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HNHENERICB T 2 8BAV —F— TP LT 0%
V—H—DF D R I R4 2 EERHRFSE

BIRKFEEE ISR R (HE | K (ERBHE)
TTR: &

(FI624:12 H 22 H 2 1)

TRV T 4 Y o FEM (hematoporphyrin derivative, HpD) DMEBFIME % FIH L 2%
HIEH (photodynamic therapy, PDT) i 13— ic i ERIRT L7 VI BEL —F— (argon-
dye laser, ADL, #£ 630 nm) #SfV &4 T 5, SEAPHETIIHF L V5 4 7DV A BERIET 24
AT v —¥'— (gold vapor laser, GVL, £ 628 nm) #HAL, ] b — S D HEE R I D Vv T 5
HFHNCLLBIRES T 5 & i RBRRAIER 57 3 PDT 218142 D0 T b LLBRET 55 - 7+, HERsH
RREERNE, MiTEMR -7 HpD REERREA, HpD &% - FSEVIBRRANTE, HpD &5 -ke%s
& BB RS ML KK 47 55 & U X — K v v A A KK-47 [T 5 3 . SEEEHREHIE Iz 1, /57 —
A=F X B EEMPEE L, £ 0RA0—A10k 2 RENEED 2 Fik 2, Z DR, REE
MRV EBEREER T, XNRER H77 10 mW /20 mm? T flj L — 4 —F WKEREDShL
Do feht, GVL @A HIT0O8E & s KL, 17100 mW/20 mm? i2 8Tk ADL ICFEL# 3.3 4
Keiotz, HpD &H KK-47 i3 %30 & L 7 laser flash photolysis system DEER T, BHEERIT
W& BHEEZ SN D HpD OBRNEOBIFMET (transient photobleaching) #5838 & #17:. KEAGIE
M7z two-laser excitation system DEEATIE, L — ¥ — FEHI SIS GVL JEMEEHIC & b FA®~
E7OEY, 3ATUEY, ZOMOBEC photobleaching 7Tt L 72728 & EZ o 3B ENIEED
EW LRNE SN, KROBHEIESICNT 2 PDT $ROHE T, BESEDOID 51 Hho
GVL (177 150 mW/em?, 9 J/em?/min) T3, 15 SBBEBEC 3T ik complete response (CR) =
5/6 (CRPFFEHRA%10.2 A), 30 SHBEHEEIC B VLTI CR=6/6 (7.5 H)T#® Y, ADL (H77 300 mW/cm?)
D 15 SIREHED CR=2/6 (13.0 H), 30 SHHR&HED CR=53/6 (12.0 ) kL, FRCEWIESELE
w%bent.UL,$¥%@GVL@%me%ﬁﬂum,Ewﬂwx&®<Dﬂbt%we—ﬁmt%
T GVL ROMBNERD SEERME 2N L SR OBEAA X CHELTHLD L2215 hie.

Key words gold vapor laser, argon-dye laser, hematoporphyrin derivative,
photodynamic therapy

Exd L F— 1 — St x R L 2 e ko fos
BeborLTid, 72V VrALrY, v ML
74Y » & # 1k (hematoporphyrin derivative,
HpD), 2wzt v s> A BEDNBEUNE LD
HRBHE, L —F—d o BEOREENE L LT
AOsn, o0& 2 RASHRIG 2GR ISR T
2ODThH2, BT, BEBICERIED RIF2

REZMWE HpD 285 L, EEHER: OISR
DEDKE 48~T2RMBICE T A L F—FREL —
F=HT L T EBFL—¥— (Argon-dye laser,
ADL, 630nm) %»M&L, FET 3 —-EBFEHEOBL
TERZFIR L LA RIR M D B DMk
(photodynamic therapy : PDT) 28fEH & i TV 30,
WREBEIBE T, 1975 €12 Kelly 520388 T RE

