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Photodynamic therapy (PDT) is a targeted-tumor treatment system using a photosensitizer, light and oxygen to treat
malignant tumor. We have investigated the cytotoxicity of 4 types of phthalocyanine derivative (silver phthalocyanine, iron (1)

phthalocyanine, copper (Il) phthalocyanine, nickel

(I} phthalocyanine)

against lung and breast cancers based on

photodynamic therapy. As a result, phthalocyanine derivatives indicated a higher anticancer activity on a breast cancer cell
line. Among the tested phthalocyanines, silver phthalocyanine (AgPc) showed a lower cytotoxicity against a normal cell line.
In addition AgPc gave a good color characteristic when it is solubilized in water. Finally AgPc was selected as a potential

antitumor agent for breast cancer.
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22 chemical photosensitizer®] STE9 UX|ol= 349
4 (lasen)ol] =E AT oA 23 o S4E FAA=
E43 93 (630 nm, red light)ol] 2]3] &A3}lE o] singlet
oxygens qASHA HiEd old 3% EH &£Ayo] gL
3 A1) PDTA A A EAPE (cell death)e] 7)4-2 singlet
oxygend} ThE AT EA7} WEHEA AHHA AE =4
7 83 &4 59 oy AFAES 232, 7).
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E3] Al AHEEHI §l= 33 hematoporphyrin
derivative (HpD)o|X, #A|® HpD® wW&FE<] photofrin
(porfimer sodium)o| A|AZ O 2 QQALS wo} ARLEI =
A olt}y, A photofring FE EokoA] Wy ALE-35}
= FIYAZ 630 nme WA FAIHTE  Meta-
tetrahydroxy phenylchlorine (Foscan <& Temoporﬁn) = H
A PDT Alzd] ARR-E T 9ok o] 9FEL 652 nme] #)o]
AP B3 photofrind v} A MRS v o)k

Prodrug?! 5-amino leuvulinic acid (ALA)Y 333 WAls o}y
A%t protoporphyrin 1X9] A EHolw Wol4] Fajdlwl
SE A% o] AEL HRFUdAA de) AbgEW =
AFOoR TEICHD). M2 FHUA7} AL A= ¢
ARt A Age] FIuiA|vte] gAHo 7 ALgHu Qe
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2 dT7A= PDTY] HEE 4 9l phthalocyanine7)
BHAA 43S olgee] AL FAe TR U
JAgA HAEES $331¢oH PDT L k&9 suk
Vede AESIAH

ER-T

AME W Aot

Ao Al83 phthalocyanined] photosensitizer  (silver
phthalocyanine, AgPc CinHicAgNg, iron (III) phthalocyanine,
FePc, CsHisFeNsOi4Na - xH:0; copper (II) phthalocyanine,
CuPc, CsHi2CuNgNasO12Ss; nickel (1I) phthalocyanine, NiPc,
CHi2NgNasNiOoS)= CMSH| Z 3 ZA|(F)(o}4h,  §H) o A
ATRLL, ETOE AFESE  hematoporphyrin J-E A
(HpD)$! ¥ E7ZA (Photogem, Timtec Co., USA)S 3} ok
(P2, F=HoERY AFdtel AFo] AREstAT AA
HY AMEF (A549), A 8 AEF (MCFT7), AAAE
F (MDCK, dog kidney)w 3kt L2280 x] Eokukgkir
AE=g  Ago] AREH®  dimethylsulfoxide (DMS0)$}
3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium  bromide
(MTT)+== Sigma Chemical Co. (MO, USA)o| A +<9)&t9 )

PDT uitd

PDT X5 & 93 Jd& d=istn ostgolA A4
Bl A HH{3H 632 nm dlode laser (Biolitec, Germany, 0.4
W)E A& th 10% FBS9} 1% penicillin -streptomycin©]
Z7He RPMI-1640 szl A ztZ} wfjoks #<QF (A549), &
ghol (MCF7), AAAE (MDCK)E 1 x 10* celymie] &
7} 2= 96 well plateo)] 247} 180 %A Y11, 5% CO, uj
Pl 24N WFsgc 2sux e ARs
PBSo| %9 & o (HF %% 2, 4, 6, 8, 10 ug/ml)=
20 0¥ 2+ wellol] H7bslte] 5% CO; vl k7)ol A} 24|17t )
et T, ANZE WiRE wEs] FAh 96 well plate
0CAAM AF 15 cm AQE T2 900 sec =9+ 632 nm
diode laserE& ZA}SE &, 5% CO, vjek7]o) A 244]7F wj) ok
3l MTT assayE %3] 3} 5 th.
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MEEAM AlS (MTT assay)
MEZA AHE Denizot 52 HH() wzt $35H
t}. PDTE 43893 96 well plate®] 2+ wello] 5 mg/ml 9]

