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Abstract

We evaluated the potential for photodynamic
therapy of a new photosensitizer, mono-L-aspartyl
chlorin e6 (NPeb), whose tissue uptake and clear-
ance are rapid. Firstly, NPeb6 solution was exposed
to a diode laser at 664 nm that fits the maximum
absorption of NPe6. Immediately after laser expo-
sure, the solution was subjected to electron spin
resonance (ESR) to detect generation of activated
oxygen species. With ESR, 0,, -OH, and '0. were
detected in the NPe6 solution. O, and -OH dis-
appeared when superoxide dismutase was added to
the solution. Next, the fundi of pigmented rabbits
were irradiated with the diode laser after adminis-
tration of NPe6. Histopathologically, there was
necrosis of endothelial cells and vascular occlusion

in the choroid, especially in the choriocapillaris.
Retinal pigment epithelial cells were also injured. In
contrast, the sensory retina was undamaged even
after use of a large amount of dye. This new combi-
nation of NPeb and diode laser at 664 nm enables us
to occlude choroidal vessels efficiently by generating
various activated oxygen species. Thus, photo-
dynamic therapy with NPe6 is potentially useful in
treating retinochoroidal involvement.(J Jpn Oph-
thalmol Soc 101 : 134—140, 1997)
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PHED TTEEME IZE < "W, RIGHAL P TULHIE L WS
ZEMTE D, 72, NPeb DN TORARXLEE
12 664 nm TH 39728, HPD 12 b~ fHEGE B o B h
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vitro 8 £ U in vivo DFEERZTT- 72, F OFHE, NPeb @
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FHREZ MY E £ U T, mono-L-aspartyl chlorin e
(NPe6) i L 72 (4 1), NPe6 iZREFF OO BEK T, #
FERI £ T5°CORREANICHRE Lz BiEXFE LT,
NPeb6 O FRIRE TR A & 4% % 664 nm Dk —
Yo AT LRBIELI. 2OV AT A, V—YP—F
REEE ZORPAT VR =27 L6/ a0
Tw5, LUTF® in vitro OEBETIE Vv —F —FRMEEFE O
A N—A T T4 v 7 Ao BEE IR V-
Zyin vivo OEEETIZ T VAN —e v AT A S HBEE S
L5t E2 N VT — A —% (Optical Power Meter AQ-
2101 ®, ZREER) CHAIL, TATNOMESNEE & Lz,
IA I HELTE3BmmDAY T hAFA re—
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9 80 pW RS BEE LTz,
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O, b 7w TRITI YA NVRIEERES 2 72 T ESR
THEL, b7y THENWC B A——F F9 4 F & OH
Z Y H N EHi T 5 7z 9 5,5-dimethyl-1-pyrroline-N-
oxide (DMPO) %, — BH X i % O i & @ 7z © 2,2,6,6-
tetramethyl-4-piperidone hydrochloride (TMP) % Jf v»
7z, NPeb % 288 /KICHE AT K b TR S &, IR 500 pg/
ml D% ER LTz, D 5 b 180 ul 2 53K L, 40 xl
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# ESR fliEHR T ViciEA L, £V 0O RS5O #E
E 7[5 & 664 nm O HE L — W — % B L7z, gt
LAV F — 1 50 mW /em?* T, TEEFRT I 9 BR & LT,
FOEEICESR £ L T, X-band spectrometer (FE-1-
X®, JEOL) # v T MERE OB L 217, £ 72,
Zh o ORI O, D EHITH % superoxide dis-
mutase (SOD, Sigma) % 400 pg/ml T 20 k1 fil Z, [&] £
BEMHETY—Y—HE L,ESR THIE L 2. L LD in
vitro DFEERIZEIR T, BEENTIT- 72,

3. In vivo NHEER

Kz, in vivo DEERE L T, 4HE2.0~3.0kg DIEH
HEEKRE 4V 7TIROIREIZ NPe6 % a7z PDT 2175
72.25,50,100 mg/kg @ NPeb % #iE L, giEi& 5 4> LA
IS 3AAE L 72 664 nm D&KL — 3 — THRERERL I
W U 7z, AR S 5 U 7 v T v b —H—(920
Argon/Dye ®, Coherent) T~ —F > 7 LizfllE & L7z,
ST AV F—13,3.6 & L < ix 5.9 mW, BUSEHRIE 1
b L <1310 B, BRI 1,000 gm & U7z, WUHET, 1
R, 1 A& EIRERE T L 7. 240,
NPe6 #5.4% bl H QAT O TH 30 lux THE L, B
B 2 B L < 13 1B CHREREH o L, SR 09 10 B
LI 2.5% F vy — 7T e FCHIBEE L,
1% MEg A A 3 7 A BEREREMT W T 90 Sr AR E L
2. Z D%, =¥ /—NVRIITHAL, =R 812 1 il
U7z B % 0.8 pm THYIE, F VA 2 ¥ 7V —THM
L, Y2 uEMSE (Optiphot 2 ®, Nikon) TEBZ L 12, £ 72,
1VE 2 IR Tl NPe6 % 100 mg/kg # 5% L —¥— %
a3, o Bl & [EER I SOEIRE SR L Mk RS &
Tk,

