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Development of Functional Cosmetic Ingredients from
Epilobium angustifolium, Chamaecyparis obusa Seeds and

Sorbus alnifolia

LIU BO SHI

Department of Chemistry
The Graduate School

Jeju National University

Abstract

In this study, we investigated anti—oxidative, anti—bacterial,
anti-inflammatory and whitening constituents from aerial parts of Epilobium
angustifolium L., seeds of Chamaecyparis obusa (Siebold. et Zucc.) Endl.,
leaves and branches of Sorbus alnifolia (Sieb. et Zucc.) K. Koch.

Dried plant samples were extracted with 70% or 50% aqueous ethanol, and
crude extracts were subjected to solvent fractionation according to polarity.
The chemical structures of the isolated compounds were elucidated based on
the spectroscopic data including NMR and HR-ESI-MS spectra, as well as
comparison of the data to the literature values.

Twenty one constituents were isolated from the extract of Epilobium
angustifolium L. aerial parts; n—-dodecane (1), lauric acid (2), ethyl oleate
(3), 1-monoolein (4), linoleic acid (5), coriolic acid (6), ethyl linolenate
(7), a-linolenic acid (8), 1-linolenoyl glycerol (9), 15-isopimaren—-383,833
—diol (10), a-amyrin (11), B-amyrin (12), ursolic acid (13), oleanolic acid
(14), maslinic acid (15), corosolic acid (16), B-sitosterol (17),

5-desmethylsinensetin  (18), p-coumaric acid (19), caffeic acid (20),
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(S)-danshensu caffeic anhydride (21). As far as we know compound 21
was identified as a novel compound found in nature.

Upon the anti-oxidative studies by DPPH and ABTS" radicals, potent radical
scavenging activities were observed in n-butanol (BuOH) fraction and extract.
The extract, mhexane (Hex) and ethyl acetate (EtOAc) fractions showed
anti—bacterial activities against Staphylococcus epidermidis, Streptococcus
mutans and Cutibacterium acnes. Also, in the anti-inflammatory tests using
RAW?264.7 mouse macrophages, the n—-Hex and EtOAc fractions inhibited the
production of nitric oxide (NO) without causing cell toxicity. In addition, the
n-Hex and EtOAc fractions reduced production of prostaglandin (PG) E, and
pro-inflammatory cytokines (tumor necrosis factor (TNF)-a, interleukin (IL)-6
and IL-183. In the whitening tests using B16F10 melanoma cells, the n-Hex
and EtOAc fractions concentration—-dependently inhibited cellular melanogenesis
and intracellular tyrosinase activity without causing cell toxicity. Moreover,
isolated compound 21 from EtOAc fraction showed potent free radical
scavenging activities, excellent anti-inflammatory activities, and
anti—-melanogenesis inhibition effects.

Forty one constituents were isolated from the extract of Chamaecyparis
obusa (Siebold. et Zucc.) Endl. seeds; (®R)-p-menth-1-en-4,7-diol (1),
(1R,2R,4R)-p—menthane-1,2,4-triol (2), a—eudesmol (3), y—eudesmol (4), B
—eudesmol (5), oplodiol (6), 4-eudesmene-18,11-diol (7), ent-4(15)-eudes
-men-1la,11-diol (8), 3-eudesmene-18,11-diol (9), hinokiic acid (10), la
-hydroxy-hinokione (11), 12-methoxy-8,11,3-abietatriene-783,11-diol-3-0
-ne (12), hinokione (13), 1,2-dehydrohinokione (14), la-3B-dihydroxytota
-rol (15), hinokiol (16), isohinokiol (17), sugiol (18), ferruginol (19),
cryptojaponol (20, 7a,11-dihydroxy—-12-methoxy-8,11,13—abietatriene
(21), 7B-hydroxydeoxocryptojaponol (22), 6,7-dehydrodeoxocryptojaponol
(23), trans—communic acid (24), chamaecydin (25), a-linolenic acid methyl

ester (26), a-linolenic acid (27), deoxypodophyllotoxin (28), yatein (29),
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hinokinin  (30), savinin (31), haplomyrfolin (32), sesamin (33),
aromadendrin (34), taxifolin (35), taxifolin-3-0O-B-D-xylopyranoside (36),
taxifolin—-3- O-a-L-rhamnopyranoside (37), apigenin (38), scutellarein (39),
quercetin (40), quercitrin (41). As far as we know the compound 11 was
identified as a novel compound found in nature.

Upon the anti-oxidative studies by DPPH and ABTS' radicals, potent radical
scavenging activities were observed in extract, EtOAc, n—-BuOH fractions and
isolated compound 32. The extract, m—Hex and EtOAc fractions showed
anti-bacterial activities against S. epidermidis, S. mutans and C. acnes. Also,
in the anti-inflammatory tests using RAWZ264.7 mouse macrophages, the
extract and n-Hex, EtOAc fractions inhibited the production of nitric oxide
(NO) without causing cell toxicity. In addition, the extract, m~Hex and EtOAc
fractions reduced production of pro-inflammatory cytokine TNF-a. In the
whitening tests using mushroom tyrosinase, the n-Hex, EtOAc fractions and
isolated compounds 18, 19, 21, 24 concentration-dependently inhibited
tyrosinase activity. On the other hand, among the isolates, compounds 3,
10-15, 19, 21, 22, 24 showed potent anti-bacterial activities against S.
epidermidis and C. acnes. Also, isolated compounds 11, 13-15, 17, 20, 22,
29, 32 showed strong anti-inflammatory activities.

Twelve phytochemicals were isolated from the extract of Sorbus alnifolia
leaves; ursolic acid (1), oleanolic acid (2), a—amyrin (3), corosolic acid
(4), (B)-phytol (5), a-linolenic acid (6), a-linolenic acid methyl ester (7),
1-linolenoyl glycerol (8), afzelin (9), kaempferitrin (10), kaempferol 3-0-
B-D-xylopyranosyl-(1—2)-a-L-rhamnopyranosyl-7- O-a-L-rhamnopyranos
-ide (11), kaempferol 3-O-[deoxy-ribo-hexos—-3-ulosyl-(1—2)-a-L-rham
-nopyranosyl]-7-0O-a-L-rhamnopyranoside (12). As far as we know, the
compound 12 was identified as a novel compound found in nature.

On the anti-oxidative tests, the EtOAc, n-BuOH fractions and isolated

compounds 9, 10, 11, 12 showed potent free radical scavenging activities.
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Also, for the cellular protective effects on HaCaT keratinocytes damaged by
H>0,, the extract, EtOAc fraction and isolated compounds 10-12 indicated
protective effects against oxidative stress. Upon the anti-bacterial tests using
S. epidermidis and C. acnes the extract, nHex, EtOAc and n-BuOH
fractions showed activities. In the anti-inflammatory tests using RAW?264.7
cells, the nm—Hex, EtOAc fraction, isolates 11 and 12 inhibited the production
of NO without causing cell toxicity. Moreover, the compounds 11 and 12
exhibited the PGE, and pro-inflammatory cytokines (TNF-a, IL-6) inhibition
activity.

Eight phytochemicals were isolated from the extract of Sorbus alnifolia
branches; B-amyrin (1), ursolic acid (2), 2-oxopomolic acid (3), euscaphic
acid (4), B-sitosterol (5), daucosterol (6), epi~catechin (7), prunasin (8).
On the anti-oxidative tests, the extract, EtOAc and n-BuOH fractions
showed potent free radical scavenging activities. Also, for the cellular
protective effects on HaCaT Kkeratinocytes damaged by H.0O,, the EtOAc and
n~BuOH fractions indicated protective effects against oxidative stress. Upon
the anti-bacterial tests using S. epidermidis and C. acnes the extract, n-Hex,
EtOAc and nBuOH fractions and isolated compounds 3, 4 showed
anti—bacterial activities. In the anti-inflammatory tests using RAW?264.7 cells,
the extract, n~Hex and EtOAc fractions, as well as isolates 3 and 4 inhibited
the production of NO without causing cell toxicity. Moreover, the compound 3
exhibited PGE; and pro-inflammatory cytokines (TNF-a, IL-6) inhibition
activity and compound 4 only decreased production of (TNF-a, IL-6).

Based on these results, it was suggested that the extract and isolated
compounds from aerial parts of Epilobium angustifolium L., Chamaecyparis
obusa seeds, Sorbus alnifolia leaves and branches could be potentially

applicable as natural source for pharmaceutical and/or cosmetic ingredients.
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Figure 1. Chemical structures of anti-oxidants.
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A Ao =43 toll-like receptor 4 (TLR4)+= 13 SA1 A9 9w

=4 ARl LPSE <1258to] extracellular signal-regulated kinase (ERK),
c-Jun N-terminal kinase (JNK), p38%& 3 3¥3}+ mitogen—activated protein
kinases (MAPKs) 413 A9 A2E fdach!® MAPKsE A2 4], 3,
A5, AE A 5 g AE W BESH 9gs 29 MEK/ERK A
% ¥ 42 % ERK kinaset= MAPKsE #4353, ERKE djo& 395 of
AAE O QAE Qzbslsle] #@AS A FA4sE giAAEE
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS) ¢} #-2
AS mi =4S St ASVHES FHAA

% -34d 1 (gram-negative bacteria)®] A 3E 2] dto] A8k
lipopolysaccharide (LPS)&= W42 2 484 lom, HHolrt 5O HA
A o gy WEEo IHIAFTH HIAFTH LdE don. LPSe
RAW264.73 22 @3] 24| ¥ (macrophage =% monocyte) 258 T3k ¢

F g Axz

o

2% tumor necrosis factor-a (TNF-a), interleukin—-6
(IL-6), 1IL-1B¢ #& d= AT Alo]E7Fel(pro-inflammatory cytokines)S
TN E ez dEA Juh' 53] TNF-q, IL-1B8% iINOS9| #HdS
E=3th INOSE BAdl= AlXE el EA4skA] oy I FsHd FARE 5

oF thefo] A3bA 4 (nitric oxide, NO)E AJA 3 dubzel NO A2

golE FolAY FTUE AAAIE T TS AN HEd NO FAd2
AEe TR HH 249 4, FAA el 2 A &4 58 U
]jr19

COX3+= arachidonic acidE prostaglandins (PGs)® HA3SA|7]&= G422
COX-13 COX-28 EHFHT}.2 COX-1<2 AWM diasrol A $HRT,

ANG71 s A, dade] FAdol B PGse] 4 T AEH] AAT S



¢l  PGE,E dAAZIth.  PGEyx=  I&hkS el
(angiogenesis) &7 & & WA E Zo] #T|osta Qe AR dHA 9

1:]_ 21,22

Cell rembrane _

Cytoglasm

LPS : Lipopolysaccharide

TLR-4: Toll-like receptor 4

MAPK: mitogen activated actived protein kinase
ERK: extra cellular regulated protein kinases
JNK: c-jun N terminal kinase

