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An exploratory study on bioactive constituents from

the halophyte Ligustrum japonicum

SEUNGOH BAEK

Division of Marine Environment and Bioscience, Korea Maritime and

Ocean University, Busan 606-791, Korea

Abstract

Ligustrum japonicum 1is distributed along the feet of the mountains
adjacent to the coasts of Korea, China and Japan. L. japonicum is
commonly used as an herbal medicine to strengthen the function of the
heart and the liver as well as to treat a ringing in the ears, dizziness
and eye pain.

Samples of L. japonicum were purchased from ‘Chungmyungyakcho,’
the pharmaceutical company specializing in herbal medicine. Dried
samples were extracted twice: with methylene chloride and with
methanol (MeOH), respectively. The combined crude extracts were
evaporated in vacuo, and then the residue was partitioned between
water and methylene chloride. The aqueous layer was re-partitioned
between H;Oandn-butanol (n-BUOH), and then the organic layer (i.e.

between 85% aqueous methanol (85% aq. MeOH) and n-hexane).



The crude extract and its solvent-partitioned fractions were evaluated
for their antioxidant and antiproliferative effects. In the DPPH radical
assay system, only the »n-BuOH fraction showed a significant radical
scavenging effect. In the peroxynitrite assay system, the 85% aq.MeOH
and the n-BuOH fractions showed a strong scavenging effect on both
authentic peroxynitrite and peroxynitrite induced from SIN-1. In a
cellular system using 2',7'-dichlorofluorescin diacetate (DCF-DA) as the
fluorescence probe in HT-1080 cells, all tested samples remarkably
decreased the level of intracellular reactive oxygen species (ROS) at
the concentration of 100 pg/ml. Among them, the 85% aq.MeOH
fraction revealed the strongest scavenging effect.

In the cytotoxicity bioassay system using the MTT reduction method,
on the other hand, the crude extract showed a weak cytotoxic effect
on all human cancer cells. For the solvent-partitioned fractions,
however, the 85% aq.MeOH fraction showed a potent inhibitory effect
on the growth of all human cancer cells ( HT-1080, AGS, HT-29, and
MCF-7). The n-BuOH fraction exhibited a good inhibition effect on the
growth of AGS cells at the concentration of 100 pg/ml.

Six known compounds were isolated from L. japonicum: Oleanolic
acid (1), Maslinic acid (2), Ursolic acid (3), Tyrosol (4), Ligustruoside
(5), and 8-(E)-Nuezhenide (6). These six compounds were also
evaluated for their antioxidant and antiproliferative effects. In the

antioxidant bioassay, compound 6 not only showed a potent scavenging



effect on peroxinitrites but also remarkably decreased the level of
intracellular reactive oxygen species (ROS) in HT 1080 cells. In the
cytotoxicity test, compound 3 of all tested compounds exhibited the
strongest inhibitory effect on growth of HT-1080, AGS, HT-29, and
MCF-7 cells.

Therefore, these results suggest that L. japonicum may be useful as a
potential ~ biomaterial, as a natural antioxidant to alleviate

oxygen-induced damage as well as a chemopreventive agent for cancer.
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Aol AbgE (L. japonocum) 2013 8€ AlFAll A A &
=z

NEE PHoprel ] FAstel gt

F=3 9, el ARgR fuie= BT I AoFS AREsiSlth
Column packing materials &= RP-18 (YMC-Gel ODS-A, 12 mm,
S-75 mm)S AFEEtE. HPLCol AFE3E column = YMC pack
ODS-A (250%10 mm, S 5 pym, 12 mm)E A}&3}3 11, gaurd column
(7.5%4.6 mm, Alltech)& ARSI NMR 54 Al &wj== CDCls
(Cambridge Isotope Laboratories, Inc., USA, deuterium degree
99.8%), CD3;0D (Cambridge Isotope Laboratories, Inc., USA,

deuterium degree 99.8%)% A}-g3}% ).
(2) &4

shatst A A F o) AFE3SH 1,1-diphenyl-2-picrylhydrazyl radical



(DPPH), 3-morpholinsydnonimine (SIN-1)3} dihydrorhodamine 123
(DHR 123), penicillamine (DL-2-amino-3-mercapto-3-methyl-butanoic
acid)2 SigmarHST Louis, MO, USA)oA TY3F 3L peroxynitrite
(ONOO )<= Cayman (Ann Arbor, MI, USA)oA F4ste] AR&skit).
A Eujekel] B3 DMEM (Dulbecco's Modified Eagle's Medium)¥}
RPMI-1640, FBS (Fedal Bovine Serum)+= Hyclone (Logan, Utah,
USA), Trypsin—-0.02 % EDTA, 100 units/ml penicillin streptomycin<
GIBCO (USA)AtelA  F4skdtt. ROSH A AH8&¥  DCFH-DAE
Molecular Probes Inc. (Eugene, OR, USA)ZHE FYsFA ). NOol| AF
4% MEM (Modified Eagle Medium)< Sigmarlell Al 43kt