Abbreviations : HpD, hematoporphyrin derivative ; PDT, photodynamic therapy: GVL,
gold vapor laser; ADL, argon-dye laser; CR, complete response ; TUR, transurethral

resection.
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¥~ v AEMERS I L, HpD O3 RIGE AW 72
B L RO TEEN E, 4007y b I VLT Y TR
FWTHgEL?. #0% ADL 2H w7z ZOBEDO®E
1% Jocham 5% (1981) 28R¥I T, FRIEBEMEEP I RAE
& - Brown-Pearce carcinoma 3¢ L, &
100~1500 mW /sec, 30 #~20 2 D4 £1Tv>, PDT
DEEEEC ISR AR 2 L AR LT, ERESVEER
BafgIc HpD #hite, BHEMERS » R EEHLEED HpD #
B AB~T2 BRI BA LB T L A BIRL 21983
&1z A D, Tsuchiya 5913 8 FEFIOBEBERIC BT
HpD 8k, 7V 7 b v v —F—OFERREICLY
JEBIc HpD 8 BE T 5 I L 2R, &7
HpD 2.5 mg/kg Biktk, 48~~72 BRI ICARSIZE
LUCEE 400 pm OFEET 7 43— & 5 ADLRE
Y (#7120 7/cm?) & 21T, 8 BiF 6 Pl EBO5E
£k T LIEL T 5, Hisazumi © i3 1982
£ 5k HpD & ADL Rt % f v 7z PDT % REMK
EEDEERS AR TS LYY, RN SEMias & U8
BEEBEFACCPDTOEBRWHAELT-TS
#217~9  Um L ADL¥¢%2HWwi PDT kB3 FRE =
D12ELT,ADL % (B 630 nm) DNEEIZFERA
CEES 5~ 7mm TR 1/100 CHEL, ZOHEME
SRR 1.5~ 2cm BT & /N » 2 L MBS
NT W32, foT, ZOBRMARER, TTCWIRE
Hr LTSI L Tw 2 BRENESWERN (trans
urethral resection, TUR) %2#8z % bDTIREH»->
=12 2 k3 Bl S, PDT IC & 2 BIAEMHE
ORLEET 2 72H0D—2DFEE LT, HRREEO
i, ECEBEROLAE BN L LT, HEBRNEE
EOBwL —F—DRESLETH S 5. AWHRTHE,
BB P FIET 2 ADL L 272 D 5 628 nm D/
AWERIET 2E&BS LV —V— (gold vapor laser,
GVL) #EAL, #3ED ADL X EBEEEIC DT
SR HERE T B b3, &Y Y-k

HpD # B 7 PDT %1 % X — F = 7 A BAEER
SEHEREL, BRHLBEREBLOTRET 2,
NRE L UHE

1. ERSY

A% 6 AR TIAER 20 g O BALB/c D X —
<% 2 (nu/nu) &, FEH2.5kg OBELBEDM
MREEEFNLEFNERL.

II. AEFE

1. X—F<7 A

AEEMERMBRANOERSYRTE BN
Z— T4 YL —%—CL-1001 (HARZ V7, HFR) %
3|, % (DT specific pathogen free (S.P. F)
BETCHELY:. SEENTE, BE23+:2°C 8
B 55+ 5%, BA& 15 [El/hr iR o 7o, BRNC 3 EEE)
WERBER CL-2 (AEx27 v 7, BR) £Hw, Zhiz
170°C, 30 Sl s EEE 2 ML, 71V v =75 —Mz
AL, REEEENCERER, A-t7Lv—7
(121°C, 2 kg/cm?, 20 S T L, E=— VA Y =
FTAFY —0 v 7 R, 0.25%KERRRE S b
U AKEIRCEEMEL, 74V Vv —F —HKEHA
L7z, #0E»0/NEEEEZ Anprolene®™ (H. W,
Anderson Products, New Jersey) 1T 24 FERTHE
L7:tk, BEERCERAL .

