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Abstract

For the purpose of development of novel cosmeceutical materials from
native Jeju plants, this study was carried out to investigate the
antioxidative and elastase inhibitory constituents from ethanol extract and
of Callistemon lanceolatus. An antioxieative activity was examined by
measuring the radical scavenging effect on 1,1-diphenyl-2-picrylgydrazyl
(DPPH) radical. An elastase inhibition test was performed to isolate the
wrinkle-reducing ingredients.

Bioassay—guided investigation of the branch of Callistemon lanceolatus
led to the isolation of seven compounds such as betulinic acid, pyracrenic
acid, arjunolic acid, catechin, piceatannol, diolate compound and ursolic
acid—3-acetate. There structures was elucidated on the basis of spectral
studies as well as by comparison with literature data. Also diolate
compound identified by 1D NMR, 2D NMR, IR spectra and HR-FABMS.
Among them, arjunolic acid, catechin and ursolic acid-3—-O-acetate were
isolated for the first time from C. lanceolatus branch. And diolate
compound was identified as a new compound. Betulinic acid, pyracrenic
acid, catechin, piceatannol and ursolic acid acetate showed the ealstase
inhibition activity and pyracrenic acid, catechin and piceatannol displayed
DPPH radical scavenging activity. Pyracrenic acid exhibited very strong
elastase inhibition activity with ICso value of 3.0 pg/mlL. On the other
hand, catechin displayed strong DPPH radical scavenging activity (RCso

4.4 pg/ml) comparable to that of ascorbic acid (RCso 4.2 png/mL).

_Vi_
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Elastine =&, v3d7 53 7
FALOE 5 Al Aol Ay wizkA] 538 ¢ Jdom FHsS Eo
2o 79 Rgom mEA Eold ¢ e EA4S #n

3 elastine MEZA ] B8-S 2HA st A A fo|h Y

N P

o
fu)
%
BN
2
2
i
N
ol
rlr
(i
B
oX,
X

o

®

|
Elastaset™ elasting 3llsl= @Wd Faflgasol™ elastin #¥F ofY2}
collagen, fibrinogen, WAl @ &4 factorg walstaL, 2F-olA HYst= 7
RAES gt} 283 &4 AEE AAS ] AE A dad FS A
sotal, AT S48 dEs Eafsty|= k. aYy A< elastase A s
Ale] Aatel sk, elastase®] @A o]l HIAGH R F7heke] elastase$t
A elastase A3 Al Atole] o] ZAH =3 elastased] THHE3s] 2HE-O
2 ¥]5-9] elastind} collageno] ¥&]=lo] ¥ %o e& A& oA Ar}.5HY wa}

Al elastase?] AL Ao TN FEAHALS AA e E BE A7 A EE

W &2 Y (Callistemon lanceolatus)= =5 %3 (Myrtaceae)ol| &3dl= A &=

=
WU, £, FRE 59 o9e Atk AMAE o mEd A ok(FALS

= ) al

HEEUT S AlFel 338 UFE ZAFEIA. o] A& 3 oM Ed
ol E | o] =10 Zalw o) =% gllagic acid 283l BUPe] EE B aH Y
=3
= delldE BERUT FEeodd EelE 3= DPPH radical
scavenging test®} Elastase inhibition testE& AAlste] &Aksl a3tE 71AH

FEAA 2HE A= FEAES

2

Amany 2 59814 o
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I.As %2 94

L A%k 2 7))

A5 F%, &g B o AFEE W& Merck B Juseid AluEs
ARE-3FTE. Vacuum liquid chromatography(VLC)oll+= silic gel(0.0020-0.025
mm, Sigma), normal-phase silica gel column chromatographyoll+ silica gel
60(0.040-0.063  mm,  Merck)©] ARE 5 Qltt.  Sephadex  column
chromatography®l+= Sephadex™ LH-20(0.1-0.025 mm)< AR&3}ith. 3t
prep—HPLC(preparative Liquid Chromatography)+ Waters Alliance 2695¢]
column Sunfile™ 10 X250 mmE B2 3ate] Abgatolch. #e FAelA A&
¥ TLC(Thin layer chromatography): precoated silica gel aluminium
sheet(Silicagel 60 Foss, 2.0 mm, Merck)E A3t TLC AolA spote]
ol UV lamp(254 nm)E AFE3FA Y}, visualizing agentol] A AZ] & heat
guns olg3ste] AZX A|ATE. Visualizing agent®% 3% KMnO4, 20% KoCOs3
2 0.256% NaOHE EHF 80 A&l
e g FEANA &, FAkst S Mol ARSE UV/Vis spectrometry
+ biochromA}¢] Libra S22 UVE AF&-31SlH.

TEEAMo  o]g&%¥ NMR(WNuclear Magnetic Resonance)<  JNM-LA
400(FT-NMR system, JEOL) =+ Bruker ultrashield Plus 500(Bruker)<,
IR IR prestige-21(Shimadzu)& °©]&33 . NMR 54 £vle= CILY NMR
8 &9l CDsOD, CDCls, Pyridin-ds& AF&-3H3ith.