(3) 7171

'H-NMR¥} "“C-NMR, two-dimensional NMR @& X% Varian
NMR 300 spectrometersS A}F£8F%tE Varian RI detector®} high
performance liquid chromatography (HPLC, Dionex p580)E& A}-83}<]
sth=s A sl st 24 2 MTT 59 S4dl= UV-Vis
spectrophotometer (Thermo Spectronic, England), Multi—detection
microplate fluorescence spectrophotometer Synergy HT (Bio- TEK
instruments, USA)E AF&sISlth A9 vl CO; incubator (Forma
Scientific, Japan)E AFE3FH 3, 71 9o Rotary evaporator (EYELA,
JAPAN), vacuum pump, water bath, pipet (JBM-pipet), o137] <&

ALg3eie,



(4) Al 2Ev] ¥

Ao Ag-E AGS (human gastric adenocarcinoma cells), HT-29
(human colon cancer cells), HT-1080 (human fibrosarcoma cells),
MCF-7 (human breast cancer cells), Raw 264.7 macrophage A¥+=
g AT M) O mTE Fdol mjteto] Al ARE-SH
o} HT-1080, AGS, HT-29% RPMI 1640 A& Ag3te] wldslsl
i, MCF-79 Raw 264.7< DMEM ®jA|& Ab&3ate] wjdglon, 2+ )
Ao = 100 units/ml®] penicillin-streptomycin®} 10% FBSE #7}3}3)
o, A ARgHE MxEL 37C, 5% CO, incubator (Forma
Scientific, Japan)olA #jkst om, widE Ztzte] GAEE dFAo

3~43] WA E wIsal, 6~79 " PBSE A Fste] AGS, HT-29,

of

HT-1080, MCF-72 0.05% Trypsin-0.02% EDTAZ HFZ3H AXE &
g 3te] Althu) ksl al, Raw 264.7 cell scraper® 2]ste] Al thuf ok
skt



e}
He

2]

2-3. F& 4
(1) FY5(L. japonicum)®] F& L 3

drgokxol A Fdet AxH  FYUF(L. Jjaponicum)E methylene

chlorideoll FAIAA 24417 WA & ofsfsto] s Ao, of 3
&

ZFEES g wg sxpHoer B33se] p-hexane, 85%
aq.MeOH, n-BuOH, HxO &v:+8 &S 2+7F 19.11 g, 18.27 g, 46.26
g, 82.26 g& AALh



Ligustrumjaporiciam

hloride MeOH
"O58e) (176.72)
rn-hexane 85%ag. MeOH n-BuOH HO
(19.119) (18272) 46260) (82260

Scheme 1. Preparation of crude extract and its solvent fractions

from L. japonicum.
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(2) BYH(L. japonicum)d] T4 AE Y

85% aq.MeOH H3E(8 g)& MeOH¥ H,0¢ Z3HgujE AL&31o
Cig reversed-phase vacuum flash chromatographyS A A|stF o &
T 7789 fraction (50%, 60%, 70%, 80%, 90% aq.MeOH, 100%
MeOH, 100% EtOAc)S Z+Z} 1.13 g, 1.00 g, 0.47 g, 0.51 g, 0.51 g,
2.58 g, 0.81 g& 9tk 1 = 100% MeOH fraction (1.6 g)<
n-hexane?} ethyl acetate (EtOAc)?] ZFEwE AME3te]  silica
normal-phase vacuum flash chromatography& 3t om R5%E 10719
#3(100% n-hexane, 5%, 10%, 20%, 30%, 40%, 50%, 70%
EtOAc/n-hexane, 100% EtOAc, 100% MeOH)< Z+7} 10.2 mg, 10.6
mg, 54.5 mg, 184.7 mg, 180.9 mg, 278.2 mg, 183.3 mg, 134.5 mg,
184.5 mg, 454.3 mge AU, o] T 40% EtOAc/n-hexane 2(76
mg)< reverse—phase HPLC (ODS-A, 95% aq.MeOH)s}l% compounds
13 3& 22 5.0 mg, 17.6 mg LA}
n-BuOH &v] #3E(10.8 g)d wsllAlx= 85% aq.MeOH &vj #3&
2

-

I} FAFSEAl Cig reversed-phase vacuum flash chromatographyES 4!
Aletdem  ®5F 7719 fraction (50%, 60%, 70%, 80%, 90%
aq.MeOH, 100% MeOH, 100% EtOAc)< Z+7} 6.60 g, 2.32 g, 0.31 g,
0.10 g, 0.28 g, 0.97 g, 0.25 g& AU} 1% 100% MeOH fraction
(200 mg)E CHCL®F MeOHe =E=3tgujES  ALE3le]  silica
normal-phase vacuum flash chromatographyE 3ste] =5 10719 &