2. KR

KZEHMGRNOEEBYAETEICSVTHETL
<, EERC it L 7o, SRl I ERATE RM3 (GRS,
M) & RAv7e.

. FEeE

R—F=wRIZRLTE Y 7 ¥—1 (Sodium
Pentobarbital) (Abbott Laboratories, North
Chicago) 1 mg % MR AKIZIERL, Jiliaa e s
Ui &7, KBTI Y & /2 F ) (Sodium Pento-
barbital) (Pitman-Moore Inc., Washington) 32.4 mg

Table 1. Specifications of gold vapor laser, argon-dye laser and excimer laser
Gold vapor Argon-dye Excimer
laser laser laser (XeCl)
Wavelength 628nm 630nm 308nm
Peak power 5%10'W 1.2W 5% 10°W
Average power 4.5W 1.2W 0.05W
Pulse energy 0.45m] - 50m]J
Pulse width 5% 10 %sec — 107%sec
Repetition rate 10kHz - ~1Hz
Type of laser Pulse *CW Pulse

% CW : Continuous waves.




BAE L — o —NIER IR O R RS 1239

R AEEARMEAICEMEL, SIRNICES L,

V. Bl

HHEITB VT 1977 FHINI L, AR E T T
%t b EERDEHE R B BT KK-47'9~90) 130 i1t %
R L7z, KK-47 #i 88 1d, 20%(F 410 (Micro-
biological Assoc., Maryland) 8L UH > ~4 > 50
pg/ml 8 HamF12 §5 (AR, Hr) ok s
FC-20 5% & i\ CHASHBH B B 21TV, NHUETE T
2B AR A KERICHEL 72,

V. SRR AR

SHPCETERAIC 5 5 & b B SRR B L KK-47
%, 0.05ml & FC-20 42 107 HOMITIEE = 7 3 & 5
WHREL, AP RAERETCEELR, K258
MBCEEN I~2cm CHT L ME2YIBL, 3
mm i, o — R REHE T ICER
L7 SEIZEBROERESHS 201, BAES,
6D b D EFHERAL 7,

VI, XiEmE

N EPRERNVT 1) BEAE (HpD. : Photofrin 1,
0.5mg/ml, Oncology Research and Development

I T
5 mm
_J____ .
>
6.4 mm

— Power meter probe

Quartz fiber

I, 7 mm diameter spot
/ ( Distance : 10 mm )

— ]«=~—~—~ Living rabbit auricle

( Spectra-Physics Ltd. Model 404 )

Lo 1 g 100
- 75 %% 7o
lo =6d
e I

L : Extinction length
Io: Output power

I: Transmitted power

8 : Absorption coefficient

1
0.434 X 6

d : Auricle thickness ( 0.7 mm )
Fig.1. Schematic representation of laser transmission study using living rabbit

auricle without HpD.
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Inc., New York)

Vil L—Y—%E

GVL 71t Model Au-10 (Oxford Laser, Oxford),
ADL iZ1x Model 171-07, 375-03 (Spectra-Physics,
Santa Clara) 8 & Ufexcimer laser iZit EMG-50E
(Lambda Physik, Gottingen) % f\27z, Zh5DHE
E, BAHAL roBER L c—BRT L. 28,
GVL 8 & U ADL 3IdBRIREH 2 H T 2 EEZE 400 um
DFHET 74 8N—P-084, (£ ¥/ SAXRE, RF)H
AL, BT OZERIC I HBREEE -EICT 501,
—ED7 74— REAL TR, ZOHBET 74
oSt at 3 ADL Cd 540 mrad T, GVL Tt
646 mrad T, FEEHOHE L, HEKNFHEZ
B ATO T 4—NEb o2 RERARY AT E
.