TNF-o: Tumor necrosis factor-u

iNOS —> -

IL-6 Interleukin 6 |

IL16: Interleukin 1 ,’mlﬁw‘q i}“m’q L Je—— |

NF-kB:Nuclear factor kappa-light-chain-enhancer of activated B cells Lo -

iNOS: Inducible nitric oxide synthase X2 — -
COX-2:Cyclooxygenase -2

PGE;: ProstaglandinE, IL1p IL-6 IL-8

Figure 2. Inflammation mechanism in macrophage cell.
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Aeld(melanin)> I EAS= Wepd Al Z(melanocytes) We] #eteF
(melanosome)ol| A AR H 5, Aepd M x| FX]4 &7](dendrite)E 3 2t4
Al 3 (keratinocytes) = @ ¥ o], v A4dFow olFs/ dArt. Hhd2 Al
o MRS ARt Tag AR, AL)de FFetAL, ALl o A
Y= A @t Z(free radical)s A7 o EMN, VF-E AL O RFE HF s
T T8 WY Azge shelrh s dEde dEng o Qe
tyrosinase,  tyrosinase-related  protein 1  (TRP1)¥}  dopachrome
tautomerase (DCT) &< o8 714 o &Hot Aol o BAdAH. 579,

ai
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r°l‘
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Figure 3. Melanogenesis pathway.
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Figure 4. The formation mechanism of acne vulgaris.
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L Aok 5717

oA Az 5, & 29 2 9 sEE fedd AREE e
YA 3F (Siheungsi, Gyeonggi—do, Korea) @ OCI (Seoul, Korea)?] #|&<
AFE-3F3IYE. Vacuum  liquid  chromatography (VLC)ol+=  silica  gel
(0.002-0.025 mm, Sigma Co., st. Louis, MO, USA)& AM&33ith
Normal-phased column chromatography (CC)ol+= silica gel 60 (0.04-0.063
mm, Merck Co., Darmstadt, Germany)< AF&3}%3, gel filtration
chromatography (GFC)el&= Sephadex™ LH-20 (0.1-0.025 mm, GE
Healthcare Life Sciences, PA, USA)& A&ttt i8] #A4ol AFE-¥ thin
layer chromatography (TLC)+= precoated silica gel aluminium sheet (Silica
gel 60 Fgs4, 2.0 mm, Merck Co., Darmstadt, Germany)E AF&3F3t}. TLC
JolA EEE EHES Ay fste] UV lamp (254nm)E ARE-SHAU,
visualizing agent®] HA A7l & heat-guns ©|-&3sto] AZXAZA Y. Visualizing
agentZ=+ KMnO, 89 (3% KMnO,;, 20% K.COs, 0.25% NaOH) % 1%
anisaldehyde-5% H,SO,& 2 Q9 wa} ARE-3F3 T}

wEE sEEY] 72 A4S s7] sk AFE® NMR (nuclear magnetic
resonance spectrometer)< JNM-ECX 400 (FT-NMR system, 400 MHz,
JEOL Ltd., Tokyo, Japan)& ©¢] &3t o™, NMR =4 &= CIL (Cambridge
[sotope Laboratories, Inc., MA, USA)¥} Merck 2] NMR A& Snj=
CD3s0D, CDCls, acetone—-ds; % pyridine-ds-5 AF&3+%th. HR-ESI-MS (High
Resolution-Electrospray lonization—-Mass Spectrometry)s SYNAPT G2
(Waters, UK)E o]&3tglen, #A=FS 43S th Optical rotation
PerkinElmar 341 polarimeter (3% 589 nm (D), 20C)<S o]-&3tg o, A4

=8 =439,

_’IO_



1) g4kst

(1) & 9= 9% 54

F EeslE @2 34 9Re Folin-Denis ™8 & Waslel AAsgth 4

2SS 93 ZFEAZ gallic  acid®  AFRSIYTE Gallic  acidE

o

DMSO:EtOH=1:1 &€vwj& A}g€3}e] 10 mg/mL=% stock solutions A Z3%+
two—fold-dilution = ©]-&3ste] 15.625-250 pg/mL7} HE= 3|4 3o 4]
Aot 7t ARES 10 mg/mL FEZ &ujo] o Fu|stith. FH] 3 Gallic
acid ¥ A& 100 uLE microtubed] FH3tal SHF 900 uL& Yol 844
t}. oJ7]] Folin-Ciocalteu's phenol reagent 100 plL.& F7}sle] &8s}
ol 3%3E vhgE §, 7% (w/v) NapCOz &4 200 uLE #71e & SHTE
53] (total volume)7} 2 mL S =% 7138t 5§ &3] goA 1A]7Hs
S A7l & 96 well plated] 200 plL® wWHHS FH3Sto] microplate readers
ol-g3te] 700 nmolX FHEE SAHSAT o W A8 F ZddE dHF
gallic acid®] =] W& FF%=

calibration curve method)ol Wi{lste] &S FAbsilch. AT 1

e 0.99 ol AtolAtt,

i X e

o

o
-0,
(=

(2) & SR o= T 54

T FotHcols I 54 IS Park'HS WEste] 1t B B4

X
S Y3 FFEA R quercetin® AFE3FE T Quercetin®g DMSO:EtOH=1:1 &

(&}

= AFE3e] 10 mg/mLE stock solutione A %3 & two—-fold-dilutiond <
o] &3le] 15.625-1000 pg/mL7} HE= A ste] Fvletgnt 7k AlEES 1
mg/mL FEE gujo] o] FH|sttl. 4] 3 quercetin® A& 100 pL

microtube®] #3lal 95% EtOH 300 uLE o] 3AAF . oJ7]e 10% (w/v)

il
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AINO3)z &9 20 uLE FH7hetel & &3 5, 1M CH3COONa & 20 L=
A7 & SHFE F H9 (total volume)7F 1 mL HEE 713 5 233}

Zol Hk& A7l 3 96 well plated] 200 plL® wHL-olS- ] 3}o]
microplate reader® ©]83te] 415 nmolA FFE=E SAHSIGTE o] w Al5<]
T FotHolE 2 quercetin®] FxO WE FHE S ol&ste] 2dd

FEAAAA dgste] S sl xEAGTA gk 0.99 o)

(3) DPPH radical &7 &4 =4

DPPH (2,2-diphenyl-1-picrylh-1-picrylhydrazyl) assay™ Blois % W%
of wel 72 AT AlREY T4 Fol Ty A HHE A sHe HUtst
Aol 4 96 well plated] HFEHE 343 A7 &9 20 pbs Yo+

% 0.2 mM DPPH €9 (in EtOH) 180 uLE Yol Aol 307+ vH&-A1%
th ¥kSo] Ey % microplate readerE ©]g€3F] 515 nmollA SHEE =HA
s+

3911 i Z(positive control) &2+ BHTE AFE33 T Radical &7
2AE)ZE UERN ] f18 oe3 22 Aoz ALkl g, gt
Z 78] 50%Y Wel A8 5% (SCs0)E T3kt

. . .. Asam e_A an
Radical scavenging activity (%) = (1—%) X 100
control

Acom‘r()/ : 515 l'lmoﬂ}ﬂ DPPH %Qlllfﬂ %%E
Asamp/e . 515 l'lmoﬂjﬂ ].u_g} DPPHg g‘%’—{ﬂ- _g.gl]J_q] _g_jra].E

Apine + 515 nmollA A5 AA Y] FFE

_12_



(4) ABTS' radical 24 &4 =4

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical 4
A &4 APL Re & Pellegrin 59 WY& wWyste] AAssih 4
ABTS" radical W &0& Al3t7] #lste] 7.0 mM ABTS (in D.W)-E-2}3}
2.45 mM potassium persulfate (in D.W)EHE 1112 &35t A 2 oA
ol 16413t &gk WAtk o] §0& EtOH= 24 3te] 700 nmolA &
7F 0.78+0.027} H =5 & th A AHE3E3ITE 96 well plated] &%=
A% AR 89 20 L HolE ¥ ABTS' &9 180 uLg 7hate] 4=
20% B9k WESA]Zl ¥ microplate readerE ©]-83%F 700 nmolA FHEE
Z743F9l vt g &7 (positive contro) &2+ BHTE AFE8}TE Radical 474
g AEE 2SR =R YEd7] A8 v 22 Aow ALkedd. 3

g 27 E0] 50%d Wl A5 X (SCso)E T3kl

. . AS’(L/I'", pLe - A Lank
Radical scavenging activity (%) = (1—%) X 100

control

Acom‘rol 2 700 nmoﬂ/ﬂ ABTS %Qﬂ‘q %%E
Agumpie © 700 nmoll Al A| 59} ABTSE &3 g9 T35

Ape - 700 nmoll A A5 ZA 9] SH =

_13_



5) AE Hs &y
D HaCaT A =jF

Immortalised human keratinocyte cell lineQl HaCaT cell> Korean Cell
Line Bank (KLCB)ZHH &% o} Ao ARgstalen, 100U/mL penicillin,
100 ug/mL streptomycin 2 10% fetal bovine serum (FBS)o| 3%
dulbecco's modified eagle's medium (DMEM, GIBCO Inc., NY, USA) ®jA| &
ARg3te] 37°C, 5% COy incubator ZZ1elA wiFalqlar, 39 7HA R At Wl

Fatsict.
@ FHEHFLAL0)ZNE FED AL £ dF AL 2B 73

HaCaT cell& 96 well platee] 1.0 x 10* cells/well& ®5F3ta 37C, 5%
COy x4 sl A 24413 AujgFstditt. v FAZ celle] HiXE AASFL Al
X5 JtE AFE sk s AE Agete] wdeith 207 & A

225 A|A3SFAL dulbecco's phosphate buffered saline (DPBS)Z 23] A
A FBS7F dhrH Al 2 A&k AR5 Agsta vk shollA 24431
W Fet & MTT assay® AE AEE(R)S ALtste Bbstriz frd Ax
el UE AzRsEARE FA3A

. oy Abs sample
Cell viability (%) = ——*= X 100

Abs control

_14_



B3 X9 Staphylococcus epidermidis (CCARM 3709, 3710, 3711)

Q1 Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089)& &
AA W75 23 (Culture Collection of Antimicrobial Resistant Microbes)
S RFE Y wrol ARgstglon, TRl Streptococcus mutans (KCCM
40105)% 3= v AEREAE (Korean Culture Center of Microorganisms)
ZRY EgPol A&t S, epidermidis?l 7ol wlgEiAE TSB
(tryptic soy broth)® Ap&3dfe] 37Tl wjgsilon, shFo g H» Ay
jFetdlet. C acnes?l 7d-5-ol& wlYuiAE GAM (Gifu Anaerobic Medium)
o= ARgste] 37T, @714 oA wjdstdlen, 29 g 1A Al v gFst
A} S, mutans= WY ¥lA]E BHI (Brain Heart Infusion)® 38}¢] 37T, 27|
d Zxo A skl gk WA Al b ksl

ol

(2) Paper disc diffusion method

ANz d8AE 54317] 918t paper disc diffusion method®2 A& A
&

CFU/mL) 2 S. mutans (3.0<10° CFU/mL)+:= 0.8%

10°
agars L slE AXE vfX|o] Yol 1.5% agars X &3sl:= 3= vix] o] &

=}, vjx 7 #oH A®m fHNS x3HEE= A 8 mm paper discE 27

K

37ColA 2443 &k vide 5 P4 49 25 AXY AV|E SAHSS

k4%

rr
b
[K

C. acnes (1.0x10° CFU/mL)&2 w2 %439, 0.8% agars ¥ 33}
E wjx|o] 9o], 1.5% agarE ¥t ST H|X 9o H=t} wjA]7} 2o
A5 NS E3HE= 27 8 mm paper discE 283 37TColA] 4847