81(100% CHCls, 5%, 10%, 20%, 30%, 40%, 50%, 70% MeOH/CHCls,
100% MeOH, 80% aq.MeOH) Z+Z} 2.4 mg, 132.0 mg, 5.3 mg, 5.0

mg, 2.3 mg, 1.2 mg, 7.0 mg, 8.1 mg, 0.1 mg, 7.8 mgS dJgr}. 1F

_11_



5% MeOH/CHCIl3 fraction (130 mg)< reverse-phase HPLC (ODS-A,
95% aq.MeOH)3} compounds 1% 3& Z+Zt 8.0 mg, 37.8 mg ¢
1931, o]= t}A] reverse—-phase HPLC (ODS-AM, 80% aq.MeOH)3}
o compound 25 1.4 mg 3|3} t}.

n-BuOH #3859 60% aq.MeOH fraction (0.72 g)& HP20 column
chromatographyste] =5 5709 £2(100% H.0, 50% aq.MeOH, 50%
aq. acetone, 100% MeOH, 100% acetone)S Z+ZF 0.12 g, 0.40 g,
0.19 g, 0.01 g, 0.01 g, 0.01 g At} °]F 50% aq.MeOH fraction

(200 mg)S reverse-phase HPLC (ODS-A, 20% aq.MeOH)d}o

Oft

compound 4Z 3.0 mg g8t aL, o]= t}A] reverse—-phase HPLC
(ODS-A, 47% aqg.MeOH)3t] compounds 5, 6 27 8.4 mg, 3.7 mg
L ks

_12_



Ligustrumjaponicun

85%ag MEOH
B

Cys chromatography

rfl 2 i3 14 13 15 7
(50%aq MEOH) (60%aq MEOH) (70%aq MEOH) (80%aq MEOH) (90%aq VEOH) (1002%NVEOH) (100%HOAC)
(L13g (g 047 ©5lg ©5lg 258g) 081g)

[(

silica chromatography
(L.6g)

nfl
100%Hex
(102 ne)

n2 nf3 o nfs oo nf7 o8 nfo of10
S%EQACinHex  S%BOACInHx  20%EOACinHex  30%BOACinHx  40%HO0AcinHex  S0%HOAcinHx  70%EOACinHex 1002 EOAC 1002 VEOH
(1061 (4.5 (847 (180.9me) @m2me) (183.3mg) (134512 (845 @s5431D)
reverse phase HPLC
ODS-A
95%aq. MEOH
(76me)

(5ng) (17.6mg) 3 Hex=n-hexane
n-BuOH
(108 2)
Gg chronmtography
fl 2 3 4 > 16 1f7
(50%aq MEOH)  (60%aq MEOH)  (70%aqMEOH)  (80%%6aq MEOH)  (90%aq MEOH)  (100%MNEOH)  (100%EOAC)
©62) @32g) ©31g) ©lg 0289 0972 0252)
HP-20 silica chronmts
©O7R2g ©29
H?2 nf2
80%aq. MeOH 5% MeOH in CHC(I3
(400 mg) (1323 np)
reverse phase HPLC reverse phase HPLC
ODS-A ODS-A
20%aq. MeOH 95 %aq. MeOH
(2001g) (1301mg)
reverse phase HPLC . HPLC C | 11 G | i3
@ro 47%aq, 1\[/1:(1{ Ompme (8rmg) (37.8mg)
(6o 80% aq. AcCCN
Conmpound 5 Compound 6 Compound 2
(8.4ng) (3.7mg) (1.4mg)

Scheme 2. Isolation of the compounds from L. japonicum.
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(3) FIH(L. japonicum)l A E& ¥ 3FEE9 'H NMR

compound 1 : 'H NMR(300 MHz, CDCly): §:5.26 (1H, t, J = 3.3
Hz, H-12), 3.20 (1H, dd, J = 5.8, 4.7 Hz, H-3), 2.81 (1, dd, J =
4.1, 9.7 Hz, H-18), 1.13 (3H, s, H-27), 1.05-2.01 (22H, H-1, H-2,
H-5, H-6, H-7, H-9, H-11, H-15, H-16, H-19, H-21, H-22), 0.98 (3H,
s, H-23), 0.92 (3H, s, H-29), 0.91 (3H, s, H-25), 0.90 (3H, s,
H-30), 0.77 (3H, s, H-26), 0.75 (3H, s, H-24)

compound 2 : 'H NMR(300 MHz, CD;OD): 6:5.24 (1H, t, J = 3.6
Hz, H-12), 3.6 (1H, m, H-2), 2.91 (I1H, d, J = 9.6 Hz, H-3), 1.16
(3H, s, H-23), 1.10-2.01 (23H, H-1, H-5, H-6, H-7, H-9, H-11,
H-15, H-16, H-18, H-19, H-21, H-22), 1.01 (3H, s, H-27), 1.00 (3H,
s, H-24), 0.94 (3H, s, H-30), 0.91 (3H, s, H-25), 0.82 (3H, s,
H-26), 0.81 (3H, s, H-29)

