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In this study, we tried to separate the photosensitizer that induces apoptosis of leukemia cells (U937)
from perilla leaves. Perilla leaves (Perilla frutescens Britt var. japonica Hara) are a popular vegetable
in Korea, being rich in vitamins (A and E), GABA, and minerals. Dried perilla leaves were extracted
with methanol to separate the photosensitizer by various chromatographic techniques. The structure
of the isolated compound (PL9443) was identified by 1D-NMR, 2D-NMR, and FAB-mass spectroscopy.
Absorbance of the UV-Vis spectrum was highest at 410 nm and was confirmed by the 330, 410, and
668 nm. PL9443 compound was determined to be pheophorbide, an ethyl ester having a molecular
weight of 620. It was identified as a derivative compound of pheophorbide structure when magne-
sium comes away from a porphyrin ring. Observation of morphological changes in U937 cells follow-
ing cell death induced by treated PL9443 compound revealed representative phenomena of apoptosis
only in light irradiation conditions (apoptotic body, vesicle formation). Results from examining the cy-
totoxicity of PL9443 substance against U937 cells showed that inhibition rates of the cell growth were
99.9% with the concentration of 0.32 nM PL9443. Also, the caspase-3/7 activity was 99% against U937
cells with the concentration of 0.08 nM of PL9443 substance. The result of the electrophoresis was that
a DNA ladder was formed by the PL9443. The PL9443 compound is a promising lead compound as
a photosensitizer for photodynamic therapy of cancer.
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Fig. 1. PL9443 compound affects morphological changes in U937
cells. Morphological changes in U937 cells induced by
treated PL9443 1.7 nM revealed apoptotic body, vesicle
formation only in the light irradiation conditions. ADCL
of 1:1 mixture 0.1 mM actinomycin D and 0.1 mM colce-
mid is treated with 2 ul / 0.1 mM / well. Magnification,
x200. (A: Control, B: DMSO, C: ADCL, D: PL9443 1.7
nM (Light), E: PL9443 1.7 nM (Dark)).
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Fig. 2. TLC developing pattern and HPLC analysis chromatogram of purified photosensitizer PL9443. (A) Purified PL9443 compound
on a TLC plate (Rf 0.45, Developing solvent: CHCl; : MeOH (1:30)), (B) Purified PL9443 compound of HPLC chromatogram

(Rt 9.724).
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Fig. 3. Caspase-3/7 activation in U937 cells. Cells were treated
with photosensitizer PL9443 (0.04, 0.08, 0.17, 0.32 nM)
for 4 hr, irradiated with light for 10 miniutes or kept
in dark, and further incubated for 6 hr. Add equal vol-
ume of Caspase-Glo 3/7 reagent to each well. Incubate
at room temperature for 1 hr. Measure the luminescence.
Highest caspase-3/7 activity when treated at the PL9443
0.08 nM in the light irradiation condition.

AeskA @ AET wgst At DMSOTE
T YA caspase o] YEtYA okt
(Fig. 3). PLOM3E A & 017 M9 BE2 Hed ToAE
008 nM §E2 A3 X R} caspase A 0] At oH,
032 nM =& A g oM caspase E4 0] YEIYA
SUTE 032 M FEE AT XA 4 FE7} o}
Al ZEo] W Azt dojtom, Mxof 59t T
T2 Ao WA Yehd Ao g F5E0. PLIMS =
A& Agsty dxAodA g A FlA e 2T 5
U3}A caspase &4l YERLA FotTh