VI. REEN £ BV L —F—BSEAM LR

HpD @i % 5h ¥, BROMITEET 3 RREN
(B &0.7mm) & %9 2 X% ¥ # R (extinction
length : ASTHEERED UNFINENEHXBEEOR
%)%, B1&R7T Lambert DFEFM A D BEEHE N
AREHOCEY — =X 0 M TEBRE L .
ADL 3R 7 7 4 /S —5E8iH 77 200 mW, GVL i35
P 200mW (Y—27 i J7400W, €—2 = 2 )b
F—20u]) £ Uiz, FRENEHEL, YL/ VT

Pulser and delay circuit

S

WERIRAREY TS, BXEOKE EEES5mm D/37 —
A —% —Model 404 (Spectra-Physics, Santa Clara)
oBREBEECEELL., ZXEPLLETID 7 74
N—%2BEI LTSS LE ) ENREOASN
wmEE (1) 2T, ZOBOEBLEE ) 2§
FEL, WL —F—XORHEREERD .

IX. HEHEAERE & B U 1 E AN o RE

EBRIRE2 DI LT, Yy OIS HHERSE
=L SO E RN H 5 KK-47 #f kg 12 50 wg/ml @
HpD % &t FC-20 88| 2 MNA, 37°C, 1KfsEH
1%, WEHE HpD 2 #gkREL, bV 7Y LI, phos
phate buffer solution ¥R FHZE S ¥, Z OHifaE
R 50X 104/ml % 10X 5 X 4mm OFELLVIZAK
THWE, B2 7 —XiZiE Xe-7 » 7, UXL-500D (7
YABR, ER)OXE, H77 LD EER 308n0m Dy
AP EFIET 2 excimer laser 2V, HERED
HpD OWRIN A~ 27 b ik, S EET Model 124 (H
7, WE)WC X DRIE L. 5L D excimer laser 3
170V A % BBET L 728 HpD O BEE O@ENE
{b#, #EREMCION (VY —GRLE, R, *E
FHIMED R-666 (EMK b =2 X, W) ZFL, 4¥
oA 22— TS-8123 (HIFEER, RF) £ sec
OEMIFHETEE L. kB, S LT, H—#k
WEO HpD JEaE Mg BV T b, AKOER%

Xe lamp

i
——{— 1 Shutter

Excimer laser
( 308 nm)

Oscilloscope

I~

10 mm
Sample

Monochromator

Photomultiplier

Fig.2. Schematic representation of laser flash photolysis system.
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fTore. ULOERIE, LI oEAs2%2 C3ES
DEMIL 7.

X. GVL OiBRIREM 03 R DHF

%= 2T HpD 3mg/kg #HIRARSE L2 RE LD
ABEERITR AR 2 M L, K& & 10X10X 5mm
Yl & ERCL, ADL % (77700 mW) % MEEE &
D 5mm, GVL Y (7 450 mW) % & Els &
D 5mm OB ST 2 two-laser  excitation
system & VT GVL X OMBEEM S ST U, BF
figE~ D HpD OEL D iA& %, 850 B4 48332 (A
i, WE) T, FERCHIEL 2. My — P — ke
Hh BV HHEE L, EBtkoBEROELIE, 610
nmoAY AT T 4N —-BLUNEFHESEE
L, #¥0AI—7 L2 msec DEABERTTEZEL 72,
kB, HpD#EETIMIC B VLT Y, EHOERET-
fo. COREIZ TN O EEREE L TS50 BooEHL
72 (B3). £ :ARBREERMIZLRD LD CHRETL
foo WY —=A—F — MRS B HpD 6 10X 10X 5
mm ORBIFTA2EEL, ADL¥ (HHI1 W) 5%
HREL D 5mm, GVL X CEHHES 450 mW) %4
BT & D 5mm O RS S 8IS 3 i3 G RS
L, BBEOMEE VLT EREZE 2 T5ESOH
ELl, EDGVL 2w BBRIETRTy—A R
EITCEML .