compound 3 : 'H NMR(300 MHz, CD;OD): §:5.21 (IH, t, J = 3.6
Hz, H-12), 3.15 (1H, dd, J =5, 5.7 Hz, H-3), 2.21 (1H, d, J = 11.6
Hz, H-18), 1.12 (3H, s, H-23), 1.04-2.05 (21H, H-1, H-2, H-5, H-6,
H-7, H-9, H-11, H-15, H-16, H-19, H-21, H-22), 0.97 (3H, s, H-27),
0.96 (3H, s, H-26), 0.90 (3H, s, H-24), 0.87 (3H, s, H-29), 0.85
(38H, s, H-30), 0.78 (3H, s, H-25)
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Table 1. C NMR Spectral data for compounds 1-3

No compounds
1 2 3

1 38.4 48.1 39.9
5 55.2 69.4 27.9
6 18.4 84 .4 79.7
7 32.7 40.5 40 .4
8 39.3 56.7 56.7
9 47.7 19.6 19.5
10 37.1 33.9 34 .4
11 23.5 40.6 40.8
12 122.5 48.1 49.0
13 143.5 39.3 38.1
14 41.6 24.7 17.7
15 27.7 123.2 126.8
16 23.0 145.3 139.5
17 46.6 43.0 43.3
18 41.0 28.9 28.8
19 45.9 24.1 25.4
20 30.8 49.1 49.3
21 33.8 42.8 54.3
22 32.5 47.3 40 .4
23 28.2 31.7 40.0
24 15.6 35.0 31.8
25 15.4 33.8 38.1
26 17.2 29.3 29.2
27 26.0 17.1 16.5
28 183.2 17.5 16.1
29 33.1 17.8 17.9
30 23.7 26.5 24.1

Measured in CDCls at 300 and 75 MHz, respectively. Assignments were aided by 'H
gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Table. 2 ' and “C NMR Spectral data for compound 4

No. 'H B
1 - 156.6
2 6.67 (2H, d, J = 8.5 Hz) 116.0
3 7.00 (2H, d, J = 8.5 Hz) 130.7
4 - 130.8
5 7.00 (2H, d, J = 8.5 Hz) 130.7
6 6.67 (2H, d, J = 8.5 Hz) 116.0
7 2.70 (2H, t, J=17.1Hz) 39.4
8 3.67 (2H, t, J=17.1Hz) 64.6

Measured in CDsOD at 300 and 75 MHz, respectively. Assignments were aided by
'"H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Table. 3 ' and ™C NMR Spectral data for compound 5

No. 'H e
1 5.90 (1H, s) 95.0
3 7.50 (1H, s) 154.9
4 - 109.2
5 4.21 (1H, dd J = 3, 3.9 Hz) 31.9
6. 2.42 (1H, dd, J = 5.0, 9.4 Hz) 12
61 2.69 (1H, dd, J = 9.6, 4.4 Hz) '

7 - 173.0
8 6.05 (10, q, J=7.2 Hz ) 124.7
9 - 130.0
10 1.64 (3H, d, J = 7.6 Hz) 13.6
11 - 168.4
12 3.70 (3H, s) 51.9
1 4.79 (1, d, J = 7.7 Hz) 100.7
2 3.26-3.46 (6H, m) 74.7
3 3.26-3.46 (6H, m) 77.9
4 3.26-3.46 (6H. m) 71.4
5 3.26-3.46 (61, m) 78.4
6. 3.67 (1H, m)

62.7
6’ 3.87 (1M, dd, J =10.7, 1.7 Hz)
a 4.17 (24, m) 66.9
B 2.81 (2H, t, J=6.9 Hz) 35.2
1 - 129.9
2" 7.03 (2H, d, J = 8.2 Hz) 130.9
3 6.69 (2H, d, J = 8.2 Hz) 116.1
4 - 156.9
5 6.69 (2H, d, J = 8.2 Hz) 116.1
6 7.03 (2H, d, J = 8.2 Hz) 130.9

Measured in CDsOD at 300 and 75 MHz, respectively. Assignments were aided by
'H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Table. 4 ' and “C NMR Spectral data for compound 6

