
the spot diameter 30 mm in moderate intensity LEDs source, the Standard Deviation
is 0.02 W/cm’(n=60, Mean: 6.37 W/em®); 0.3579 to 11.2286 W/cm® with the spot
diameter 40 mm in high intensity LEDs source, the Standard Deviation is 0.02
W/em?*(n=80, Mean: 71.54 W/cm®). All the formulae get by SPSS was significantly
different from P—test (P<0.05). The measured illuminations show not only they agree
with calculations but also their distributions are all uniformity. The formulae get by
SPSS is reliable. These LEDs light sources are not only adjustment and uniformity but
also smaller, less expensive, required less power, generated less heat. Especially, the
pattern of the construct both aggregate and desegregate in design was to realize
different light intensity illumination on same biology sample at the same time. The
selectivity, work efficiency and experiment veracity have been improve greatly.

In the fourth and fifth part of this thesis, the investigations of red LEDs light with
the wavelength of 640+ 17nm on cell accelerating proliferation and controlling
apoptosis using our moderate intensity LEDs source were carried through.

In promote cell proliferation, the effects of LEDs with the two irradiances of -
5.93 W/m? and 7.13 W/m’ on the proliferation of human skin fibroblasts have been
explored. After 48 hours, cells were counted. After 89mJ/cm® and 214ml/cm’
irradiation, the proliferation of the cells showed no difference compared with the
control group. The cells proliferation was enhanced by 428mJ /cm® irradiation. The
experimental results supported BIMP. The lights used in the experiment are red lights.
As 1.3 had pointed out, enhancing proliferation belongs to pathway two. 89mlJ fem’
and 214mJ/cm® satisfied BIMP1, which showed no proliferation phenomena.

428mJ/em” satisfied BIMP2, which showed proliferation phenomena.



In controlling cell apoptosis, monolayer cell cultures of PC12 induced by A B
were irradiated with LEDs at the two irradiances of 0.9 W/m?® and 10 W/m®. Cell
apoptosis was confirmed by DNA fragmentation assay and FAScan flow cytometer
assay. The results shows different doses of LEDs 1irradiation have different effects on
the apoptosis. The LED irradiation, when utilized at power of 0.9W/m” and 60 minute
has significantly diminished A B induced apoptosis of PC12 cells. The experimental
results provided usefulness revelations of photo-therapeutics in prevention and cure

Alzheimer disease(AD).

Key words: light emitting diode(LED), irradiance, Fibroblasts (FBs), PC12 cells,

proliferation, apoptosis
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1.1 LED BRI T A=Y 06 05 i iy &
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gy, REeEs B ] ALEF R KB, KHHNGHR 28/, 4R IE SR
ERE AT E R ARG, AINEORR R L EE, E—RARHMN 0.0lnm
TR — KA, MMREZHEY LR FANFEESERL, —HH =M
JLELH4K st vl BL, 1foiX IE i 2 LED Rybit5eya ., E i LED Jhiig
T8 B A SRR B JLANEKR LT, X FEBRIA LED KRi#EAT a4 ffE FILEE
FOATE 5 AR A T BE o

VLAERREHE LED HlfEACT B}l D, AEEERRE., BRSIEH
i, BRICF AR LED 5#cRHthERNRa, EETHNY, LEEER
A, BT LED KRR NS, W H i &RAELE LED(EK 615nm),
RIERLA R 100 WAL, ERFEMAEERCHANT 4mW AR 1A BOLEE
SEA T DA R — BB RKRE AT IR E.. maeRK. SRS Tm. H
3B LED W¥Eiz b ot ss, REoRs Rt LTE R AR, HER
LED [fi O AR AT K, EXFFERAR, BT LUREMA
Fi 9K B9 LED #7E R — AR B A, X — 5 X R B ATRBOb SR A BRI .
MM EF A IS, BRI EERARERR, FA, FBEYRGEER LN
FIRMG, B —RECLEHTES RIUKEREMRGARRIE, MEPEBOLE
HTRAGER, ITAMAR, frigof, WRE T Z8MH Diang Jian Ping
2000], EWHETE, ZFFEATIE, LED BATEHER. Hamiid
5, DEG. Bak. TESHT, HREMMEEEE T Baiis ErEd—
Rigyese, Hitt, XLFEFEMEA LED XFFGERAE ERiBoLes, #17
LaRERRANA, BRE T RO RIRENEHEE.
1.2 Karu % T JEAF B EG R4 A0

Karu 7EAENEER, ASIWAMRSTKFELE, REMARTHE. BEE
FIESLE M ARAE LIL 55 WOE/ER TRATH, RIEARMBRNEERESHEK. B
7B RS T R A S, TIHET ORI E LM (karu T 1989] . Bk, LED A
LA B A7 B 2 b R 4T B0

Karu XDXEERFEIKFRAEDES, FARTH G R0 5 F8 R B A ot
IR SER R it R 1E DNA S A 18 HE # [Fedoseyeva et al 1984,
Karu TI 1984], 20 a8 40 &5 4 K 5% 2 [ Tiphlova 1986, Karu TT 1983]; LK & FH
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(175 7k L Fedoseyeva 1986 1 ¢ AM P 7KF [Karu TT 1985, 1987] f9#li8 4 Bk &,
=F B E MR RREER . i AT AT RO s R i ER B F e
B ARFIEY R [Sazony et al 19851, MG UERA IEAR T M AT oG RIFE el DUR Bk
HIA T RIEATR . B4, Kau[Karu 19981iAMRE KBS RNELEER
VAT AR T XA, i RARREME R B L4 THMAT UK E E
HINRERPIRA, 8RR B AR T A 4 A9 B AL SR FELAZ BEIX AN TF
T EAE, 40X IR E B O B WE AR K o Tunér %5 A [Tunér J and Hode L 1999
FE—wigl, RENMLEEDIRFERNENEYHR, KaFRAE g™ E
., IXER T HEN B ER R ERTE B
L3 AR ERPLIE

(K38 B A EMA S B EYRATEA, AR, BRHRE
e/, twEEMEER, XA ETERTRESEAMEK. fgdX,
HS5MEES MR REREX. ERKEFERALEYRNMERIEYER B

th, KBEGHEARRE R PEAR. EEHRIIER.
R B HIEEENF SR ENT TRARERALE, REX5RREH LU

RAEFRVER . RS ML A R b e £ 2 i 7] BAFE SRR ] Lt
(B RIEM R BB LA FXFNOESF. A7NEH (Karu 1998]), KERER
BT R A M H R S1ER . HRbx 4R @B T Loy A PasE, Frma
BER A ¢ EALEE [Karu 1987, 1989&1998, Yu et al 1997, Eells et al 2003] .
16,2 [Borisenko et al 1997, Stadler et al 2000, Vygovsky et al 2002, Mi et al
20041, B8 A% [Lindgard et al 2003 ] 1 AR P IR [Klebanov et al 2003a} 55 768
)51 [Lavi et al 2003] H KA LRERTI T8, FfFREERB S5 EARE
KA LR (E A MBI R 57 BT /v <# [Lin TCY etal 1999, 2000&2003a].

R {EIRE 2 EOLKERANE, HETEEF Karu[Karu 1998]K1 8B 48 A
X A& H [LiuTCY 1999~200013 A £ M5 BRI % . Karn AN, (RREREN
ARG AT ABARTRI, WMaMERE ATP K&, THACUE
i P AR T A AR R R AT AR IhEE . AR E SN N REAE
Yok A P(E BT R R h A U Z AR S 1, AR FRARNZAT S
SR R AR A AERER . HEET Y, ERIREATTLZRE, R, SH
FUBES2 A b T AR TR AR, IXFP IR 3L IR B AT S T RAE TR EE H IR
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K, REMERETHARBEZ G S48 TATRAE, FHit, KEAROKAEE
AR ERA TR =420 . B RAATHTIRESHZFEZLES UG,
B, RESARANSNESEFERK. XAEF A (Lu et al
1999&2000&2003a]l XA NAZ S M AMEI N ESH F.
1.4 AR AT PR IR E H ST

HARAE A R R, REFHEENAFMET ST, RRIEATER
Pl A, dELIRMER RIER SRR, B RERLRIRAD, FERERE &G
DA . TO A4 R e E A TR B A B R . T3 IREA R L,
HERIMBEEEHS FRERBUBRIEE B OLREBHTE ), W
Wz AR R, BB 5 AN R . SR8 5 AR S A 4R 354 A RRAL, TRIE
{51 5 M) (Bunsen-Roscoe FME), MAHE OtaFLIRBRIED RIFEER,
S Ak S W R S Y 58 AN S R B 8] R ST . B TR AR R, S ERERDE,
1778 — A B an o B Ak R &4 it R] [ Van Breugel et al 1992, Karu 1998, Schind! et
al 2001). NS MBEREREBERIE, AREEEYETER. ZEFLHR
RIS —NEBEN S . KELRIEE, XFPERBERRA I BER S
B B, RBERAESLHFANMRANIERS. IEM Karu[Karu 1998] B8
g, RE LR A MM EMNRS, ANEENEAT, XTREEAS
Fe 540 B A N ATIA R ARE . IX IR, (KR ROCH AN R KAFE, B
RifR5S, MHERBEELT —EW&HA LRSS 5=, JLFTLCRERNE
—Fofs B €5 FR O DA A 4 B [Karu 19981 . IERUBEA AR T 4ifE, &N
{F& BN MR A BT AT RFERE, BASEMEaEREREREA AL
HEY, BERSREBEY A AR DRI REG R KT eSS, A8
AT E ROGRIR M R g R AR IR, thIF R X Fh A IR i b LARERE TR BB Y
A YCHERE SN . S0, SRR A A R Y R 0 40 AR RSO A A A5 1R 1
TR B, F10, 620nm AT 680nm M6 HTT LAE i HeLa 4 Bl 7E 3
T8 B (Karu et al 19961« B, AESCIRMB W= BE TG & T H IR

IR IR /R A B LA b s . R, W RS EEh A R ER AR R Y
ESER, REAATEREENYE, —BoRNELE ¥ 5N LB TR
L\, TXIEHFRER R EREREEE

FIIII
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1.5 A:Yifs B R (BIMP)

MBI RN R B E SRR THLRES -KESE 2L
il BT KEMNEM S RKHR, AT [Liu et al 1999&2000&2003a,
AAEHE 1997&20001 #H T AR TERHBIAYE BEE (BIMP), ME
WAE 5 S (collective phototransduction) KA FERMRE TKEE R ENREE
BhfE. BT WAkl A, UVA(320-400nm). 8. BEMSEACRLA (IRD,
21, B EEROAEE. Almeida-Lopes % A [ Almeida-Lopes et al 2001] W3 T
670. 692, 780 F 786 nm UFFE A HIBOLXT A AR AT 440 B IR IRER, &
TULAR (A 3 P 3% 35 3 B0 40 R B B FE A 5 iR 36 - RS SR 3095 BIMP X ] L
Tk,

a0 3t A R B EIRE B R A EOLE B A BIR R B, T0E A R HRIH =
R, ARMRMHEEDHE, EARKNSE. X TMME. 08 AN EH
M. P ARFEEAREAR, TUZRRESESRIERDE:

AR 1: G EBNFHESEE: cAMP 1

LI 2: Gq B, G EOHZERXEKET FHE SEK: cAMP Y .

AN BB R A AR AR RBEERAE, NARAENRRES 1=
HEAT T HISE . (REEEATEOE (RT 2.91mW) FIEERIBEHE] (0.5 22 2%
KEBHEHEH, BE (5.98mW) MEEMW, EEFENLE, BKERES I
BIf R4 5 S M A SRR L RS A A R sE AR A, WRR B Bl Lvan
Breugel et al 1992]. E ik, XFRREF4EAM, =7 IERBAMRFITIRER DR
AR REE K
ERRITRR 2. RS

1 48 BIMP,
BREMNERESEEIRE |
AEMERFSERERE2
ATHHEW A E, ¥ ERBEER AN BIMPL.
{R3E BIMP AT4n, BIMP1 IR —ZEMFEEE. LECLHTERY
BIML1 GALES{E R, Bl LAS 2] BIMP2:
A XA AT 1
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HEE M Ay A ST 7 2

XA BT BT ST 1B R £ 1. BIMP2 /58] T 300)/m* K382 /% He-Ne 0% %
544 v o o 0 7 2 PP A % S 6 [Duan et al 2001 |#0 BRSO AT  JHAL 2 R 56150
BROCE S PR G A RSN TR AR R, F genistein FMAGES R R0 TFEME
MBEFIAR S AEX —HNPESHERRR. LREM, MEREORE (PTKs)
51 genistein (100M) 5E2HHI T X —30Y, BEAEES C (PLC) #iHlR U-73122
(IM) FE RS C (PKC) 345 calphostin C (5M) F{4-HH] 7 iX—3he.
LKA RRHE, PTIKs A HFE WP MEALIHPREE EZME M
[PTKs-PLC-PKC-NADPH @l ix— 5 5B FRAETES S T BOLE SRS
REEE R, 3000/m® B TFE -/ MUEE. He-Ne HUtE TN . PTKs 15/
sDABETER 2. £, BIMP2 BiL,

LSy KRB BiT BIMPRa-D) L B BIE I, MR BIMP, W) LL7E 2
BIMP2n=BIMP2; 4i&JtH3 B BIMP2n B ) ER, R3S BIMP, ®]L
B3] BIMP(2n+1)=BIMP1.