XI. RHZHFEB RO L

TENEIES 1 T 2 SRk & 0 BB R 2 1L,

INHDI B &0 EFEFEH 200~300 mm® ICRKBE L
YD EIRGOLL L TERICHLE, BEORER
Ovejera and Houchens®* M A1z & 1, EBEE (a)
ERE (b) £#/FZ (Imm ¥ CREL, HBEE
BEE (mm®) =a’xXb/2 TROULBME L7z, PDT
% 1IBHMEBHEE AL, EBRMig e L
7z, WETHEEIZ Eo72 b D i complete response
(CRY&L, TOMBAKEESZLL. 28, 20%HD
60 HFEROBEEOFHLBEE L2, GVLB LU
ADL D7, W Ih b IRBERMBE 2RI o iz
GVL @F#H 77 150 mW/cm?, ADL @ 477 300 mW
/em? %7z, HpD 10 mg/kg % X — R < =7 A e
PzBeE U, 48 R4 1 I3 B HEIE% & © 10 mm OB
B o L —F—HA Ry F BMEBLEEBES X310
£y bL, GVLB XU ADL % 155d 21t 30 S8
L 7o, HREEE (EAVE), HpD B 58, L —4—
BURBE SR L U HpD & v — W —HEBED 4 iz o
W CEBFRETERAR, BB ARS L AT H SR
HEME L7, 28, HpDRE% L) 2HBmE s TR
HL,

1. [EReEiR

Frt# s o 7 EICRRESICHIE L - BEEE SR D
SEHE & EREREEATTA L, RS 2 ER L 1,
REH T (18 HE) i SHM CHIBESR Oy
HIRET 21T - 72,

2. MEBHEAR

Argon-dye laser

Gold vapor laser
Shutter

Oscilloscope

I~

Shutter

] Sample
( Rabbit liver fragment )
10 x 10 x 5 mm

Cut-off filter ( 610 nm )

Photomultiptier

Fig. 3. Schematic representation of laser tissue penetration study using a rabbit liver
fragment and two-laser excitation system.
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EBRRTHIZS02 CROFHEIZT, TiEEDIRD
R ERMRET 21T o 7z

3. WETHERK
CR %R 7 B0 CR T4 A D\ THEBH
ROREHERE £ T o 72,

XII. HEataamket

PUEELIRE OREHFHMENT L, —TRES BT
# Duncan @ $E LI & 5 FHEMOEORES
X ' Fisher DE #HERFEERIC L 2 CREOEDR
EE{To I,

154 i#

1. REEM AV ESSE AN LR

R4 wRTTEL, GE7 4 3—%li e RRENH
OEBEY50mm &Y 10mm Z &2 10 mm & TED
BB IV, ENRETOASNRE T L — 5 —
Y& b 10 mW/20 mm? & D #9100 mW/20 mm?
FCHAL. ZOHEEICB T GVL RONHEEE
i, #hZ4 1.0620.02 mm, 1.284+0.07mm, 1.74%
0.16 mm, 2.57+0.06 mm ¥ & UF2.74+0.14 mm &
EEWHEAL, B804 100mW/20 mm? TIX GVL

HOREHEIT—EDOREIEL 2. —F, ADL ¢
I3, 14 0.74£0.01 mm, 0.77£0.03 mm, 0.81+
0.02mm, 0.85%0.02mm £ & 10 0.83+0.04 mm *
WL 0.8mm ¥ —ET, FEOEAREIRED H
T,

1. SRR 4 BV - BB E0RE

5 HpD &F B L UFEEHE KK-47 izt L
R 400 nmXe- T > 7 EBHE L, ZOFEBENEED
EMNRRBE L BEL, & 512 excimar laser 3 1/90
AGHFRBES L O EAEOE L ERH L b 0T
% 5. HpD &%F KK-47 fiffiic Xe 7 > 7SO
FEREE 100% & L 72354, excimer laser Y 1 /3L R
BEIZ LD, BRFROHEABENCHED > (”5
%), #OEERM CLIEEN /el 2 1M, e=
2.718) 1 240 u sec TH -1z, —7F, HpD IEER KK-
47 HRR T, BREOEREED SN Lo (5
).