PN rulo

J

]
o

ok g

M rfe

Cell viability

SAYOZHE £ PLY43 B o] AE ] AKof o
3 YFE FEA A RY] Y5+ cell viability assayE 44|
st ZA3E Fig 49 YEPATH URB7A 9 cell viability Z4
AZE BTt 225 AgdtA &2 2 cell 52
cell viability 100% & o] 2z 2] -5 ¥l sttt Apop-
tosisE FE3t= ADCLE Hgd oA o 10%S A=
AEES YEflon, PLOM3 43 Ziﬂor’ e 2AE
FoMe Aeskd wet AlZ §Z°°]
4 ASATh PLOM3S 008 nM &
o AZAEE] FAHRL, 017 nM l'“:i ﬂﬂ?ﬂ' 3ol A
= % 4% BE 02 M TEE A3 Fol A= 01% HlEe
AZ AEE&E BYth(Fig 4). PLO43 EH & A3ty g4=
Aol A wjefa A FellMe L5 FA4ET DMSO A g
T A AlZ AEES YERAT

(

¢

rlo

Journal of Life Science 2015, Vol. 25. No. 1 57

100
K 80 A
2
E 60 A
.’s" OLight
40 A
= W Dark
(¥
20 A
0 -
P & D 'é‘ S O
o
¥ &
g, Q‘é\ ¥ Q”‘ Qq’ "';"

Fig. 4. The growth inhibitory effects of U937 cells when treated
with the compound PL9443 (0.04, 0.08, 0.17, 0.32 nM) for
4 hr, irradiated with light for 10 miniutes or kept in dark,
and further incubated for 6 hr. Add a volume of
CellTiter-Glo 2.0 reagent equal to the volume of cell cul-
ture medium in each well. Incubate at room temperature
for 10 minutes. Record luminescence. Cytotoxicity ap-
peared concentration dependent only in the light irradi-
ation condition.
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1000 bp

500 bp

Fig. 5. Detection of DNA fragmentation in U937 cells. Cells were
treated PL9443 compound (4.25 nM) for 4 hr, irradiated
with light for 10 min or kept in dark, and further in-
cubated for 6 hr. DNA was extracted with lysis buffer,
treated with proteinase K and RNase for 1 hr, re-
spectively. Fragmented DNA was elecrophored on 1.6%
agarose gel and visualized staining with ethidium
bromide. Line Marker using 100 bp size marker.

Table 1. "H-NMR chemical shift of PL9443 compound (600 MHz,

CDCly)
Position Compound (ppm)
m2'-H(CHs) 3.391(s)
3“H 7.98(dd)
3%H(H trans) 6.28(d)
3~H(H cis) 6.17(d)
5H 9.374(s)
7"-H(CH;) 3.22(s)
8'-H(CH.) 3.658(q)
8”-H(CHs) 1.686(t)
10-H 9.505(s)
12'-H(CH;) 3.668(s)
13-H 6.251(s)
13-H(CH;) 3.856(s)
17-H 4.217(dd)
17'-H(CHH) 2.146(m), 1.944(m)
17>-H(CHH) 2.579(m), 2.324(m)
17°-H(CH>) 4.123(q)
17°-H(CH;) 1.258(t)
18-H 4.45(q)
18'-H(CH3) 1.62(d)
20-H 8.556(s)
21, 23-NH -1.65