iy L B BRI EY, BRATTAT LU AN R AT R St 3 ) 4 B Sl B TR 3 4 8 R
1. ANE 1 JUEH, FRAARATNERZAFRY. BENAARFIES He-Ne
RN EARFENAMANLE K4 (VEC) MEEUAR (VSMC)
FHRIM, FIER 0.54x10%/m’ i, VEC (FF-& BIMP2) 5 A HIZH 2 RIF5IS /7 88 0.
RS REE AR, EMESE, M VSMC (& BIMP3) LR MG, =
# 1.6x10°1/m* if, VEC (54 BIMP3) FIEEEE O TXEA, M vSMC 1
JER BRI, FUEN 5.4x10°/m? B, VEC il VSMC RIAERKEE . EHSIHH
54 Kipshidze et al 1996, 2001]. %R, 3t He-Ne B, VEC FIFIEXR
£ 5 VSMC WIFIEX AR, X— &0 LR RETAFRNE
PRSI ER

S
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22 1. ANIRIR B R X 0R L 34 15 57 40 A 6 1

Tab. 1.1  Action of various bands of light on mammalian cellular cultures
A Stimulation Inhibition References
Culture Activity BIMP
(nm) Dose, J/m° | Dose, J/m? *
Cold Figs.
Hel.a Proliferation 10 - 1
color 1.12&3.1
HT29
632.8 Proliferation - 1~10 1 p.205
cells
633 Hela CAMPT 10 . ] Fig. 7.10
Human
diploid Collagen
632.8 skin type 1 <3 - 1 p.206
fibroblast | production
8
Human
Tabs.
632.8 | lymphocy | Proliferation 56 - 2
5.2&5.3
tes+ PHA
Hot Figs.
HelLa | Proliferation 107 . 2
color 1.12&3.1
Chinese
630-63 | hamster
Proliferation 10° - 2 Tab. 7.1
3 fibroblast
5
Human
embryoni
632.8 | c foreskin | Proliferation 10? - 2 Tab. 7.1
fibroblast
S
632.8 Red Deformabilit - 10* 2 Yova et al
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1994°

biood y
cells
632.8 Hela Proliferation 10° - Tab. 7.1
Clonogeneic
632.8 Hela 10°~10° >10° Fig. 4.5A
ity
Mouse | Cell granule Trelles et al
632.8 2,4x10°
mast cells release 1988%!
3T3
Yu et al
660 fibroblast | Proliferatnon 10
1993%
g
Human
mononucl
Shields et al
660 ear Proliferation 16°
1992%
leukocyte
8
CD4
McGowan
660 T-cells I1.-2 release 10*
et al 1996%
+PHA
Hypertro
phic
scar-deriv Webb et al
660 Proliferation | 2.4-4x10*
ed 19985
fibroblast
g
Human
Bacteria Yu et al
660 | neutrophi 2.4, 48x10*
killing 1597
Is
Human
405 Proliferation - 10° Tab. 7.1

lymphobl




astoid

cells

632.8

Rat
macropha

ges

cAMP!)

10°

Zheng et

al1991°

694.3

Human

melanom

a culture

Proliferation

(2.4-2.8)

«10°

4 Tab. 7.1

694.3

Mouse

fibroblast

s 1.929

Proliferation

4 Tab. 7.1

*Karu 1998
1.6 LED 44T Bl s e K 3R
RAE L EJUF RIS, TREg e E] LED AR ZIe KB FEEW T

(1) M Karu - T3FAE7

- BRI f AR R AN SRR TT AR, AR T ke A

af AR [ O — AR 0RO, B, ATEAR LED Bt REE0E. (2
RS IRE R R LA LI s i, B, XK ZEEh A R A R e £V
fEH, MEFAAFERBREEENEMDN, XE LED BHEBOLERMNSE. (3)
B4 f e 3L IRV A I AIE, BB 40 B L T T HE (D B B T OGS H &

TREALmE R, T LED MMk R ELL I E Mo RsEE, Wik, #H LED
R A B B L EBOLE S A REER. (4) NEDEBRER (BIMP)

AT A, BARFLBEAAEREEEERENEEN, EBHARHBEN, Bt
S5eReHIEHESMERE, MEAAERN, ERETRMEERE; IR, £

BB RE R ARKE, B
= AJLEL 4K eT B, X

i

AAFIHREIEHFTERREAD R,

g, —H%
C PR TE LED KRB RV
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% LED B3

u
e

21LED HTHEYHAZERE

E P 22w 9T 3 i

A A A LCIRAE S R 2 W ML TR 35 T IR AT 2 5 SRIERIAY
SRR DT 2 RREEYAR T, SLEEEMIOELT, wli, EFR
KB ENRARM L RRMUMEFUEI. ME. KBESEY. BE.

LEE, BORGM IR ZEY . ZERERA, RZE

1 AR RRIX L

EYTEATHIEREKEH, 58 -RMrHte, MEHEARERT, WEX

FHIEE R ARNE=ZRF TR, CEHARK

2 | %I [Bingham et

al 2000] . HETFZ A RTHEETHHNEDHFERER, E2RTHIEE

AP FH R OBENRY.

LED 2 — IRAE AAEW IR EAE 2001 RS BIE RS A%, (International Space
Station, ISS) K ADVANCED ASTROCULTURE (ADVASC) ¥ EE, ©HxHE

2 BT R LR H B HI R O, AL ® LED HOsHE, EVEKER
W 34cm’, HWH 486em’, ARIEHFEATEAKNBABRERNEXRR TR

T Huifl [ Kostov et al 2002] .
2.2 LED H TP A M40 %

EWFET ] Y 40 p B B W &, Whelan 255 Bl AR S 7 & /)
LED FHASP S SR I AL AT RS, i A IES R e S 688nm HI LED, LA

1l

4T/em*F BT RS S5, T

LA I 155-171%[Whelan et al 2001a], M

Sprague Dawley /R Bz P $RE A LA 4E 40 B3 T3), A 670nm K LED LA 4)/coa®
E WA 43%. B=KA 28%,

PRI HIT RS, EREEE KK 2E K DNA
-
#1 880nm ¥ LED UL 4V/em’BIFIEHFTHE, FE

—

CIERR S B 8 KA

KA 10%, MDEEFIRIEEHARMCITI-El), 23 670nm. 728nm

FG I E

DNA &4 119%, B=KH 33%, FIIRHK 17%(LL 880 nm H AHI)[Whelan et

al 2001b].

£ LED B F & R4 AT+, Whelan HXT7ESMEFFHIR 1 2E 4
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i (2A9) FA KRB MM (U 3 7 3), A Lutetium Texaphyrin (Lutex, PRUK
i% 7 4 0 nm)F Benzoporphyrin Derivative(BPD, IR iii# 6 9 0 nm)EOLEF, F
PDT VAT RFEMIE ML R, A RS IEA 7 2 Snm M 6 8 0 nm BJ LED
eIERS, MY ET S5 0 % — 8 6 % [ 41 il ¥ A FE[Whelan et al 2001b,
Whelan et al 1998].

(ER 5] LX) 40 i B 47 28 B9 9 77 T , Karu R FE A% 135 77 1] HeLa 4 /2
KR8 2 0+ 1 0nm. 10Hz, 16-1200/m*FI Rk LED,REF 5T 40 fu 55 33
AR EITH. Kau K, EMAEERRE (Quabain) ., {8410 H&R

( arachidaonic acid) #1 ATP 2 @y, P8 LED X &0 MuutfT B at, NIAf DL BRiX L
Ak, 22 4 JF A0 N S %o 40 B B 3 R A A AR, X 7R A LB IR 9P N BT |
(quinacrine) J& AT RKPEEST, T DA BT X 40 M R RO AR, T
H0 K (amiloride) 5 kvt L E D 6%+ 40 i & B R A0, i ki LED JE2Rk |
36 41T P S 3 ) L ST 1 B 5 A o 37 R N R L B R e R T 2D
[Karu et al 2001a], FIRERI, sHARARENT (B BEFEERAD LHE,
AT LA R a0t 40 MR P 3 M, DR BE R B3I In A AR (rotenone) FIEE
1 (azide)iB I m L AR, ST SR FO)EMIE, AL
#2% (methylene blue) SHINAMMAINTE, BEADELBISEWRAHER,
T i 4 1k S B (catalase) il BB 40 B 20 B A PR B, IBGR T E MR SFF IXP
[Karu et al 2001b].

LEWFST ] L0448 A= K77 1 , Ohara 5%t B16 BB 4 57l 4068 LED
(634nm, 2.9 mW/em?) Y. £ LED (518nm, 2.3 mW/em®) bR A LED
(470nm, 5.7mW/em?) ¥, & 5-18 2 -JHERF (BrdU) BABEAT DNA 21T,

P 3 400 B A et Y6 R S 2 P PR S AT 0 A, R BRI 20 20805 96 /b, BB
LED Y78 B /b S RAMAH %L, H 43.60% [ FEE| 4.09% ([FIXTREAMEL), 1
FIRE 1S GO/G1 F1 G2/M BRI B 5 il e 42.92%_EFH 2 70.85%F1 H 13.49%
I3 25.06% (FIXTRAME), M G1 B S A ERWERMBHRERISE T
B16 Ey M B E K MEl. Mi% Bl A AEEREMES. HEREIN XER
4R E R, LED W3R T3 B16 BRI iR LRI, EERARIICR.
RV U AR TR 2 R R AT ORI, ATREHRBRRIE UV
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(320—380nm) T B16 4 M 5 7 B B SRIHIHIREE, 1 LED A &%
I~ S, 50 B I W o S o 400 Al 4 £ B AL R R Ohara et al 2002].

B A, eRtsel Wotiis| e Toa T, BBl B4t LED (640-670nm),
ST HITEFT A B Ak (Amyloid B -peptide, AB2535) BEFMBET-HEEZE PCI12 AilE
FE, HEMARMRRAE, 3E 0.5-10Wm’, BE 30 & 60 045, BN
BRSO DNA 8IKBTE 2 Hr G SR T4 BT I E . R ILE PCI2
MR IR 30 Z2BERF) AB25-35 J5, 24 /TR ZHMAAT 2 d 7% 0Tt
2 42%, TIURA 0.9 W/m’ 32§ LED 4058 B 8T 60 ¢85, 1% PC12 48/ AT
ToERTE 24 /DB EAE S| 15%. FABRREREBRC#HITH) DNA miktE ot ti@H T
FFERI4E R, F LED 21 RS /5 DNA HIKETZ Bk, 41 T8 209 .
ZREFUAR -0 RE, EHENEGERE T, AR RS EREIT L
RE, XHIMBRAT R E 235 2 H|[Duan et al 2003],

2.3 LED H-TshBERI fid %

SEEEG G T R B B Bk M 7 57 BIREES T0 7= A R R &L REEFR AN LN L
FRE N RE A RSB, Harsd X eMn IR mERR
B, HEHESFKFE L, A THF LED ME K E 877 (hyperbaric oxygen therapy,
HBO)A XK BI1GH% 5R, Whelan Z7E Sprague Dawley 1E% R _E#HATEH R A
SC4G, TERE RO 1lmm BEMEME, AR A EBRUUA T R S 0L E
RSO, E1 4 REFRIE, 4 A4MNE, g4 1 5 AR, a3l
B (£ LED 1 HBO). HBO. LED(880nm)f1 LED 5 HBO #&&, Ri#tiTAIM
R4 sE%, SMERI /N R AR &, 5208 1 R B % sh R B AT AR BURE
F B EE S W B (ELISA) 2 B A 4T e A K IR F (FGF-B) IREMMEANREK
AT (VEGF). HLKHIERYE, RHEA LED #1 HBO &4, PEEMKELMEA
A CIEMER RN REEER, X VEGF Al FGF-BIREMESRKEAKLE L
B, X L4538 VEGF #1 FGF- B Sl RAEMMG 1, A8 LRARWRE
EBE R, UEREEMERIE — B a8 KB ZE K] Whelan et al 2001b].

TERR3U6EN 117897 (photodynamic therapy, PDT) BRI AT, 5h4MSEE
th = 2F L85 photofrin. BPD # Lutex & & KM 4RI TIRE, i —0
HIE R SCE o, RS LR BRI BT TR, Sl TE—

i""
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£ LED BEME T EFRF&RE 20kg)Tee ZZ MR XEWHE (MID), H
photofrin K EIST LED FIE 4 3 6 3 I/em* i, MTD % 1.6 mg/kg[Schmidt et al
1996], A BPD 484} LED#HE M1 0 0 Jem’®, MTD 5 0.7 5mgke, %
LED {®4f 1 0 0 Jem’7/&, BPD FEMINE] 1.0 mg/kg i, S7EEH4 LR ES
B AR s mIl %, 2 BPD MIEFREF 0.75 mg/ke, i LED 80201 2 5.,
1 5081 75Vem’t, BEEYE EWER LIBE, ™EME T FME
T-%5 . [Whelan et al 19987,

TEOF 50 B X B AR M2 A IR B A, Eells % LI 4 B
(Haran-Sprague-Dawley ) A 823, i id FH 4% /4 i fL iz ] Celectroretinogram, ERG) .
ALUREME T ETR, HFR T4t LED (670nm, 4J/cm®) Xt FEE T E
SEMML I T B RIPEM . RIEM LED BEFLEST 72 DTS, 4
R ERG R, #HFEFESTEN FEOADIEER T —ERENEKE, X
H A S EERAKTF RN ERREAHE . B ASUREER T, SHHEA
fatt, R Emre AR EARM . 2. SRR I R DL AR R A
E R AR M DRI K SRR E, RIS 40 LED BRI B S R, IR
i 5 S B 28 6B R Y6 AR AR E T SR VAT LR BRI FRAR SO R Rt T B R
[Eells et al 2003].

