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Fluorescence Detection for Protoporphyrin IX Induced from 5—-ALA
and ALA-methyl ester in Incubated Liver Cancer Cells
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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), 5-aminolevulinic acid methyl ester (ALA-methyl ester) by analyzing fluorescence signal of
Protoporphyrin 1X (PplX) in the cultured normal and cancer cells. 5-ALA and ALA-methyl ester was injected as a
photosensitizer to the cancer liver cells (HepG2) and normal liver cells (Chang). Chang and HepG2 cells were incubated
with various concentrations of 5-ALA and ALA-methyl ester (0-800 ug/mL). The accumulation of PplX induced by 5-ALA and
ALA-methyl ester was in HepG2 and Chang. The cell viability was measured by MTT assay. Fiuorescence of PplX in
HepG2 cell was excited at a wavelength (A = 410 nm) and showed an emission spectrum at 603.2 nm, 660.8 nm and
603.2 nm, 661.4 nm which could be related to the PpIX generation induced by the applied 5-ALA and ALA-methyl ester,
respectively. The experimental results showed that fluorescence signal of PplX was proportional to the concentration of
5-ALA and ALA-methyl ester in tumor cells, but measured with low concentration in normal cells. Another results showed
that the PplX formation rate induced by ALA-methyl ester is higher than that of 5-ALA.

Key Words : 5-aminolevulinic acid, 5-aminolevulinic acid methy! ester, protoporphyrin IX, photosensitizer
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(porphyrinof] ZA3he] 34, XA 7} Fo| EAHLE
ARz FEHH olyg Hdo| FuIAAY FYHE
Aol AT FdRAY AYUr XU 849 A
AUNRAL NEAS (endocytosis)d) o3 TR0

0|7} Al A £ U] membraneous domain = YF 2, U E
Fegol, FAA, AXA Fo| EEITHL, 2).
#H &

ol Zt3wty 9l 5-ALAE hemed] A4 A=
2

Zo] T AA o FHFY hemeo] PAEHo| PpIXE
hemel & AZA 7= EALE Adstd ME o] PpIX7}
ol ZAHT o] PpiXV} FRNAAZ A HH FFE
Wi MEE4E Jehj 22 ALAE 9] F93 2dn
A5 AMEHART(3E-12). 18y S-ALAE IAFACE
MEETS 53 Fahgo] thd o, ALAY X & W3
A48 FEAE] FNFARY VAol vy ATE

o] HIHTH13-16). F 44 ALA= 9FE HEE
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o E&Adol WojAW PpIXV}t A HA ¥e Adde A}
§0] E7l53ld BE ¥wd o &3Folx ¢t} whd
AFA2 ALA esters 5 A4S AFESH A28 R} 7}5
F71 &oldtd ALAS @4 & 7H’\*%‘f T At

Hole FTubfsd Q17ke] BIQIAY MEF (NPCY
CNE-2)E o|Fo]23sled kg utEo]  S-aminolevulinic
acid (5-ALA)9} S-aminolevulinic acid methyl ester (ALA-
methyl ester)oll ]3] =¥ Protoporphyrin IX (PpIX)E H]
=AY A% ¢ 2494 Il EhON(Y, EF
ok-2o] FAE By GAEQ SNU-1041 HEFE
)da].c;“ ZokS. = = H]—-?—_/‘:_A 7} BA¥E ALA L
ALA-methyl esterE F o3t 2F A1 AAZAG A
3B 243 vy A7 So RuEIrH18).

ofo] B HA-fo|M= 5-ALAS} &7 ALA-methyl esterE o]
g3to] 2t MZ NN PpiX FHE 4P sHEd
2 W3 235 ¢ A9 AR olgand, A
Fele] 7HE A EFQ HepG2e} AAY 7HAEF2) Changd
i3] S-ALA 2 ALA-methyl esterd] =5 & sl 27zt
A2 F AEZEY 2 AE - YA fFEHE PpIX A
4e 3% 29Edon 2459 BAY,

—

T

k“ 5: k“iull()t

B oﬂ A A7 Gl ZeE A EZFQ
% ﬂ*ﬂi?l Chang2 AWt 21%E7}5238 o)A A F-dko}
AV&EIHTE o] A|EF minimum  essential medium
(MEM) uj=]o]) 10% FBS (fetal bovine serum)9} 1% antibiotics