Collection @ jeju



2. A=

L= 2008 149

A
=2 =N

4

4

{E]:

ol ARE-

]

A
=

}9 tH(Figure 1).

5]

Photograph of Callistemon lanceolatus

Figure 1.
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evaporator® &=35F% 70% ethanol F=%& 2
Aolx 70% ethanol FEES H,O 1 L o A& A7|1 FAEA O wel &2
Hog H33o] pn-hexane, ethyl acetate, n-butanol, water fractions U<

THscheme 1).

Calfistemon fanceoiafus branch 1.5kg

70% EtOH

Extract 67.29

takeab3.2g
n- Hexane Ho0
EtOAC H,0
12.849g
- BUOH HyO

Schemel. Procedure of solvent fractionations from C. lanceolatus branch
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3-2. VLCE o83 24 4% ¢

|t $ Aol A 855 FTolA EtOAcE(3 g)& 1#F VLCUI0x5
cm, silica gel, 20~40 mash)°llA Hexane—EtOAc—>MeOHS A}-&3lo], 7} &
o] WM E 5%¥ T SA4E Fole £oE &ds Axd H
stepwise &EYHS AFESIGITE o] AR 21709 85 AUk

Lk 2%, 3% VLC(10x5 cm, silica-gel, 20~40 mash)°lA4] Hexane—
EtOAc—>MeOH= AR&-3te], 24 &uj ] vigH & S2kato] wizbrbx] WHo= 7}
Zk 1478, 8719 £8& AT

o

3-3. Compound 19 &34

12 VLCollA Fr.4(250 mg)E normal phase silica gel® %% 3 glass
columno] A7} &wj(CHCl3/MeOH=12/1)E A}-&3}e] 4709] fractions LU,
Fr.4-2(114 mg)< 7FA3 normal phase silica gel®& &% % glass column©l
708 vl (Hexane/EtOAc=2/DE HMAIA 37019 fractions dUoH, 1 F
Fr.4-2-2914 compound 1(25 mg)<S LA}

3-4. Compound 29 &34

Slo| A H& Fr.5(713.7 mg)S normal phase silica gel® &% ¥ glass
columnel] CHCls/MeOH=15/1(gradient) 7122 loadingdl®] &7 4S TLCE
skelste] 5719 fractions AUtk o] W A2 Fr.5-2(407 mg)E Sephadex
LH-2022 F% ® glass column®] CHCly/MeOH=10/1% /|Z7o=
loadingsle] 7709] fractiong LA™, Fr.5-2-se5(66.8 mg)S o &
Sephadex LH-20¢] CHCly/MeOH=3/1¢] x31°] &wjE A}&3to] 3749
fractions AU I F Fr.5-2-se5-s1& prep~HPLC(ACN/H,0=80/20)%

o]-83}o] compound 2(7.4 mg)S U (scheme 2).
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3-5. Compound 3-59] && 3}

22} VLCoA] 9& EIE Fr.6'( 48 mg)S Sephadex LH-200.2 &% #H
glass columne] CHCl3/MeOH=10:1¢] &wxz712 =2 loadingste] 5719
fractione ¥ 4 AN 1 F Fr.6'-2004 compound 3(8.3 mg)S AU
o AR 23 VLCAlA €2 #8%E Fr.5'(149.5 mg)< normal phase
silica gel2 % ¥ glass columne] Z7]8uj(CHCls/MeOH=4/1)& A3}
709 fractionS FAT. I T Fr.5'-6%}F Fr.5'-4°|4 722} compound 4(14.4
mg)9} 5(7.3 mg)E LAt

3-6. Compound 63 7¢ &34

3zF VLColAM 42 8709 fractionolA V.45 7}A]aL normal silica gel C.C
£ 3t T 6719 EEES AU, 1 T A WA subfraction?] vnp-1°]4
compound 6(52 mg)S YA

12Fe} 23F VLColA 4 Fr.3% Fr.3'S 7}A il normal silica gel C.CEZ 3}
o 5719 #EES A3, 1 T 3HA EEES &l zlolo o 2749
fraction® @ YFAt. Hexaneo| %A ¢+ HES  v1,2-n3-nhsolA

compound 7(16.2 mg)S AAr}.
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Callistemon lanceolatus branch 70% ethanol extract(67.2 g)

Fractionation

Ethyl acetate fraction(3 g)

VLC, Hex—EtOAc—MeOH

Fr.1 Fr.4 Fr.5 Fr.21
250 mg 713.7 mg
Normal Silica gel C.C Normal Silica gel C.C

v (CHCls/MeOH=12/1) v (CHCl3/MeOH=15/1)

Normal Silica gel C.C Sephdex LH-20
v (CHCl3/MeOH=12/1) v (CHCl3/MeOH=10/1)

Fr.4-2-2 Sephadex LH-20
25 mg J (CHCIs/MeOH=3/1)
Compound 1
prep—HPLC

(ACN/H20=80/20)
v

Fr.5-2-seb-sl-hl
7.4 mg
Compound 2

Scheme 2. Isolation procedure for compounds 1, 2 from C. lanceolatus

branch
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Ethyl acetate fraction(3 g)

VLC, Hex—EtOAc—MeOH

Fr.1'

L

Fr.5' Fr.6' Fr.14

Normal Silica gel C.C Sephadex LH-20
(CHCl3/MeOH=4/1) (CHCl3/MeOH=10/1)
v

Fr.6'-2
8.3 mg

compound 3
Fr.5'-4 Fr.5'-6

14.4 mg 7.3 mg
compound 5 compound 4

Ethyl acetate fraction(2 g)

VLC, Hex—EtOAc—>MeOH

V.1

Scheme 3.