No. 'H B
1 5.91 (1H, s) 95.0
3 0 (1, s) 155.0
4 ~ 109.3
5 3.99 (1H, dd, J = 4.4, 4.7 Hz) 31.8
64 2.48 (1H, dd, J = 5.5, 8.7 Hz) 1.3
6) 2.72 (1H, dd, J = 9.6, 4.7 Hz) '
7 - 172.8
8 6.07 (11, q, J = 6.9 Hz) 124.8
9 - 130.5
10 1.72 (3H, d, J=6.9 Hz) 13.8
11 ~ 168.5
12 3.68 (3H, 's) 52.0
1 4.79 (14, °d, J = 7.7 Hz) 100.7
2 3.25-3.47 (7H, m) 74.7
3 3.25-3.47 (7H, m) 77.9
4 3.25-3.47 (7H, m) 71.4
5 3.25-3.47 (7H, m) 78.4
6, 3.67 (1H, m) 62 7
6y 3.87 (1H, dd, J = 11.0, 1.8 Hz) '
™ 4.29 (H, d, J=17.7 Hz) 104.3
o 3.20 (1H, dd J = 8.0, 7.8 Hz) 75.0
3" 3.25-3.47 (70, m) 77.9
4 3.25-3.47 (7H, m) 71.5
5" 3.25-3.47 (7H, m) 75.1
6, 4.19 (14, dd, J = 6.3, 5.5 Hz) 65 0
6, 4.33 (1H, dd, J=9.9, 2.2 Hz) '
A 3.69 (1H, m)
ay 3.93 (IH, t J=7.2 Hz) 2.2
B 2.82 (2H, t, J=6.9 Hz) 36.4
1" ~ 130.3
2" 7.04 (2H, d, J = 8.2 Hz) 130.8
3" 6.66 (2H, d, J = 8.2 Hz) 116.0
4" ~ 156.6
5 6.66 (2H, d, J = 8.2 Hz) 116.0
6" 7.04 (2H, d, J = 8.2 Hz) 130.8

Measured in CDsOD at 300 and 75 MHz, respectively. Assignments were aided by
'"H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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(1) DPPH radical &~ €7

DPPH (1,1-diphenyl-2-picrylhydrazyl) A¢F 2 mg & ethanol 15 ml
of o] "= DPPHY9(0.338 M) 1.2 ml ¢ 3 ml 9] ethanol, 0.5 ml
o] DMSOE %% H| &= &3ste] DPPH radical solutiong <#H] gl
+Hl¥ DPPH radical solutiong cuvetteo] 23l 518 nm ¢ 3ol A

}

3
pul

FHEE FAeel 1 FA%e] 0.94~0.970] HES FEE %

i

o

A3k DPPH radical solution 900 ul o <43+ A]& 100 ul =
!

off
H
il
BN

Oft

7}k voltexdt $ 10+ Fof| 518 nme FHNA 1 FIFEE FH4

9 th(Fig. 1.)(Blois, 1958).
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O, 5= o
N—N—§:>7I~Q+

D

DPPH » (Violet, 518 nm)

|
i

Diphenylpicrylhydrazine Phenoxy
(yellow) radical

Fig. 1. Scavenging of the DPPH radical by phenol.
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MECH solution of sanple Solution of DPPH (2 mg)
at various concentrations in MVeOCH(A5 )

Shaking vigorously (1020 sec)

Standing at room tenperature for 10 min.

OD. check at 518 rm

Scheme 3. Measurement of DPPH radical scavenging effect.
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(2) Peroxynitrite &4 4

ONOO™ &7 #4-& dihydrorodamine 123 (DHR 123)¢] Atsl¥ = A
=E SHstozA AAEH Y. DHR 1232 dimethylformamide®l] ¢
2 purgeAl”d  —-80C o] B#aglal, DHR 123 fM9] 34 o
o] dE feolA FATY AFESETY. Buffer= 90 mM  sodium

i

2
o

phosphate, 90 mM sodium chloride, 5 mM potassium chlorideE &
glste] pHE 7.4% Z43sle] 100 uM DTPA (diethylentriaminepenta
acetic acid)E =dsto] WHAEAEAIL, buffer® DHR 1235 5 pM=
s]Mste]  Ago] A&tk DHR 123  buffer &0 Alg9}
peroxynitriteE #H7}slal Ao 587F HX 3 Victor3 multilabel
plate reader (PerkinElmer, MA, USA)Z ©]|-&3}4 excitation 485 nm,
emission 530 nmolAl SA3SIAT. Anthentic peroxynitrite T2l
SIN-1& FH7bete 45v 9 WO E AAlste] 1A7bEt WA g
% SA4stth o]+ SIN-1°] NO+¢} O, & &Alel T8 AA ONOO &
QA 71= 3= 2, authentic peroxynitrite®] +4$ DHR 1239 4t
stebe= 2] A o=m AksrE dojuA sr] wEeltt. 0.3 N NaOH
S blank® AR&3FlaL, AHS triplicate® 3kl om, A= blankE
A7k ghs Watste] tiEwrel g WEE= ALtsk vk (Fig. 2)(Kooy
et al., 1994).

|
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Fig. 2. Peroxynitrite (ONOQO~) mediated oxidation of DHR 123.
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100 pM Diethylenetriaminepentaacetic acid (DIPA)
l
5 pM Dihydrorhodamine 123
l
Incubation at 37 Cfor 1 min

\J
Sample treatment

!
200 pM SINA or 5 pMIperoxynitrite

0

Measurement of fluorescence intensity
Excitation wavelength at 430 nm
Emission wavelength at 525 nm