AR LED fEAREERE, EAERLA, BReaEANCRERNS
Z 7, Robert F3RET Wistar W7EA FBEMRIT B ERG. RILLES i FEHR
(SWS) i) ERG IRIBER TER (W) A TH ERG RIEMFLA L, 185
B (SWS) FEEEEIR (REM) KA ERG BIAR: # LED BURHIMEEZERAL
AR [F] ERG B A7 25 (0I5 M L [Robert et al 1994]. BRI Robert 58 35k B
Wy BB B AR, XMW RN ERE, il fX AT W,
SWS A REM ¥ Bt i ERG, SRHFFAMA B30 A7 75 A [ B AR B B X 160 22 777 4 Al
i¥) fz S F1 I 35 [Robert et al 2001].

Wiltschko 230 F —F R A WA L RIR Gsilvereye), 9T T EEB B 406
LED (565nm) MISRERZSMEZEZAEREHINER, ZHARIN, &£
0.0021-0.0075W/m’® JEESRE T, ZEZMEZEMIERIEY . WOLRET 0.002
Wim? SR NRZFEE, EORERERER, WERERTTHRNEHE
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12° LA, {B{E S 65% 0.015 Wim?’ B, %% AR R ] 2 B F 8 58 17 /7 1 RO 4
fREIL 70° [Wiltschko et al 2000].
2.4 LED W HIF- Akl RE ST

ERTEZEHRNATR, WKEENTHIITESWFNR, HTEMEH
BT, AARMAIPRE S KEMRNEN, NRAMERsEE—ERE =%
LB, ERTHATES N Z BN BT ZE R R, HA
ORERE, AEFE-HSEREME AR LG . iR EFNUS (NASA)
TERE KA A LED SFMEYIE (630-800nm) RFATFHLR MALA 5 FRETRE
WIT FINEAS DRI ARG, BREREECER, FES NASA B A LED-PDT BACKRT
AR T AR AT RE T | R B MY X M A AT R ke B 5 B 76 [Whelan et al
1999].

AT —es A G mREELEDE A, A ST A Kbt R AR UL AC 40 HE
B, BT BAFN BB R HEN AR ERE, BT AWK
BT RS INK HATEERE S BAA R, MOBFRARMEhEARR, &
DB E M B AN (Gl effects), XEWITRALE S5 RAEOERZ,
SEEriHE M. 7] NASA ] 688nmLED, ¥/ RBABERTERE—XUTE,
HEET 4 JVem ) LED B&HHIE, 7 30 (7% LED JRITRRAT, 47%HADE
RS REM, EoRRENEAEEILTRKZE L Whelan et al 2001b),

£ H LED ¥y Wi Em A E, T LED i afmpg st b BOE R 20om
kA, LR ELNEEF, FH LED A ERECFEESS BT RIER,
2% A LED REBIAST ERECIA —ElRIER. HinRERASAYMEER

(FDA) C2HAER L, LED L Eals PDT BT EJLEMMA TR w, B

111 B 368855 photofrin 55 LED %54, B AR 240 X iiE Fl &y 1& 8 I35 ST V%, BPD
5 LED BREY 353 26 B [Schmidt et al 1996]. LED MG LED &Rt 45 H
Sk G IT I BRI . BB AT KGR 545 4 [Whelan et al 2001b]. {1/ 630 nmLED 53
BE U, 454 2%M Aminolaevulinic acid (ALA)X R #E % (Bowen’s
disease), — PG & RMATIRYT, FREFIEN 240 Vom®, RIS RN TE 90
Sveh, 1t LED SFETHZE K 40 mw /om®, EWETF MR SEFKIENETHEL, Ax
P A A SR RN E i AR Th B8 3% < [Wong et al 2001]-
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MiyakeZF & T —MFT HERGIMIA RS, A RIS RIS AR R H © AR
SRR AR MR R DI ERIE L, ZRGE RGO, 2. BLEDEAEMBEE T, %
FERINE R &8 BAR S TR Ak, FXROE SEalis AIReT, B2 K5k
XEZREOCGE. HZRREET T ARFARNE B H M. 45 8hRENRAE
7 AR AR B R R 4 VR R B 46 I I ERG, 45 R U0 BATEHE T B AR BR TR
i, AR HR A A 7 A LRI BI 2R A IR R AR & (FERGEITE A AL I
[Miyake et al 1998].

2.5 LED i T FHE T

ETHREEFERTES, ARSI E—EIEERE, ©dt8EFe

SIRFARK, HFMIEEAMBEBE (Camphoroguinone, CQ), ‘EMRIL 400—
500nm %, KB RF—BARKEAFD N, N-ZHFREFENGRJE
(2-(N,N-dimethylamino)ethyl methacrylate, DMAEMA) %%, {# /8 B4t 800
MeF LT SRR BE BB A F 3B, B ERENECRAGSEALT, #
KRBT HEPERESRNTEN. HADEELST (curing light) &8 1T 06
W, RN EESEN AR TR S SR EERASEIBRE 500nm 1
ARG, ZSTRERE R, R IR B R R B s b, RBERIBREA, T A
EEfE LED WIeHOBE AT, M 5R4ad £k ase, wxFad, B
A ) 6t S O BRI S5 78 0 RCR A

Jandt 25 A H 27 A5 €8 LED #UEIGIRE, BIHE 350mW/em®, BREITIHER A
755 mW/em?, FlIXPRRPGIE 4 BI% —FF LA A ER 4 SO E 2 BHE R (Spectrum
TPH) 1 A2 F1 A4 TEJEEML 40 75, BHLIEEE (cure depth) FAH R AT Mg
MR BEA, BEITENESE (6.4mm A2, 5.19mm A4) 1 LED E{LEE

(5.33mm A2, 4.27mm A4 EFEEIE T 1804049 sk, =R =R T & RER,
HIXFR e E G RHERE N B EER, FHELT AETEHEER
AR B BT RS RIE S, HEWERER. T LED kR ET2ERRERERRR
e EEE Y iy, BTUMELNZE LED Jeif i B ST A Th RS st T HI[E
38R, B7R 7T LED fEiX HTH KR [Jandta et al 2000].

Hofmann 255+ = Fh 38 & #1544l (Herculite XRYV, Filtek Z250, Definite) H &
IT (800 mW/em?) FIFEFR AR LED 4T (320 mW/em®, 160 mW/em®), KA
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T IR RS AR S R R P A R AN T 2, BRGIN (a] 2L AL 40 BF, (EFA
FlF AR (deflecting disc technique) [Watts et al 1991}, FETHlE LR E X
R J5 X L% R 44 BRI . 2 50 T S BRI E . EENNARHA, X
Herculite XRV 1 Filtek 2250 (FRFAEL R SHEMKER CQ N LTI RFD, L8]
S Yt M LED B B &= AR R, M Definite (Br CQ #MEEH 71—
Feim AR E R I BRI YD) £ LED BN S AE. RS T, 2 LED
I 8 5 O3 =P AE A B E B A I R R T 3 AONRBE AL th T FR T 7 AR B BT
TRiE . SR B AR & RIS AR ER R AL KT B 2t
RS E, RS REE58H LED R EIRA LED, SRR M 48 X 6 5m f At I m B
(B4 K I BAR B8 . % Herculite XRV Fl1 Definite £33 i kT K & /5 60 47t
BT e A B 4 2 AR 2 /8 T WP LED SR A5 MR R AR, TfiXt Filtek Z250 A==
FhSRIES A G 60 o8B =k B 48 MY AR K 3L [Hofmann et al 2002].
2.6 LED Fra8 -RIF A FIH

EESFNASTE, BiDEFRE —MEE LED ERAI%E[Schmidt et al
1996], HAEEE 10 om KB OLERE =NEE, 25 SN LED figk, WHIZEE
AH 0. 1%BERTILIE, KHZEIEKELE LED KOG E A BT A, WARFFEAD
B g AT 37°CUL T, BERSFLME LED a3 M40, BRO A3t E 144 4~ LED
B R, AEH LED S rEER 1.0W, R ERMN 2 cm B S5em, ]A
) LED & H WK ARG T RSk e, XMEERHTiEs, HT AR
sy, T S0%MEIEIREE, 75 PDT SRR, THHEERAREN,
DA B0 AR B 18 P RS b B i e 40

EEEAAW AT, B ZH—FrEKIE 570nm &) LED e, EARAMAR
5 1 YA AT 2 1] SR M 2 B SR W A B R, DASRE AL AR

(erythrocyte sedimentation rate, ESR). LED /A5 1&5tH] Westergreen(W GYH ik

ML, |ERMBERE> (LED FERTE 30ul, il WG HER 1mb, R
ga4E T 4%, [FIRFT] BA/B B £ 0 S AR & 7 E #5 B[ Ciortea et al 2001].
o4, FIF LED /BB, 56288, B ELISA F—RAMtS¥ =818
MWAE AEERE, TURN AN EEE, WHAREBEER
B(staphylococcal enterotoxin B, SEB); #&EE T, AFEE 14 M13(bacteriophage >

ey

S
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MI13); A K AN IR T, WK 18 2247 B (escherichia, coli) Koch et al 2000].

ERAEEAFIRETE, James & AW H —F LS FRAZBE ST
PIE 25—30 4 PCR (polymerase chain reaction, PCR) H &8sk i N IEE &,
CAREANEE ) MEEHE G ER 25 1] PUE I A4 30 PCR R AYET, 490nm 1 525nm Ky
PYFR LED 26937 FI R BUR W8 /818 H 1) FAM 1 JOE/TAMRA 52428l , 1488
EwfE IKg AT, BI7E 12V/3.5A it b e RO DUAFEah, Al — 45 dd e 1)
/bF 30min, H AT HRE . KB E%{James et al 2003].

FERR I IR B 7 TH, Tao Z5F A 484k LED & 51 ik 1818 5 7 i &8 7 RO TR g
EEESE A, RS LED 1R ABROGIE, ITHZEE 1.29 & 1.31 HIEIN L
% (Teflon AF 2400) N# %L, #HUEM42 0.9mm 5442 1.17mm BIFRKCHE . Ml
EBRDE R AR EREANAE N, BRUACHZSHRCE, TR JETEAK
ETEEN lom K&, HETAKRESENGAREE, RS TEACKASN
I 53R CT R WR SR E YA, AT IR S M INR et B, %
(CERmmmitt, PMOETES, TEBNMEL, FpHET 88, R
{CK R BN 0.1ppb, HEEHIKM pH6 £/, CBRERHREA 0.2ppb[{Tao
et al 2002].,

fEFH LED SustRlir (U A E BT RE T, WHEYF RIRETCREX]
A EY R EEBERET T AEE, A TEpg MEE LR HE, Ana FR0TH
£ W E R B MRS, AL BN T 8T KR AN RS B O 2R B
&, 475nm #9 LED SR 0IE, e T HREHENE, ZEEEENETEN
25 3| 150pgl’ Z i8], M RKEEMNELREN 0999, BIRELRERN
4 6pgl” [Comitre et al 2003]. T Sean 24 5 & B LED #& B EMEIK
FVE, BTG 7210l BRSNS, EREFNMMIEEERED, Hix
FRIESHRICEENG R, Bk RBEEE BT SH, HERAHRT
B O 4 BN B A LUE AR TR, EANBHFRSNEADTIRR, 7
BT A B EA BB BR LED kA A B K 5415 5 [Sean et al 2002].
2.7 LED 4# ¥ wHE I E X

WEEIFER LED FRRANLERE, RERELHARENRAZEN
[)SCER, # LED 7E B EMEF KN AWRE—S % K. EdT LED KRN A
REFESBR. BB TR REMR, XX LED iR

=
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A LA EEE U FSHE R SR, BREAARASE. EXEDR
BRLH, ROCIRRIX S HATAE R R B ARE R, MARNEY LR LwEA
73R 5 ) SRR R R AT . BRI, A E TP R — B R AN E SRR R, JEiE
H {LEEL LED J6IR, H4h, AR E. LHNER A, KA
FI IR THESEuk TS, BE T RER . X8, FLME LED EH &R
. I8, ATRAFR AL ARG — PRl . RIUERSERL. AEE
LY E RS S ST T R, SR LA R R R AN S0 0 AR
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P23 LED A6 5T

3.1 YRR ARZE K

— T EVDCR B AR AR ERTIXNU A $—, IRAEsEENE, Kk
FEADS A RIS R AT A RIR RS B2, REEBRMEREE, L
Wi R BRI IR BB 0, WA RBATCRIB, =, RN RE

HWEOL R RS, DUHETE A RS B R b, EE0Y, AeasERst

EERCRHIE AR, AME R PUHEAT A R R 51, T Hool ABHT AL R T R AR

TR T HIBA
3.2 LED 1F A MG R S aR 5

TFRMEE ¥ A IR CERE, MEETHHE. b MELHES LED
KM BT T Rt dt g, TH LED W HE T ZERERE, M
MZ LS T LED SGRE I E R . MEmEM e, AmEzr bt

HE 7M., K5, RKBER. BEERTSst. AREE. RN
FFRT R

NEE

YA RSRAR S B EERERRIELBIERHEMAF 2003, XMAEF
1997, Liu TCY 1999, 2000], HUkAEDEFIERAE™BAKE T K [Karu
1998]. B SR A[Karu 1998, 1989]), EELEOXSROCHKCAEDRATHEHERE R
EHER. RATHRE (LED) FTRUNIEN ZH R XMEKRKBE.
—E R, ARSI M [Karu 1989]a%2H 2 [Tunér et al 1999]FI X AEMHTI1E
RHFERKBXRARATFEMN. EbFL, LED B2 ZHTEWEZENHH[XIL

220021,

{82, HEl LED 5EOsH L& XKNEHH AL ERTAE. Bote Ll

VO R A P RS T RO TIE, T LED RO EE R, S
e A LED (B K TE M B AN, S8 PN ENERE LT, &

FE T
s PN

EMEARN, FEEHRED, RICKFEQRERE: HK LED KXEHLEKE

w5

SEIEE FA s, bk E R EY H N[ Lorenz et al 1966], IXET

B, HRTRESAMAREHSERENAEHBREERLNER: 5o LED




IR P RO M E W I TR R A — TR PR 5K

T ERER, A XEREE— M ERBMANEEA, FTEEEIXAA
RIRIEE T, {f LED %t a8 E e 18 LACRZE, WitIRRVARS R 15 LR
KEiR S, MM AR T LED MR WREZRIsM, MEEWHIrmEST S
B U
3.3 LED PG EA v 25K

A iR R ARORE SR, £ LED F¥RiER, E@EiIELUT LR
FERFERFEIR YRR E K.