A7) Aol MFE F F4E 99 28 AXDe /2 S48 o

rfl el

EN

%2
*

T O 7= erythromycing AHE3}F
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(3) MIC (minimum inhibitory concentration)

FH A9 A5 % (minimum inhibitory concentration, MIC)+ m| &9 AL =t
= FAEAY Haseg, nAE ik MIC#HS] HS45 A=
of gt WAool =& Aotk MIC A IA wjx 3A4H (broth dilution

method)& W& 3slo] o] &3}

= 2 vAE

o

TE 7 Y HF3HA A
25 X wiXE 100 L ¥ar, 75 dEAe] =5 2x10° CFU/mL7}
HEE ZA3de] 100 uL® gols=t}. S epidermidis?] 73-5-ol& 37TCoA 24

AZE &t wsti e, Co oacnes? 7ol 37TeolA 48A1%F E<F @714

i
Lo
rO

ol
-

o X EHEE ZAstgon], #Fel FAo] A ge Ak FES

=
O
=
1o
off
k1
=2
>,
=l
o,
Sl
—r
>
e}
Z
s
rlo
s
i
=2
>
bl
o,

O
oﬁi‘
Hu
=4
{o,
D)
i)

A See BY o Y] wEd Ha A" =
concentration, MBC)E MIC#te] YERG 1 o]Ae] sxo Alg vjdHS F=
Hj 2ol A 2]ste] colonyE FAst=A &

St=ulA] plateE W5t MICE F 383t 96 well plateo A loopE ©]&
gto]  Alm Hl¥RS oA St=wlA] plateo]  streakings AT S
epidermidis?] 7359+ 37ColA 24A17F ot vjdstR o™, C acnes?l 745

o= 37TColA 48A17F & @714 7oA wdst & colony”} A A &
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3) &4
(1) RAW 264.7 cell vk

RAW 264.7 cell== w92 243X (Murine macrophage cell line)o]™
American Type Cell Culture (ATCC, USA)ZFE #9F wkght), A ujoke
10% fetal bovine serum (FBS, GIBCO Inc., NY, USA) % 100 U/mL
penicillin, 100 ug/mL streptomycin®e] %% dulbecco's modified eagle's
medium (DMEM, GIBCO Inc., NY, USA) wWjA|& A}R&3to] 37C, 5% COq
incubator 7oA wjgstA o, 2-39 HA o7 At wgsEAt

(2) Nitric oxide (NO) A oA &4 =4

24 well plated] RAW 264.7 cell& 2.0 X 10° cells/well2 #F3}o] 37T,
5% COy %719 incubatorolA 18A17F skt 100 ng/mLe] LPS
(lipopolysaccharide)& 233t X2 wetst & Algs F=dl=2 2b7 A5}
of 24412 E< vtk AAdE NO9O &+& SHsH7] flste] Ax wjg A
SN 100 uyLE 96 well plateo] FH3FaL Griess A% (1% sulfanilamide, 0.1%
naphthylethylenedi-amine in 2.5% phosphoric acid) 100 ulL.E& #7}sfe] A2
ol 108 F<F WHEAI AT WHEE-S microplate readerE ©]-83}e] 540 nmeoll
A FEEE FAS0AT AEE NOE AE mjdd Fol EAsE NOy o FH
2 SAsIG e AFEZEE sodium nitrite (NaNO»)E AF&3lor, AAdE

NOS & NaNOyo| sEo] mhe F3% e ol§ste] A48 EFPPFAY

S E3lo] At A e MELE Uguon, A r?
ZES 0.99 o]Aoldtt. %A W EFAL O EE 2-amino-4-picoline (5 uM)S ARE
Ea=
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(3) PGE; ¥ AAZA cytokine AA JA &4 54

24 well plateo] RAW 264.7 cell& 2.0 X 10° cells/well®& #F3}a, 37C,
5% COy Z73lellA 24A12F A wjeksialth. A wlgAIZl celle 1 ug/mLe]
) k

LPS7F 23hd wiA 2 wghsh 3 Z247F A5 & A ste] 24A7F vigsialth L
U2, 2ozl AlxE wjF s PGE, 3 cytokined AAHES A7
enzyme-linked immunosorbent assay (ELISA) kitE o]-&3sle] FAslith 7t
Zho]l FxEd ko e FF% S oty MY xEHATAY * #
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4) w9
(1) Tyrosinase oA &4

0.1 M potassium phosphate buffer (pH 6.8), 2 mM L-tyrosine, 2500 unit
9] tyrosinase, 18]a Z+7Zt FEHEE A2 E FH| 3}
96 well plateo] ZF s="H=Z A8 20 pLe Yo+ I, buffer¥} L-tyrosine

golo Falale] 7)@EA 130 pl A7}e 3. 13 uL tyrosinase’} ¥3+¥

o

buffer €9 50 pLE ¥, 37ColA 1087 ¥+&A171 & microplate reader
A3lA ;. Z (positive control) &=+

de Hom NS E,

e

= o] &3l 490 nmoll A SHEE
arbuting AFg3stolon, AHf&(w)E eI}

Z
tyrosinase?] A4S 50% AMAZA ) A= % (SCsp)E T3t}

. . e, . .. Asu,m,pleiAbl{mkr
Tyrosinase inhibition activity (%) = (1—A—) X 100

control

Aconror -+ ANBE A7FSHA] &e Nk fadlo] S35
Asample : }\]JEJ— ‘?_% —g—@ig %%E
Ab/ank }\] Etﬂ’g —E;%LE

(2) B16F10 melanoma A3 Hj <k

Murine B16F10 melanoma cell2 American Type Cell Culture (ATCC,
USA)ZHE BoF wmglom AE vlede 10% fetal bovine serum (FBS,
GIBCO Inc., NY, USA) %2 100 U/mL penicillin, 100 ug/mL streptomycin®]
SH5-% dulbecco's modified eagle's medium (DMEM, GIBCO Inc., NY, USA)
WA & ARg-8te] 37C, 5% COz incubator Z1o]A 3 Ao 2 Ad s

SR ET
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(3) Melanogenesis A &4

24 well plateo] 2 X 10* cells/well2 MEE BF3ta 37C, 5% CO, 713}
ol A 2413t wst & A ARSI A wlFAID cell?] HIA]E 100 nM

=9 27 Arkste] 72417k W%

i
off

a-MSH7} Z3tg w2 w3t & A&
stalth. o] % wix]E A A3Stal PBS (phosphate buffered saline)® A& gk &
1 N NaOH 300 pLE& #H7Fsle] 55Tl A Ax e #Agds =9 g 405

nmol A SF =S SASAY. P22 E melasolv (20 tM)E A&t

(4) Intracellular tyrosinase A3l &4

o
ol
ol

6 well plated] 5 X 10* cells/well& MEE B3F33 37T, 5% CO, %
o A 24A17F wFe % A wikAIZ) celld] wWiX]E 100 nM a-MSH7} %

e
)

A 2 weketo], A RS FEER 242 HUbetar 72413 wjgslth. o] % wiA|
= AA3tar PBS (phosphate buffered saline)® A|&3F % lysis buffer
(RIPA; 10 mM Tris-HCI [pH 7.5], 150 mM NaCl, 1% Nonidet P-40, 2
mM EDTA, 1 mM EGTA, 1 mM NaVOs;, 10 mM NaF, 1 mM dithiothreitol,
1 mM phenylmethylsulfonyl fluoride)E ©]&3}e] 4C ZZAo|A overnighd}al
lysis sFolth. o] % w@wds d4ie] (15,000 rpm, 4C, 20 min)ate] A
o] A oint st A AREstalTh

96 well plated] 67 mM sodium phosphate buffer (pH 6.8)°] ¢ 8 mM
L-DOPA 160 pLe} &9 d A5 20 yLe &gsto] 37ToA 1-2A]3F Hbg
AZ1L % 490 nmolA FEF= Stk dwAe] Fx= BSA (bovine

serum albumin)& standard® Bradford A|2FS AFE3te] AeEdte] H A ST}

Ll
e
ol

=74
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5 AX =A H7F (MTT assay)

MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide]
assay RAW 264.7, B16F10 % HaCaT cellS well plateol] 2% 7o gt
Al T8k 37T, 5% COy Z7stoll A Hdujdst 2, LPS (1 pg/ml) & «
-MSH (100 nM)¢} A5E FE=E=2 A3 § w3l o]F MTTE 500

ng/mL s== wjAel H7bete] 37T ik EoA 3AIRE F¢F WAl 5

£
1
=
—
—
N
(L
olo
_O|L
e
ox

2,
i,
9
k)
£

Fede AAGAT. olF Holsle AE
formazan H A && DMSOE ©o|&3te] §3|A7]aL ©|& 96 well plateo] %31
% microplate reader® ©|-&3] 570 nmolA SF=
&(cell viability) tha3t 22 Aol o&] Aitsqint.

g 439 AE AE

Abs
sample % 100

Cell viability (%) = bs

control

AbSE()m‘r(J/ : }\] JEJ—% @7]——6—]'X] OL'(‘}_TC_)T Eﬂ’% %QHQ] %%E

. o) 5
Astamp/e . /\]JE—‘— ?_'6‘ %‘QHQ] %%E

At A B4 Excel software

3

& AF835te] student's t-tests WA HFUME ST g2y AT AR
2
A

o
B
1

&
iy
=)
rlr
o,
=y
H
=5
[N
e
)
il
=5
~N

of $AH A 5 p #ol 0.05 olsl FF-E A

39t *p <0.05; *p <0.01
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1. A=
Fent=4t (Epilobium angustifolium L.)2 v}=24:3} (Onagraceae) 2] &2 A

ofgfs dholZolt}. Jukytel el jheh A el FRestA Mkl glon,
53] T HFAW, =] A Wt A9 Foll AAYstaL, of kel
Ttk A NA AEta Fol 1.5 m e, BEE7|7F ddow WowA ufR
mol ual 7pAb e AeAA ek 9l ofsiva viaEE WES AY
ARoH & FY7E oy TR v H2 wEE]7] diiel BisleAl 2lvh <l
2 WSska W Folxx E7]d 2Ey Siwe Euaolrh. 22 7~8¢Ud
3 EgAelm YE7] 2ol FAEAHC Gtk Aelle g ezl °

fibroblasts (NHDF)oll t 3} matrix metalloproteinase (MMP)-1 % MMP-39]
A A4S £33 anti-aging @4 2 FH 3 (photo-protection) A o]*7

H
oL, BEubE L) FHE gEel dhe AR L Aol g AFE mw
2

Ado] AL BEutsZ AARAREHS 0 496)= 20199 10¥ =

g3roe,
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Figure 5. Pictures of Epilobium angustifolium L. aerial parts.
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2o o =w & 2 g 13 v HHESQTh 42 o3 37T 4
Aol A 3] A AF FZ7](rotary vacuum evaporator)® %3} 70% EtOH

FEE 1286 g2 IAY. 4 70% EtOH F=& 109.2 g& 7T dEA]
7 5 Y Zur]E o] &ste] &ujo] Ao W =AFYH SAH o R 85
o p-hexane (5.3 g), ethyl acetate (10.2 g), n—butanol (13.4 g) % water
(73.2 g) +8=5 AUt} (Figure 6).