3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium  bromide
MTD)E 10 w4 718 & 417 5 & e (dark
condition) & ujekat it EE Mol MTT formazan©| Y A H
™ dimethylsulfoxide (DMSO) 100 @2 83 A7 microplate
reader (VERSAmax, Molecular Device, Sunnyvale, USA)Z
o] 83}l 570 nm HANAN TIE 2AFHEYHch da gk
o MXo] Ud T2 As|& (inhibition rate, %)Z LEM
o, B3 Fo] AT

‘jlsampc’e ) Y 100

blank

Inhibitionvate (%) = (1 —

0:1 7] }‘1 N Asample .
Avank : PBS =
(570 nm)

ANz A7) welld] 3% (570 nm)
gA A7} welle] TF%

ICs0 (50% inhibitory concentration)g}e| At=
MEZ 3l ICsee Z+ HAE A8E9 d93A vl
g 9% A2, 1 e gAEe 34 A Pt
50%d W] AR Fogolt)y wElM SFPtE e EF
M EFo 3 ICsogko] RETE EALAEA g F4
As&ddol i & Yot [Caghd AlsFowd o
2 A3 eSS FAste] SPSS 120 TZ 2 (SPSS Science,

USA)& ©] &3t probit &4l oste] =350

[

b (et

NEd gAY FAES HasA

B A=
EogiE F2ALE dold Aads Yy 3

5 9l
oFA (photosensitizer) & ©] &3t AT E IHYAAZ 5 2
= gHn PEe FRSED doldAsRe 62 m
diode laserE® A}£-3}¢11, # o= 900 sec F9 FALGY O
o, AR ZALFLE 04 WE ALE35ES T PDT WHHE 96
well plated] A|EZE EF3 3 dAHF (HF 5% 2, 4, 6,
8, 10 pg/mt)d] FAWAE FAS ¥, 96 well plateE A
o] Axzste] 632 nm diode laser (0.4 W, 900 sec)Z ZA}s}
A} X3 in vitro 7ol A A X F-AE FuriA e g
TS B4 el #lold FARAC ShAazo] F3bH
A B2 FAUAE AAST ¢ A S JAYsHct

=
Photosensitizere &% WE o2+ AXg a7t glort

FzAd LerE FHHe 44& AL A #HolA
BAE &2A HE dxAd Z2kM A= FEYE
zte Edolth. #3HIAZ EAHA o fxZd ATER
42 F e A FHEVT FEAAELEG Ay
(lipoprotein) 487} Bo] &3k, FAUA &40 &
F Ao At FEsithrl, dAE A <

BAo AstA AdeA HEzE AGAEZAAM= wE )
Aee 3 GA 2N 2 Hol 7] ol
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B Ao A= 49] phthalocyanine ] photosensitizer$]
CuPc, FePc, NiPc, AgPc¥ A thEFL 2.2 hematoporphyrin
F5A4¢ ZEA (TimtecAl A|F)E in vitro PDTO] &85}
o:] ji:"%s OH]-OT- ,7\]2]- Z-]A]-A-]]ic)ﬂ t,HZ‘s"I- Zﬂgﬂ_‘%—k‘% %o}.g
Sxth. Fig. 13} 204 H+&= u}e} o] phthalocyanined] A5
T2 HAAEF M= 2 pgml sEAAE A&
< Ho|7] AlFA3H o™, 4%2] phthalocyanineZ] A|EE-&
25 dxzaed TEAFR v EA4S KAt A
Skl BhAAE 6 ugnt olAtel FEON HESAS
B 7] AlAglen T oldte FRoAE txdd TER
of Blaf wj-¢ @& FJAAAHES HATKFig. 2). Fig. 30X
B vhe} 2ol CuPeel NiPe= 8 ug/ml ©]Ate] XA A
BAEANE & MEZAHE Hole AL ¢ 4 Ut

o

=3

7
A/ .

Concentration (ug/ml)

Figure 1. Inhibitory effects of phthalocyanines on the growth of lung
cancer cell determined by MTT assay (-@- : CuPc, -O- : FePc, -V
- AgPc, -¥- : NiPc, {4 : photogem (control)).