HepG2 9}

(penicillin/streptomycin)E- A 7}3td 37TC2 5% CO, incubator
(Forma Co., USA)o| A 2~3%ef 3H¥ AthujdstHA] A}
£33t

ALA2l ALA-methyl ester E°i9| A= 2 X a]

5-Aminolevulinic acid hydrochloride (Merck Co., Darmstadt,
Germany)$¢} S-aminolevulinic acid methyl ester (Sigma
Chemicals Co., St. Louis, USA)+ phosphate buffer solution
(PBS)ol] =< 5 mg/mL9] stock solutionS %50 AlL-3}9Y
. ALAY] Aele= WA vjokd celld) MEM wix & A7}
3t & EFstd HEFE 15 x 10° cellswellZ 243t

<, 6-well microtiter plated] FBlE cellg 3 mL¥X H7}
3tal, FH|¥ ALAS9} ALA-methyl esterZ 0, 50, 100, 200,
400, 800 pgmlA e Fx® FH7IgH F 24X F 37T,
5% CO; Stolj A wj Fakdrt.

PpiXe} standard curve =4

Protoporphyrin IX (Sigma Chemicals Co., St. Louis, USA)
+ methanol®} 0.9 M perchloric acid7} 1 : 1 &3t= &3}
iypsi/EDTA 91 22 Rulz H7tsted a4 1
23l PpIXe] &AS 0~14 ugml T F TH59] Fluorolog
3-11 ¥FFT A (Instruments S. A., Inc.,, New Jersey, USA)
2 ZA3ta  PpIX®] standard curveE  ¥om,

Mathematica 5 program-Z ©|-8&3la] PpIX 33 A7]1& £

SFA T

M3z U - 2|9 PpiIX 8 HE

U AIEFQL HepG2el A} ZHA|EFS] Chango
5-ALA9} ALA-methyl esterS X aldte] ME ) - jofjr A
AE PpIXel A& TEF o] FEAT. 9A AE
oA =AH PpIX+= A Eo| 5-ALAS} ALA-methyl ester
E AHEdte 2427 B s T 7 well®] A2l
MAE 2ol wbeE &7 ol FFBEAR SHdH
AE oA ZHE PpIXE VAR

ME Yol 4% PplXe A& A AL G AL
hsle] PBSE 2~3zFd M FH3E the, ZF welldl] trypsin/
EDTAE 2 mLA FH7bate] 37T A 147 F3F WA 3§
ok A7 243 7)ol A H methanol3} 0.9 M perchloric
acid7} 1 : 1 &3rd £98 2 mL 7T o &4
Zo} 2,000 rpmol A 1087 Y4 3t FFAS H3}
T HE U BF MVIE #FeS PpIXe TRE SA¢)
FrH19). T3 FyFATA A FAHE 5-ALAS} ALA-
methyl esterol] ]3] AAE AE U - ofjAel PpIX AA
3 A7) 418 Mathematica 5 programS- ©}-8-3lH T

ME==SH HAL

5-ALA9} ALA-methyl esterol] 2]3}
Aol digt M S vX= P MTT assayQO)=
24359t kg cello] MEM v & 713 & 2 5.3
] celldE 15 x 10° cellsywell2 ZA3F TS 96-well
plated] 3 mL% H7}3}al, 5-ALAS} ALA-methyl ester =5
50, 100, 200, 400, 800 yg/mL¥ HEE FH7}ste 37CY 5%
CO, EH7I6A  24A7 wideiddth. iy & MIT
(3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide) A
°F (5 mg/mL) 200 ULE 2z} wello] 713 & OhA] 4417 O
njorsl o}e, AAE formazan 242 DMSO (dimethyl
sulfoxide)& &-3fA] A cell plate reader (Bio-Rad Co., USA)E
550 nmol|A EFE=E =AY T;. 5-ALASF ALA-methyl
ester?] M X ZA&L Ug A3 Zo] AR

et AE R AL

ALA Aol g
Cell viability (%) = 1995 % - < 100
DR HALA BAEah e Eag

2% o 73

5-ALA2} ALA-methyl estero] M|x=SAE

A TPAE 2 7HE Mo tish 5-ALAS} ALA-methyl
ester A elo] 3t A EZA v|A+= F3EES _J_A].*‘].Oit]_
Table 13} 2o] 7+¢hA|3Z ¢l HepG2ol W3l 5-ALAS] 5