I W e g N

V.2 V.3 V.4 V.5 V.6 V.7 V.8

Normal Silica gel C.C
(CHCl3 100%, CHCl3 /MeOH=20/1, 15/1, 5/1, 3/1)

vnp—1

52 mg
compound 6

Isolation procedure for compounds 3-6 from C. Jlanceolatus

branch
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Fr.3 + Fr.3'

Silica gel C.C with 171 mg
Hex/EtOAc=4/1

bbb

vl,2-nl v1,2-n2 v1,2-n3 vl1l,2-n4 v1,2-nb

l according to solubility

l l

v1,2-n3-nhs v1,2-n3-hs
16.2 mg
compound 7

Scheme 4. Isolation procedure for compound 7 from C. /anceolatus branch

_10_

Collection @ jeju



4. 24 A4
4-1. DPPH radical scavenging test

1,1-Diphenyl-2-picrylhydrazy(DPPH) 2282 FHIeHA 2hol= 7hetgt
kst A o2 53] phenold}t aromatic amines®] 4bst g4 o] Ao
o] AbE-she Woltt. dF9] ¢9E21 diphenylpicrylhydrazine Z}Alo] 7FA]
IdE EFY A wie 525 nmolld A FF wWE worh ey
phenol?} #& Fauy HAAE A3 Fv A2 FAA% S A HH F
o A= HE A hydrogen radicals /43HA €t ojwf F4 wi= AEA|
3 okge BA7E "ok ek FojE dAE vt Hew 4

#slo] A weMe] DPPH Mol A& AojxA Hi, EFEE 7FA5H HEw

A 24 A9 Boisdw' Ve SEatel thest ol AP

HA Al82E 1 mg/mL ¢ 52 70% ethanols &u]Z &} %<2t DPPH
Al%E 0.3 mMe] HESF 59F F o|& 7ML A ds wET. A AL F
4.7 mLE s W 0.3 mM €9 1.2 mL, DMSO 0.5 mL, 100% EtOH 3 mL
£ ol F3%=7F 0.94014 0.97¢] == Bt5o] ARRstqlth. v+ X DPPH &
A 0.54 mL o &7} 77t 100 pg/mlL, 50 pg/ml, 25 pg/ml, 12.5 pg/mlL,

6.25 ng/mL ©] HEX 3|43 A 8F 0.06 mLE FH7lsto] AolA 10&1F wF

SAlZ1 ¥ UV/Vis spectrometerE AF&38le] 525 nmollA SHE=E FAH3HA
gz 2AZE(%)S T AAGSH WEEo] 50% d W AR Fk

(RC50)= AXFFATE. o)uf AL&¥ thZR O 2E vitamin CE AFE 3T

_11_
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B -C
Scavenging effect (%) = 1 - A— < 100

A : DPPHY T3 %
B : DPPHS} Algukgae] S35
C:ANE AA9 &3=

@ A )\

DPPH radical (violet, 525 nm)

N—-N NO +
@ oz
Diphenylpicrylhydrazine Phenoxy
(yellow) (radical)

Figure 2. Scavenging of the DPPH radical by phenol

_12_
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4-2. Elastase inhibition test

Elastase inhibition test:® JamesH'”< $83le] AL8319lth Buffer:s 0.2

M Tris-HCl  buffer (pH 8.00& ARgsAx, Agd 7]12&

[e)

N-succinyl-Ala-Ala-Ala-p-nitroanilide & A}-&3}%t}.

282 buffer(pH  8.9), sample(10 mg/mL, stock), N-succinyl-Ala-

23
Ala-Ala-p-nitroanilide(4 mM), porcine pancreatic elastase(PPE)(100 u
g/mL, stock)E 722t 84:1:10:19] H]E&= AL 256C oA 1537 §k3 A7l &
410 nmellA UV/Vis 233 =AE o838t F3=5 54 o
ug/mL, 50 pg/mL, 25 pg/mlL, 12.5 pg/mL. 6.25 ug/mL2]
At 54 AdleE S e 22 Aol o %= ALt HU

s Tt ol AFRH YR T e ®E oleanolic acidE AHEEFYI T

Yy B (C -D
Elastase inhibition (%) = 1 - —— X 100
(A - B)
. sample ™4l solventE ¥ §4E5 H7lsle] wkgsl 39 &34
. sample Al solventE ¥l @45 FH7I8HA] &2 AHZ w3l o] S35