BB, TXTOFRRIE, The ARVO Resolution on the
Use of Animals in Research IZft—- TH D - 72, HEhx
BBy I (¥ 7—N500) L F T Y VIERIE
(7274 —0®) 2 | 1IRGWOMEIC X 225 KB T
TiTot BlEICIZ I F VU Y POER) BV,
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1. In vitro HEE

ESR o TIZ, TMP % + 7 v 7H| & LI B&, B
HEH»SFRICIADE —7 28>, —HEMFRICE
¢ ESR A7 bBE SN, 2, WiHD 2 KD
ZFENE M Ic kB ~v—F T THBH, 2O Mn*D
YT NMEHT E—EEHBEOY S VHIE 2.3 TH-
72( 2).DMPO %= + 2w 7H| L L THW -GS, HE
BEEBICIEA—N—F F 94 F, K IOHTIEOH 7
SHNT Y7 F®ESR A7 PRI A, £,
Mn** Dy 7 F vk, A—s—F F 44 FTiZ0.68,
OH 7Y ANT130.32 TH-7 (B 3).—4,S0D %
LB, IhoD A2 bvidisk L, iz SOD
H3ED Cu* Oy 7P roamiti st (B4),
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2 2,2,6,6-tetramethyl-4-piperidone hydrochlor-

ide(TMP) % b v 7Hl& LIBENBFRAE #
8% (ESR) A2 b L,

Wi, S SAD Y — 27 2o EEHERICHS
¢ ESR A7 b Va3, Mn*t L D > 7 F v i
2.3, #ll iE % 4§ : Magnetic field : 334.0+5.0 mT,
Powor : 1 mW, Time constant : (.03, Frequency
modulation : 100kHz, Modulation : 0.1mT, Ampli-
tude > 1.6 1,000, Sweep time : 20 sec., Tempera-
ture - room temperature.

3 5,5-dimethyl-1-pyrroline-N-oxide (DMPO)

b Sy FEIE LIZEE0 ESR AR2 M,
#l5E & 1% 13, Power 1 1mW (1), 6 mW (F) A% i3
(2 kA BHEE (D) ICEA—S—F FH A1 F,
R 0 (F) 28R+ 2L 0HZ Y ANT ¥ 7
@ ESR A2 b HBH. Mt ED Y 7 vk
i, A—s3—F 44 FTI0.68,0HZ < AHNT
1 0.32.

4 Superoxide dismutase(SOD) %EF0L 7=H&

@) ESR X~=2 b,
HIESRM B2 & FE—. fkic SOD FH3k D Cu** D
v VO A,
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2. In vivo HEE
IEHFAIRIC NPeb #H Wiz EO 7 vt L4 >

’fﬁ;“tﬂl@k&ﬁi‘z}‘)rﬁ 15, 6 lcRd.25 mg/kg 5 L7
BE TR, L — W — WS 2 BRI T, BRI IRAG I S o B
FEHHLZ o> Tz, 1RO MEHZEO@MEIL, 7V T >
V—H—tk Bv—F SRR TIEHEEIRIC b AL
THRE S L, THicHhu, HIUE TGS LR oREE
R RN A St (4 5). 50 mg/kg e 541
T3, IRAS S OFAZE DRI, fifd & AL TH D,
S TR L Tz, 100 mg/kg TS & fEdE
DFREE X0 L, HRES B R0 4 41T R SR R A% JIE 111 7 3
FLEJ%EL,TMT*(MB)

MBI 1, 256 mg/ kg B 54 O B 2 B T, BE
&Lfﬂﬁ%%ﬁ’ﬁi :,*Ewrﬂ&ﬁﬂﬁi&iﬁ/ft-gﬁb, B DEAZED
BlgE s hiz, MR MR b LRI - Twis,
—H, R BT, AR ONE L EZz 5N D
AL DR T RE~ O E & 2 LT 2 e o
IR & - 12203, AN X 2 OREERER S A TV