Dried Aerial Parts of Epilobium angustifolium (0.5 kg)

70% EtOH, stirring, 24h, 2 times

Extract 128.6 g (25.7%)

Extract 109.2 g
J Suspended with H,O

n-Hex Tr. EtOAc Fr. n-BuOT] Fr. H,0 Fr.
53 g (4.8%) 102g (9.3%) 13.4 g (12.2%) 73.2 g (67.0%)

Figure 6. Extraction and solvent fractionation of Z. angustifolium L. aerial

parts
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A
i

2) n-Hexane +3 &9 €4 A g

n-Hexane fraction 4.5 g& =/ we} £83817] 91319 silica gel2 SX&

VLCE Hastsirt. &mfe] 542 3-5%% n-HexEtOAc (0-50%), 100%

EtOAc7t & o 744 %2 ¥ 100% MeOHE 77t 300 mL¥ &&3to &

7Nl fractions BATHEFr. V1-15).

Fr. V2 ( 160.2 mg)+ @Y 33tE compound 102 15Ut}

Fr. V4,5 (274.3 mg)E nHexEtOAc (25:1)¢ Hwlz=o =2 silica gel

column chromatographyE 33t compound 33 compound 7 =3 JEH=

(45.2 mg) &3} ).

Fr. V7 (354.6 mg)< CHCl3-MeOH (80:1)9] &z S22 Sephadex LH-20

CCE %3to] oY 3§gE< compound 2 (237.8 mg)9t 3 Aeol

compound 11¥} compound 12 (40.2 mg)E AT}

Fr. V8 (475.2 mg)S CHCl;-MeOH (80:1)9] €mjZ=H 2 = Sephadex LH-20

CCE &3}l compound 17 (40.4 mg)¥} compound 5 (286.5 mg)E AU
Fr. V9 (387.3 mg)E CHCl3-MeOH (60:1)¢] &z 22 Sephadex LH-20

CCE &3} compound 10 (4.2 mg)® compound 8 (183.9 mg)S LATt.
Fr. V11 ( 387.3 mg)< compound 13¥ compound 147} &% HEejZ &g

ST

Fr. V14 (329.7 mg)E CHCI3-MeOH (23:1)¢] 8ujx71°9 2 Sephadex

LH-20 CCE %E3}9] compound 18 (68.3 mg), compound 43 compound 9
=3 JE=(84.8 mg) 2, compound 6 (41.3 mg) 18|53 compound 15

9} compound 16 €3 AFE]2(20.3 mg) EAT.
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o
e
Lo
e
o,
o
M
M
hu)

3) Ethyl acetate +2
EtOAc #8& 5.0 g5 3IES Hast7] 98t ¢4 silica gels %3
glass columne °]&3ste =4 Z7|EE UES F8 vacuum liquid
chromatography (VLO)E a3ttt &nje] AL 5% n-Hex : EtOAc
(0-100%), EtOAc : MeOH (0-50%)7F 2 w74 ®eom 1 F 100%
MeOHE Z}7} 300 mLA 8-F3to] & 32719 fractions AT}t (Fr. V1-32).
VLC fraction % Fr. V9 (160.2 mg)¥ compound 13% compound 147} &
gtel = FEelsksith

Fr. V11~13 (350.3 mg)& CHCls-MeOH (20:1)¢] &mjx71 02 Sephadex
LH-20 column chromatographyE <33} compound 18 (16.9 mg)S EA
o, ywz] BE F Fr. V11~13-D (125.0 mg)E CHCl;-MeOH (30:1)¢] &
mj2 o % Sephadex LH-20 column chromatographyE <33} compound
13 (24.6 mg)S AUt

Fr. V14~16 (240.8 mg)& CHCls-MeOH (10:1)¢] &mjx71 22 Sephadex
LH-20 CCE %34 compound 19 (10.1 mg)® compound 20 (20.7 mg)&
A At

Fr. V18~22 (240.8 mg)E CHCl;-MeOH (4:1)¢] &wjx=71 92 Sephadex
LH-20 CCE %3}9 compound 21 (110.2 mg)S <o, Fr. V24 (420.2
mg)E CHCl3-MeOH (3:2)¢] g&vwjx#d o ® Sephadex LH-20 CCE %319
compound 21 (30.3 mg)S AAT}.

_26_



n-Hex Fr. 4.5 g

VLC (Silica gel CC)

n-Hex — EtOAc (0-50%)

EtOAc . MeOH (100%)

Step gradient 3 or 5%. 300 mL cach

L

Fr. V1 Fr.v2

160.2 mg

Fr. V(4.5)
274.3 mg

Fr.V7
354.6 mg

Fr.V§
475.2

Fr.Vo
387.3 mg

mg

Fr.VI1I
387.3 mg

Fr.V 14
329.7mg

Fr. V15

Silica gel CC
n-Hex:EA=25:1

Compound 1

CHCl;:MeOH=80:1

Sephadex LH-20 CC

Sephadex LH-20 CC
CHCl;MeOH=80:1

Sephadex LH-20 CC
CHCl::MeOH=60:1

Sephadex LH-20 CC
CHCl; MeOH=23:1

Compound 3
+
Compound 7
(45.2 mg)

Compound 11
+

Compound 12
(40.2 mg)

Compound 17 Compound 10
(40.4 mg) (4.2 mg)
Compound § Compound 8
(286.5 mg) (183.9 mg)

Compound 13
+

Compound 14

Compound 18
(68.3 mg)

Compound 2
237.8 mg)

Compound 4
+
Compound 9
(84.8 mg)

Compound &
(41.3 mg)

Compound 15
+
Compound 16
(20.3 mg)

Figure 7. Isolation of compounds from n—-Hex fraction of E. angustifolium

L. aerial parts.

EtOAcFr. 5.0 g

VLC (Silica gel CC)

n-Hex — EtOAc (0-100%)
EtOAc - MeOH (0-50%)

Step gradient (5%). 300 mL each

i

Fr. VI Fr. Vo

160.2 mg

Fr.V

350.3 mg

(11-13)

Fr. V(
240.8 mg

14-16)

Fr. V (18~22)
240.8 mg

Fr. V24
420.2 mg

Fr. V32

J

Compound 13

Sephadex LH-20 CC
CHCl;:MeOH=20:1

Sephadex LH-20 CC
CHCl;-MeOH=10:1

Sephadex LH-20 CC
CHCl:MeOH=4:1

Sephadex LH-20 CC
CHCl;MeOH=3:2

Compound 21
(110.2 mg)

Compound 21
(30.3 mg)

+
Compound 14
Compound 19
\}(7—\1/ (10.1 mg)
Compound 18 Fr. V(11~13)-D Compound 20
(16.9 mg) 125.0 mg (20.7 mg)

Compound 13
(24.6 mg)

Sephadex LH-20 CC
CHCl;:MeOH=3:1

Figure 8. Isolation of compounds from EtOAc fraction of £. angustifolium

L. aerial parts.
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w
i

2 sgEe x4
1) Compound 1, 29 +% &A

Compound 1& 'H-NMR spectrumel] #Za] 2w, §; 1.20~1.283 &y 0.86
o F YAk BEstE= AL E3lo] aliphatic alkaned] sp’ £A4Jo] #olst=
signal®. & dAslgth BC-NMR spectrumoll A 6709 sp? £4 712 935S
golatdet. olAte] AxE uwgow F3®y wlwsdle] compound 1&
n-dodecane®. & 543} o).

Compound 2% 'H-NMR spectrumol] #Za] 2w, &; 1.229 signal®} &y
0.86 (3H, t, J = 6.9 Hz), 6y 2.33 (2H, t, J = 7.6 Hz) Z18]a &; 1.61 (2H,
qui, J = 7.3 H2)E9Y signal& %£3}o] saturated fatty acid®] sp’ Ao o]

&= signale®@ o Askolth PC-NMR dlo]glo] HH, §: 180.0 A5 53

ol

sk 7le] carbonyl groups 7HAAL dow, & 14.3 I|AE F3 g Tl

lo

methyl groupS £33t Q= TRE AT olAte] AnE nmgow F

193} Blusle] compound 2% lauric acid® 5748+ o).

Compound 2

Figure 9. Chemical structure of compounds 1 and 2
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Table 1. 'H and *C NMR data of compounds 1 and 2 (400 and 100 MHz,
in CDCl3)

Compound 1 Compound 2
NO.

&y (int, mult, J Hz) Sc &y (int, mult, J Hz) Sc

1 0.86 (3H, m) 14.4 180.0
2 1.20~1.28 (2H, m) 22.9 2.33 (2H, t, 7.6) 34.2

3 1.20~1.28 (2H, m) 32.2 1.61 (2H, q, 7.3) 24.9

4 1.20~1.28 (2H, m) 29.6 1.23 (2H, m) 29.3
5 1.20~1.28 (2H, m) 29.9 1.23 (2H, m) 29.5
6 1.20~1.28 (2H, m) 29.9 1.23 (2H, m) 29.6
7 1.20~1.28 (2H, m) 29.9 1.23 (2H, m) 29.9
8 1.20~1.28 (2H, m) 29.9 1.23 (2H, m) 29.8
9 1.20~1.28 (2H, m) 29.6 1.23 (2H, m) 29.6
10 1.20~1.28 (2H, m) 32.2 1.23 (2H, m) 32.1
11 1.20~1.28 (2H, m) 22.9 1.23 (2H, m) 22.9
12 0.86 (3H, m) 14.4 0.86 (3H, t, 6.9) 14.3
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2) Compound 3, 5, 7, 89 +x% &H

Compound 3¢ 'H-NMR spectrume] 3] BWH §; 1.239] signal® &y
0.86 (3H, m), 6y 2.26 (2H, t, /= 7.6 Hz) 1¥]3l &y 1.56~1.61 (2H, m)E*]
signalg £3}9] fatty acid®] sp’ £ #ostE signale® At on, §;
5.27~5.389] signal® °o|TAF] sp? A ZREOE oAslrh EI, Sy
4.10 (2H, q, /= 7.3 Hz) 2 0.86 (3H, m)¢] signal A7l &4 =7} & AFa9)
A4 ethyls 98t C-NMR dlol8& BW §: 174.1 I35 3
S FQsk AL, §¢ 130.3, 128.5 I AE T3 g /e olF4
ol & e® BIsklal, 6 60.4 B §¢ 14.5 AAES Tl 3 79 ethyl
2 25 Fsgin). o] AyE wigoz 300y
H)1L3}e] compound 3+ ethyl oleate® &4 3}3iT).
Compound 5¢] 'H-NMR dateE ®9 &y 0.87 (3H, m)Z} &y 2.33 (2H, t, J
= 7.6 Hz)9 signalg E3s}o] fatty acide] sp’ &40 #ostE= signal®Z <
ekl on, 6y 5.27~5.409 signal ols Aol i fatty acide] sp” EA
EF4 9] protong ol Aslgth BC-NMR spectrumel A §: 130.4, 130.2, 128.3,
128191955 Sl 7 79 olsAFe] Axe A= . ol Hgo
2 F&°%%3 nlsle] compound 5% linoleic acid® %7433t}
Compound 72] NMR dateZ EW compound 33 FAFSE +%F& o Abel ).
BC-NMR spectrumell Al &c 132.2, 130.4, 128.2, 128.1, 127.9, 127.3 33 &

S B3 A e oledFel = o= st ol wElew Fd

rol

7h¢] ester group

H| 1.3} compound 7+ ethyl linolenate® &% 3}5lth.