1%'_7
D EAE H7Ee wHe ek §9 sample] F3=

PEAE YA o2 AEHE SR 3] sampled] FEE

1-= &

R ™ 1

4_3 }"ﬂ ,\Jj_ HH oo}:

WA AMEZ AY (Murine macrophage cell line)?l RAW 264.7 Al¥E+= 3kt A|
X523 (KCLB; Seoul, Korea)o=HE Fo Hbol penicillin—streptomycin
100 units/mL¥} 10% fetal bovine serum (FBS)o] %% DMEM ®HjX]
(GIBCO, Grand Island, NY, USA)E AH&-8te] 37T, 5% CO, @710l wl
shlon, 3o g HA Ahul g Ald AT

_13_
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4-3-1 Nitric oxide 24 <A H7}

RAW 264.7 AXE 10% FBS7b #7}¥ DMEM #A& o]&3te] 1.5x10°
cells/mLZ ZA3 ¥ 24 well plate o HF3stL, FE=& A159 LPS (1
g/mL)E FAldl Aefste] 2413 wigetith. A E NOo| 2 Griess A 9F
[1% (w/v) sulfanilamide, 0.1% (w/v) naphylethylenediamine in 2.5% (v/v)
phosphoric acidl& ©o]-&ato] MEwG Fo EAsk= NO. o Fe= A6t
Atk Azt 459 100 uLe Griess Al°F 100 pLE E#3te] 96 well
platesoll A 10 &< WHEAZ1 F 540 nmolA FHE=E SAsIc A

NO9| %2 sodium nitrite (NaNQOg)E standard® H] n 3} T}

4-3-2 A ¥X54 H7} (LDH assay)

RAW 264.7 A3 (1.5%10° cells/mL)S DMEM #jA|e] &2 X2} LPS
(1 ng/mL)E A Agste] 2473t ik & 5 wj g #j#]E o] 3,000 rpme]
A 5E7E dAERY §9rk. LDH  (lactate  dehydrogenase) assay+
non-radioactive cytotoxicity assay kit (Promega)= ©]-&3}o] =A 3o, 96
well plateo] €A #glslo] AL a]d wl#] 50 uLe} reconstituted substrate
mixE 50 pLE Yar, A2 A 30+ HESAIZ $ 50 pl9 stop solutions ¥

% microplate reader (Bio—TEK Instruments Inc., Vermont, WI, USA)E

rlo

ARgsEe 490 nmel X FFEE SAST. 4 Alsdel did Fd FEE w@
=

|

S Fetglon, thE+ (LDH control, 1:5000)¢ &3% zka} Hlwsle] Al

=

e Hrhaer,

_14_
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1. H<&

bl

g9 3tE = 2

L,

A
o

L ZEA] el A
1-1. Compound 1, 298] Fz3[4

Compound 1& "C-NMR spectrumol” 3070¢] carbon =9 'H-NMR
spectrumol A 670 WE7]o] dduaE ¥gsie] WL H99 aliphatic
signal2 HIH O R triterpene o & o =31 tHfigure 5, 6).

BC3 DEPT-NMR spectrumol|A] § 178.9% carboxylic acid, § 150.49}
109.0 9] signal H'd AR 747} 43bgkAe} CHolS & 5 AaL, § 78.3
9] signal& AF4o 213 999 methined EAYIARE o= 3 5 gt o]
2 compound 1°] betulinic acid¥< =g on &3 njwsie] 3ols)
A} (figure 3).

Compound 29 NMR data® A+t 23} betulinic acid® FEA=Z
"H-NMR spectrum®l A § 4.55(1H, m)2] signal® H®o} aromatic ester’} 3
A o] AgtE Aoz oA H At igure 7, 8).

'H-NMReIA 6 6.24(d, J =15.8 H2)¢ § 7.52(d, J = 15.8 H)= AgH
Edx Y3 39 94 § 6.78(d, J = 8.0 Hz), § 6.94(dd, J = 8.0, 2.0
Hz) Z28]31 § 7.03(d, J = 2.0 Hz»)= Ho} 1, 3, 45 x|l 3717} *|3k% Al
o2 dAeda o] caffeate® sttt WA compound 25 F&!17x}
Hlw3sle]  betulinic acid 3B-O-caffeate =, pyracrenic acid® 5743 Th

(figure 4).
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Figure 4. Chemical structure of compound 2
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Table 1. NMR spectroscopic data® for compounds 1 and 2 (400 MHz
CD:;OD and CDCIS)