Scheme 4. Measurement of the ONOO™ scavenging effect.
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FUFERE 42 Z4do] HT-10804 32 gt cell viabilityol | X]&
FEFe  FAstrl 9l MTT  [3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl tetrazolium bromide]A| %S ©]-&-3Fo] ERIsISItE. nj kst A
Y2 727t cell countingdted 96 well micro-plate] 2 x 10
cells/welle] %% &F3to] 37T, 5% CO. incubatorol Al 24 A3t v <
stlth. widd AEE WAE Zote § sEHEE FHZE ARE 7
wellell A g]ako] thA] TAIZE vkl SiTh AR S Aesto] wiYkd AEs
HAE AAT H, 1 mg/mlsEe] MTT Ak Hgshe] 4x2F vjds}

ALY

Atk formazano]l FAEHW MTT AlfAeg wixE AA % JFAH=H
formazan< DMSO°] o]  Victor3 multilabel plate reader
(PerkinElmer, MA, USA)E ©]&3lo] 540 nmollAq F3=E SHs3TH
(Fig. 3).
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Ve
tetrazoli
NN Seliowy
SN /
Mitochondrial
reductase
—
S
—N
l\/l_ITﬁarrmzan
N (violet, 5401
L
N

Fig. 3. Metabolization of MTT to a MTT formazan by viable cells.
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(4) AEW ZA 2FAZF(Reactive Oxygen Species, ROS) =4

MU ROS free radical A4 DCFH-DA assay®Z SA3sIAt
(Okimotoa., 2000). HT-1080 MXE 96 well micro-plated] 2 x 10*
cells/welle] ¥ %= 53t 37T, 5% COz incubatorol A 24 A7k vk
stoich mgE AEE PBSE 4 $ 20 uM DCFH-DAE 7} welle]
Aglste] 37C, 5% CO. incubatorelA] 203t pre-incubationd}3ith.
Zkzkol  welldl s=¥M=E FHFE AEE At 37C, 5% CO
incubatorelA 1A]Zt incubationdt ¥, DCFH-DAE Al A3}l PBS=Z A
& 3 500 pM H,0.E2 AHug sl A|7FEZ DCF  fluorescence®
excitation 485 nm, emission 530 nmol4]l Victor3 multilabel plate

reader (PerkinElmer, MA, USA)Z 43l H(Fig. 4).
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2' 7-Dichlorofluorescein
(DCFH, non fluorescenet)

2' 7-Dichlorofluorescein
(DCF, fluorescenet)

Fig. 4. Degradation pathway of DCFH-DA in an oxidation—-induced
cellular system.
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(5) Glutathione (GSH) = =4

AEY =2%¥E  GSH =& thiol-staining reagent?! mBBr

=43} t}. AEE fluorescence

2

(monobromobimane)S  ©] &3}
microtiter 96-well plateo] welld 1x10° cel/ml7} HE2 EFalo
24X ZF wlFRE 5, ZF welld] FRMEE AIRE APt vhA] 37T, 5%
CO2 incubatorel A 303+ wl¥ataltt. ZF well2 PBS buffer®z A2
S 40 pM mBBr& #gste] 37C, 5% CO: incubatorol] A 30&7F wH&-
AL F, AlEA el o3k GSH k] W3tE AIZPH=E excitation 360

nm, emission 465 nmol| A FHFLA 7|2 5455 HFig. 5.).

_29_



4§éﬁ
E¥+

(@) NH,
H
CH
Dﬁ/\H
CH O (@)
SH
GSH (glutathion)
o O
é:ﬂnm
% 2amax 369 nm, 465 nim)

S
A/{Lﬁ -
H
CH
Y\H N\’(\)\’(
CH (@] (@]

Fig. 5. Reaction of monochlorobimane with GSH.
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(6) Genomic DNA F% % Genomic DNAQ] A+3} A E =4

2o AlE3 genomic DNAE AccuPrep® Genomic DNA Extraction
kit (Bioneer Inc., USA)E ©]&3te] HT-1080 AX=45E FEsk3tt.
=3+ genomic DNA+F 260 mme} 280 mme] Ao 1 SFE=E

o FE9} FEE HHFS T, -20TAA JsrRAst] ARSI

0.5~1.0 pg9 genomic DNAe®] 4 ul®] H.02 600 uMe] FeSO, 0.5

mM9 H:0.5 2tz 10 pl® 7}sle] genomic DNAE 30837 A9 A

AFEA17] 5 130 mMe EDTAZE 7tste] wkeS FXAFH T Akste

|\
o

genomic DNA+ 6X agarose gel loading buffer?} mixste] 1%
agarose geldl loadingd}t®] 100 V= A 7|95ttt A79 &S vzl
gel 5 pg/ml EtBrol| 20~30%37F @MA|A UVE &3 Atstd AEE

S1ste] ALgE Alokel TR ke ZAT] G

¢
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2-5. SHAIE S22 oA A
(1) MTT assayE o] &3 Ax AEE 4