HpD &4 KK-47 #ilgiz 5t L 380~450 nm ) Xe-5
¥ T E BRET U 7 BEO IR O YR B R R 0
HpD ORI A=Y s MIC—HT 2D TH-7z (€
6 LE¥). —7F, excimer laser #FIE&ISO EEME

3.0r Auricle thickness : 0.7 mm )
~ 2.5 Q
£
S
~ 2.0r
£
o
=
[
~  1.5F /
: 3
S /
£ 10} B
0.5r
0 ] ] 1 1 -
0 20 40 60 80 100 120

Laser power ( mW / 20 mm2 )

Fig. 4. Tissue penetration of gold vapor laser and argon-dye laser in living rabbit
auricles without HpD. (0), gold vapor laser, average power 200 mW ; (®), argon-
dye laser, output power 200 mW. Mean valuet+S.EM. from 5 experiments.
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HpD (+)

Excimer laser
( 308 nm)

l one pulse

Transmittance ( % )
3
1]

100F fﬂ"\ L S

0 100 200 300 400
Time ( usec )

HpD ()

Excimer laser
308 nm )

\Lone pulse

Transmittance ( % )
3
T

100+ ':Www
."l" 1 1 1 L 2 1 i 1

o] 100 200 300 400
Time (usec)

Fig.5. The oscilloscope trace of transient absorption of KK-47 bladder cancer cells
with or without HpD at 400 nm by one- pulse irradiation of excimer laser. HpD
concentrarion, 50 xg/ml; HpD exposure time, 1 hr; Cell concentrarion, 50 X 104/ml.

~ 0.05

Absorbance ( O.D
T

-0.05 |

1 1 1 1 J

380 400 420 440 460

Wavelength ( nm )

Fig.6. Transient absorption (®) of HpD-contain-
ing KK-47 bladder cancer cells excited by
excimer laser and absorption spectrum (O) of
ground-state HpD in the cells. HpD concentra-
tion, 50 #g/ml; HpD exposure time, 1hr; Cell
concentrarion, 50 X 10*/ml.

DREBIIEE 6 FTEDZ L < TH D, excimer laser
W& DHIBEP HpD sSBiE &, NBINASET L 2
EHEFS MR ENT:, HpD OBARINEE 400 nm
TRITBEHHBRELZBRINEDOETHED 5 h i
(K 6). ZOHRIL, excimer laser DEFRTYS Y DE5L
TANVF—IZL 3 HpD OBEERME, 876 &0
TS HpD 3 RE LR EE 2 s hr.

Il. GVL o#EfREE DS

7 (a)id, HpD &EFRIFIR L, ADL X
BLUGVL R ZNZNEMD 2 I HHARE L7
HOEELEEORMNEL*BEL 20 TH 3,
L — 4 — S FA IR S D 3558 13 B F IR B B a7
40 msec F THWHRKIGIE L, LURRIME 2 L 7. RIS
L e DB BN, Tl — & — ¢ RS RS o 4
TMEEL D KRTH -7z, —FH, HpD & ERAIFTIE 12
BOTE, M7 ) RTIEL, @7 (@) R
OFESBE SN, FRROERIIROER, S b &
ofifz, ADLYGEA LY OBMEE T3, &@Ni
20+£2.5mW/20 mm? %2R L, GVL 38 Ha 5 BBgt ¢
i 15+42.1mW/20 mm? % 7% L 72, ADL 3¢ 58 &¢ &
GVL St 75 B T i, 100£2.6 mW/20 mm? & i
b — V=R MPREREE O MIE O 3 510 B85 1
Lz (&2).