No compound 1 compound 2

) &y (int, multi, J Hz) 8¢ (ppm) &u (int, multi, J Hz) 8. (ppm)
1 38.4 39.6
2 26.5 24.8
3 2.96(1H, t, 7.8, 8.3) 78.3 4.55 (1H, m) 82.3
4 38.4 39.1
5 55.0 56.9
6 17.9 19.3
7 34.0 35.5
8 40.3 41.9
9 50.2 51.9
10 36.8 38.1
11 20.5 22.1
12 25.2 26.8
13 37.9 39.6
14 42.1 43.6
15 30.2 30.8
16 31.9 33.3
17 55.9 8.5
18 48.8 50.4
19 2.83 (1H, m) 46.7 3.03 (1H, m) 48.4
20 150.4 152.0
21 29.3 S L. 7
22 36.8 38.3
23 0.55 (3H, ) 27.4 0.89 (3H, s) 28.5
24 0.75 (3H, s) 14.9 0.95 (3H, s) 16.6
25 0.63 (3H, s) 15.6 0.92 (3H, s) 7
26 0.76 (3H,s) 154 0.99 (3H, s) 16.7
27 0.78 (3H, s) 14.2 1.03 (3H, s) 19.1
28 178.9 180.2
29 4.53, 4.39(1H, s) 109.0 4.71, 4.60 (1H, d, 1.7) 110.2
30 1.49 (3H, ) 18.8 1.70 (3H, ) 19.5
1 115.6
2 7.03 (1H, d, 2.0) 146.6
3' 149.4
4 115.1
5' 6.78 (1H, d, 8.0) 122.9
6' 6.95 (1H, dd, 8.0,2.0) 127.7
7' 7.53 (1H, d, 15.8) 146.8
8' 6.25 (1H, d, 15.8) 116.5
9' 169.2

a1y, BC NMR spectra were recorded in CD30OD and CDCls solution at 400 and 100 MHz,

respectively.
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Figure 6. >C-NMR spectrum of compound 1 in CDCl;
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1-2. Compound 3¢] Fx3)4]

Compound 3< C-NMR spectrumollA 307019 €2 33 'H-NMR
spectrumell Al 671 W€ 7|e] @duaE E3tste] aliphatic signals ¥HE S
2 triterpene &2 o 53} tH(Figure 10, 11).

BC3 DEPT-NMR spectrum®l A 6 181.82] signale carboxylic acid®l<

=

ok 4= 9o, olefin EFA9] signal¢l § 144.13 § 121.4 = Z}7} 4x¥k4

o} CHYIS 6§ 68.0, § 78.5% 2Faol AAS YA methines, 12|31l § 67.6
oA methylene®] 54 Ha9E& & & AUk o5 EAH nlu
compound 3% 2a,23-dihydroxyoleanolic acid <, arjunolic acid® 213}

9 tH(figure 9).

NS

~

HO

Figure 9. Chemical structure of compound 3

_20_

Collection @ jeju



Table 2. NMR spectroscopic data® for compounds 3 (400 MHz CD30D)

compound 3

No-. 6y (int, multi, J Hz) & (ppm)
1 45.8
2 3.50 (1H, d, 5.8) 68.0
3 3.68 (1H, m) 78.5
4 42.3
5 47.8
6 17.8
7 32.5
8 38.9
9 47.3
10 37.6
11 22.7
12 5.23 (1H, m) 121.4
13 144.1
14 41.5
15 29.3
16 27.3
17 46.3
18 2.84 (1H, dd, 3.7, 10.0) 41.1
19 45.7
20 30.5
21 33.6
22 31.8
23 67.6
24 1.00 (8H, s) 12.5
25 0.92 (3H, s) 16.5
26 0.88 (3H, s) 16.4
A7 1.14 (3H, s) 2@
28 181.8
29 0.71 (3H, s) 32.7
30 0.80 (3H, s) 23.1

a 4 BC NMR spectra were recorded in CDsOD solution at 400 and 100 MHz,

respectively.
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Figure 10. 'H-NMR spectrum of compound 3 in CDs;0D

Figure 11. "C-NMR spectrum of compound 3 in CD3;0D
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1-3. Compound 4¢] F-%3]4

Compound 49 F+%Z #9lsl7] 93] 'H, “C NMRS =439 tHFigure 9,
10.). C-NMR spectrumel A & 100~160 9] carbon signal®} 'H-NMR
spectrum® 4] § 5.85~ 6.849 412 signalel &3] aromatic ringe] USS &
T e (Figure. 13, 14), 1719 methylene 47t #5% g} &3 6§
6.84(d, J = 2.0 Hz), 6§ 6.77(d, J = 8.1 Hz), § 6.71(dd, J = 8.1, 2.0 Hz),
5.92(d, J = 2.4 Hz), 5.85(d, J = 2.4 Hz)olA AZH 5 o= Ho} 27+
ortho coupling, 370E meta couplings 3te Ao= #F=EHow B¢
spectrum& 25 15719 EAE /MK Je AR Hol o= HIHQ
flavonoid9& & % %tk ©]E 'H,C-NMR dataZ #3'73 njaws 2z}

=
=
compound 4+ catechin®dS & 4= AU THfigure 12).

Figure 12. Chemical structure of compound 4
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Table 3. NMR spectroscopic data® for compounds 4 (400 MHz CD30D)

compound 4

No.