q)ppmel 27
phyrin #& 2 S
7] signal®t YAt AT 4 A1, 10].
Chlorophyll 3}¢&-2 ¢F 20719 &4 = phytyl7] & 7HAl &
gl ] phytyl”]:= 05~1 ppm*-°ll multiple signal® EHL};
£ PLOM3E A ol A& phytyl 719 signal& &1 & §12
OB Z phyyll7h ZEU FRIGE AL & & A9
Chlorophyll®] porphyrin & %4l ol = Mge]-&o] &A3}=t
T2 Adgo] osty] wed |4A 27t HHA NH2 S
o] A0l minus F-#ol - NH signale] YetvA Ao} &
23 249 'H-NMR spectrum 94 -1.65 ppmell signal®]
sels)o] Mgol Wolx AL 81F 4 YT 3% 3hvinyl
carbons?l Agsta Qe -HE 3'-H (7.98, dd), 3-H (H
trans, 6.28, d), 3-H (H cis, 6.17, d)olA &3 & 901,
7Coll - CH3717} 233t 919 chlorophyll afr =4 0] 11,
-CHO7} A%3tA =W chlorophyll b+%=47F €t} 'H-
NMR spectrumZ 3 7C-CH; signal®] 3.22 ppm®l| 4 double
leto 2 YEFE S ZA chlorophyll a8l 71 &2 E ZHE por-
phyrind & &olgh= 21 & = Atk "CNMR 235 B
@A Chlorophyll carbons=+ 557] Q1 6l 2|3 PLI443E Z <]
PC-NMR 2443} 377) 9] carbon signale] 2915 o] phytyl
717} @oA U4zt Zo] 'TH-NMR Ao} 4315 0.m, 30~40
ppm Aol o] WER} = phytyl7] 9] carbon signalo] &2 &
A9l spectruml A UEFGA e49kt}. Chlorophyll a®] “C-
NMR spectrum®l| & 13"-keto carbon, 13>-9} 173-carbony1 car-
bon, 5-, 10-, 20-methine bridge carbon, 17° phytyl carbon,
3'3} 3%vinyl carbons?] signalo] 544 & Yeh}e Fxo]
o 228 29 "C-NMR chemical shiftg(Table 2)< 27
keto carbon [6189.556 (C-13")], carbonyl carbon [569.59
(C-13%), 617115 (C-17°)] methine bridge carbon [6 93.13
(C-20), 697.57 (C-5), 6104.45 (C-10)], vinyl carbon[56128.91
(C-3"), 6122.79 (C-3)]9 signale] R18 =FE3} FY8})
UERRTH9, 14]. 122 B9 384E 2= porphyrin 3¢H&
ol 13-Co} 13-C Aol o] lactone T 25 2He P EE EA
3}1, 13%Coll - OH7|7} Agehes 4¢5 JTH9, 14]. £ &
E49 spectrumo] A 13-C7} 189.56 ppmeol 13*-CE 64.67
ppmell Al signalo] 1% o] lactone FZ7} obd& & & A
t}. "H-NMR spectrum¥ 13C-NMR spectrum 2 35 %3
B chlorophyll a®] 7]% porphyrin #& Zt& 20l Mgol
o] 2L, pythylZ]7F &H I F2E staL Sle Aoz
FAHAS. 12 EF =4 EAFE 3487 Sish]
FAB-MS #41& A A3 A3}, PLOM3T 204 -CHy717} o]
AUzt [M-CH,™" F el 2] 607 fragment signalo] 2915 o}
=4, HMBC-NMRE A o] A 17°-H;¢] H signal (1.258 ppm)}
17°-C signal (60.387 ppm) Akolol 2@ 7} YA 1L, 17°-H,
9] H signal (4123 ppm) 17°-C % 17°-C signal (171.149
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= E
p



Table 2. ®C-NMR chemical shift of PL9443 compound (600MHz,

CDCly)

Position Compound (ppm) Position Compound (ppm)
1 142.064 13 12891
2 131.877 13! 189.556
2! 12.084 132 64.669
3 136.19 13° 169.594
3! 12891 13° 52.850
3? 122.792 14 149.648
4 136.526 15 105.167
5 97568 16 161.115
6 155.684 17 51.011
7 136.297 17" 29.364
7! 11.226 172 22976
8 145.243 17° 171.149
8! 19.445 17° 60.387
8’ 17.392 17° 14.183
9 151.004 18 50.092
10 104.447 18" 21.030
11 137.936 19 172.076
12 129.066 20 93.125
12! 12.084

CHs

Fig. 6. Structure of purified photosensitizer PL9443 compound.
PL9443 compound was determined to be pheophorbide
a ethyl ester of Cs7HyN4Os.

ppm)3 @A 7} §L01go17q ethyl ester 72U & 4 3
Ath. 13%-H signale 'H-NMRI A 6.251 ppmol A signal &
13 A3, HMBCEA A 14-C, 13-C, 13°-Co A2