V. EHZEHHEEDR

81X GVL 77 150 mW/cm?, 154 (125 J/‘
cm?) 3 & T30 53 (270 J/om?) BRSO IE RS R TE 5t
TH5,
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HpD i 58k & L — — BHBHEN TR, E
BRI RO L e ORI EIRD o h
otz L—Y—BENC & 2B & 3 EEEED
HEIE SRR LD L E L sndz. PDT 0 30 SHRES
TR, FH7.5+1.22H (@) wT6EP 6T
(d) 1z CR 23288 & h, 15 AR TIz T 10.241.79

HpD (+)

100}

50

Light intensity ( arb. unit )

Argon-dye laser : 700 mW ( output power )

A (c) wTEIEHRSEIE () 12 CRUBDH SN, —
77, ADL 300 mW /cm?, 15 4335 & U 30 SFBE5HZ D
TR DI k<, NWiEEE, HpD BMEESHE LU
L — i — BB RO BN BB AEO A EEZ QT
53 (p<0.05), PDT B0 30 FMRETTIE, &%
g 12.042.00 B ()T 6EEA3PE (B)iz, 154

Argon—dye laser + Gold vapor laser

Rabbit liver : HpD 3 mg/kg ( 12 mg ) i.v. injection

48 hours later

Gold vapor laser : 450 mW ( average power )

o 1 3 I 1 1 1 —
0 10 20 80 40 50 60 70 80 90 100
Time (msec )
HpD (-)
Argon-dye laser + Gold vapor laser
~ 100
= Argon—dye laser : 700 mW ( output power )
=]
£
«
~
2
@
o 50
E
=
o
-l
Gold vapor laser : 450 mw ( average power )
N N PSPPIV P
O 1 1 1 1 1 1 1 1 1 "]

0 10 20 30 40

50 60 70 80

90 100

Time (msec)

Fig. 7. Alteration of light transmission in a rabbit liver fragment due to a
combination of gold vapor laser and argon-dye laser. (a) with HpD, (b) without

HpD.
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Table 2. Tissue penetration of laser light in a two-laser excitation study using rabbit liver

fragments obtained

48 hr after HpD i.v. injection

Lasers

Gold vapor
laser

Argon-dye
laser

Combination of
both lasers

direction of laser

630nm, output
power of TW

628nm, average
power of 450mW

vertical plus

beams vertical horizontal horizontal
transmitted light
power : Mean = SD*(mW) 20425 15£21 100+2.6
*n=5,
10,000 {
Laser Irradlation 10,000
160 mW/cm?, 30min [-

1,000}

3

Tumor volume ( mm )

100+

-
3
‘L 1 | 1 1

1,000

3
Tumor volume { mm )

10

! J =<

10

Laser irradlation

150 mW/en, 15min

1 1 1

14 18 0

Observatlon perlods (days)

2 8 10 14 18

Observation perlods ( days )

Fig. 8. Photodynamic effect of HpD and gold vapor laser (628 nm) on growth of KK-

47 bladder cancer cell transplanted into nude mice.
gold vapor laser; (A), HpD & gold vapor laser.

experiments.

(X), control; (0), HpD; (®),
Mean value =S.EM. from 6
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10,000
Laser Irradlation
300 mW/cm?, 30min
1,000}
e
E
©
E
b3
°
>
]
g
~ 100}
10 Js.
% bt o1
0 2 8 10 14 18

Observation perlods (‘days }

10,000
Laser Ilrradlation
300 mW/cm?, 16min
1,000
e
E
[\
€
=)
S
>
13
<]
13
e
100
10
1 Pttt ot
A 1 L 1 3

0 2 8 10 14 18

Obsarvation perleds (days)

Fig.9. Photodynamic effect of HpD and argon-dye laser (630 nm) on growth of KK-

47 bladder cancer cell transplanted into nude mice.
argon-dye laser; (A), HpD & argon-dye laser.

experiments.