&u (int, multi, J Hz) 8c (ppm)
2 4.56 (1H, d, 8.0) 83.0
3 3.97 (1H, ddd, 7.8, 7.8, 5.4) 69.0
4 2.85 (1H, dd, 16.0, 5.4) 28.7

2.50 (1H, dd, 16.0, 8.0)

5 157.7
6 5.85 (1H, d, 2.4) 96.4
Wi 157.1
8 5.92 (1H, d, 2.4) 95.7
9 158.0
10 101.0
1' 132.4
2! 6.84 (1H, d, 2.0) 115.4
3 146.4
4 146.4
5' 6.77 (1H, d, 8.1) 116.2
6' 6.71 (1H, dd, 8.1, 2.0) 120.2

a Iy, BC NMR spectra were recorded in CDs3OD solution at

respectively.
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Figure 14. "C-NMR spectrum of compound 4 in CD;0D
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1-4. Compound 5¢] %3} 4]

Compound 59 C-NMR spectrumol|A] 2% 11719 signale] #=% a1,
1% 6 159.6, 6 105.89] peak”7} ThE peakell HlE] Z AR Hop o @A
2707 A4S oA 4= QAT 1H-NMR spectrumoll Al 2 § 6.97 (d, J
= 2.0 Hz), § 6.83 (dd, J = 8.0, 2.0 Hz), 6§ 6.75 (d, J = 8.0 Hz), § 6.43 (d,
J = 2.0 Hz)E9 coupling constant #t2.% Ko} meta AZH I} ortho A&
S S ASS & 4 Aem §6.89 (d, J = 16.0 Hz), § 6.76 (d, J = 16.0
Hz)9] coupling constant #4222 Mo} o]= vinyl protonsol A trans FEIZ &

Astil Jae AT + AATHfigure 16,17). &= & = o] 33t

=]
=
trans-stilbene ¢ ZZAE& 7HHES A5 F A3, EAVI nag A
=
[e)

A3t G o figure 15).

piceatannol®.=® %

Figure 15. Chemical structure of compound 5
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Table 4. NMR spectroscopic data® for compounds 5 (400 MHz CD30D)

compound 5

No.
&n (int, multi, J Hz) 8c (ppm)

1 141.3
2 6.43 (1H, d, 2.0) 105.8
3 159.6
4 6.16 (1H, t, 2.0) 102.6
5 159.6
6 6.43 (1H, d, 2.0) 105.8
7 6.76 (1H, d, 16.0) 12667
8 6.89 (1H, d, 16.0) 129.7
1 131.1
2' 6.97 (1H, d, 2.0) 116.4
3' 146.5
4' 146.5
5' 6.75 (1H, d, 8.0) 113.8
6' 6.83 (1H, dd, 8.0, 2.0) 120.2

a 1 BC NMR spectra were recorded in CDsOD solution at 400 and 100 MHz,

respectively.
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Figure 16. 'H-NMR spectrum of compound 5 in CDs;0D
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Figure 17. "C-NMR spectrum of compound 5 in CD3;0D

_28_

Collection @ jeju



1-5. Compound 6¢] F-%3]4

Compound 69 x5 EA37199s] 1D, 2D-NMRI}(figure 18,19,20,21),
IR 8 HR-FABMS(positive)& 43ttt 54 23 2442 CiiHrrONoH,
m/z 647.5846(caled m/z 647.5853)% HIth EF  [M+H-CoHs]™ 9]
fragmentation?! m/z 619.57¢] #=Z= ¢t} IR spectrumo] A 1737.8 cm <]
A3 FF 9AR Kol ester U7 92 dd 2 S+ Ay FCH
DEPT-NMR spectrumdl A carbonyl, olefin, 43} %49t 2709 wE7],
methylene?] ©4AZS X 3tste] 22719 &4t S-S &2l 3Tt T3 Mass
spectroscopic datag %3] amino group®] U< & = AJUTH
'H-NMR spectrumoll ] § 5.53, § 2.44, § 2.14, § 1.7
AEo] et e, HMBCE %3l oleic acide] dy-ito] A5t A& o3
T AT T § 28.07 FHEF= allylic 4E(C-8,C-11"°] upfield A
UEl= 3102 Hol olefin®] 9'®HA49] cis WlES 81 4 AU
Oleic acid®] carbonyl signalS X compound 62| carbonyl®] shielding¥
A7, IR spectrum@ @ Hol ester 22 F3 AAHS A5S 4T
t}. C-NMR spectrumdl A oleic acid 332 A|&Jshd s}e] 43 @423 =
&8k 4719 signalo] #EATH 'H-NMR spectrum®l A &1}e] methylene®} &

2]¥ ethyl group®] dNWdlE signale] Hol:d 'Hel AEuH|E= E@lg ethyl

pass

Ay

(|

groupe] A&HEh 2v) Z AHAS &9l g 4 QAT T singlet methylene
signal®= 2% ethyl signal¥} H|skH 2814 = = A HAt}E o]+= oleic acid
2707F A & ethyl -7 dAH Uss A48T F UAH ol& data
g 72 7474 AdS HMBCE Tl itk (figure 22). o]=2M o] 3¢
=& Dioleate AIE 9 At 3tERE &4 skt
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Figure 18. Chemical structure of compound 6