FUTPEIE 9 Sh0) 0 QAL 34 oA &3E FAs] 913
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
& =439

[
obS o] g 5lo] I ZA A SS
HjekE ShM ¥ 2x10* cells/wello] B %2 96 well plated] 3}

bromide ] A|
37T, 5% COs incubatorol Al 24A1F vkt H, Al w2 1A SFo] Al
55 AYd A 241 7ksE aFeiTE Alm A e 5 wiE oAl E
ol 1 mg/mle] MTT Alefs A gste] 4r7bEt wiFato] formazan©]
FAEH MTTA ol Agldl wiAE AAZ 5, FAE formazans
DMSO°| =9 Victor3 multilabel plate reader (PerkinElmer, MA,
USA)E ©] &3l 540 nmeollA 53 =E S48t AZAE=8(R)< 735131
t}.

<100

Cytotoxicity (%) =
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(1) NO A4 <Al &

Raw 264.7 A¥E 96 well micro-plated] 1x10* cells/mlZ well¥
100 p® 531 37T, 5% CO incubatorol] A 24 A 7FHs<ot viSstsd
ok WS 10% FBS7F $+r¥ Modified Eagle Medion (MEM)2.2
WA F F=eE AREE AT & 1A it 1 5, NO
B =87l #lal 1 pg/ml (1 ppm)el LPSE A ste] 37T, 5%
COz incubatorol Al 48A17F& <k wiFalgicy. LPSeol ols] A=48te Raw
264. 74 225 A48 NOZF &+r& #j* 50 plok Griess A19F(0.1%
N-1-naphtylenediamine : 1% sulfanilamide = 1 : 1) 50 plE WHZA|
7 570 nmolA FFEE S48 tHFig. 6.)(Beda et al, 2005).

program< ©|

o)
Fole AZasin,

=
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N0y~ H:0
mZNI[24©7NIIZ % I[2N0284©7M+

NHy
o m[/\/
Sulfanilamide
N-(1-
Naphtyl)Etylene-
diamine

Nz
SOZI%A@i = O N[/\/

Azo Compound

Fig. 6. Coloring reaction of NO2 detection.

— 5311 —



=

W
N
(%
WE,
k]
Y

3-1. FYF(L. japonicum)Z5-E Egst 549 F+x Z2HA

compounds 1-3> 9] uix] =2 F HIUow, o] sFEEe
sl 2D NMR 238-& o]83te] ZH7F Oleanolic acid, Maslinic
acid, Ursolic acid® ZAZH Ao dojxl NMRE chemical shift gt
Ao Haud g & AdAsAHWerner S., et al, 2003; Ibrahim T.
B., et al, 2013; Andres G. G., et al, 1998).

compounds 4-6-2 el HAdHEHZ NMR datae] chemical shift %t
3 zk3 vl w3k 23 compound 4% Tyrosol, compound 59 6&

secoiridoids FE=A 52l Ligustroside, 8—(E)-Nuezhenide® 274 = 3t}

o

(Oswaldo G. L., et al, 2007; Kuwajima et al, 1989; Sung H. S., et
al., 2006).
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Fig. 7. Chemical structure of compounds 1-3 from L.

japonicum.
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Conpound 6

Fig. 8. Chemical structure of compounds 4-6 from L.

japonicum.
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3-2. F V(L. japonicum)® In vitro 3AFE A
(1) DPPH radical &4 &4

FUFE methylene chloride®t methanol (MeOH)® Z}Z} F=3}o]
23st 2FFE(crude extract)? olE &9 Aol Wl n-hexane,
85% aq.MeOH, n-BuOH, [,0%:0.% «xpdow B3l ol L
w8 &5& 7Z+7F 200, 100, 50, 10, 1 pg/mle] == 343t & DPPH
radical &A4E& SAIUY.  UxTvoezE BHA  (butylated
hydroxyanisole)®} BHT  (butylated =~ hydroxy toluene) 12]il
L-ascorbic acid& A& oM, A8t FUZ srw 3]4ste] ALEa)

®

R
5447, L-ascorbic acidve 7ZF s%ZelA 89.3, 89.1, 89.4, 27.6,
2.4%Z BHAYE 82.4, 69.3, 47.1, 13.5, 4.4%2, BHTE 55.5, 32.5,
20.8, 7.2, 47%° 2ATSs HAT =FEES 9.2, 7.0, 4.9, 4.3,
2.6%9 W 2ATS H SuigEF
6.2, 5.1, 4.5, 4.3, 3.1%2 27%<, 85% aq.MeOH ¥3Z2 9.1, 6.2
4.7, 4.4, 3.9%° 27%%, n-BuOH #83%< 296, 19.6, 11.9, 4.6
2.5%° ~7%S, HO E8&2 5.0, 3.8, 2.0, 24, 1.7%°] 27%5S B
St n-BuOH #E5% vlu 4 @ S48 By, ywx 353
o