SIREHE . EERTFESTEMN LED B, MEXAT —ERDEFE
BithE, @RATE. P KREFMEER LED £¥0LiE, SMIGEDNR L LED
FOEH T/ERRGEEA (— 20mA % 40mA), TS LED KB IAT S
oh, HRIEEHE, FIEHER.

e EY A NE: EANEREN R TS, dT2XATERAY &
R BEEFIRSEERIBRX R, ERLABEHI R RUHTINE
EAERE G b, B, AT DS A R M R R AT P S 0 RO G RE T TR A
RIHT, XRERE T I B PR I Rl SRy R T B AR A R TR R B R &

R TE: GRRSGN T LA FABES &, (AL
R KRS E R, XA AT CURS 2 A A A9 A sk B0 Xt A ) e FELTET AR
MHFE.

SelEp Bk H: RELEBEARNEN LED B8, KRS ED LRI
ARIE BT E.

3.4 LED AW IE R FUKDEFE 581
3.4.1 SBIREIHCF BT

Bt R AESEAY AOLR . BERFIRAR A RERE =Mt
W, ARERMEEE. TDEBERBEBEEN LED AR, X T RN LED
SelE, RXABEMAY HREIC LED Bt eEa A, HotRRWE 3.1 5
R ST LED GE, 2iEiiEs M B4 skiR e LED B LRGSR B
BE, HOBEME 3.2 Fin: WMF@ERE LED R, &8 LR HE SR
A LED ML R e M A s b, MEE —FREBRIDEE TR L=,

11




HE3R @ 7 LED #r e e, X FHmE e T Hm, R AEEmE 3.3
BT 7R

L. : [ >
=0 1
e —

% 3.1 {R58UE LED LK

Fig 3.1 The scheme of optical system in low intensity LED sources

= Y= () __:

|
— =) >
) >

B 3.2 F&8E LED SGELREE

Fig 3.2 The scheme of optical system in moderate intensity LED sources

A A3t T#EER, LED W EXHARANGE, RECHE —EHhR

%, HAEXMNEZFRENAHE, REASBIEL, ¥ LED ERERANE, HHE

G4 _FiEiT LED XA R #E S ST AR MRREE, FIASNS

X R KIBHEE R LED X 3.2 FEERBSEME 3.1 FIEH L FMERAHE, &

Ly 5 Ly MSRA CEERR —AMEREET A, TARKRRENI &R
ff 2 AR, MiiFEHELEFBEAR.

SRR P 4R LED YRR, XARRRNERANFELS, &

M TETF BB THER. fitn, HE— AR, AR E R

TOH B e, SRS TLOLRAR R BT AT LUEA RGBT AR R,

BEEER RN . T — M cE R A, X F — AL EY) ¥ an

BCR A FG RIS, RN EMEE IR ME, R8T EE.

—
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] 3.3 Ei98fF LED G ERE R GBIt E

Fig 3.3 The illustration of optical and structural system in high intensity LED

SOUrces

& 3.3 FHH AN B ZAMREANET LED kK HROEE&EREF L O A
O MILER, &2 EEHBHRIEEEN LT TR EME M L, 1R
T IR IARE R DGR A (3 S, P A TE 3 B 1 RRICE 4 R B 55
LR E I FRAs, LR EENKE L AR, DREEYHFER LT 2
EZFWESFEMR. B33 A, B _BREMERFLEEN 150 mm, H
KBS OERKHEEEF RS, XMLETTRERSERINAR, KAARKA
R e R 246 A R $L & H) LED.

& 3.4 BXRE A LED = R4 A B R R 2L
Fig 3.4 The distribution of LEDs array inside semi-sphere
FHZMRFEY, BREHN LED SESHAR, FEIRENREEAR,
&SGR KA LED APESME, W8 3.4 FiR, BMIREAE— LED JF
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3.5.1 SEA U (R SR EE I 2

¥ 56 PHILIPS 24 ] ff) PLM100 ¥6:5¢ Y 4% R #E 8 £ 1F £.i% 2 LED iy
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3.5.2 S5 HRE IS 23 A g
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BRI AIE B AL, SRR X B Y ZEREFMHHTETHE, X
MEREHEH 2 mm, AU EERBEDRINEHENBEEEMEy R B
HITHITF LA
353 B RENSRRLAANES

FtFAFSEE K LED AW, 4B GRET R TESHE, 7T
BlE HAR TSR TRENRER, BERST TR SPSSIEHRNE
TR RELSR I E AR,
3.6 KT LED 49068
3.6.1 WitSHxTAESHRENER

(1) SRKEXES B

#E LED TAEHLIEA 20mA, BHHMR 1.5cd, BE L, 5 L BRIl £y, =2
b, MEEREAET, YRR BE I B E, M SPSS K
A AR R T T
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3.6.2 B HEN AR

75 LED B 5oE3 1.5ed, REUAM 30°, MK 20mA, JERKEN 12em,

B L BWEEN 75mm, B8 L5 LEEZL £/, =2 5, B A9k
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BT, SRNERES 2 mm, AU EEFEEDRTSHEL 20 4 Ex
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Fig 3.10 The distribution of radiance on X directional area
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Fig 3.11 The distribution of radiance on Y directional area

K 3,10 F0E 311 FREA SRR R E A LA A EE, HALYRRNIEIEE A A4
IBTIREL WX A AT BB, LR AT R E NN XA Y ZHEHHM 20
AR, wfIM oA i R A M54, F SPSS Hihxtix sk
TH DG RE: X FRESEE Epfl Y FRIEHBE By, THE
(Mean)- %24 0.709 1 0.710; #RAERIE(SD.)YERA 0.02; SUAIE + 555 5345
% P E5 514 0.992 7 0977, HAZAIREEARST IR A Eqwimy TEHT RSP W
SEIFRIEA) 40 [Spiegel et al 20027 DA 24 AR 5T R AR S RIS A
PFERE K,
3.6.3 RN RV S HREIEE

(1) MEER:

HEARFEN LED BiSH#58 Lo LED TR o HREKE L NEH
L5 L&z £, B, S EEDEEOEHEE Bwn) BUEEOE
W3k 3.1 Frs:
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T3 ESEREESLERENRR

Tab 3.1 The relations between E (w;-» and other factors

W B Y X Xz ¢ Xy

| B | e | B ”17 I

X Inh

| 0.0021 | 1.0000 | 5.0000 0.4255 | 0.0001
2 0.0782 | 1.2500 | 5.2631 0.4347 | 0.0002
3 0.1569 | 1.5000 | 5.5555 0.4444 | 0.0003
4 0.2296 | 1.7500 | 5.8823 0.4545 | 0.0004
5 0.3033 | 2.0000 | 6.2500 0.4672 | 0.0005
6 0.3824 | 2.2500 | 6.6666 0.4807 | 0.0006
7 0.4591 | 2.5000 | 7.1428 0.4975 | 0.0007
8 0.5325 | 2.7500 | 7.6923 0.5128 | 0.0009
9 0.6103 | 3.0000 | 8.3333 0.5347 | 0.0010
10 0.6784 : 3.2500 | 9.0909 0.5586 | 0.0012
11 0.7626 | 3.5000 | 10.0000 | 0.5882 | 0.0014
12 0.8396 | 3.7500 ; 11.1111 | 0.6211 | 0.0016
13 0.9165 | 4.0000 | 12.5000 | 0.6666 | 0.0018
14 0.9960 | 4.2500 | 14.2857 | 0.7194 | 0.0020
15 1.0747 | 4.5000 | 16.6666 | 0.8000 | 0.0022
16 1.1495 | 4.7500 | 20.0000 | 0.9090 | 0.0025
17 1.2349 | 5.0000 [ 25.0000 | 1.0869 | 0.0027
18 1.3082 | 5.2500 | 33.3333 | 1.4492 | 0.0030
19 1.3859 ; 5.5000 | 50.0000 }2.4390 | 0.0033
20 1.4645 | 5.7500 1 100.0000 0.0036

(2) £ HEEIA:

JH SPSS #fFxTHESTFEE Y 5 LED BTRR X AR KENEL . B5R

L; # 1,

£ 95 e B (BB X, LED TAERUIRR Py X T &, 5
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RIE Y SREXEREMEITAE a:

=-0.290+0.296X,+0.001333X:-0.0254 X5+13.590X+

(3) J7E4rHh:
St UL DU e M 25 8, A SPSS R L B E 4 R BT 2204,
R
% 3.2 MresRyE B A s 254

Tab 3.2 The analysis of variance by four variables linear regression

HEX| HHE | FAH BH F Fo.os Foo P{E

EIf=! 4 3.368 0.842 | 110658.17 | 3.11 5.04 | 0.000

Wi 14 1.065E-4 | 7.608E-6

A 18 3.368

ML EFZEA RSP, P AT « 0.05), BT Y 3 X X Xan Xy
HEENSEMXR RIA T a kit BE: 54 FERNT Foos(4, 14)Bk Foo1 (4,
1B E L TR 2] DR AL R
3.64 &ig:

BEPETRE o« Bl EBRBETRETHLN A
0.001333  0.0254

Lin Ln[—fi]
1

BIH{ERE LED AYkEMNEHRELRITE AN, £ 00021—
0.9961(W/mDX AR 8], T F B R LM xR AR AT, 5
Sefrl EEYA
3.7 FERAE LED YOk
3.7.1 @it S Eod it A

(D) A RENEN RENEE:

E( =-0.290+0.296x I,y + +13.590x I,

V)

40




£ LED TARHIA 20mA, 450568 1.5cd, BEER % 30mm B, METE
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i 3,13 AT ANIZGH RS ST IS b LED 3 i HL IE Y 8 AT PR B R,
AFTIAM 10mA B 60mA TLEN, KBEERLX R BT EFERE LML,
TE 2 i ORI oA, R R EERR T LED B PR AR
WEH T, ATEGE LM HEALE A LED TR M.

(3) BEYemAT SR R R -

7 LED TfEH5 74 20mA, B 14em, FHELEA 30mm i, WdH7E
640nm K FHARFEE SH LED 638 F, SORRMRSRE, fl BRI
G HAHRERTE T
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Fig 3.14 The linear relation between Eowi) and T ccas
ERTE 3.14 A40 %IRRT B &0 LED & LR KTTEE, R
PR, BT REARAESUEFNARAEE, EAAR BN LED €15,
(4) BEELBIT RN R W.
£ LED TAEFHA 20mA, JERKEE ldom, BEHNH 1.5d T, A
FIEE LR E I ER, BRAEEAT, WAHARERERN, ZCRN
ST, O BN EFRRLE AN R T
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ik S SE
3.7.2 BE KR
76 LED Eil5658 2.5¢d, RETAE 30°, BMA 20mA, SEEN 140m,
PRSI E R AR ERE R 37mm, BEEEN 30mm I, RS VLA MR,
FILEE 60mm, AR 2 mm BRHERREX 5 Y “EEH RETETHH,
HRMBTEA 2 mm, R LB REDESHEH 30 4 EgM Ey fa54
Bl BefisErarE BT
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Fig 3.16 The distribution of radiance on X directional area

43



E(z)
B 3.17 WHRERE Y 7R RS A E
Fig 3.17 The distribution of radiance on Y directional area

B 3.16 F1E 3.17 FHEASRR RS AZ MM, S SRR EEE A 4
WHWHE, NXZAmEEE, ERBHEREMNN XY ZEHH AN
30 MEEHEE, e M EEH 2 RE MBS0, B SPSS Bt Xt diiE
WAFI SIS RZ: X TENES BE Exfl Y HHRESRE Ey, £
E(Mean)7 5l 4 6.372 1 6.375; FrifE{R#Z(SD)EEA 0.02: B K P H L4544
IR P ESNBIK 0.979 F1 0.974. PBZAIRNIES BIY Ewa (RS T H
P R B L7 B85 434 [ Spiegel et al 2002], R Ui R AE SRR RS AT E IR
3.7.3 FRSTREEXTE 2 B R R4

(1) MELE:

EARFN LED EEAHR Tean TIERR . HEKE L o MFESIHER
BB R g O, MR GEYCRR B By, BIEIRXENE 3.3 Fis:
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Tab 3.3 The relations between E wimp, and other factors

F Y X Xy X3 Xy
B
E, -1 -
Ny Ve | B Ry | o
X

1 10.3579  1.0000 | 5.0000 19.0476 | 0.0001

2 | 0.8344 | 1.2500 5.2631 20.0000 | 0.0002

3 1 1.3963 | 1.5000 | 5.5555 21.0526 | 0.0003

4 11.9727 | 1.7500 | 5.8823 22.2222 | 0.0004

5 | 2.4987 | 2.0000 | 6.2500 23.5294 | 0.0005

6 |3.0612 |2.2500 | 6.6666 25.0000 | 0.0006

7 |3.6459 | 2.5000 | 7.1428 26.666 0.0007

8 | 4.1542 | 2.7500 | 7.6923 28.5714 | 0.0009

9 | 47280 | 3.0000 | 8.3333 30,7769 | 0.0010

10| 5.3016 | 3.2500 | 9.0909 33.3333 | 0.0012

11| 5.8165 | 3.5000 [ 10,0000 | 36.3636 | 0.0014

121 6.8548 | 3.7500 [ 11.1111 | 40.0000 | 0.0016

13| 7.3789 | 4.0000 | 12.5000 | 44.4444 |0.0018

14 1 7.9874 | 42500 | 14.2857 | 50.0000 | 0.0020

15]8.5979 | 4.5000 | 16.6666 | 57.1428 | 0.0022

16 | 9.0917 |4.7500 | 20.0000 | 66.6666 | 0.0025

17| 9.6957 | 5.0000 | 25.0000 | 80.0000 | 0.0027

18 | 10.2053 | 5.2500 | 33.3333 | 100.0000 | 0.0030

19| 10.8237 | 5.5000 | 50.0000 | 133.3333 | 0.0033

20 | 11.2286 | 5.7500 | 100.0000 | 200.0000 | 0.0036

(2) &'EEE:
F SPSS SRS IR Y 5 LED &5 X LEKERFIH X, BR
S BHBE X;. LED THERMAYH X TmgdERH, SHENRE Y
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HIXEHEZHBF 7L b:

Y=-1.2520+1.7140X,+0.0221X,-0.0212X5+1298.8230X,

(3) HEaHr:
Pl P mek kR RI g B, FH SPSS #oxtH 8 E v ST T A =087,
HRWT

% 3.4 Wonsttel Bk R EZ 0

Tab 3.4 The analysis of variance by four variables linear regression

HER | BERE | FAFHM ¥R F Fo.05 Fo.o1 P {H

AT | 4 200.689 | 50.172 | 4808.575| 3.11 5.04 | 0.000

%o 14 0.146 1.043E-2

j=¥5) 18 200.835

MU EFES RSP P EMT a(0.05), BTl Y 3¢ Xin Xov X3 X4
B RERSEMNERR, BRI HE b & B3 ASMA FEKT Foos(4, 14)8 Fo (4
1O F Lt A3 FIRFELS .
3.7.4 4ii:

GEIHTTE b B B RSB E FHIAR B

. 0212
- _12520+1.7140x I, + 2022109

W) Ly  Rim

E[ +1298.8230x I},

Bl h &8 E LED AYXEHNEFNRBEELBEITE A, &£ 03579—
11.2286(W/m)iX MK 8], 7 F'E 3k L HEAf s 2O IR AR ST AT S
Hsr il 2EY) 5
3.8 ¥ E LED £ 9% I wt
3.8.1 WitSFEHREHIREE M
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Fig 3.18 The logarithmic relation between E wins and /L (s

BB 3.18 AT & HOCIE RN BE S KERNBEEN R, FHLE
EREKBENUR, EBNRETEREREAE, f/ESFEEE KRE NI RE
o

(2) TAEHEFRX RN R

B E BT 12om KBE, B )69 2.5¢d, LED #(& 29 40, HeZ LED

TR, A ERES TR IBER R R T EoGIREIEN HE,
T RS B L AR & AN T
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f£ LED T{EHFH N 20mA, YK E 12cm, LED #& 29 M, #ll tH 7E 640nm

BETHARELR LED Xi& T, SotiErRENRE, Ml 8~ EHE WA
R

)

140

120 f.d'#
100 A

40 1 ,__f‘ 4 Dbgerved

p—

ZH [ - - - - - o & Li“u
1 2 3 4 2 b [

I{cd)
E] 3.20 SEETHEIE B w5 LED Y608 T oo BIZRME X R
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i 3,20 Al EIZOGIE RSB AS RRRE 25 LED B bR A, R
REEMERAR, FULTAREAEYSCRARAFHE, EHAF RN LED 5 R
V.

(4) LED # B a5t B I 5«

BJ&, 76 LED TfEHIR 20mA, EFO6IE 2.5¢d, HEKE 12em ., 2
75 LED ##(H, {f LED H B MIRE AT, # 1. 2: 4. 8 [HLAIKEKSEN
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Fig 3.21 The linear relation between E wins and LEDs' numbers

WiEg 3.21 B AHZORIE HAR ST IR AE & B LED 3 B (MR s, SRR
%, {5 LED sifiiB A f1 LED & 0B @ MEM P WAL, HESHME
%, FmEMRIOLREEE, EEEANAE N LED T{RRfmE
BRI R, BT LED S H SEmAR RG], RN L% LED mfE
SMEA AR, BRENLRNE, FUSEE S HmEEA LED KEH.
3.8.2 3R I 00k

% LED B5HAE 30°, &5 0678 3.5¢d, TARRF A 20mA, SERERALA 12cm,
B P LED K% 29 ABt, B4 A /% 80 mm BYEEHT 538 . FIBK4EA 2 mm T
T X 5 Y T REH T ETRRE, SRNEEEN 2mm, AU EES
FBJE SR BIE 40 4 Epo®l By 38 8T IR 8, A S5 2 A7 B I
T
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Fig 3.22 The distribution of radiance on X directional area
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Fig 3.23 The distribution of radiance on Y directional area

Bl 3.22 Ff 3.23 PR AR R RS A AR, HAABARR R TH] BE A HI4H
I s, WE A AERES, RTINS XM Y ZEHEF R
40 MESTRE, Ef ISR ML ERBR B2, F SPSS MR XL
HATE T LR X FREESBE Exft Y ZTRNENRE Ey FHE
(Mean) 4514 71.536 F1 71.535; $RERZE(SDYERA 0.02; XMk B5 o 4
HILE 2 P (4584 0.899 F1 0.897. B GIERABS HEE Eww ) FEATIEST
T A R BAT #9355 97 A [Spiegel et al 2002].
3.8.3 AR R BBV S H I 2 Hr

(1) MEBELR:
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HORA LA EREA L, BREAFK LED 5758 1w LED L
YR T oo FTAE Lo F1 LED #H N &, EAEYCE KB SEE B
35 B0 SRR 3.5 FiOR:

#3135 EHEEEHERENXR

Tab 3.5 The relations between E (w;m2» and other factors

2 Y X Xz X X

=
B

ol

E _
) |Vl |IN | L | L

1 | 17.6263 | 1.0000 | 1.4142 | 0.0001 | 5.0000

2 1226307 |1.1180 | 2.0000 | 0.0001 | 5.2631

3 | 27.5718 | 1.2247 | 2.4494 | 0.0002 | 5.5555

4 1324944 113228 |2.8284 | 0.0003 | 5.8823

5 137.4236 |1.4142 | 3.1622 | 0.0004 | 6.2500

42.3830 | 1.5000 | 3.4641 | 0.0005 | 6.6666

471914 | 1.5811 | 3.7416 | 0.0006 | 7.1428

52.0645 | 1.6583 | 4.0000 | 0.0007 | 7.6923

O ol o | | O

56.9242 | 1.7320 | 4.2426 | 0.0009 | 8.3333

10 | 61.7640 | 1.8027 | 4.4721 | 0.0010 | 9.0909

11 | 66.7399 | 1.8708 | 4.6904 | 0.0012 | 10.0000

12 | 71.6364 | 1.9364 | 4.8989 | 0.0014 | 11.1111

13 | 76.4441 | 2.0000 | 5.0990 ; 0.0016 | 12.5000

14 | 81.3704 | 2.0615 | 5.2915 } 0.0018 | 14.2857

15 | 86.2988 | 2.1213 | 5.4772 | 0.0020 | 16.6666

16 | 91.1247 | 2.1794 | 5.6568 | 0.0022 | 20.0000

17 1 96.0427 | 2.2360 | 5.8309 | 0.0025 { 25.0000

18 | 100.8524 | 2.2912 | 6.0000 | 0.0027 | 33.3333

10 | 105.7492 | 2.3452 | 6.1644 | 0.0030 | 50.0000

20 | 110.5265 | 2.3979 | 6.3245 | 0.0033 | 100.0000
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(2)  ZtEEa:

il SPSS #AEXHES M Y 5§ LED B 1156 AIE 748 X,. LED 30 H i1 EF
R Xy LED TAERRBITFH X JCEKEMEE X # 7 Ums il &5
BHBEY SREREHRIBGRE ¢

Y=-47.809+76.623X-8.36X,+8575.843X;3-0.013X4

UL R H R 5, F SPSS i H B E G#IT 7 E04,
G

% 3.6 W& EEAXRITETN

Tab 3.6 The analysis of variance by four variables linear regression

FHER | BHE | FAHM ¥H F Fo.0s Fo.o1 P {H

u) 4 4 18371.26 | 4592.815 | 222535.41 3.01 4.77 | 0.000

R E 16 0.330 2.064E-2

[=§ 8! 20 18371.59

MPLEFFEHVTETAE: PEDT a(0.05), FTELY M X, X X3 X4H
B, IEHFROEEBE; BN FAEXT Foos(4, 14)8 Foo(4,
IO FEL B R LR FFES .

3.84 &
EA A ¢ B 2R %A EE T A 43K C:
0.013 )
E . =-47.809+76.623x.JI \— ~8.360x/N +8575.843% I
VA “@ L, “)

AR B RE LED AYtEEHBESBRITE AN, £ 17—110(W/m)
EANK A, A FE S e B s T 2O IR R S R BT NS, B REY

P
| i
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3.9 ifit

HT LED BE#IEMNMAITESBr. BXAERKELSER, Hlit, 48
LED ZEEY, —HBEEFEMPEEMNGEY LED, HEEF G AT 2.
2 kBT 5 [Ohara et al 2002), ¥ LED R#THMNAMF LR VB HEE,
R X R Bk TSR R, TR E R ERSENEN LED #
R R AT B ST, BT LA — IR sER b R BT — A RS A E RIS, mUrEAn AL
W, UH RN A S IR, AR R B E R & R AN E
EEFIFIE N LED SR T RS, SHSAFEN U LEE#HITEE. FERNT
SEHHT RS B SR TLAR BT SR B, | B LED MY BURDGSR A AT AR,
XPELEHEATSERG N, ATUAXT A —ReAEYEE S, AR EFER LED [
WS TH A RRS, R ERR AT UL IRE, KRG ENRR T ERBW

ARZALBHI=H LED A4, it XAARKLFE R, A5 LED
FE AN EN EESURSRRE, B ERT A RRE BB
., S ML LED A RS MEL R EER, XM, T E.
AR FE A LR A — iR, RRCAEAL, ARIXMHHEIKE
HANATAYARERLEAFRMFFREET B BikE.

ME 1. 3. STHEH X Xo. XM X HES5 Y BUEMX, B by o
g X, B SR, HEREET X X Xo M X, 2 HFEEZELEN,
B AT 2 (813 — i AR e R ST e AR 2001), XEFIHNAEHEENEN,
B T A R nIEE s B M E B AR AT AR 2T AT, ER AT AN BEER
L0t BRI —HEATE, BNZEEAET, mMAEfXH#NEEER TE
VX R T EETHE acboc 0 HKER T 2 5 0.0021—0.9961(W/m”)-
0.3579—11.2286(W/m%)- 17—110(W/m?)iX =K (Al TR ME T, MmixXE
B AR B AU SRR XX (] R AL KR, IURERPRBNATERE S
s ARRE, BIEARENILTEE K AR, AR 1. 3. 5 PATARUER
BT, B A EE £ B IR M AR LT, I EA GRS R B E A,
AN HAR A, B C 0 LUAE X =FPLE RS SR 250,

Bk, T HIZRFIEER B EENRFHANTR, FLRMA

e
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—P I B, IR RS A R SRR R AN - MRS R, AR
3 B R — 1 FE I R YR A i S B THER T B - T il g, XA AT 1L L)
AT B A 2 i B A S SRR B ngs RIRE LA 280 K 8 iR AHER RS
LR KERE HR, ARG TR AR REE BTG I BRI 2K H 6] 5 1Y
ANg, WM TRAMEEREENLRTAE, WFEHL-LHEXERR; &E,
B H 81 LED A= T EK PR, Rt L6, &80 LED BRI,
KX B P Wi LED £MGIR RS, W KRR &M B E YR
SRR S N R .
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FIE LED MATE RN kK A4 g0 {2 Sk 3 7 i w97

4.1 N\ B2 Rk ple =T 44 i 35 35

4.1.1 RRAT M RSP ettt
AT 44 20 Ffd (fibroblast) 2 25 # AR 2P B W20 MY,  FR RRAG IS 3 B (8] 56 J 2

ff(mesenchymal cell)s- LTI K . ARETH4EA MUy o B3 of T E R H TR &8Ik

FZEXAREER . ARK 2. FRERSFHE TR, BIEREAX
PEACH B . BEERFESE. BT RIS S TR, X THEERIIMER, &
5 i B T R AT 4E 40 B 5 DA B E S A R E E U s P 45 2R 2 s A

fE5MNEFRAN FBs R BRIBANMRFERLZ —, BEHENIR. F—,
FBs (4B FRTRERIES, KE 2. £, BMWEE; £, MNHABFRERE
TR, SWEAT, BEEMEE: B, EWRWEST, WA GEREEHRAE
KR8, IEBE N HE LA B 56 A5
4.1.2 PARRIE S A
BT E AR R 4% M HSFs (R ILKEFEZESIYF LR,

20 .-
A :
(D)
(2)
(3)
(4)

MTT A& Sigma 2 5 7= &

DMEM 43 E GIBCOBRL A #  dn
/NEHLTE IR IS £ R £
M FrEHANMEEER. BERT

4.1.3 ARk p A 4 A B AR AR HE &
4.1, 3. 1 40 f i e A RO B il :
(1) MEFIHES

=K 1000mL
HEEEH (NaHCO;) 3.7g
HEEATYH® 100U/ml
PeE BT HW 100 1 g/mL

DMEM T-¥5 (13.4g/%8) ] 48
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(2) BFFr ¥R AL
a. [ DMEM T# i A ZZ K BB R4 2 195,
b. HHERRIEC T AL —F A DMEM ¥4, #5.
c. FEEM P EMFN = K B2 1L 1000mL.