o WE HNIEAYEEL 50 pg/mLolA 96.3%, 100 ]Jg/mLoﬂ
A} 93.6%, 200 pg/mLolA] 922%, 400 ug/mLo| A 81.7%,
800 ng/mLol A 78.3% % 5-ALAE AH#3}A &L 2T
BlwE] & uw, 5-ALAY] Fv} F71se mE vk Y&
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Hog Mo HESO ZAHEES IUT 5 Ao
HepG29] th3l ALA-methyl ester®] 2] A] Table 29} Z-o],
50 pg/mLel 4] 91.7%, 100 pg/mLo) A 91.0%, 200 pg/mLo]
X 92.4%, 400 pg/mLo| A 88.4%, 800 png/mL 82.4%<] A

AEeg JERRUT

T3l A} 7H1] ¥9l Change] 5-ALA % ALA-methyl
esters AP 2+ Hi %2 800 pgmLE X3l
A$E A3 50~400 pgml FEAME LA TRT}
Ao A 5-ALA E ALA-methyl ester®] X EEA 0]
4 ¢ 4 AT

53 44 HE 2 U ATFO) FULAL SALA
¢} ALA-methyl ester§ FE=HE Fo3ld ANEZIHYEES

B3] HH, S-ALARTE ALA-methyl ester®] A|E o] M&EE
o] =4 Yel} ALA-methyl ester®] A}-&o] A ©] 7
AR IS @ ASE o dFHAL

Table 1. Viability of cells exposed 5-aminolevulinic acid during 24 h
5-ALA (pg/mL) Viability of Chang Viability of HepG2

0 100 100
50 97.4 96.3
100 96.7 93.6
200 95.4 92.2
400 85.4 81.7
800 70.3 78.3

Table 2. Viability of cells exposed S-aminolevulinic acid methyl ester
during 24 h

ALA-methyl ester

Viability of Chang Viability of HepG2

(bg/mL)

0 100 100
50 98.3 91.7
100 97.8 91.0
200 95.5 92.4
400 89.8 88.4
800 722 82.4

5-ALAO] 25l == M= U - 2ol PpIXe| ==
5-ALA &= EF 2ty A & 24X 5 v
A4 ZrAEQ Changoll A 5-ALAS] 23] &=% PpIXel A
4 ARE §% 2HEYoE 243 die= Fg 13 2o
PpIX2] &3 (emission) ~HEHL 7] wAo] 410 nmY
] ME oA+ 6143 nme} 6767 nm, AE M=
602.6 nm X 659.3 nmoll A ¥F F27F FEAHYCH
FH FEAMEQ HepG2el|l S-ALAE X7 dtd 3 A9
Eds AT Ao ¥Y dE2HEHLE o7 9%
o] 410 nm¥ w} 622.1 nm¢} 676.1 nm, MFE WA=
6032 nm Z 660.8 nmoA FF IV} FFEHYOH o]
= Fig. 29 Yeliglth. o]= Fig. 594 Yved ZFE
PpIXo] &3 By AR & YA 3H T HepG2 A E
of S-ALAE F3tn wgTFozAN AAHE PpIXe &
& PpIX B35 Z2AHS E3A ¢ 5 9%t HepG?
9] HIE W - JellA 5-ALAY] Fro] W PpIXe ¥47}
© 5-ALA FX7} 400 pg/mLoA HIAE YeER) X,
1 Ol’e}-l sEAME Ao PpIXed Hi FFPZE
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dehle S-ALA H7 =7 EAgt 3 2987}
EE3 HAO 5-ALA FRolA = PpIXe] Aol 7H4 &
kol 93z HxoxE PpIXe AAo] L3y nide
Aoz dAA AT
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Figure 1. Fluorescence spectrum of ALA induced PpIX in Chang
cells.
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Figure 2. Fluorescence spectrum of 5-ALA induced PpIX in HepG2
cells.
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Figure 3. Fluorescence spectrum of ALA-methyl ester induced PpIX
in Chang cells.
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ALA-methyl estero]] olall R== M= U - 20lA
PpiX9} ==

Fig. 39X = A4 7HAIE<Q Changsll ALA-methyl ester
33 S UEERE FLEE S MENE S b
ALA-methyl estero] 9]3] =% PpIXe] AL 34 A9
EROE 24F ABE YTk Fig 394 2 5 9
5o}, ALA-methyl esterol| o] 83 AMEHLS o7 3%
o] 410 nm¥ u} M ¥ 29 A+ 616.1 nm Z 678.2 nm, A
E YoM+ 6032 nm ! 660.5 nmo A dF u=7} B3
¥ A}

HepG2ex
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Figure 4. Fluorescence spectrum of ALA-methyl ester induced PpIX
in HepG2 cells.