244 HolA &t

oAl n-hexane HE3=2

¢
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Fig. 9. DPPH radical scavenging activity of crude extract and

¥ "Means with the

solvent fractions from L. japonicum.
different letters are significantly different (p<0.05) by Duncan's
multiple range test.
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(2) Peroxynitrite &4 4

Peroxynitrite (ONOO )+ DHR 123% ®k&ste] dga] EA9)
rhodamine 123°2.% w}# A == DHR 123°] ONOO~
g &= o ®¥E APEY FFEE SAHS #HUF A=Y

peroxynitrite AATS HEI}FY. hFRFSxE+= L-ascorbic acid®t

o
2
5
—
o
_&

penicillamine s AH&3I¢lom, Z2FEE3 712t &g E, 183l o
Z+% 200, 100, 50, 10, 1 pg/mle] == 34 3ste] AL&313it)

Authentic ONOO & ZFE== Agsis W £ &7 45 B3
3, 10 pg/ml o FEAME 9 72.5%2 ONOO A7 A4S vebid
LR Eo = 85% aq.MeOH¥} n-BuOH &3 &Eo] & ONOO A
FA4e BT E3 85% aq.MeOH £33 &3 p-BuOH &L 10
ng/mle] FxolA zkzE 91.5, 86.2% o] HS ONOO A7 44
etk ol Bdd Fr2 WS o, dixdozR  AMEd

penicillamine®] 92.5% 47 &3} & =Fol7F gl

X

.

SIN-1°A4 %% peroxynitritesS ZF=E= AHTsFS W =2
27 E4& BYa, 10 pg/ml o FXeA oF 63.2%2] ONOO™ 4&A &
S Ve &0 B ENAME HAl 85% aq.MeOHI} n-BuOHEE
=2oA Hold A4S YER Y. 85% aqg.MeOH¥} n-BuOH #3 &2
10 ug/mle] F=olA 747 94.8, 90.2%9) 275S H3lowH, authentic
ONOO & A#stdls et vz d koA dxd o= AR
penicillamine®] 89.0% A~A &3} & Afol7l AT, Be &ujEdS
o] &= oEHQ A& Bol F3a, 53] 85% aq.MeOHI} n-BuOH

BEFe AT FAT FR] YL B Tk
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Fig. 12. Effects of crude extract and solvent fractions from L.
japonicum on viability of HT-1080 cells. *“Means with the
different letters are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 13. Effects of crude extract and solvent fractions from L.
japonicum on viability of Raw 264.7 cells. ¥ *Means with the
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Fig. 14. Effects of crude extract from L. japonicum on intracellular
ROS levels induced by hydrogen peroxide in HT-1080
cells. The cells were incubated with different
concentration (100, 50, 10, 1 pg/ml) of the sample for the

indicated times, respectively.
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Fig. 17. Effects of crude extract and solvent fractions of L.
japonicum on regulation of GSH level in HT-1080 cells.

abNeans with the different letters are significantly different

(p<0.05) by Duncan's multiple range test.
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Fig. 18. Antioxidant effect of crude extract and solvent fractions of
L. japonicum on genomic DNA in HT-1080 cells. *°Means
with the different letters are significantly different (p<0.05) by

Duncan's multiple range test.
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Fig. 19. Effects of crude extract and its solvent fractions from L.

japonicum on viability of HT-1080 and AGS cells (100,
50, 10 pg/ml). **Means with the different letters are

significantly different (p<0.05) by Duncan's multiple range test.
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Fig. 20. Effects of crude extract and its solvent fractions from L.
japonicum on viability of HT-29 and MCF-7 cells (100,
50, 10 ng/ml). *°Means with the different letters are

significantly different (p<0.05) by Duncan's multiple range test.
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Fig. 21. Effects of crude extract and solvent fractions from L.
japonicum on nitrite production in Raw 264.7 cells (100,

50, 10 upg/ml). *®Means with the different letters are

significantly different (p<0.05) by Duncan's multiple range test.
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Fig. 22. DPPH radical scavenging activity of compounds 1-6 from
L. japonicum. *"™Means with the different letters are
significantly different (p<0.05) by Duncan's multiple range test.
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Fig. 23. Scavenging effects of compounds 1-6 from L. japonicum
on authentic ONOO™ (% of control). **Means with the
different letters are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 25. Effects of compounds 1-6 from L. japonicum on viability
of HT-1080 cells. *°Means with the different letters are

significantly different (p<0.05) by Duncan's multiple range test.
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Fig. 26. Effects of compounds 1-2 from L. japonicum on
intracellular ROS levels induced by hydrogen peroxide in
HT-1080 cells. The cells were incubated with different
concentration (50, 10, 1 pM) of the sample for the

indicated times, respectively.
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Fig. 27. Effects of compounds 3-4 from L. japonicum on
intracellular ROS levels induced by hydrogen peroxide in
HT-1080 cells. The cells were incubated with different
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Fig. 45. 'H NMR Spectrum of compound 4.
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