(3)Jo T A BE
a. B2 MNEETH 100mL. 250mL BN & RN A M E s T R E A
% .

b. WEEEEFTIER, 5% BERESE, RHINSHKHLEEKE 60 4rif

c. {HIENE, FLEK, TBHITEEP. EHITEITROREFK
W, ARMERHA 020 m M HBEIERS, /RIS EIRE,
TLERE MR, W —20CIKETRAME.

d. Bt 1omL ¥FH (XE) EARREEER. WHAEAEEEFE
N MR EF AR EREH .. WAENKERE, FHR
Hig

(4) /pHMIE 100mL, FRABTHEATRKERE, TERES T IMAB R
DMEM 3R, % 10%3 5 H s m HlE A .

4.1.3.2 D-Hank B9EC 1

(A RLE) 2
KCl 0.4g
KH;PO, 0.06g
NaCl 88
NaHCO; 0.35g
NaHPQ,+7H,0 0.06g
LAEAN 0.02g
=7K 1000mL

(2)D-Hank BAC ]

a. BT IR T /KF,
b. B 5.6%H NaHCO: A RBL;
c. ¥biAad;
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d. & c BAKEMT, FEKFEFRE;
e. AMEEIEY, SAEKE, 4CHRERGRE.
4.1.3.3 JBaE H Mig 5 H A A 1
(1) # D-Hank Z s EiHE= KE, A HCl WIHE pH & 7.2 £4;
(2) M E SRR KEREAD, SRR EFNRERERER, REH
ANEEBEE, RS, BRKEATE, HANREES;
(3) X HCHIEEHEE, BT ERE, 2ENRT, REBKEEREEH,
wAWE R 0.25%.
4.1.3.4 HSFs #9355 1&HTHES
(1) #47% HSFs AR ESS
(2) ¥R%E HSFs MRS A HERNESFRTERENR
a. MR 12/DETENAEGE RS T RBRARMES, LRI, B
BEYL. BB FIWEIRMAR, METEREE TUE, HR.
b. BEP-MEAREKI—CHE, HERERE TREHBE
HHEE 60% ZF[RIRY, BTEFRCE SRR T IR, M
3R B SRR 7. LB A0 PR XY BT EC RS SR I S . W B Fata
MRATHEERK, RERLEE, ATAREESR, Sl
BAZRTHE, FLAREEEGR. AEEHERNRE,
FECIE RS R TRl A A 3T R O
c. WiEFBHIREIFMRAR(E HSFs RGN . F3E . BREK/ERIA
BB AT R ER S, HAEET HSFs 4 RER.
4.1.4 N BEIK AT 4 4 BB B SR /L AX
(1) AR 5%

a. BEM. TH. BEEFBENEFEFR BT 37CEE, 5%C0,
JEgpsEhiEgR, HSFs MIREMNEAEK, PGB EREE.
WHREERE. Fil— RS, BUARIIED AR B LA~

b. T 8~ 12 MHEE M, BAGE BHE TARAREKE
W, MEBEMREFKFRE. EKRIPIRE, SEBNIBFEEIF,
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M2, EAKUFERFTRE, BEHF. 49 12 REHEKHK
R, TR REBREFRERAKR, BRER,

(2) 4Hpafef:

a. ERATHAESTTE, 8BBEHLENIES. WRELL. B8, THRH
BEanim . B E R SRR, T FAEK

b. B KB MBI REP ERR Y, EREFE.

c. TEIEFRMIMP N AL — HREE£T 0.5~1.0ml LA SI RV BE B &, R
B2 8.

d. ZEMBE TEARESHE, fsh. WAMSNNRLHE. Wiz
&, MIAEITEE,

e. T FIIAS 10% /M MFEHEEFFRY 20ml, AREWRIR S
FEW R B WP RSB (N R4, {F A AR B BRSSP R S

f. NEFFRFPRBUEE M RER (BEEAUREFE) AR —TEH
FHT, MATS T HFFME.

g BAEFEMEEERG, ORERNE, FHEE. EFERE. T
BB T MR ESF TR FRE T R .

h, MAEFAT, THREARAKER, FERAREED —EiE
FER AT RN, B EMRELE RS, HTER.

L]

4.1.5 2R HO 7k

ARG, BAT RS T B s RBTTEN T
AN ST IR SR, DA 0.25%MERE L, BIEEME TURAREILER. A
M4 ERGEaE AERTER, (BBl A5 2R DMEM MERA SR, EHi
vHER

MIT WESHEMNREERERARA RS NS X MIT3-[4,
5-Dimethylthiazol-2-yl]-2 , 5-diphenyltetrazolium bromide] 4% #f /* 4 58 & ]
formazane %5 &5, YSRRLE GG, PIIEIT B B0 YRRl R ke HS A0 i A 398 BEL AN S 0k
E AR R BSR4 AT 4h, BB RiE 1000 | TA/DLAMA Smg/mIMTT
W 0.01ml /MBIl 5%CO, B3R5 P KEFR 4 /DI 3B IERT, TIA SDS-DMF
W 1000 1, 4 MG, BEREY 15min, FHEFR{EL3IS, Bio-Tek
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Instruments) 7E W Y6 /4 (Absorbance values), MK N 570nm, SEF KA
630nm.
4.2 LED BEAE YT A B2 Kl £1 4 21 i 3184 5 1) 58 e
4.2.1 LED RS OLHE

P R LED A45tdE, IEYS LED 463 KA 650+ 17nm, &5
A 0.3579—11.2286(W/m?), EiT¥ %] LED M T sk 847 e R rysa sy
HERE, T ch BT It B SR B 2 AR AT 4R Sl R P e 2 BB S U &
4.2.2 B E TEER

(1) DMEM #Z0 Rl 72 (Gibco BRL) W& 16mmol/LNaHCO;5. 100U/ml
HEEM 1000 gml BEER 10%KENFME BNTUES). HETHL
DMEM 4 i 5577 (Gibco BRL).
(2) &R T/EER

L

—

FRERTESWE, b ESFAVEREE, FI/KZESOml. &O0FH EE
W, BEIMALSY%NaCIHER E£100ml, Bl T/EW.

4.2.3 i

TE AR A 4 A B HSEs (R KFEER ST OERED R WE
HSFs#iiffl, 2B EREFCETNE, ARBIBERNTI%, REEMTHR
Wb, EREAAIxI0HE, B3R ERE. LEDRST K4S FLEDRST, &
HARRE . SEMBRHERSR.

424 BHHRRESA
ST e SRR LED A4 M1 iE A9 TV B, 8 3 5.93(W/mP) A 7.13(W/m®)
Wb AE B AR R T (L3R, X TR S A 55 I8 AR IR AT 4 20 A HSFs 34T U
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® 4.1 LED RS F 5 AR b B0 4 4 B iR 56

Tab 4.1 Experiments of LED irradiation on human skin fibroblasts

LED MU IE % A R BT e A B i858 o 4 | SRSTERIE | RUN BT | RS &

B4 OO AERE D R |59 150 # | 89ml/icm?
W/m?

wod OO AEES ] LB 713 300 ¥ | 214mi/em?
Wim*

B4 R | TRBEY | LR 713 600 F& | 428ml/cm’
W/m®

4.2.5 HHERG U E S

(1) fpaTH%e:

BTG 48h, RS, BAEH BT MM GHEET ISR, Bl 0.25%0H
B, GBS TR REEN. FRSWAE hekee, BRI,
WERG %2 B DMEM B R LS, R it SR Lok S R#ATEH .

(2) BEih2#04T:

TR SEa 4 BT, P*<0.0SHERF BEN, P*<00148ER
HIRT AN,

43 &R
431 5 W AR R

BT AR RE RS FEN EE TR AARBEERTI?%, BrE

R EDIERES B EE RS, TasRu .

432 B—HAXBRER

2 —4A HSFsFH 5.93(W/m”)$8 5 FB AT U LEDER B 1 50%:, 4 B 32 i) R bl |
#%89ml/cm?, B6.1TT R, BH1500/E, LRAMARSKSHRAMLTER (P
>0.05), BRI —FE FLEDR S X4 MUS T T E
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f HO
ENERGY FLUENCE {uJ/cn’)

B 4.1 89mJ/ocm’LEDEE 5 %] £ B 35 1 2 1

Fig 4.1 Effects of 89mJ/cm”LED Irrdiation on HSFs Proliferation

433 B U ESE

B T 4IHSFs7.13(W/m?) i85 BB I LEDIR 30080, 40 M52 W RS 7 &
J214mliem’, BE3.20T L, HA3008 /G, SO ME B S M AR
£F (P>0.05), BR7EX--HR FTLEDRES x4 MR TR .

= 10M4

B = b L e Us

RN

0 213.9
ENERGY FLUENCY (n]/cn®)
B 4.2 2t4ml/em’LEDE 541 L8 54 ) B o
Fig 4.2 Effects of 214mJ/cm’LED Irrdiation on HSFs Proliferation
434 F_HILREHER
£ = AHSFsA7.13(W/m YRS U MLEDR AT 60085, MBI R

$ha28mlfem’, B3IEH, B0, LRAMREKE FAEE, HAX
b 2 B EHE R (p*<0.05), HMATER — S 7 E T H LEDR S & (23 41 i 1475 .
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ENERGY FLUENCY mJ/cr®)

B 43 428mJ/em’LEDFE 4T % 41 LA 7 0 )
Fig 4.3 Effects of 428mlJ/cm*LED Irrdiation on HSFs Proliferation
4.4 T

JEET 40 A PR S S BRI B A A, AR R R T P T DO R R A T
R R ARSI, dANANEASSE3REBRNITRRESS T,
HERER A REHERMETARKE, B — e Es RS R R R
e, TR — DRSBTS [BPFZE 2002], RESTH o ST RER
MHFIF, SREMEEEERNT - HER, ¥EIEHETRE (F. X
Y) nkER, X YRRHEEER, EHLAHEAR-—HER-RRER. H
HEBE-HER-EHER. SHEREREBRR TN FERIARRCENE
R T, HERC, o MR _BAS TFEBE. SOEA—MREER RS
BB, PRRENER. EEERCREABUNSLAT, HHREAR
RAGFRAM. MNhEAEE, RERGGARTEENAS, MEE—ENH
W, SIS RESANERFHREESBL RIREAEEE[Gotrup 1991 . X%
1994). ¥2fHE B (Hydroxyproline, Hyp)W 2R R EFEEE AR,

Lam® [Lam et al 1986] A Z B0 ( A =632.8nm) BiGaAs#t ( X =904nm),
AT N B AR AT R A CRUE FAMELRE RINIE R ) WTEN R AR B RN
EHTHURIRERSARADANER (BEAIEE) . S NERRHE®E
e RAFEET L ERLFEARREA SN BEATERRRIERE
HERADAKES. R FHDBRsYERIREEBRAEASBE DR
B S BIATLE S RUBR, F A B R AT RN . XSRS 6 iR
JeLRAE A S MR A &0, B REER R EF M.
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DGR A L AT A R R T WAESUER. RESH. @Ak
AR R R R A AR, RS RARES T et iam e, B
ERGETHEMEIGRE. FAGEENHRT, rEEEH FBs f4M 5,
& F LR AEE R MR SRR, 1996 % Elilis(Elilis et al
1996125 FFH A FBs, (13185 E T, iR B 4 4 B (platelate derived growth
factor, PGF). BTtk A £ 44 41 i 2 1< [ T (basic fibroblasts growth factors,  bFGF).
% I 9 KB (epidermal growth factor, EGF)RHIREEXHEFRM FBs 4.
SERSERER, LR TN E M RETMEER. SREE. ANERET
#H{E3E FBs [{) DNA & RMBIBIEAAE=RXRE L. EGF HFHTH bFGF A7
PDGF fiT#1%l. bFGF 2 PDGF [t [R5 H b A IR 39 . Clark % A[Clark et al
19971F I ARGt EE 3% FBs, W% B —HB A KB F(transforming growth factor
beta, TGF-— P )X HAEEEMERBEGEW, CEEER, FBs EREMEH
BIEREREE, SWTEAI, & TCF—8 (BRI FBs EE 16 BF,
Frr= A — AT AL AN,

PEAR B B ORI T D IOBT ST, 155 % FHEIR 0 R T 4 48 MU0 1820
TR AF B B 2 e B4 A A SR AT, (SRS 7 S B (Rt T 4 40 M i
58 OV SEAA HIE 5 [Webb et al 1998]. Van Breugel Fi 7~ [F) 8 &% A0 MU IR W]
He-Ne BCR S A2 AT AN, RINT 2.91mW W AR ZEARET 4R 40 ML) 2
B, TIRT 5.98mW Bt RIFC R % [Breugel et al 1092]. Almeida SF/HIESE H 2 Vem®
{7 670 nm, 780 nm, 692 nm, F! 786 nm FUFF KRR A BE T SRR AT
Yo, B BRARIRA RO AL S [ I 5R AT 4 4 B ) 1 FE [Almeida et al 2001].
Hrmjak % B A FGES , FIEX 0.5.1.1.5.20em’ M BENREE A [ Hmjak
et al 1995]. Kipshidze % A fi] He-Ne #I3tM 0.1 Bl 6.3)/em® H 384138 B2 FRAT R 4T
o4 4 SO 2 B EE BT A A B R L P B R B T (VEGR) A B B SR A 10
1.6 £, JFELSR AR R SRBKBE RN . METEANA 2.1 Von’ Bt IS TR
I £ ¥ B [Kipshidze et al 2001], {EFELBHHMARMER, Hallman F5 I
He-Ne 38 3% 55 35 7 MR 30 00 A3 47 4 40 P 1) 188 TR 34 0 (2 38 4% M (Hallman et al
1998]. Gutknecht 2 F Nd:YAG #t(Bk i Ak & 30~120m), Bk HIE3 20~ 100Hz,
SEEHIH 1.5~3.0mW, BUEE 10~60s)R 5 L-929 BUAF4EAR, RETH
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JEH RS RE A DNA & A0 40 T 73 3 5% B 40 il [Gutknecht et al 1998].