Inhibition rate (%)
=

AN

10k i
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Figure 2. Inhibitory effects of phthalocyanines on the growth of
breast cancer cell determined by MTT assay ( -@- : CuPc¢, -O- :
FePc, -V - : AgPc, -¥- : NiPc, ] : photogem (control)).
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Table 1. ICs; values of tested phthalocyanines and photogem against
various cell lines

A549 MCF-7 MDCK

(lung cancer cell line) (breast cancer cell line) (normal cell line)
CuPc 41.44 11.37 27.79
FePc 1691 17.89 11.35
NiPc 12.21 13.67 10.72
AgPc 23.15 12.06 22.39
Photogem 25.61 42.12 20.37

* predicted by 95% confidence limits
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Figure 3. Inhibitory effects of phthalocyanines on the growth of
kidney normal cell determined by MTT assay ( -@- : CuPc, -O- :
FePc, -V - : AgPc, -W- : NiPc, : photogem {control)).

Hae AR FUPYE Hmsy) 95 FAZZIY

21 SPSSE ©o]-8-3t] probit EAH 93 HAE AR
gzge] M T i ICso e AT} Table 19
Agd vk 2ol FAAC o8 HEH G #= HE

3] X, phthalocyanined] A|ZEL WRTOE ALEEH TE
A3 vl FHdE F M E et =& Xi‘?‘H%"*
< Yelgie AS ¢ ¢ 9t dExEe TEAL 39
A7Z7F HY AR EEHL Ut o)A HIle} %Ol
FHYERTE HYd =& 843 e AL, phthalocyanine
74] AREL HYEYdsE U =& IdGEAS e
o] A& phthalocyanined] A|RE o] &3t FQF AT H|
%”J%‘Oﬂ g J&7tsdE ArEe AMES Zdojth
NiPc9] ICs grol #lda} frdsdtol| Z42z}b 12.21 pg/ml@} 13.67
pgmlZ 71 2 848 By, AAAE dig vl
A go ICs gt (1072 pg/ml)s HR{L, o|egh A+
NiPce AAME) st =4 FAES L}E}% T U
]A}-a}-‘-—_ AFtolt}. CuPce AAAEE 2e& AEFAL
I, FHE & ANELS HojAT Hgde #
&S UERTE FePee

l

° 1 SN ERT HAA L =
2 548 Yeith &3, CuPe, FePc 3! NiPee &9 =

S o e HAS yegled, PDT g g Aeal
£ T3 oFEo] FUHY] o] FFd ANEFS FEHY
7heAdel Slol ALAR ALESII|de FA%sE okEolg)
3 HAEEAT. A A phthalocyanine ] F3RIAE0] F 7
ASS FUste FAE o 94 AL AV U=
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Aot} o) el AgPe= %
1206 pg/mi)s HolWA g WE FAEA HEjA =
dhHez e 54 (ICo = 2239 pgml)e HEAL,
ANEAE @92 3Hoe FeAE &84 EA7F §lE A
OS2 UEHUT AgPer 71EY FAVARA QAR
AFEEAL Sl Wael ZEAS v FHIAEF f
SOLAERO e e AL e, APAE
B E4e O Ao Aoz ekt Eg 7|Ee) uud
photosensitizer (HpD, AlSPc, ZnSPc)@] ICso &t (5-200 ug/ml)
3 ul i) BAO), Aghrt B BUBAL nole 2AIY
= & 9 AME By AgPes ol tidE SslmTt wtol
g3l ML Y3t X}Zﬂ =21 (molecular modification)©]
ge sttty wﬂw F5 Aghes] SSEE $44]7]7)
918 &7l o}oq AgPcE Az A3
FHA 2 A H%‘%‘-’ %f” Aoz A,

O
T
T:
s

O Of
A1 /|

B5 2 (photodynamic therapy, PDT)E ohAJ£9ks A
T38t7] &) FHUA e} HolABS o|dshe FTHXAF
FAAE5Ho|th B doAM = PDTY L8 = e A=
T BAHAUAE 27295t7] A8 4%9] phthalocyanines]
DA (silver phthalocyanine, iron (III) phthalocyanine, copper
(II) phthalocyanine, nickel (II) phthalocyanine)S- ©]-&3la]
47 TG AEF) gig Fg8 HAEZ ST
A2 phthalocyanines] FIHAEL FHYRTE Fibdol
2 848 JElon, 1 £ silver phthalocyanine (AgPc)

ARAZ dejre MEFHe] FouMR Eof £3)
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