(K7 k). 25 mg/kg #5650 W 1ETH, IRESEH
EWROBZE IR L, BhdEi A o hihot, —H, W
SAETIEIHEE L, MRS OBBUL A L Te iz (7 TF).
— 75,100 mg/kg # 5. v —F — % WG 5, @5 0%
AT O T#7 30 lux T 1 BREE L 7Tk, il 2 #5
LizDizbdbso T, HIRMEE L IZIZITEEME S
o Twiz (M 8), 7z, £ EEBRRE % U T,
ER EDeEEHERAONL ST,

IV % i

HREHEE T O PDT Ot IE, HPDO9%9 0 — X et o/

EIHZE ORI bR L

THEE S, fEERE iR D

AN E, BB —HRONEZEWE D v
2hTws HPD L, EEOHETEL L5 E,PDT 1
L 7 PRI T ORI, A T, @R TOR
L EHEIHEIBIET 5 120, 4L S BKIGH =
N5CRES o, O =R XU HFNICEWT S M
FAZEDRIEHNE N Z L MRS TE Y, o %
B2, R EOESEBD 27T OR 253 5 P8
BHBLEERTHES, ZH6DT 5o, LEEHHED
iz {, RPFEFREIC %d) BRAMREHREEZFL, L DEEEL
{ BRAURERE & R U155 5 o E 23 56
Shiz. 2O FEME b D L LT, chloro-aluminum sul-
fonated phthalocyanine'”, benzoporphyrin derivative
monoacid ring A'®, NPe6 s ¥ Foh s, 209 b,
B OFHRE SR TW A —FBIEHEFVIL2E L4

I HREL, 2O, KN TORBAERELH LY O
NPeb T#H %19,
Z 0 NPeb ZRBHG K TIGHE 3 5 12 o, 41X 664

nm PEEY —Y— L ZOREIHT VAN -V AT L%
AREL T, S, EEREHBT 2 1chlzh, 20y —H—
T NPeb #hE L {FhE+ 5 Z L H30RED, 72, ED
L0 RIEURFEEL EOBRERE LB 5% ESR 2H
WORRR L7z, —f I, B EME I F oAV F —%
WINT 2L, 2ORBIHE TV —F I HNBRET
59 —DiFtype | KIG EMEEN, £ F A —23—F F 9
4 FB3FEEL, KTl {bk#E, OH 7 ¥ i34+
519, KEET DMPO # Wiz &1, BN E S h
I2FEOESR A~<7 b id, ZOEBERLTHS
bOEFEZ SRz, bS5 —2it type Il Kt LM i, —
HIAMEELSFHE T 282553995, 5B TMP % Huw
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6 NPebi%5 (50,100 mg/kg)# 1 BO 7 L F L
A AENER
b 150 mg/kg 5 v —Y—WEE 1M7L A v
YA EER S 4 46 #, T 1100 mg/kg 5 L —
W E 18- 70 A v B34, 50
mg/ kg #50Tid, IAS I o PHEE O 3 SR &
b 4K, 100 mg/kg Tl IRESERS A B s8R
BB A3 B I,

HEESICESNIZESR A7 b itk D, ZORIGD
DR S -2, Lizdi-> T, NPeb Ophitdic X 2%
WIS type I type I & 4 &bBHEi> Tz Z &4
FEE M SIHE N, £/, ZThPhO Mn*r D>

F I —EEB R, A—"—4FH A F,OH Zvy A0
DONEZ,2.3,0.68,0.32 Th-ok AEBR LR UCEED
HPD % H Wiz iRE T, Mot k0 7 v, —&E
TEMEF A —N—F FH AL FEHIZ1.0 LREShTWY
5. ZOW|EITIE, TR -ERES £ O g THER)
I H S, SRR AT A3TE s 2 0, BRI IE TR
WS TRV AR5 YAG v —3 — THREER
D 80 1% b D ERFHIHEE L T 3, % 72, B &Mk 7

7 25 mg/kg E¥SHIOIFIEMBATR.

o RS 2 RS, R - R 10, WA 2 I T,
16 v DiiE BN 0 N B I i L - 25 U, B RE OB
SEHEIEL. B | T3 2RI 1 F ORGSR
Fi B 1B TH, IREEEME R OB T FE L
B I A vy, ¥ — [ 25 gm

