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To clarify the usefulness of fluorescent diagnosis for cancer, We investigated the optimal method of administrating
5-aminolevulinic acid (5-ALA) by analyzing fluorescence signal of Protoporphyrin IX (PplX) in the cultured normal and cancer
cells. 5-ALA was injected as a photosensitizer to the cervico-uterine cancer cell line (HeLa) and in normal liver cells
(Chang). Chang and Hela cells were incubated with various concentrations of 5-ALA (0-800 rg/ml). The accumulation of
PpIX induced by 5-ALA was in Hela and Chang cells. The cell viability was measured by MTT assay. The optimal
concentration of ALA that induced maximum levels of PplX was 50 ug/ml in Hela cell cultured for 24 hours after 5-ALA
injection. Fluorescence of PplX in Hela cell was excited at a wavelength (A=410 nm) and showed an emission spectrum at
602.3 nm, 659.9 nm which could be related to the PpiX generation induced by the applied 5-ALA. The experimental results
showed that fluorescence signal of PpIX was proportional to the concentration of 5-ALA in cancer cells, but measured with

low concentration in normal cells.
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2 A% ARE QMEFE ABRAY AFARY
(cervical carcinoma) A|EFQ] HelaZ 3t HEF L£3o
2RE R, A9 A TAEQ] Chang2 i
Sffoll A BESol ARSI ©]E AEFE minimum
essential medium (MEM) ®}=]o] 10% FBS (fetal bovine
serum)®} 1% antibiotics (penicillin/streptomycin)Z 3 7}3l o
37C9 5% CO, incubator (Forma Co., USA)o| A 2~3Y ¢
@ WA Al ShRA ALg AT

ALA 892 Hx % Az

5-Aminolevulinic acid hydrochloride (Merck Co., Darmstadt,
Germany)+= phosphate buffer solution (PBS)el] =] 5 mg/mL
9] stock solutiong THEo] AMg3l4dch ALASY Hys WA
R cello] MEM HIAE A7kskn 2 ERS AZSE
15 x 10° cellswell2 ZA3F THS, 6-well microtiter plated]
FHH cell& 3 mLA M7Vsta, Fu]E ALAE 0, 50, 100,
200, 400, 800 pg/ntAe] FEE A7FE % 24X F 37T,
5% CO, E917100A W FarsAc.

PpIX2 Standard curve £3

Protoporphyrin IX (Sigma Chemicals Co., St. Louis, USA)
+ methanol¥} 0.9 M perchloric acid7} 1 : 1 &%¥ &9
trypsin/EDTA & 4& 2o Fi7 Hristo] A7 1
g3 PpIXe &AL 0-14 pgmt F=Z TE0| Fluorolog
3-11 #3335 4 (ostruments S.A., Inc., New Jersey, USA)
Z &A43l9] PpIX2 Standard curveE AUt}

MZ W - 29 PpiXx MM HE
AL Fefe] M EFS HeLast A4 HAEFQ) Chang
ALAE APste] AZ - ol 44 PpIX 3
U3 2ol AT DA AE oA F2 8 PpIX
A Eo ALAE A 2ldte] 24A17F S vl gs 5 7h well
Aedd HAE Kol whbeE $71T 0|2 FFATAE
A3t X 9oX FHE PpIXE #FAT

AZ Wl 48 PpIXE WiAE AAS L g AEo
thake  PBSE  2~3#  AHF e, A welld)
trypsi/EDTAS 2 mL¥ H7}sted 37CoA] 147+ Eot 1}
A3tAt. AEZ 943 AoXH methanolz 09 M
perchloric acid7} 1 : 1 EFF £94& 2 mL Ar}stgoh
o] &9 =o} 2,000 pmolA] 1027 A4 Fe)3to F%
Ag Hsm AE U 9% A71E B9 PpIx) BE
& SAsAT0).
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ALAY] 93 AZ7A5G AE 2L FAAZ g A=E
Zad mRe 9% MIT assay(IDE 233Gk %
= celld] MEM A& #A713 & & 53351 cell=E
1.5 x 10° cellswell2 ZA 3 the 6-well plates] 3 mLA
718k, ALA 3%=5 50, 100, 200, 400, 800 ug/mL¥ =
T2 2739 37 T 5% COp B7|oA 2447 Hi%
st Wl F MIT  (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl-tetrazolium bromide) A% (5 mg/mL) 200 pLE Zt
wells] #748 F ohAl 4417 o WS oL, A4E
formazan 27L& DMSO (dimethyl sulfoxide)Z £-3|AA
cell plate reader (Bio-Rad Co., USA)Z 550 nmolA &FE
£ 27890 ALAY AZZHEE The 43 2o AL
EPiA=s