Table 5. NMR spectroscopic data® for compounds 6 (500 MHz

pyridine—ds)

compound 6

No . .
Sy (int, multi, J Hz) &. (ppm) HMBC (H—C)
1 &3 4.37 (4H, s) 64.5 C-2, C-4, C-1", C-1"
2 41.7
4 1.60 (2H, q, 7.5) 24.0 C-1, C-4
5 0.99 (8H, t, 7.5) 8.1 C-2, C14
1" & 1" 173.7
2' & 2" 2.44 (4H, t, 7.5) 34.7 c-1', C-1"
3 & 3" 1.72 (4H, dd, 7.5) 25.7 c-1, C-1"
4" & 4" 1.29-1.37 (4H, m) 30.3
oy 058 1.29-1.37 (4H, m) 29.9
o o 1.29-1.37 (4H, m) 30.4
7 & 7" 1.38-1.45 (4H, m) 30.0
8 & 8" 2.14 (4H, m) 28.0
9" & 9" 5.53 (2H, m) 130.6 c-7', C-8', C-7", C-8"
10" & 10" 5.53(2H, m) 130.7 c-11', C-12', C-11", C-12"
11" & 11" 2.14 (4H, m) 28.0
12" & 12" 1.38-1.45 (4H, m) 30.0
13" & 13" 1.29-1.37 (4H, m) 30.6
14" & 14" 1.29-1.37 (4H, m) 29.8
15" & 15" 1.29-1.37 (4H, m) 29.8
16" & 16" 1.29-1.37 (4H, m) 32.6
17" & 17" 1.29-1.37 (4H, m) 23.4
18" & 18" 0.91 (6H, t, 7.5) 14.8 c-16', C-17', C-16", C-17"

w

a1y 13C NMR spectra were recorded in pyridine-ds solution at 500 and 125 MHz,

respectively. Assignments were based upon HMQC, HMBC experiments.
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Figure 19. "H-NMR spectrum of compound 6 in pyridine—ds
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Figure 20. BC-NMR and 135° DEPT spectrum of compound 6 in pyridine—ds
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Figure 21. COSY and HMQC spectrum of compound 6 in pyridine—ds
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1-6. Compound 7¢] G-%3]4

Compound 79 T%Z ®A&7 98 'Het “C-NMRS =A&t
BC-NMR spectrumol A 32702 7+ 9139 'H-NMR spectrumo|A] §
1.08(3H, s), 0.96(3H, s), 0.87(6H, s), 0.85(6H, s), 0.75(3H, s)o] WE7]¢} §
0.8°14 & 2.2 A}e]9] aliphatic signals H}EC % triterpenoid Al%E9 33&E
A Fo R detlthfigure 25,26).

BC3 DEPT-NMR spectrumol Al § 183.89] signal carboxylic acid¥]-<
& = Ao § 171.19 signalZ H.o} ester7} 3 X A o] S A

2 d=g = drk. =3 5 125.7% 6§ 137.99) signal® Ho} olefin 47}
S Aoz st 'H-NMR spectrumolAl & 2.05(3H, )9 signal<
ester7lo] o} & WEI|Z 45T & At o] 'H°C-NMR datag %
el B oS W ursolic acid T30 ester’} A3H o] A= FFEZ 4SS
om 2242293 niwale] ursolic acid-3-acetate® % =439 tHfigure
24).

(A}

o
e

29

NSITHTITD
\]IIH "

24

Figure 24. Isolated compound 7 from C. lanceolatus
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Table 6. NMR spectroscopic data® for compounds 7 (400 MHz CDCl3)

compound 7

No &n (int, multi, J Hz) & (ppm)
1 38.3
2 23.6
3 4.50 (1H, t, 8.0) 80.9
4 37.7
5 55.3
6 18.1
A 32.8
8 39.5
9 47.4
10 36.9
11 23.3
12 5.24 (1H, m) 125.7
13 137.9
14 41.9
15 28.1
16 24.0
17 47.9
18 2.18 (1H, d, 11.5) 52.5
19 39.0
20 38.8
21 30.6
22 36.7
23 0.85 (3H, s) 28.0
24 0.85 (3H, s) 16.7
25 0.96 (3H, s) 15.5
26 0.75 (3H, s) 17.0
27 1.08 (3H, s) 2385
28 183.8
29 0.87 (3H, s) 17.1
30 0.87 (3H, s) 21.2
1 171.1
2' 2.05 (3H, ) 21.3

a I 13C NMR spectra were recorded in pyridine-ds solution at 400 and 100 MHz,

respectively.
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2. DPPH radical scavenging test

>~

DPPHE AAE ZA oz 1 A7} ]9 obA 3 go)zd 139 3l3Ez A,
Azl 9Jste] 3 Eo] o] AAHWE 59 HEpo] §lojxHA] 525
nmol| Al Hold Supao] Algx| A Hu E AFoM+= FE¥E DPPH

S 5435k RCso #ho = F@ASTE RCs #hol 275 24

—
)