Compound 82] NMR dateZ EW compound 5% FASE % & o Absl it
YC-NMR spectrumol Al 6 132.2, 130.4, 128.5, 128.4, 127.9, 127.3 IA &
S B3 A e oleAFel = o= At ol wEom 3y

H) 13}e] compound 8 a-linolenic acid® &4 3%t}
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Compound 5

Compound 7

Compound 8

Figure 10. Chemical structure of compounds 3, 5, 7 and 8
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Table 2. 'H and ®C NMR data of compounds 3, 5, 7 and 8 (400 and 100 MHz, in CDCls)

No. Compound 3 Compound 5 Compound 7 Compound 8
Sy (int, mult, J Hz) Sc Su (int, mult, / Hz) Sc Su (int, mult, / Hz) Sc &y (int, mult, J Hz) Sc

1 174.1 180.4 174.2 180.4
2 2.26 (2H, t, 7.6) 34.6 2.33 (2H, t, 7.6) 34.3 2.26 (2H, t, 7.6) 34.6 2.33 (2H, t, 7.6) 34.3
3 1.56~1.61 (2H, m) 27.4 2.03 (2H, m) 24.9 1.56~1.61 (2H, m) 27.4 1.61 (2H, q, 7.3) 27.4
4 1.23 (2H, m) 29.4 1.23 (2H, m) 29.4 1.23 (2H, m) 29.4 1.30 (2H, m) 29.3
5 1.23 (2H, m) 29.3 1.23 (2H, m) 29.3 1.23 (2H, m) 29.3 1.30 (2H, m) 29.2
6 1.23 (2H, m) 29.6 1.23 (2H, m) 29.6 1.23 (2H, m) 29.6 1.30 (2H, m) 29.8
7 1.23 (2H, m) 29.9 1.23 (2H, m) 29.9 1.23 (2H, m) 29.9 1.30 (2H, m) 29.4
8 1.98~2.08 (2H, m) 27.4 1.98~2.08 (2H, m) 27.4 1.98~2.08 (2H, m) 25.8 1.98~2.08 (2H, m) 25.7
9 5.27~5.38 (1H, m) 130.3  5.27~5.40 (1H, m) 130.4  5.27~5.38 (1H, m) 132.2  5.27~5.38 (1H, m) 132.2
10 5.27~5.38 (1H, m) 128.5  5.27~5.40 (1H, m) 130.2  5.27~5.38 (1H, m) 127.3  5.27~5.38 (1H, m) 127.3
11 1.98~2.08 (2H, m) 25.2 2.75 (2H, t, 7.3) 25.8 2.78 (2H, t, 7.3) 24.9 2.78 (2H, t, 7.3) 24.9
12 1.23 (2H, m) 29.9 5.27~5.40 (1H, m) 128.3  5.27~5.38 (1H, m) 128.2  5.27~5.38 (1H, m) 128.5
13 1.23 (2H, m) 29.8 5.27~5.40 (1H, m) 128.1 5.27~5.38 (1H, m) 128.1 5.27~5.38 (1H, m) 128.4
14 1.23 (2H, m) 29.7 2.75 (2H, t, 7.3) 27.4 2.78 (2H, t, 7.3) 25.7 2.78 (2H, t, 7.3) 25.8
15 1.23 (2H, m) 29.6 1.61 (2H, q, 7.3) 29.8 5.27~5.38 (1H, m) 127.9  5.27~5.38 (1H, m) 127.9
16 1.23 (2H, m) 29.5 1.30 (2H, m) 31.7 5.27~5.38 (1H, m) 130.4  5.27~5.38 (1H, m) 130.4
17 1.23 (2H, m) 22.9 1.98~2.08 (2H, m) 22.8 1.98~2.08 (2H, m) 22.9 2.04 (2H, m) 20.8
18 0.86 (3H, m) 14.3 0.87 (3H, m) 14.3 0.86 (3H, m) 14.3 0.96 (3H, t, 7.6) 14.3
1 4.10 (2H, q, 7.3) 60.4 4.10 (2H, q, 7.3) 60.4

2" 0.86 (3H, m) 14.5 0.86 (3H, m) 14.5

_32_



3) Compound 4, 6, 99 +x% H4

Compound 4+ “C-NMR spectrumd A §c 174.5 9 AE 3| ester group
718 AdESaL, sc 130.4, 130.2 ¥AE B¥ 'H-NMR dlo|EE edl
= W, & e BA-gA olTAF o] Ase didEien, s 70.5, 65.4,
63.5 Al 7 FA9}F 6y 4.19 (1H, dd, /= 11.4, 4.6 Hz), &y 4.13 (1H, dd, J =
11.4, 6.0 Hz), 6y 3.91 (1H, m), 6y 3.68 (1H, dd, J = 11.4, 4.6 Hz), &u
3.58 (1H, dd, J = 11.4, 6.0 Hz)9 signalE& &3 A7 & A7)
ol glycerol group®] ASS ol AEAaL, §¢ 14.39F &4 0.86 (3H, t, J =
6.6 Hz) ¥|25 &8 3 7} WlE71E st = 722 ddsislt. o9
A3E vgro 2 F3%°3 vlwsle] compound 4% 1-monoolein® 2 =431
=3
Compound 62 'H-NMR spectrumol|A] &y 6.46 (1H, dd, / = 15.3, 10.8
Hz), &u 5.95 (1H, t, /= 10.8 Hz), 6y 5.66 (1H, dd, J = 15.3, 6.9 Hz), &u
5.42 (1H, m)9 signal2 cis-olefin?} frans-olefin®] G422 o435 o™, §y
4.13 (1H, dd, J = 13.7, 6.9 Hz)9] signal> C-NMR H°o|HE 1183S uf,
deshielding ¥ Ho=Z Hol A7|SAH T} 2 247} Bol9ds €49 protonS
o sk, &y 0.87 (BH, t, J = 6.9 Hz)9 signal methyl7] 2 o3}t
BC-NMR spectrumelA §c 179.0 I 3E E3& carbonylZ]E oAl ar, &
135.9, 133.4, 128.0, 126.1 ¥A5< & 7+ 7h9] oladFe] 3= Aoz &
At om, 6 73.1 HAE 3 'H-NMR dHolHE 1 ds o, 714 =7}
T AaTE Bolde ©4E skl B9 5 14.3 A5 S methyl7] =
selstqict. oo AxE mpgow F3%%3 nlwsle]  compound 62
13-hydroxy-9.2,11FE-octadecadienoic acid (coriolic acid)® &7 3}ic}.
Compound 9¢] NMR datas X% compound 49} FAFSE Fx22 odAsSt).
BC-NMR spectrumel A &c 132.2, 130.4, 128.5, 128.4, 128.1, 127.393aE5<%
S8 Al el olF ATl = Aom st ol wEoeR E33 H|

3] compound 9+ 1-linolenoyl glycerol® &4 33t}

i
kel
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Compound 4

Compound 6
o)
3 I 3 5 7 9 10 12 13 15 16
1 T T - 18
HO o © 2 4 6 8 11 14 17
OH
Compound 9

Figure 11. Chemical structure of compounds 4, 6 and 9
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Table 3. 'H and *C NMR data of compounds 4, 6 and 9 (400 and 100 MHz, in CDCls)

No Compound 4 Compound 9 Compound 6
' Sy (int, mult, / Hz) Sc Sy (int, mult, / Hz) Sc Sy (int, mult, / Hz) Sc

1 174.5 174.5 179.0
2 2.33 (2H, t, 7.6) 34.3 2.33 (2H, t, 7.6) 34.3 2.32 (2H, t, 7.6) 34.0
3 1.61 (2H, m) 25.1 1.61 (2H, m) 25.1 1.61 (2H, m) 24.8
4 1.23 (2H, m) 29.6 1.23 (2H, m) 29.3 1.23~1.36 (2H, m) 29.2
5 1.23 (2H, m) 29.6 1.23 (2H, m) 29.6 1.23~1.36 (2H, m) 29.2
6 1.23 (2H, m) 29.8 1.23 (2H, m) 29.9 1.23~1.36 (2H, m) 29.1
7 1.23 (2H, m) 29.9 1.23 (2H, m) 29.9 1.23~1.36 (2H, m) 29.5
8 1.98~2.08 (2H, m) 27.4 2.02 (2H, m) 27.4 2.15 (2H, m) 28.0
9 5.27~5.38 (1H, m) 130.4 5.27~5.38 (1H, m) 132.2 5.42 (1H, m) 133.4
10 5.27~5.38 (1H, m) 130.2 5.27~5.38 (1H, m) 127.3 5.95 (1H, t, 10.8) 128.0
11 1.98~2.08 (2H, m) 25.1 2.78 (2H, m) 25.7 6.46 (1H, dd, 15.3, 10.8) 126.1
12 1.23 (2H, m) 29.9 5.27~5.38 (1H, m) 128.5 5.66 (1H, dd, 15.3, 6.9) 135.9
13 1.23 (2H, m) 29.6 5.27~5.38 (1H, m) 128.4 4.13 (1H, dd, 13.7, 6.9) 73.1
14 1.23 (2H, m) 29.8 2.78 (2H, m) 25.8 1.52 (2H, m) 37.5
15 1.23 (2H, m) 29.4 5.27~5.38 (1H, m) 128.1 1.23~1.36 (2H, m) 25.5
16 1.23 (2H, m) 32.1 5.27~5.38 (1H, m) 130.4 1.23~1.36 (2H, m) 31.7
17 1.23 (2H, m) 22.9 2.02 (2H, m) 20.8 1.23~1.36 (2H, m) 22.8
18 0.86 (3H, t, 6.6) 14.3 0.95 (3H, t, 7.6) 14.3 0.87 (3H, t, 6.9) 14.3

4.19 (1H, dd, 11.4, 4.6) 4.19 (1H, dd, 11.4, 4.6)
1° 65.4 65.4

4.13 (1H, dd, 11.4, 6.0) 4.13 (1H, dd, 11.4, 6.0)
2° 3.91 (1H, m) 70.5 3.91 (1H, m) 70.5

3.68 (1H, dd, 11.4, 4.6) 3.68 (1H, dd, 11.4, 4.6)
3" 63.5 63.5

3.58 (1H, dd, 11.4, 6.0)

3.58 (1H, dd, 11.4, 6.0)
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4) Compound 109 +% A

Compound 10& 'H-NMR spectrum®lA] &y 5.70 (1H, dd, J = 17.6, 10.3
Hz), &y 4.84 (1H, dd, J = 17.6, 0.9 Hz) % &y 4.79 (1H, dd, /= 17.6, 0.9
Hz)9] signale chemical shift¥®} coupling constanto] X vinylel]l #To]dl=
signale. & dAslR o, §; 3.19 (1H, dd, 7 = 10.5, 5.5 Hz)9 signal<
YC-NMR dlo]ElE& 13 gS ), deshielding® Zlo& Hol 7|5H%E7t &
Abazb AAE o sp? EACl Feldh= protone @ AEIom, &y 1.23
(3H, s), 6y 1.20 (3H, s), 6y 0.79 (3H, s), 6y 0.97 (3H, s), ¢ signals< 4
B e E3t & 47019 methyl protong H}E O & pimarane-diterpene O &
d At th. BC-NMR spectrumol A §c 151.7, §¢ 108.8¢] signale vinyl T

ZE Fgoldty, ArA7F "3 X9 methine carbon¢l §: 79.2 YA E FHol

i

SFlth §c 72.59 signale A7 T & YAE AZAH 43 ©HAE A4S
dtt. oA AnE wgo=r  FH¥3 wwste]  compound 10&

15-isopimaren—-38,83B3-diol® &% 3} t}.