(%), control; (O), HpD; (@),
Mean value =S.EM. from 6

Table 3. Antitumor effects of PDT using argon-dye laser and gold vapor laser on KK-47
tumors transplanted into nude mice

P CR ratio at a Average CR
Irradiation .
. ; 18-day follow-up time (days)
time (min) period (Mean=5D)
Argon-dye laser
Output power 15 2/6 (a") 13.0£1.40 (a)
300mW/cm? 30 3/6 (b") 12.012.00 (b)
Gold vapor laser
Qutput average power 15 5/6 (¢") 10.2+1.79 {c)
150mW/cm’ 30 6/6 (d") 7.5+1.22 (d)

ANOVA (analysis of variance)

followed by Duncan’s multiple comparison procedure

(a) vs (d) p<0.05

(b) vs (d) p<0.05

(c) vs (d) p<0.05
Fisher exact probabillity test

@'y vs (d") p<0.05
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Thbb L —F—kOFERMER, F—WRiE, F-—-5&4
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g, KL I b L —F—RORNAKEVWEF L
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Thdy b —F—DiFEN (514.5nm) & OB
PR L, BERRIEICEL, 8 (nEZory)
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HpD & E 8 S UHpDEEHEBEMBE LAV -
laser flash photolysis ZERD L Tlt, E— 271D
B\ excimer laser Y 1 /%L AB8&HC & D, HpD it
U CEVEREM 240 4 sec DXFRDEALEED 57z
(B5). Z it excimer laser BB& 12 & -T HpD O E
FEMEREBENCREL D LELB R, &
DFEEXEDBERIZFE S22 X T 3 transient
photobleaching & U TEIE &N 2, —H, GVL Tt <
DIRL 10kHz, /)L AE 50 nsec & LT/ 8V AT 2L
F—20u], E—27HI7400W &b, ADL 200 mW
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2000 fFEREL %2, ROMLAREEZ 2 L b 2T
EREEFRNTE 25 P EAERY D CRAN S
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SATOE Y, ZOMO 630 nm KRINEF b OEE
»EEN, GVLMEIE WK £ b HpD & ®# 7 photo-
bleaching 482 2 Z L SHEFE X N, FABPIEEEE b
BRIn2b0TH25, 8510HLIEGVL DM
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BEREICT 2R E A B —HEkL LT, HpD #iE
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9. BT Tk { GVL g & & k- FHH 77 100
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Abstract

A pulsed gold vapor laser (GVL, 628 nm) was spectroscopically compared with a continuous
wave argon-dye laser (ADL, 630 nm) in terms of tissue penetration and anticancer effects. Using
living white rabbit auricles receiving a normal blood supply without hematoporphyrin derivative
(HpD), the extinction length (L) of the GVL light was significantly increased with increasing
output power from approximately 10 to 100 mW /20 mm?, but no increase in L was observed with
ADL. At a light intensity of approximately 100 mW /20 mm? on the auricle surface, the L of the
GVL was 3.3 times larger than that of the ADL. Using KK-47 bladder cancer cells with or
without HpD, the high density excitation of intracellular HpD induced by the high peak power
of an excimer laser resulted in a transient increase in the transmission rate of Xe- lamp light with
a recovery time of 240 y sec. However, KK-47 cells without HpD showed no acceleration of the
transmission rate. In a two-laser excitation study using the GVL, ADL and liver sections with
or without HpD, a remarkable increase in the transmission rate and photobleaching was observed.
This increase may be due to the high density excitation of HpD, hemoglobin and other pigments
incorporated into the liver which was evoked by high peak power and high repetition rate of GVL
light. In a comparative study of photodynamic therapy (PDT) with HpD for the nude mouse
tumor, the complete response (CR) rate and number of days needed to achieve CR in the GVL
groups (average output power, 150 mW/cm?, 9 J/cm?/min) were significantly superior to those in
the ADL groups (output power, 300 mW/cm?). The above spectroscopical study and photo-
dynamic anticancer study strongly suggest the potential usefulness of GVL to increase PDT tumor
destruction.