=
o

&,
b
L)

tjo

HELYE 71X 9 70% ethanolFE%E 2 #EES 7FX 3 DPPH radical

27 ZAS AAEATY. A8 F=7F 100 pg/mLY W FEELS 83.6%,

-I {

hexane fraction 13.9%, ethyl acetate fraction 84.4%, butanol fraction
84.5%, water fraction 83.1%2] A7 &AS H Y oW (Figure 27) RC502 =4
371 98 50 pg/mL, 25 ug/mL, 12.5 pg/mL, 6.25 ng/mLe sEH=E LA
BE At O A3 FE2E9 49 RCsoate]l 17.0 pg/mL, EtOAc fr.
19.4 pg/mL, BuOH fr. 8.1 ug/mlL, water fr. 14.1 pg/mL= Wz HET
C Bt} £x @ou} ol A £ radical &7 FAS 1YL A& 4

A} (Figure 28).

s/

120
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S 80 —I—
m
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z
G0
&
o
(5]
B an
E
T
T 20
: =
0 : .
Witamin C Extract Hex fr, EtDAc fr, Eu(H fr, Wiater fr,

Figure 27. DPPH radical scavenging activities for extracts
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Figure 28. RCsy value of DPPH radical scavenging activities for extracts

2-2. WERUT T EREH ZEE skl &4 44

A
ml

Ethyl acetateZolA #&%¥ compounds 1-72] DPPH radical &7 &4 &
AAEA T Compound 13 3, 6, 72 AS 7HAaL AR & Aow 3oy
213l, compounds 29 4, 5% A5 X7} 100 pg/mLY wf zZ+zk 78.1%,
80.1 %, 71.2%° AATHS 7MAl= ALo=Z &2l st (Figure 29). °lE&<]
RCso= 574371 #18 50 ng/mL, 25 ug/mL, 12.5 ng/mL, 6.25 ng/mLe] X%
HE 2ASHS A8 Y 2 23 compound 2% RCso@kel 13.1 ug/mlL,
compound 5% RCsogto] 14.5 pg/mLE ethyl acetate T8 &E HT} £ &2A
TEE 7S &+ I (Figure 30). T3F compound 49 7% thZ&+Ql H]
EfRl Cob AR RCso#k?l 4.4 ng/mLe] %% radical £2712A4& 7
¢l skt

=

s
T

el

KeN
=

_] {
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Figure 29. DPPH radical scavenging activities for compounds 1-7
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Figure 30. RCsp value of DPPH radical scavenging activities for isolated

compounds from C. lanceolatus
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3. Elastase inhibition test

FEzA o eSS A=Y 7t A S #HostE elasting Zhdl o
a9l elastase? A& T3 ABAE+= p-nitroaniline? ¥& SIS A

st A5 a3 diste] Hrb ST B A A e wEHE elastase &4

3-1. WELUR M) 5389 a4 dx

N

}A13L elastase A
oA AHe AABITE A5 $%7F 100 ng/mLY o FE5°] 4F 67.6%,
ethyl acetate fraction 81.8%, butanol fraction 63.9%% thZ<l oleanolic
acid 74.0%¢ Blaste] FAREE A4S HAdS o = AAH(Figure 31). o] &9
ICsotks 5437l 918 50 ng/mlL, 25 pg/mL, 12.5 pg/mL, 6.25 ng/mLel &
THE AN S SAHBAT. FEELS [Csottel 20.2 ng/mL, EtOAc fr. 11.7
pg/mlL, BuOH fr. 40.9 pg/mLEZ 3F¢l & 4 Adal(figure 32), thE¢l
oleanolic acid®] ICso%t%l 3.00] WX A= ¢Fo} £L x| a3s HYS
T AU

&2 712 9] 70% etahnol F5& 2 RIES
A

2

100
a0 -
80
TOor
B0 |
S0

an ||
30 Fff
20
o b

Inhibition {3}

m @B o0oao
s opy o o=

Qleanolic acid Extract Hex fr. EtCAc fr. EuQH fr. Water fr,

Figure 31. Elastase inhibition activities for extracts
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Figure 32. ICso value of Elastase inhibition activities for extracts
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Figure 33. Elastase inhibition activities for compound 1-7
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Figure 34. ICso value of Elastase inhibition activities for isolated

compounds from C. lanceolatus
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4. NO & MTT assay

Nitric oxide(NO) A4l w3 compound 6 2] &I}E F2lslr] 93}
RAW 264.7 M3 LPS(1 pg/mL)¢} compound 6& == AHElstgith. Al
dE NO9 &2 Griss A oFs ol &3kl AE wjgy Fol A= NO2 o ¥
=2 SAsAT. 2 A3 AlE 542 YeEhuA] &3k, NOY A4 oA &3
= YWERA 3kt

70 140
N0 ——MIT

60 | 1 120

50 ¢ 1 100
40 r 1 80

30 ¢ 1 60

NO production (ub})

20 ¢ 1 40

Celly iability (%o of control)

10 r 120

0

LPS (1 ug/ml)

Compound 6 (ug/ml) u - 125 25 50 100

Figure 35. Effects of isolated compound 6 from C.lanceolatus on the

production of nitric oxide in LPS—stimulated RAW 264.7 cells.
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