17 18

Figure 12. Chemical structure of compound 10
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Table 4. 'H and *C NMR data of compound 10 (400 and 100 MHz, in
CDCly)

Compound 10

No.
&y (int, mult, / Hz) 8c
1 38.2
2 28.4
3 3.19 (1H, dd, 10.5, 5.5) 79.2
4 39.2
5 55.7
6 17.8
7 43.8
8 72.5
9 57.0
10 37.9
11 17.4
12 37.1
13 36.8
14 51.7
15 5.70 (1H, dd, 17.6, 10.3) 151.7
4.84 (1H, dd, 17.6, 0.9)
16 108.8
4.79 (1H, dd, 10.3, 0.9)

17 1.20 (3H, ) 27.4
18 0.97 (3H, s) 15.7
19 0.79 (3H, s) 15.9
20 1.23 (3H, s) 24.4
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5) Compound 11, 129 +% &4A

Compound 11& 'H-NMR spectrum®lA] &y 5.10 (1H, t, J = 3.7 Hz)<
signal olefin®] sp® Aol #oldlE= signalZ dAtatl o, &y 3.20 (1H,
dd, J = 10.8, 5.0 Hz)9 signal> "C-NMR d¢HE udgds& o),
deshielding® Ao® Hol A7 SAQE7F & A7t s lom sp’ T4
#oJ = protonl® A4S o™, &y 1.23 (3H, s), 6y 1.11 (3H, s), &y 1.05
(3H, s), 6y 0.98 (3H, s), 6y 0.81 (3H, ), &y 0.77 (3H, s), &4 0.92 (3H, d,
J =173 Hz), 6y 0.84 (3H, d, J = 7.3 Hz)9| signalg< A& S Sl &
8719 methyl protons H}E O 2 ursane-triterpene .2 o4ttt PC-NMR
spectrumoll 4] 3+ 709 olefin group (42} carbon &c 139.8, 3%} carbon §&¢
124.6) 2 AkA7F Q1S 91X9] methine carbongl §¢ 79.3% HAES s}
Aot ool AyE wigow F3¥3 njudle] compound 112 a-amyrin®
= FASATH

Compound 129 NMR dataE X compound 113 A F+x22 o35S
t}. BC-NMR spectrumol| A §c 145.4, 121.99 35 =3 3 /]9 o5 AT o]
AE Ao daioint. o) AnE wEoz F3%3 vt compound
12& B-amyrin®. 2 =43} t}.

30
= 29 30
N\

[:)] [TTITED

K7

23 24 23 24

Compound 11 Compound 12

Figure 13. Chemical structure of compounds 11 and 12
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Table 5. 'H and *C NMR data of compounds 11 and 12 (400 and 100

MHz, in CDCls)

Compound 11

Compound 12

No.
Sy (int, mult, / Hz) Sc Sy (int, mult, / Hz) Sc

1 39.0 38.8
2 27.5 27.4
3 3.20 (1H, dd, 10.8, 5.0) 79.3 3.20 (1H, dd, 10.8, 5.0) 79.2
4 39.0 40.0
5 55.4 55.4
6 18.6 18.6
7 33.1 32.7
8 40.2 41.9
9 47.9 47.8
10 37.1 37.2
11 23.5 23.9
12 5.10 (1H, t, 3.7) 124.6 5.16 (1H, t, 3.7) 121.9
13 139.8 145.4
14 41.7 42.3
15 28.2 27.1
16 26.8 26.4
17 34.0 32.8
18 59.3 47.4
19 39.9 47.0
20 39.8 31.3
21 31.5 34.9
22 40.2 37.3
23 0.81 (3H, ) 28.3 0.85 (3H, s) 28.3
24 0.77 (3H, s) 15.9 0.78 (3H, s) 15.8
25 0.98 (3H, s) 15.8 0.99 (3H, s) 15.7
26 1.11 (3H, s) 17.7 1.11 (3H, s) 17.0
27 1.23 (3H, s) 23.6 1.23 (3H, s) 26.2
28 1.05 (3H, s) 29.0 1.05 (3H, s) 28.6
29 0.84 (3H, d, 7.3) 17.1 0.95 (3H, s) 33.6
30 0.92 (3H, d, 7.3) 21.6 0.93 (3H, s) 23.7
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6) Compound 13, 14, 15, 169 +x A

Compound 13& BC-NMR spectrumol 4] & 3071¢ 7}2 93E5 #AFHH),
"H-NMR spectrumol A &y 0.91-2.67°] ®E3}= AS £33 aliphatice] sp’
Ao #TAEl= signaloZ o AE o, &y 1.27 (BH, s), 6y 1.25 (3H, s), §
n 1.08 (3H, s), &y 1.05 (3H, s), &y 1.03 (38H, d, J = 6.4 Hz), &; 0.97 (3H,
d, /= 6.4 Hz), & 0.91 (3H, s)9 signalse AHE kS E3dlo = 7749
methyl protons HI'Y O Z triterpene o2 o Fskdth. B3 &y 5.52 (1H, t, J
= 3.2 H2)9 signale olefin®] sp® Ao #oIdli= signalZ o3l em, &y
3.48 (1H, dd, J = 9.3, 6.4 Hz)9 signal> "C-NMR Ho|HE gl uj,
deshielding® oz Ro} W74 wErt & Abart <lAds] glom sp’ &40
Fo3}= protono 2 G A4S T BC-NMR spectrum®l Al §¢ 180.4¢] signale
carboxyl group%! carbon® @ oFslRqom, kA7 JAHS $9X9] methine
carbongl &c 78.6% FAES Felsklth ool A#E wpgoz AN
3] compound 13 ursolic acid (3B-hydroxyurs—12-en-28-oic acid)=®
AR

Compound 14+ compound 133 o] ugkty 'H-NMR spectrumel A &y
1.08 (38H, ), &y 0.91 (3H, s), &y 0.80 (3H, s), &y 0.78 (3H, s), &y 0.75
(3H, s), &y 0.61 (3H, s), 6y 0.59 (3H, s)¢] signals& AE S =5t F
7709 methyl protons HFE O & oleanane-triterpened T+X%E A ASITE =
g &y 5.09 (1H, t, J = 3.4 Hz)9 signal olefin®] sp” &Ao] #ojst=
signal®.®2 o Fstdlen, §; 3.19 (1H, dd, / = 13.5, 4.1 Hz)9 signal
YC-NMR dle]ElE 12dlS w, deshielding® Zlo& Ko} A7|&4=7t &
AaTh 1 Ao sp’ EA] Feldh= protono & o etk PC-NMR

No

spectrumeol Al §c 180.89] signale carboxyl group®! carbon®. = o3}
o, A47F Q1HE $X2] methine carbon?! §¢ 77.4% YAES Felaich
ool AI}E nFoR
AR

Compound 15+ 'H-NMR spectrum®lA] &y 5.49 (1H, t, J = 3.3 Hz)<

5613} v)wsle] compound 14+ oleanolic acid®

e
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signal& olefing] sp’ EAd] #TolslE signalo 2 At on, &y 4.12 (1H,
td, /= 9.1, 4.1 Hz) % 68y 3.42 (1H, d, J = 9.1 Hz) ¢ signal®& “C-NMR
ol S 123S u, deshielding® Aoz Hol A7|S&4%E7t 2 247} <A
& o sp? EAJo| s protonoZ ddEdt =3 6y 1.30 (3H, ),
&y 1.28 (3H, ), 6y 1.14 (3H, s), 6y 1.04 (3H, s), &y 1.02 (3H, s), & 1.00
(3H, s), &5 0.96 (3H, s)¢ signals< AHAE S E39 F 7719 methyl
proton®o. 2  oAslgtt.  BC-NMR  spectrumolA] 8§  180.7¢] signal
carboxyl group®l carbon®®Z ddstlon, 3 7] olefin group (4xF
carbon 8¢ 145.3, 3%k carbon &¢ 122.9) ¥ AFA7
carbon®l &c 84.3, 69.0% IAEES I3t ©

o

A7 ek 1% methine

_]
A%g vgon $a»

.|_4
ﬁ‘!—‘

7} W]LE}e] compound 15 maslinic acid® &4 3%t

Compound 162] NMR dataE EW compound 159 FAFSH F+x2=2 o d3stS]
t}. BC-NMR spectrumol A §c 139.8, 126.0 A ES F3& 3+ 79 o]x Ao
AE Aoz dsted). oje A¥s nigo® #3%n waste] compound

162 corosolic acid® &4 3t}

23

Compound 13

3 u 23 4

Compound 15 Compound 16

Figure 14. Chemical structure of compounds 13, 14, 15 and 16
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Table 6. 'H and *C NMR data of compounds 13, 14, 15 and 16 (in pyridine-d; or CDCls+ CDs0D=2:1)