BAZF Felo] HojA -OH7I7} obd -CHeb= As FA
T %th 1D, 2D NMR % MS datas F3 EH Sl
A e 94 B4 EA4F 62079 pheophorbide a
ethyl ester® 72§ 543421, dark green? porphyrin
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3= ol 3t (Fig. o).
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o] Yol 1980 HE EAH o2 AT 1990dd] £
= o

Eoﬂ /\}Q-E]h 3 ‘ﬂ*é%é‘%% MEZEL, golaF, &
AA, 22A 5 2
[17, 23]. Hematophorphyrin ﬂ] (HpD)& %7‘}9_i Eil
A1t #7241 2] Photofrin® 3 Photoge mR)%

A5l A7 oL, AW A o] Aote A
3] -0l "J”‘*-‘/}” %% AT frdete 59 940l §
Zole H & WSS 7HA L Aol A mE hAE EO]
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|59 =Y EAA A&7 B B2 ATFE0]
o] F01 A 1L UTH[9, 12]. =3 porphyrins, chlorins, bacterio-
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ofd g &5ty A A&7 A i A7t o] Fo
A1 Qo).

B AT A U937A ol SR (P. frutescens) MeOH F+Z
< Adstl F& 24 54\“4‘? ol A Al /\}”j o] f E]h
o =

Holz 248 &7 Yt S MeOH F2&
< 3% open column chromatography$t 1% €] thin layer
chromatography & A A 8te] g2 & AV e =4
¢ &% 2o PL9443 2 W3k TLCS HPLCZA
purityE #1823, single spot# single peaks &1E
AT &4 B3 PLOM3E UR7 A ZF0] FEHE A
a3 Mxo] FeWst9 cell viability, caspase activity %
DNA fragmentations 3-& A 233 #& 2ASHA &
Ao AAstGn. I A% AL Feuste ARt 5
AEI, 2O R EE3} HE apoptosis =7} F& A EAL
d@gellen, Edo e A2t F&shs dYE 42
5 o] necrosis 4= AZH U Caspase Z4 3 DNATH
59 A%E TS PLOMIEL A 93 A ZAFE L apo-
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gl F23 AAR proenzyme FE|2 EAE shr}
TNF-a & Fas ligand7} &4 ol Z43HA HH caspase7}
43} Ho] 94 DNA 2435 dozlith2, 13]. PL9443
S A3} caspase F4 & A AHANAE FE F7t
of wet Aol FrtetRon, FoJEH R FAo] ey
t}. PL94432 0.04 nM, 0.08 nM, 0.17 nM ¥ 032 nM 5=

A oM E FAUEFY ADCL 2 1l/0.1 mM/well A
ZJato] 9738 apoptosis’ Lolwtg WE 7|Z0 2 HuFS
W 27+ 45%, 9.9%, 80%, 8%<] caspase A& LESTE 0.08

nMe] FEollA 7HE E2 caspase A& BAL, 1 o]FY
FEoAE 28] caspase EA0] Aadte AS £ F UM
o 017 nM ©]/d] F =04 caspase®] A o] A3t &

L 5o ot MzAE] waA doju B4E 2

Ao g9 wgAsE dojd Ao g Addn. ol M
phalerlata®] butanol F&&-& A 2|8t v FAIZte THE cas-
pase-3, 8, 99| &4 T"rEoﬂfﬂ EA AdAM A =L cas-
pase &5 B & Agto] FASEFE GAJo] AstE A
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caspase-1, 39] B4 =0l A caspase-39] E4¢] £ w=0
A7 w2 B4E Bl | I ol R4 &40 Ast
e Aol g AFAA20]NH R Aot 5L A
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AL FEEETH &5 29T PL9443% A 6207
] Pheophorbide a ethyl ester24 % g 0
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