Glassberg % A M 577nm N GFE T IR SV O IR AT HE IR, 5~ 120/em” 84
R AT B AR R A A SR, KT 120/em” B FRET U B eI A T 4 4 i
IR S A . 5~8.50/cm? 7 S A5 0 40 L3 1 8208 [Glassberg et al 1988].
Joyce B AR LM ORI TIRBFRCC S G F B4 A Sl s EN
te RIPYERRE. AW XA T ERABOL B AT X Indian muntjac AT 44
A S0 e B AR A A T T AE R . (RAPMERCRE. 1.5 1 23.0 Jom® 1) 660 nm
EFRLENEETHENENE RN, RAABMKTESIENRERE
W BARTFEEFRFHEN. F—PHATERN: RERRERNZERAT
WokoIH T G2 HIFERMEEK . BT LUE R M RS R TR R AL 6T 48 i R
P, X R KR EOLA 2 B DNA 45 T 51 AR 41 0 R 3 R i 3 [Joyce et al
1999].

Karu #1 Tiphlova 2 AfE S ERBEIE, WA TRTP L, REMFR
THE. BERTNIAIMMIETE LIL 5 LEERTITA, RN
TESRK. BARAEREHFRESR, mHETFER &SR LA [ Tiphlova et
al 1986, Fedoseyeva et al 1986). Karu SHiX L&A FK T4k, FHA TR
5 AR B AR YR AT AR e R LR RTE DNA iR B RMN& RE
BB AR DR SHENEER c AMP KT IR RRE,
3 ELETAH (R R 8% 3 [Karu et al 1983, 1984, 1985 1987]. T FAHTFRIA4HT
M4 e iR M LIER B R S F AR AT RBEIEETET Le R
o] LK BB B A RO R

BT R, F640nmik B BILEDLL, R LUBLA & B R A BOLm
R BEFER N EF 4R B A ST . DL L SISE R T e W, 3 AR S R S BIMP
R, TImAIFHErRHe, EHRESRET&Rl, R#EEETER2. &
T AL A LED B 4T 0 B 4T 4 40 B BB R o, BT R A ) B 4 89mI/em?’
214m¥em’ F1428m)/cm’, HIR IS5 45 R AT & BIMP 1 (R B34~/ & ) FIBIMP2
(E=AFE), BRAMEZLEDMBESNETR, LA P wEEAA
]



FCET 445 £ 1 €140 2 P L AT B 4 AR 231 D TR 75 5% 48 PR L 7 LT
PR SR QD e B EE EEER, RO R AeE (ke T 44
FE S B B QMG AR . B A A S B 4% R Pereira et al 2002]. LED
B I E R B IR SR E, BEASUNURE T BT, B A4 B
EME IR &= 7 S A I C AR AR AL el i G4 & Bl R R £ IES)
EXHRHNELERE L —, FiX—4H, LEDRH A ERA—MEERN G FEB
et e IR B BT B U — LB R 1R A
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N\ B

FhEE: LED BTEA PC12 Bl A 8 S4B TR

5.1 SKRERMEK

RURKBERFARNA T E ZEMAT, XERE URIHARBT T,
i1 DNA Wr3df6ifhs. THE ML AEN B EaNERERR, EE&FES
(1 0 R LT e i O Sl 41 B dE A\ T3 42 [Cotman et al 1995]. 4 T IR FA /KK
B IE AR T AL, AT AR A T TR A WA T % % T4E{Shaw et al
2002, Peng et al 2002, Hosoda et al 20011, 1B JLFETH MG 715 i /1 #24EY)
(L2 PE B, T7EASLIE S, BATERIBLIED LED YIRS RS AB
175 5 B 40 i IR T BT REAE R T E

AB, MEZRFIMYHEERS, ©8F 403 2 1NMEERE, BiEhFEis
1 A7K 88 Fr BE [Glenner et al 1984, Kang et al 1987). H: 25-35 IR EBR 7 B
dFef, AZBEF A RERAEIN AB KA HRFBHAF U [Pike et al
1993, Yarkner et al 1996, Cardoso et al 2001] . AHIFTH, BA1H AB 535 EAT
RIS ARMARE PCL2, ZARRBEFEHTHAARATHR, 2REAERE
PE A0 B AR Y R 45 [Pittman et al 1993], TEXT A B 2535 I EHHATIEELLE, BHHE
LED (640+15 nm) M5, EHEZ2TIE] AB 1.3 FFH PC12 AR, RIF
BATRIL, FPRHEEIERN 0.9 Wm® #) LED EYDEIRE, BE 60 SEstHE
BERD AB 555 B RHI PC12 SMIAT
5.2 MR

(1) AR

A B 2535, Tris, Triton X-100, W ZBE, LA LM+ Sigma 2+ 8]; RPMI 1640
Biordk, B, AMEMNSMERT Gibeo. FrH RN A ST,

(2) AHHasESR.

F4r4k PC12 4, B35 T RPMI 1640 5 &+ (BHEI=REHR— KIS
), HPEH SUHRRKEMSME, 10%[KERREFME, 1000/m HEE
%, 100gml HEE, AETREY, SBAmAEFEESRT, Bol&E 4 9
o, 800rpm) , LMERE (1500 40/ ecm®) HEA 6 FLiRF, RERIEFE 2 EK

Il

66



TG, TEHERET 37C, 95%TH, 5% CO, HIHEFEMY . FTaiR% 14
RV AE S 1x10° cells/ml.

(3) AB 2s5.35:

BT A B oss WA LRIVKELHIA | ZEERRI IR &R .

(4) LED ZY61E:

F B &g r %598 LED 9560 (A =640+150m) , X REHFHATHEE .
5.3 LB H VA

RUE A H PCI2 BEHFMM, FHET AB BMIEAEF AR ®RE LED
MO RIER, ZBEEITARE TR . MRATENT DNA MG, &
& 2 AR P M B B RS W 3 AT E
5.3.1 LED A4y by i A

R Bt R L e A B A B 2 2 5 AN LR B8 FL(9.6cm™), 1B i LED
T AEFE, R TEAE S ST E)EE 0.5W/m ~10W/m” JEE W, FE&TAS ] 30 2
60 4r¥f, BN =T ER T #T.
5.3.2 Sl T3

Wi R AT EEET, AMRELITUI T A, BEEEiL; 1500 pm, 5 44
sy PBS IEVEFHIR: WK (27%PBS, 3% W4/ FiE, 70%ZE) -20°C
Bl 3F « 2 )5 BRI MR AL, PBS 1B 3E, BEHEET 0.5ml JA T SOug/ml
RNaseA (Sigma)f PBS 1, 37°C #% & 30 8. FE& A 20pg/ml Annexin-V-FITC
H 50pg/ml Propidium Iodide (Sigma)#: 4 1E % . F FACScan (Becton-Dickinson)ift
ITHNR BT, 40 MR 5 A FOE T 5 B CellPIT 40 B /A B 4r BT A R Ab 28
5.3.3 DNA B Ky

i A B e FE BRIk EAT DNA # frardr. ®E 2, Bl PC12 4 AR+
B, BORE, REHBERZM(PBS, pH 7.9 R k. FIRMR[0.5% Triton
X-100, 1 mM EDTA, and 10 mM Tris (pH 7.4)] 4 CZE 30 50%F, BHEEYED
FE =K, 7£-20°C FTHEKEEM 0.1 M NaCl {LiE DNA, 22 J&H RNase £/ 30
ER, 37°C. SFE (LS%IRAEHEEREIK, SViem) EFRIK. BEHHELE
Y] DNA B TRIMITEE.
5.3.4 4IRS FE AR
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FER SO LA R R EE AR SRS B, wRamEES, Bl
ETERE. ARERENR, XBESET WM ERT Giemsa M1 Hoechst
33258(5 pe/mDHE R, F7E0% AL SR 4 M 07 T DR T2 40 A% R JE S & Ak
AR, RSO IEEE A PCL2 BRI BRI TR
M
5.3.5 HRA T

HARLL SEM HRER, EAVRES. Sk BEERERRY LR t MEeH
E (P<0.05 A A EZH),

54 LRER
541A8 MR E LED ELS{ER T PO RS R

ET AR B AR AR G BRI 4 gD, HIR
B/, Yefh FRIERSE DL BAZIEE (Hochest 33258 4tf0, B ERLR) o ABosss
PSR TRV F R R OO ISR (& 5.0AD. BRATEET T — IR R &
fRT3T. PCI2 WK E T 30 uM A B 3535 R T 4~48 /BT, 7E 4 /PETSEHEF,
HA %R, T —SUE A 24 AN AR ER A A B — M E 42% (E
5.1B) . 7ERHJE HHRK HRATESE 24 /DISIX B[] BT 20 uM A B asas T
24 /NETE PCI12 RBE 34-42%A T (B 5.1A #15.1C) . LED FREHIH] PC12 4
AT ERBERBR S, 8 AP0 MEFRAERENAM, BH LED Hat

(0.9W/m’, 60 4381) , AR EWMDRTEAL (Bs510 .
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Fig 5.1 Experiments on PC12 cells exposed to A B 35.35 or/and LED irradiation.

TEIX LA LS H AN B 2 I an Y Bk B AL TS . A0 BT AR A 2 . B
TREER THORRRH T ZFTEITR. (A 24 DT ABLESHEHE PC12
MRIHT R BBORIER; 5O EME*p<0.05. (B) ABfERRE (4-48
/NEEY HIEEIR: 5 0 MM p<0.05. (C) AB &I /5A LED B4, Bat
HE 1, 10W/m’, 60min ; #/E 2, 0.9W/m?, 60min.
5.4.2 %N DNA H BT R

BN REFRS, B DNA Mi#, E4FETHMTEK. A 20uM 30uM K A
B asas M RIAEIE 24 /hET, ZFEHATIRAEME K, SRERERSTEE/ MR
DNA FEHBL (B 52, 282, 3), MRS AB x5 I FILHEH 0/ W40 DNA
B (B52, 2 1). AB (25-35) 4#/5F LED B4t (0.9W/m?, 60min ) 7JE3

B> DNARH (B52, &4, 5) .
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Fig 5.2 Agarose gel electrophoresis of DNA fragmentation in PC12 cells.
Rk EEE AR 20 R BR) DNA R T ER. IAHMEERHITE A
Basas REEE 24 /R 281, ALK AB (25-35) ); #2, 20 M AB 535 1EH
24 B £23, 30 M ABosas fEF 24 /M #84, 5, AB s 43EFH LED

B8 (0.9W/m’, 60min )

5.4.3 I Giemas 3£ 5 140 i £ i 22
F GiemasX] tHA B 25555 S HIPC 1240 i FIAT AT R G S, AL ERUE
BRTH S eHRE, REE RN BN ERMEBEEROWT:

"o B
» e e o °*
% A
«®

r 1
*® b ain 2

: s 9
5.3 PCI24E A 10pM A B 55.551E 2 B5.4 PCI2AA IR B4R

Fig. 5.3and5.4 Giema’s stain. Morphological appearance of PC12 cells treated with
either 10uM A B 5.35(Fig5.3) or (Fig5.4) for 24h. Cells were stained with Giemas and

photomicrographs (% 40 magnification) were taken. A is apoptosis cefl.
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RIS 3AT LOREER], MIAL0pM AP 555/, B T AMIRY, WEPRHA
Rz, MR IR SEURIEANG, T EHA G B T TR,
170 P15, 4065 e 2R 1 4 R B A 58 0 9
5.4.4 JiHoechst 33258348 J5 A1 90 A% T A ML 52

T Hoechst 33258(5ug/mI)*f B A B 55.551% S HIPC1240 % Axt AT Y &
&, ARSI EAT- S MM B ERE, BT R A R B R
HE 200/ ORI F -

5.5 PC1220 fu 6] B2 E5.6 PCI2 B 10pUM A B 152518 8

5.7 PC1240 H B 10uM A B 254515 S T )5 F 630nmLEDZL S 1T R
Fig 5.5-5.7 Morphological appearance of PC12 cells treated with either vehicle alone
(5.5) or 10pMA B 1s.35(5.6) for 24h or 10pMA B 353splus LED light (630nm)
irradiation (5.7) for 24h. Nuclei were stained with Hoechst 33258 and fluorescence
photomicrographs ( X 200 magnification) were taken.

(5. 6FT LARRAZ S, SIAL0uMA B osasf5, LR MBL T AZAIBFE. #5
B0 TR S T A TR T OAE R B B TR, T FREB RS S A K
BeAslh . HERHIR, SEMAI0PMA B 2535 R T, B FLEDZ (630nm)H AT
5, MUALE: BEMMEIPC 2 fRFR TS, WES. TR, AR RMATRE
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R LR TAFIE R AR
55 4iie

A (A=640£15nm) , HEETHEE N 0.9W/m? (] LED “E¥)56iE, FEH 60
ERHE R D AB 255 B PCI2 AAAEIAT:.
5.6 i1ie

Alzheimer 7% (AD) 2—F AT EE RESFRFE, L T ERE R
EMFCIL A R DS, FIERER AD fisi 402 8] H LK B BIIE
FEEEBT (senile plaques, SP) FIHEZE JuAHSS H BN A A% W8 e 40 22 41 W 72 Al 4T 4E 4
5 (neuro fibrillary, NFT)[ Orpiszewski et al 2000, Lovell et al 2002] . H+ Sp £
AD EERREEM. B IEHAEE A (amyloid B peptide, A B )72 SP %L BEEEH
R . ABH 39~43 MEERAMK, #B-EM o MERFMHE. —BK
i, B8 s BN EARESEARE, TA4RNEQRARETELES
B AREH p&EMTELE [Merlini et al 1995, LIRS 1999, Serpell 20001. A B J LA
R AER AT 4 (fibril), JFiE—2BTE R SP[Serpell 20001 .