Compound 13

Compound 14

Compound 15

Compound 16

No. &y (int, mult, J Hz) Sc Su (int, mult, J Hz) 5c Sy (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc
1 39.5 38.6 48.2 48.5
2 28.6 27.9 4.12 (1H, td, 9.1, 4.1) 69.0 4.12 (1H, td, 9.1, 4.1) 69.0
3 3.48 (1H, dd, 6.4, 9.3) 78.6 3.19 (1H, dd, 13.5, 4.1) 77.4 3.42 (1H, d, 9.1) 84.3 3.42 (1H, d, 9.1) 84.3
4 40.0 38.9 40.3 40.3
5 56.3 55.2 56.4 56.4
6 19.2 18.3 19.3 19.3
7 34.0 33.0 33.7 34.0
8 40.4 39.4 48.6 40.5
9 48.5 47.7 48.6 48.5
10 37.9 36.9 39.0 38.9
11 24.1 23.1 24.1 24.2
12 5.52 (1H, t, 3.2) 126.1 5.09 (1H, t, 3.4) 122.2 5.49 (1H, t, 3.3) 122.9 5.48 (1H, t, 3.3) 126.0
13 139.8 143.8 145.3 139.8
14 43.0 41.6 42.7 43.0
15 29.2 27.9 28.7 29.1
16 25.4 23.4 24.2 25.4
17 48.5 46.3 47.1 48.5
18 2.67 (1H, d, 11.4) 54.0 2.65 (1H, dd, 13.5, 3.7) 41.2 3.32 (1H, td, 13.7, 3.2) 46.9 2.65 (1H, d, 11.0) 54.0
19 39.9 45.9 42.5 39.9
20 39.9 30.6 31.4 39.9
21 31.5 33.8 34.7 34.7
22 37.7 32.7 33.7 37.9
23 1.25 (8H, s) 29.3 0.91 (3H, ) 27.9 1.30 (8H, s) 29.8 1.23 (3H, s) 29.8
24 1.05 (3H, s) 17.1 0.80 (3H, s) 16.7 1.14 (3H, ) 17.3 1.07 (3H, 9) 17.4
25 0.91 (3H, ) 16.2 0.59 (38H, ) 15.2 1.02 (3H, s) 17.9 0.99 (3H, ) 18.2
26 1.08 (3H, s) 17.9 0.61 (3H, ) 16.9 1.00 (3H, ) 18.2 1.10 (3H, ) 18.0
27 1.27 (3H, s) 24.4 1.08 (3H, ) 25.7 1.28 (3H, ) 26.6 1.30 (3H, ) 24.4
28 180.4 180.8 180.7 180.4
29 1.03 (3H, d, 6.4) 18.0 0.75 (3H, ) 32.9 0.96 (3H, ) 33.7 1.00 (8H, d, 6.4) 17.9
30 0.97 (3H, d, 6.4) 21.9 0.78 (3H, ) 23.4 1.04 (3H, s) 24.2 0.95 (3H, d, 6.4) 21.9
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7) Compound 179 +% A

Compound 17& BC-NMR spectrumol Al & 2971¢] 7}2 9=37F A= H,
"H-NMR spectrum®llA] &y 0.66 (3H, s), &y 0.99 (3H, s), &y 0.90 (38H, d, J
= 6.41 Hz), 64 0.81 (3H, d, /= 6.9Hz), 6y 0.79 (3H, d, J = 6.9 Hz), &y
0.82 (BH, t, J = 7.3 Hz)9] signalE2 A& #S &3t = 6702 methyl
protons HFE O 2 sterol Al%9 3F=dS o3t oh. =3k §y 5.33 (1H, d,
J = 5.0 Hz)9| signal olefin®] sp” &AJol| #oIdli= signale 2 o A3l o,
6 3.50 (1H, m)<] signal "C-NMR dl¢]E]E 1188 ul, deshielding® %
o2 Hol MVFAEIF Z 2tavE s o sp” EAJe #eIsti= proton
o® o sttt

BBC-NMR spectrum®] 4] 38+ 70| olefin group (4% carbon &c 141.0, 3xF

L

[e5

carbon &c 121.9) @ 247} 1A 3 9% methine carbong! §¢ 72.0% 3=
55 Fgalston}. o)Aty AxE uigro g 353 vl wéte] compound 17S B

-sitosterol® A&} T},

Figure 15. Chemical structure of compound 17
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Table 7. 'H and *C NMR data of compound 17 (400 and 100 MHz, in
CDCly)

Compound 17

No.
Sy (int, mult, J Hz) 8c

1 37.4
2 29.9
3 3.50 (1H, m) 72.0
4 42.5
5 141.0
6 5.33 (1H, d, 5.0) 121.9
7 32.1
8 31.9
9 50.3
10 36.7
11 21.3
12 40.0
13 42.5
14 57.0
15 24.5
16 28.5
17 56.2
18 0.66 (3H, ) 12.1
19 0.99 (3H, ) 20.0
20 36.4
21 0.90 (3H, d, 6.9) 19.0
22 34.1
23 26.2
24 46.0
25 29.3
26 0.81 (3H, d, 7.3) 19.6
27 0.79 (3H, d, 6.9) 19.2
28 23.3
29 0.82 (3H, t, 7.3) 12.2
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8) Compound 189 +% A4

Compound 18< 'H-NMR spectrum &4 Az, §; 7.32 (1H, d, J = 2.3
Hz), 6y 7.51 (1H, dd, J = 8.7, 2.3 Hz), 6y 6.96 (1H, d, J = 8.7 Hz)¢]
signal< coupling constantE &3 A= ortho, meta-coupling= 3til U+
aromatic ring TZE AT 6y 3.97 (3H, s), &y 3.96 (3H, s), 8y 3.95
(3H, s), 6n 3.91 (3H, s)°] signal&- deshielding ® 2% A& & &3l A
71§ =7 & Akt 3-8 9l methoxyl protono @ d)Xdakeltt. PC-NMR
spectrumol| A & 157§¢] carbon peak’} ##EE o™, 'H-NMR datas F¢
3to] flavones T&7F A& AHolgh oddE 4 o, § 182.89 signal
carbonyl group®! carbonl. @ A3l §: 61.1, 56.6, 56.4, 56.49] signals
& sp? A ©4E methoxyl 471 A& SIS oo AnE nigow
%3 v 3te] compound 182 5-desmethylsinensetin (5-hydroxy-6,7,

3',4'-tetramethoxyflavone) & &4 3} t}.

H,CO

Figure 16. Chemical structure of compound 18
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Table 8. 'H and *C NMR data of compound 18 (400 and 100 MHz, in
CDCly)

Compound 18

No.
Sy (int, mult, / Hz) Sc
2 164.2
3 6.54 (1H, s) 104.7
4 182.8
5 153.4
6 132.9
7 159.0
8 6.58 (1H, s) 90.8
9 153.3
10 106.4
1 124.0
2’ 7.32 (1H, d, 2.3) 109.0
3 149.5
4 152.5
5 6.96 (1H, d, 8.7) 111.4
6’ 7.51 (1H, dd, 2.3, 8.7) 120.3
6-OCH3 3.91 (3H, s) 61.1
7-0OCH3 3.97 (3H, s) 56.6
3’-0OCHjs 3.95 (3H, s) 56.4
4’-0OCHs 3.96 (3H, s) 56.4
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9) Compound 19, 209 +% &HA

Compound 19% 'H-NMR spectrum #41 A3}, &§; 7.59 (1H, d, J = 16.0
Hz) 2 &y 6.22 (1H, d, J = 16.0 Hz)9] signal coupling constantE &3
trans-EtA-EtA o]F A% protonl®E dAEFom, §y 7.45 (2H, d, J =
8.7 Hz2)¢} &y 6.80 (2H, d, J = 8.7 Hz)Y signals& A& Zho] 20]d,
coupling constantg &3 A=  ortho-couplings 3dtil e I Fxe
aromatic ring TZE A3tk PC-NMR spectrumold &<l F 74
aromatic ring& ¥3%3t F 9719 carbon peak’} #EE oW, 'H-NMR
dataZ® £33} phenylpropionic acids 737} S Aozt oAAe 4= Jon,
§c 171.39] signale carboxyl group®! carbonl @ 3153t} ojite] A=
vigto e E3%y mwsle]  compound 19+ p-coumaric  acid
(trans-4-hydroxy-cinnamic acid)® &3}l T}.

Compound 204 'H ¥ BC-NMR spectrum %41 A%}, compound 19} A}
st FRE odeislew, §y 7.03 (1H, d, J = 2.3 Hz), &y 6.93 (1H, dd, J =
8.2, 2.3 Hz), 6y 6.78 (1H, d, J = 8.2 Hz)9] signal< coupling constantE %
& M= ortho, meta-couplingg 3til A& aromatic ring TE2E s
ol4tol AyE wigoz Fa73m wuste] compound 202 caffeic acidZ &
ettt

Compound 19 Compound 20

Figure 17. Chemical structure of compounds 19 and 20
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Table 9. 'H and *C NMR data of compounds 19 and 20 (400 and 100
MHz, in CD30D)

Compound 19 Compound 20

N Su (int, mult, / Hz) 8¢ Su (int, mult, / Hz) Sc

1 171.3 171.2
2 6.22 (1H, d, 16.0) 116.9 6.22 (1H, d, 16.0) 115.6
3 7.59 (1H, d, 16.0) 146.7 7.53 (1H, d, 16.0) 147.2
4 127.4 127.9
5 7.45 (1H, d, 8.7) 131.2 7.03 (1H, d, 2.3) 115.2
6 6.80 (1H, d, 8.7) 115.9 147.0
7 161.3 149.6
8 6.80 (1H, d, 8.7) 115.9 6.78 (1H, d, 8.2) 116.6
9 7.45 (1H, d, 8.7) 131.2  6.93 (1H, dd, 2.3, 8.2) 123.0
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10) Compound 219 +% &4

Compound 218 'H-NMR spectrum #41 A3}, §; 7.55 (1H, d, J = 16.0
Hz) 9 &y 6.27 (1H, d, J = 16.0 Hz)®| signal< coupling constants &3l
trans-EtA-EtA o]F A% protonl®E dAEFom, §y 7.40 (1H, d, J =
1.8 Hz), 6y 6.95 (1H, dd, /= 8.2, 1.8 Hz), &y 6.78 (1H, d, /= 8.2 Hz) &
sk 6y 6.75 (1H, d, /= 1.8 Hz), 6y 6.61 (1H, dd, /= 8.0, 1.8 Hz), &y 6.70
(1H, d, J = 8.0 Hz)¢ signal&<> coupling constantE &3l AZ ortho,
meta-coupling< 3t A= 2 709 aromatic ring T7FE oA T
BC-NMR#} DEPT-135° spectrum< £3te] & 18709 carbono] &< &
elslg o, o]5L 170 methylene carbon &c 38.13 87] quaternary carbon
(6¢ 173.8, 168.6, 149.9, 147.0, 146.3, 145.4, 129.5, 127.8) Y™ A methine
carbon®] 97HE YeERNAT. 'H-NMR dataEs %3] phenylpropionic acids
dimer 7+%7} & Aolgt oast 4= o §: 173.8% §: 168.69] signals
2 carbonyl group@l carbon® 2 o]’3FA T}

a2l HMQC spectrums S3llA &y 5.18 (1H, dd, J = 8.5, 4.6 Hz)<
signal> &5 o538 carbon signal2 &c 74.95 <213}%1aL deshielding® A
o7 Hol MVFAEIF F akhvh QdFsE glem spf Aol Helsh=
methylidyne proton®.® of/dstlct. ®gk &y 3.10 (1H, dd, J = 14.2, 4.1 Hz)
2§y 3.00 (1H, dd, J = 14.4, 8.7 Hz)9| signale2 A3 tl$g carbon
signal< §c 38.12 32138} 3L, anisotropic effect W&ol deshielding® Z 2
2 Kol aromatic ring?] sp’ £Al o= methylene protonO & | A&
=3