DFREINEZ—FEHHEHBRRIICBWTIE NPet TLD
L {FEL T LU ED Z &5 6, NPeb 3505
YEL 72 664 nm 28 {k L — W —fhdiz X D, HPD ic th~
T HERL SRS L UM/ 28> Twa 2 &
DR S iz,

—H, ENEEEOHEMIZE <,0.1 pgm DL EIZHEN
TEEB LAV LM ENT VS, L,f_z';a«rc
4 a] PDT #1C 122 & h 7 RIS IE o MRk 2 1 25 ﬂ:c;t
LAEDBEDE TRELEEBFEEICHK T S
% 7o, MWD - H‘F'Ifi-'@%%ﬁ‘bi‘ L — ' — 0 B f&ﬁ
ZTIRDS Y, I PRARRR 2 B 3 2 nlpEME ke v & & A3
EEND, THICH L, in vivo DEERTIZ, BICIREERE

TR a Tz £ 5, IRESBUNE O P #E AR EEO
Rt % on AR I, v — Y —JERSHB I b IR K L
TEEs NIz, £z, 2 OEEE X, NPeb O #5185 3
Bl RBREEEALTWEZ LS, L—Y—D8ELE
D5 RMELSTH,NPeb BEIRETH ST Y, AMH
FELRE 2 [ L 2 O EEE R IR L o nTREME S E 2
sha, i, EEIALfEHEET Y 2 bLrr X THRE
LR T uEiE —HLTnwas I Ehb, ffafﬂllﬁﬂﬁﬁﬁﬁ%ﬁa)
H?’Hﬂﬁ‘éh LoT b s T alfed b H#EE &
LI SE OS5 EORE AERTH D,ﬁm
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8 100 mg/kg %5 138 L —H—3EBRSH,
b SRS R, 7 v A v A R 6 4 20 B,
T REEEMEL R A RS Loz bhrb o T,
RAGIE & & I TERAEE % 4R, /Y — 13 25 pm

% NPeb Dt 5 = O, & & 12, ML SEHEE O R
HXOHBEBSHROBELEE 2 S, £, SEIEEL
To v —H— WS 1, 0.46, B L £ 12 0.75 W/cm?
TSR 1 LR I0BELED, ZOEHETO
V—FFDOLOK L AMEBEOEELMEL 2
5, Ham 62102 L 5 9 VIR % FH W 2 B3 T, Rk
(633 nm) CHAMEEEE 282 = 3 BiE 13, BATRE 1 BTk
IOW/ecm%, 16 TR 1I5W/em? S h T w 5, % 7,
B2 OLIFTOERR AR % IR TIE, K9 & [
P FE 0D W B B O I MR S A0 it 9 1 BRI D WL
BLETH -1, UEOFEEM S, SEO LV —5— KO
Hralr¥—iEEREOKTSO 1T LR S,
V=W —HOAHTEHEEREL2EZ LEEWwEFEZ 6N
fo. Lizhio T, AR CEBLZ s ncBFR LK o gk
HBEORBEE, NPeb SV —F —K TSN 5 Z LI
IOFELLESERECL S VO EHES L,

—H, P D NPeb 25 L0 bbb o 9, K
FER O HERAT R T, BEE OO IE IREE A B o W
R - GBI e 2 b R PR S, $BREREE Rk
LA ETBRBEENA SN, 2R 5 OREERAL
&, BEMEOE D, SHE S5 NPeb OFFFEERALIC—E

NPeb % izt b s fees - B 139

L TH D, FEERLOBME LR 2 & BIERER» S FE
B & du7z, A T, BT VINRAS B M 1 o0 P B
DOEEEN A S, B 1 #HIC b 7 OESERHEL Tw
ToZ o, iEEREHEIC X 2 NEMEOESE L Z O/EMH
BFEThs Lo fEE s, —H,100mg/kg £
Rk 215 LG T b, il QBT O T Tk, MRS
EIIZITIEEME 2R L TE D, EEREE L E D48
EfHELBE NG5z, 26 OFEHIE, NPeb 3%
SRNBEZUMETH B L, £, T OIEHIZIEI DB
{ERi L2 v—y—EE L IX, 2L B> HETH
52 ERRTHDTH Y, SHEVESEOHGERE,
SR A 2 E T2 2 & & D RIS AL 2 RE %+
T 5 SEMERZ OFERINEEICHA T ® 2 "WHetEs R
m®a e,

KT OEE BB HRRBY=REE X Fdth
International Symposium on Ocular Circulation and Neo-
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