¥*F AD WIRAHUE, Mibiorss, BEE LRI AP, Hardy 3 [Hardy
et al 1992]7E Science R EN “TEMFFH BRI B EFR¥ . B IAA: EHh
kB 4428 A (amyloid precursor protein, APP)FJ A E KR FE AP |4 FEME] R
WP ERHER, AB Lo MEREAVUES I KMATERAT T B3R, XN AB (o
MEE EANSEMIERET “BM7. XMTHEMLRN AB RANHER, EHH
Heoy & E B 2R . £ BN L ERERE BB A TR R AREH
R, BRASEHEITGHIET . XM AR RGNS K BTk
R R R R . XM B IE DA R RS YE R R T
(Gotz et al 2001,Lewis et al 2001],

Robinson % [Robinson et al 2002132 H “AB AR ER”, HI11AA: A
B 7F AD HiR R ENFIFHEA R EDRMIEMNEFIE. MERAHMLE A
BIFATHEIER AB FTEM AN EAIEFIEIEM, TR Mg et xR p EHE
R, XIERKBATEHBREIE AD & i &M EUR N 218 = HLH .
A B B M B B P NS BRTFERF MR IR RS B .

MFEWWERE, EABRBRIERTFE, EMNSEHFRT ABEAD K

72



WA RGBT ERER . —HE, EAWEEAEEILE L A D 2GR i
MEPHERETEEEFTHEEY R ES TN, 5H-HE, SLFgEhn
AR HRIRR—ERREE, ERERNEABERHESERAFE AD, XA K
FREEMAREREE, RET - EFEMERERIEES AD WRBEEX
Ef [Holtzman 2002], BN ZFE—N A REBBNKEE, MTHXNEERZS
MEE R, Lorenzo % [Lorenzo et al 1994] KI, TLEH AB AEUHR, (E ABIE
T 480K . [Holtzman 200216, JEB -8R APFEEY ARBIBIEE, B -
SR APFMS R AR, THY “ABAEYEBRRBIR” X, FELE “KH
BERBEE R, Fit, (Holtzman 200213 —BigH, AB &MEHEA £ AD HIF
v Orpiszewski 2 [Orpiszewski et al 2000] IR M EHAEZ MWK R T AB &
Th LS.

s FETIR, A B JERUIEMBEA gL SP & AD KRR cREn—F, b
BRE R4 SP RIFEMNM, HABINMMNSFE AD. B, WHlesh
BT ER SP HITE RLERAT L2 R AUITE M A 4T 4EBR SP R, BT IR AD
VAIT B — Bl PR A i o 1R EURBER FE IR 2 —FiE Y7 vE [Merlini et al 1995,
Kisilevsky et al 1995, Lansbury 1997, Yang et al 1999, Talaga 2001, Ono et al 2002,
Kiuchi et al 2001&2002] . MIXADMAERE, TEMHET4ER LIF R AD itk E
PR

H&i AD MG T &R ALY, T mAeEm, KERAFERIE
. BRI LIEEER RS, MAZSEERRBIER. X THELL
FENE., THRIERFETERAMBES, BT BB 45 iR IR S,
48 FEMREE. Fik, LED BEXFERERERA AD HITHSREH
o

15 28 8 Y ST vERT Alzheimer 5 (AD) FIlGARR S, FERBEBLHFFIERE,
U1 X 0 i B RN SRV PR B e . e MR E B, R A B YRR LR A D iy
B ViR E LA B3 [Ancoli Israel et al 2003] . ZEJEMPIBLER S, SMEF
AN 4F%E 2000) K, FSAHEOCEE K 670nm, 03 7~ 10mW) & jiE N R ATIT
VETT AR SR B A SRR A A (K) B -RIe B E R E . ERESHRREBH 2
THT DL 22 B R i R AR SR i #A 4 [Campbell et al 1998, Wright et al 2002] .
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Firbank % {Firbank et al 1993] TR W, KASAE 650nm YL D HIZLEEELAb ot
AL EFEREE . BITRIMAZ R TRE (LED) o] LI Beta T #F
ERESHNPCI2ARET, XMERTUM TR AD RIS =&71%, Bl
ML TR EE LED BH, /ERAMGRARATTLANFELREES, WAL
FEYEN LED, HETIEGEHFZF .,

R ARE (LED) W LAHIEI A B 1535 BRI PC12 TS, Wi X3
MAWEES<R (REFEMR, 2ERBNECHEEBRBEIEILR),
{655 o 8 FT LA A 0 B SORY BN TR AR S S AR ELAE I R B T EIBTEER
727 KBNS EIEA AR B RE TREERCRIEYE BEA (BIML). R
BIML, 1638 SOL 4 40 MR B i 25 8 2 DA 0 e W] LA L R f F R BUR A BIER
AR RSS2 AR T B Y. M2 A T G BRR R JE IR, R 5524
T FRSATUBE ER T 255 BT ANERERRA T AR
Ri. Rensink % [Rensink et al 2002] KH, A B %S5 A pericyte LRI DK
B AB EAIERE AL, IHI40 HBUR U B 4145 8 2 R AR PR o B9 v
BIEERARMBEERE. BRATAN, B8 AB 535 £ PC12 MR EHIER
%5 PC12 TR EE. Z00¢ LED 14 A B 2535 15 21 PC12 W T-HID AN £
BlERER, HHREREMBAERRIERIRER. EF-EHRBPIXAT7H,
{669 SO 5 BB LI AR X B [(Karu1998] - #R3E AT 142 R S3 E BOk#Y
A 4E BB (BIML) [LiuCY1998, LiuTCY 1999, LiuTCY et al 1999~2001], P&
FHIEARIE B8 A B Z A KA THTER, IMETERABRALERD AP
LR FE AR M BOR, BT R s F RIBURE A B 2535 B B -7 B 1A o -BRAEFAL,
MTTHIE] T 1 B 37 BAT A B asas 76 PC12 4R L R9EH%E, #EmAE T PC12 1Y
WET . BESY R L [ Antzutkin et al 2000], A B iEipdEAr4Ed B & EPATHIAES
¥ Gazit[Gazit 2002] FnHERUE U, MR 4 R ERRE AT LISEI A B 2Z (7]
(EATHER . Bk, A B FTLAFERMRIRES, BLAl AR RSET AB 58
@IS RIER, M@ B FEARME AB B B-#TE M o ARfEFM, AW
fEER LT 4R 2R

AN, TAREAYE BAERY (BIMP), BBELFAEIET AR RIFG &R
A BE S RIS S8 s, 245505 640+15nm i LED 406 BB 5, F 0.9W/m’

74



{5 LED £45%3%, BE 60 9405, PCI2 A2 MRS & 83N 32400/m’,
RIEF—FEERN, & BIMPL 24, X&H Gs EEMNFHIERE I, 5 cAMP
WRETHE, Wik, XEDEEE T A e s, ik A BIMP {3
SRR LATE USRS

B8 AB MBEETTRY) &R /R g B iR R AE, T HA K& UL R B
A Bt 2 P SR 9% 8 BX 5% W 9% B T 7E [Barinaga et al 1998, Gibson 2001, Cotman
1998]. REAE, AR AB TR AL T P /R R B M of BB BT HIX E AN
FHHREE FEAN AARET[Pike et al 1991]. IRFE, BERHEEE RIWH 3R BB /R kg
PRI L uENLES AB SFRHHMIF L [Cotman et al 1995, Barinaga et al
1998, Gibson 2001, Cotman 1998]. IR EZHIFARM T %1 A B FHFHI ZH 40 A
BT THE, BATEDA AB 2.5 40F PCL2 BB E TEMUNER. LT
24 /NI 30 uM A B a5 SEFE IS, PCI2 AR FTIMHIIBT-WIZ AT, 875 DNA
%,

BT R THLE, Bl ZER LR G R S RERT . XA
R S #R R A 45 i AL caspase3/7, HTHATHET, FIAFKREBELENER
W RE R b A/ AR ERRAR B E, {F caspase8 M 10 i b, #HinHiHL
caspased/7 RPATHET, X IFREEFE cAMP RENFA S MEEEAER
AR N E AR T PR R b AR B R AT, NIRRT R, AREE c
ST R, 1BiL/E3h caspased WIIE LK AF caspased/7 iEit/E, BHRATHELT.

ABBFHMMBIFETEIMKTERERE. AB sy MAMREHYILLES
TR R AARER AN B M [Cardoso et al 2001, Cardoso et al 2002, Pereira et al
19981, BEi2 i A B 2s3s FIAMBTHA LT ED RSN AR T HERNE2 5. 5
EE T AREBEEIRE, ABRESHRIET, XRZETREEIRERIERLE
FiAE A X SEAREE ¢ BHF caspase BERTEIE[Cardoso et al 2001,
Cardoso et al 2002]. H—HH, FETEFAEXEH (630nm, 632.8nm, 820nm and
812nm) HEUZAE T 51 M RE B AL AR F 86 B 1 N (F R BB R A
tk 5 Anders et al 1995, Passarella et al 1988, Passarella et al 1984]. XH A A
B 5545 NI HB N b AR 47 R RS MWL) B AT R R . Shefer 8 AIRIE A 2 AEOL
e s E a2 40 fa s e e R A T E A Bel-2 FIRiE, RN RMERTE

75



H BAX HJ&RiE. I, XEFEAIMNEZHIEETFHEFAVRE.

MIE 51C FTULE Y, ANFRFIER LED B SHMRATHE AREWN. %E3
MEHEE, RNPFREErRBEEENZWEEZ ZREMEE. EAHRRE T R
30-60 A, MEAEAXLEEER. HRHEEMAXNER, JeRTarE
RN, XMEAIER WA T AR —#E[Beranck 1998, Gu Y et al
1999, Xu Q et al 1999], X--EFRNLEIRAIE N — K XEH#AT 7 iTie[Liv TCY
et al 2003].

ez HARR RIS R, A BeA KT A0 M R T A B T kIg W
R B . (BB TIIF T LR AT 88 F T8, FM/RRERMAN LETEE
WG Sk 8% /) [Barinaga 1998], HAIRIEIEER, EHARBE, ALY b
B R MG BRIR M Tk R E A . - D RIRF R R E MR IS PC12 4T
CHERAT, AR RS TF ROk A E S EUERF EEH o 14
I B MBI S T L.
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BT GG

fEN—F/NISEE, A3 B9, SRENFEEEGE, 5FFEE00EE
ML, BB ZRE HARE RGBSR, KEMHCHASKKRRE, 7
a] WHETE R A, R ZARE AT AU R IR B AT, A TE R BE 22 N H
BEEANEFOEE. Bk, FRICAEETREASCHAMAED RN, SEDE
WERANE. AR P IELRERSRIE. LEAEYE BRI BIMP)FE L
JiiH, Wik T LED £ IERSLREKIE. G, WIXXMAIE LED 45605
G, TSN E. BRBEVEENESE/ILFEAT, #1TTER
AKITFE, #FEIHAK. . S=FORER LED AYD6IE, &R IEWIFERITH
EIN T, $4F LED XFEEM. FE. TTRAFTEEYRTREARE — SR,
ZR Ak, WA EEEYEZESMRITHRE WHNA. &E, BXXH
89 LB BT T MR A # ARSI ST, iEBE TR AR TSR, 6
HR IR AR e D e v R A B B n S S, R A RRE AR W 7 [
AR B SEE, RORIRSE T AV SRR TR, e T TERENXR
HERtE. B EESERT .

1. REFEEHY R o] LI LED M b isms g, BRKEE LED &
PiE . HAES R E(Wm) SR KE L. TEBRE [WIEHLR
L3 AN, (BEEMERARERE o , WENEKERFREEER, EEH
RETE 0.0021—0.9961(W/m®) JGHERA, B RENIFEEEA.

0.001333  0.0254

L Ln{*&*]

2

E( )= —0.290+ 0.296 % [, + +13.590x I,

2. RAESM SR LI # LED it KBS B, B3R %58 LED
EYIGIR . BARST RS Ex(WmO) S R KE L o MBIE, TR [ B
0% Il bR, BEMEERER RyPIERERREFER, HEFRE

0.3579—11.2286(W/m”) TEEIN, BH B THEEE..

- 0212
L,y =—1.2520+1.7140x I ;) + 0.0221 0.02
Aﬁ] L(m] R(m)

3. FMHTE S S IEEEBESE, WAEREA®mE LED AYOtR. 18

E( +1298.8230x I,

77



SRS Es(W/m*) 5 TAERT La B OHR .o LED $18 N $y hetistm, #
EXEKE LA ENE SR, & L 8B CmaTER, EEHR
B 17—110(W/m?) SEE A, W5t SR 5,

) | = 47,809+ 76.623 % [Ty - 0013
\ /?12] L(m)

4. FERTEHIRAE LED YR, XTREEARIA B st e 4 psdt 17 s .
SLL SN MG AE, S5 RTL, M 89ml/om’. 214ml/em” B 5 AL,
428mJ/em’ A G, SXRAMLFEREEER, XKW S RFF BIMP 1%
Hit,

5. {E R e LED AbiR, IBATPrREIRM, H AP (25-35) 5 21 PC12
M. WMBMEIMERIFET, SREM, W ooWm’) iBHRER LED B 60 4
bR, MIgE R EWAD S APE SR PCI2 4R, &S R LU HHERE
FHORIXMEGAITH:, RBIBREERRARRE—ERET.

~8.360x VN +8575.843x I},
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