L ALA ATy §3=
Cell viability = - X 100
OZF (ALA FX4E)Y 3=

dn % 1F

ALAS MEZAE

MTT assay= 4AolQle AE7}F PlEEZEE oty @448
& ol§3tel =@M MITE SUA7 BFFEYo R
Z7o] 715 RetMe| formazan ARE A= SHE
olgdte WHoR & vxdATd E¥ ol&He Wil
th ALA A A A4 3 AgAFY xS AXF
A& ZAIE ARE Table 16] YERHTE ALAY] F%0)
WE HeLad] MEZAEEE 50 pg/mlolA 800 pg/mé B9
ALAS ¥% Z7to| A 96.5%1 64.6%71A AEE
o] rasle WEE Yehldth o= ALAS AHFA ¥
& gz vasty B o, ALAY 57 FUhdel w
g AX AEELS TaTE AT F AT =2F Y

X

|EQ) A9% ATARG AEFG FA5] ALAY F
£9) 27heel me AEAELS 4ATS FARGT

Table 1. Viability of cells exposed S-aminolevulinic acid during 24 h

AIE;%g /glglc. ‘C’ll]i‘:llénzeﬁg Viability of HeLa cells
0 100 100
50 974 9.5
100 96.7 94.2
200 95.4 9138
400 85.4 84.3
800 70.3 64.6

ALAC| 93l Rz ME W - oM Ppixe £F

Fig. 12 ALA 52§ 239 AT F 24x3F 5
v k3t FAFA QD Changoll A ALAC| &3] f=¥ PpIX9
AR AEE ¥ 2HERQSR 24T Aot PpIX9
33} (emission) AHEHL o7] 7o) 410 nmY wf A
T 9= 6143 nmP 6767 nm, ML e HE 602.6
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Figure 1. Fluorescence spectrum of 5-ALA induced PPIX in Chang
cell.
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Figure 2. Fluorescence spectrum of 5-ALA induced PpIX in Hela
cell.

——PPIX(0)

——PPIX{(0.2)
e PPIX(0.4)
12000000 e PPIX(0.6)
——PPIX(0.8)
~~~~~ PPIX(1.0)
~——PPIX(1.2
10000000 - A I
\
8000000 - ‘
g
= 6000000 -
2
2
£ 4000000
£
2000000 |
0 T T T T T 1
500 550 600 650 700 750 800

Wavelength (nm)

Figure 3. Fluorescence spectrum of standard protoporphyrin IX in
isotonic saline.
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YelME= 6023 nm 2 6609 nmol A &P Rogs} B
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o] & PpIX FFAEY AL A € 5 Ak
Fig. 29 ZR2FE & F YXKo|, HeLag] HX U] - &0
A ALAS ¥To wE PpIXe] FJAEE ALA %7}
50 pgmLol A HLAE GERNGE, 1 o] FRAHe
ZHeste] PpIXel 3 FFFEE YEE ALA HF %
Z7F EAFET FF B9 53 HH 9 ALA
A= PpIXe Aol 7}J E3%oy 99X OHHi
PpIxe] Ao} & 134 Aa3te Aoz 4¥A °‘EH2)
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Figure 4. (A) Concentration of PpIX in Chang cells exposed to

ALA for 24 h. (B) Concentration of PpIX in Hela cells exposed to
ALA for 24 h.
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Figure 5. Protoporphyrin IX in the culture medium of cells exposed
to different ALA concentration for 24 h.
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