7+ MIEQ] HepG2ol| ALA-methyl ester®] %8 g d}
of HEg F 2447 Tt v oF FEHE PpIXY
4Re §Y zdEdoz 24 Fg 4 2ol
ALA-methyl esterol| A 2] 333 (emission) AHEHL] o)
Zdol 410 nmY W HE oAM= 6188 nm L 670.1
nm, MX o= 603.2 nm % 661.4 nmol| A FF3F 1=

7} BFEHUY. o)& Fig 59 HF PpIXe] ¥F B oo
A ek AR A

5-ALA 2! ALA-methyl esterol] 2|5 == M LY

- 9Jojl A PpIXe| &% H|m

HepG29} Chang Al Z5o] 5-ALA 3! ALA-methyl ester?]
Aol & AE W - oA AFE PpIXY ¥F 2HE
de 3% 43, Fig 63 Fig 794 HXo] Changd}
HepG2 5T S5-ALA®} ALA-methyl esterof ©}3} PpIXo] A3
AL AR e dRT HE YoM o Bo] &AHUTH

5-ALA%} ALA-methyl estero] ¢]%F PpIXe] AA-S XX
FHE v W] B4 Fig. 83} o], ALA-methyl ester®] =
YAl 5-ALA AET © 8402 AE oA PpIXrt
AREE AL BT 5 YA olE SALATH DA
=dol7] W MEre T8 FFsed Jdoid A&
Aol FAE 7FA e, ALAS FZo} methyl ester
quo fEAE Agse ARAS o Aoz
AE7F 2o folsk Ao g AZHE Y. 3 Uehlinger 5
(15)2 A7+ #Hu wgox FaE AEF (AS549, T24,

182)] ALA thAlo] ALA esterS Ab&3ta] QAbo] AE3)
o w PpIxel A4l ZrlEdn Hisded, B Y
Aol §A8 AFS YERHO] ALA-methyl estere] 9
g Ao 2AAL GHL 1A AoE GFET
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Figure 5. Fluorescence spectrum of standard protoporphyrin IX in
isotonic saline.
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Figure 6. Concentration PpIX in normal liver Chang cells and hiver
cancer HepG2 cells exposed to 5-ALA for 24 h.
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5-ALAC] Wik ME ) - 9] PpIXe] AA¥]+= Chang 2
HepG2ell A Z}zy 1 : 239, 1 : 33502 JElsts, ALA-methyl
esterof] THF AE o] - ]9 PpIX9 AABI= 1 : 120, 1 :
12522 YePgth. 53] Changoll e HepG2ellX ¥ A7)
7Y & ALE Yeht ALAY 93] fr=d PpIXy AL
BAATETGE TN H HL& T2 FHHE AL
o F AT ole ATAFEL MEF (HeLa) 2 A4 AT
T (Chang)dl|l 5-ALAE Fo3 ¥ fx4 PpIX9 A4S #F
g A3 XA o B PpIXVt FHEHJT= Hi(7)9}
TFARSE Ao 7 YEgtt)

- 0 = Changex{m-ALA)
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Figure 7. Concentration PpIX in normal liver Chang cells and liver
cancer HepG2 cells exposed to ALA-methyl ester for 24 h.
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o] 5-ALAS} ALA-methyl esterE TEEE Fo3te 5-ALA
9—} ALA-methyl esterol] ¢J3] T8 PpIXe] WAL &<ls}

, MTT assayZ A|XFEES SASE vlYE celld
5 ALAS?—} ALA-methyl esterS Fo3F & 24A17F F<QF vl
gozs A4EE PpIXe Fe BP9 FEE E4HY
o o] wie] ¥3F (emission) AFEHE o7] 54o] 410

nme © 6032 nm, 660.5 nmSt 6032 nm T 66140 &
% 2997t BREAG. PpIXY] ¥F JEF 29¢ A
T, PpIXE A EZAME HE FEE F3o| He ¥4
o AEZAN H L TEE SHHJLH, AE JRT
= AZ YA o & TEE FHHEHS ¢ F Uy
3 5-ALA 2 ALA-methyl estero] 2|3t PpIX<e] AA 9
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o2 #AFHUL
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