HMBC spectrum< %3}o] §¢ 74.99] hydroxyl group®] carbonyl carbon¢!
§c 173.8, 168.6 % methylene carbon®! §c 38.1 ¥ 3, 1¥]3l benzene ring
ghasel 8¢ 129.53 Aol &S Flagitt. 'H-'H COSY spectrums &
a aliphatic carbons® WIS FASATE. o]Ate] HAIAE nHOR
compound 212 (S)-danshensu caffeic anhydride® AAAoA S0 =2 F
gl 2l9t3betEelth. Compound 219 HR-ESI-MS #4 A3 m/z [M+Nal
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383.0743 (calc. 383.0743)= o3 sheta o] AR LdAE ol

Optical rotation =423+ [a]?y =+5.4 (¢ 0.16, MeOH)o]t}.
0 0

Figure 18. Chemical structure of compound 21

Table 10. 'H and "“C NMR data and informations of HMBC of compound

21 (400 and 100 MHz, in CD3;0D)

Compound 21

No. 6y (int, mult, / Hz) §¢  HMBC (J?) HMBC (J %)

1 168.6

2 6.27 (1H, d, 16.0) 114.6 168.6(C1) 127.8(C4)

3 7.55 (1H, d, 16,0) 147.8  127.8(C4) 168.6(C1),115.3(C5),123.3(9)
4 127.8

5 7.04 (1H, d, 1.8) 115.3 147.0(C6) 149.9(C7),123.3(9)

6 147.0

7 149.9

8 6.78 (1H, d, 8.2) 116.4 149.9(C7) 127.8(C4),147.0(C6)

9 6.95 (1H, dd, 8.2,1.8) 123.3 116.4(C8) 115.3(C5),149.9(C7)

i 173.8

2° 5.18 (1H, dd, 8.7,4.1) 74.9 173.8(C1°), 168.6(C1),129.5(C4)

38.1(C3")
a° 3.10 (1H, dd, 14.2,4.1) 28.1 173.8(C17),74.9(C2),129.5(C4 "),
3.00 (1H, dd, 14.2,8.7) 117.7(C5%),121.9(C9)

4° 129.5

5° 6.75 (1H, d, 1.8) 117.7 38.1(C3%),145.4(C7),121.9(C9")
6° 146.3

7 145.4

8 6.70 (1H, d, 7.8) 116.6 129.5(C4"),146.3(C6")

9° 6.61 (1H, dd, 8.0,1.8) 121.9 38.1(C3%),117.7(C5),145.4(C7)
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Figure 19. 'H-NMR spectrum of compound 21 (in CDs;0D)
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Figure 20. »C-NMR spectrum of compound 21 (in CDs;0D)
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Figure 22. 'H-'H COSY spectrum of compound 21 (in CDs;0D)
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Figure 23. HMQC spectrum of compound 21 (in CD3;0D)
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Figure 24. HMBC spectrum of compound 21 (in CDs0D)
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Figure 25. HR-ESI-MS spectrum of compound 21
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22 gallic acid #
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°] 9F(GAE; gallic acid equivalent)

+— gallic acid

0] =
PA

49

A LERR AT

A}

2 32

ol

5
Yy
il

60.84+1.04, 65.58+0.46 mg/g GAEZ T}

2 YebtH(Figure 26).
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Figure 26. Total polyphenol contents of extract and solvent fractions from
E. angustifolium L. aerial parts. The data represent the mean £ SD of

triplicate experiments.
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Figure 27. Total flavonoid contents of extract and solvent fractions from
E. angustifolium L. aerial parts. The data represent the mean £ SD of

triplicate experiments.
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(3) DPPH radical &7 &4

Eeutsd ALY F=5 2 2829 diste] DPPH radical &7 &4&

Aatdth ZF AlRES 25-400 pg/mLe FEE AFS sl on, 24z

A Ay FEE, p-BuOH 8 E9 SCsy ate] Z+7F 80.6, 67.2 ng/mL= T
2 BIBE=9 H3] 943 DPPH radical 274 @4o] YElwth(Figure 28,

Table 11).

100 - 25 pg/mL @ 50 pg/mL @ 100 pg/mD @ 200 pg/mL @ 400 pg/mL

80
70+

&0

40+

30+

DPPH radical scavenging activity (%)
g
1

W04 =

104 I

0+ T T
Extract n-Hex EtOAcC n-BuOH H:0 BHT
Figure 28. DPPH radical scavenging activities of extract and solvent

layers from £E. angustifolium L. aerial parts. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments

Table 11. SCs¢ values of DPPH radical scavenging activities for extract

and solvent fractions from £E. angustifolium L. aerial parts.

Extract n—Hex EtOAc n—BuOH H»0O BHT
SCso (ng/mL) 80.6 291.6 182.6 67.2 118.4 63.8
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(4) ABTS" radical 27 &A

A8 Ay FEE, n-BuOH 3 &9 SCsy ake]l Z+2F 53.6, 37.5 pg/mL= th

2 BIESo H|3] 43 ABTS' radical 274 &Aool Yerth(Figure 29,

6.25 pg/mL & 12.5pg/mL M 25 pg/mL M 50 pg/mL M 100 pg/mD, B 200 pg/mL B 400 pg/mL

20
80
70

60

40 P
30 -

20 L

ABTS+ radical scavenging activity (%)
g
1

10 - & I )

’ —— EtOAc n-BuOH H:0 BHT
Figure 29. ABTS' radical scavenging activities of extract and solvent
layers from £E. angustifolium L. aerial parts. The data are expressed as a
percentage of control and represent the mean £ SD of triplicate
experiments.

Table 12. SCsp values of ABTS' radical scavenging activities for extract

and solvent fractions from FE. angustifolium L. aerial parts.

Extract n—-Hex EtOAc n-BuOH H20 BHT

SCso (ng/mL) 53.6 236.5 240.2 37.5 76.8 8.4
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2) ¥

(1) Paper disc diffusion method

N}
AL

=

FuksE AgY FEE 3

pla

S 29 g4t &S g5t flske] I F A
A+ (resident flora)Ql Staphylococcus epidermidis (CCARM 3709, 3710,
3711), =&+l Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089)

9 ZX4Ql Streptococcus mutans (KCCM 4015)% AF&3Fe] paper disc

A

diffusion method® clear zone< 213}ttt

I Ay, F3ukEE AR FEE0] S epidermidisdl Wd AL -3 g
o XS Yl o™, n-BuOH, n-Hex % EtOAc B3 E9 A= A9
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Figure 30. Results of paper disc diffusion method of extract and solvent

fractions from aerial parts of £E. angustifolium L. on S epidermidis, C.

acnes and S. mutans.
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Table 13. Antibacterial activities of extract and solvent fractions from £

angustifolium L. aerial parts

Bacterial density

Clear zone (mm)

S. epidermidis

(1.5%10° CFU/mL) CCARM CCARM CCARM
3709 3710 3711
Extract 9.5 10.5 12.5
n-Hex Fr. 9.0 9.0 9.0
EtOAc Fr. 8.5 8.5 8.5
n—-BuOH Fr. 9.0 9.0 10.0
H>O Fr. 8.5 N.A. 8.5
Positive control 34.0 N.A. 32.0
Clear zone (mm)
Bacterial density C. acnes
(1x10° CFU/mL) CCARM CCARM CCARM CCARM
0081 9009 9010 9089
Extract 10.0 10.0 10.0 10.0
n—-Hex Fr. 10.0 9.0 10.0 9.0
EtOAc Fr. 9.5 9.0 10.5 9.5
n-BuOH Fr. 8.5 N.A. 9.5 9.5
H»>O Fr. N.A. N.A. N.A. N.A.
Positive control 61.0 N.A. N.A. 47.0
Bacterial density Clear zone (mm)
(3x10° CFU/mL) o mutans
KCCM 40105
Extract 11.0
n-Hex Fr. 11.5
EtOAc Fr. 12.0
n-BuOH Fr. 9.0
Hgo Fr. N.A.
Positive control 39.0
Sample : 6 mg

- 61

Positive control (Erythromycin ) : 60 ug
Disc size : 8 mm X 1.5 mm
N.A. : No Activity



2 MBC

(2) MIC
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Table 14. MIC and MBC values of E. angustifolium L. aerial parts on .S.

epidermidis.
S. epidermidis
CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC

Extract 2500 5000 2500 10000 2500 5000
n-Hex Fr. 1250 10000 1250 10000 1250 10000
EtOAc Fr. 5000 10000 5000 10000 5000 >10000
n—-BuOH Fr. 5000 10000 5000 10000 5000 5000
H>O Fr. 10000 10000 10000 10000 10000 >10000

Unit : pg/mL

Table 15. MIC and MBC values of £ . angustifolium L. aerial parts on C.

acnes.
C. acnes
CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089
MIC MBC MIC MBC MIC MBC MIC MBC
Extract 625 2500 1250 2500 2500 5000 2500 2500

n—-Hex Fr. 78.1 312.5

78.1 625 312.5

EtOAc Fr. 312.5 625 156.2 1250 625

n-BuOH Fr. >10000 >10000 >
HyO Fr. >10000 >10000 >

10000  >10000 >10000
10000  >10000 >10000

625 78.1 625
1250 156.2 1250

>10000 >10000  >10000
>10000 >10000  >10000

Unit : pg/mL

Table 16. MIC and MBC values of E. angustifolium L. aerial parts on .S.

mutans.
S. mutans
KCCM 40105

MIC MBC

Extract 1250 5000

n-Hex Fr. 39.1 625
EtOAc Fr. 1250 5000
n-BuOH Fr. 5000 10000
H2O Fr. 10000 >10000

Unit : pg/mL
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3) &4

(1) Nitric oxide A4 <A &4

=
FZEy &u EIELS 100 pg/ml FEE AL Assigr. 1 A,
3]

E
ygom, AAE&L 217 97.8%, 91.0%= Felx A th(Figure 31). NO AAS
50% AAE weo] F=(Cs50)E &21st7] 98t n-Hex % EtOAc #3&9 F+
7} A8S ARt n-Hex& 6.25-100 pg/mLe =22 23L& dadstg o

M, n-Hex #8&& XA 2E NO A4 A 245 B, 1Cs @b

W NO production (%) ® Cell viability (%)

140 < 10
[ ]
120 g 120
‘ .
3 100 ® 100
F 5
£ g
g w {80 Z
g *k # 2
g- 60 160 =
z 3
10 0
0 20
ok kA ok
0 : : ; . — . |,
LPS (100 ng/ml) R + + + + + + +
2 i =
Sample (100 pg/mL) = + Extract n-Hes Et0Ac n-BuOH HO ’;;:1‘!‘1‘:;'

Figure 31. Effects of extract and solvent fractions from aerial parts of Z£.
angustifolium L. on NO production and cell viability in LPS-stimulated
RAW264.7 cells. The cells were stimulated with 100 ng/mL of LPS only,
or with LPS plus extract and solvent fractions from aerial parts of £
angustifolium L. and 2-amino-4-picoline (positive control, 5 uM) for 24 h.
The data are represent the mean * SD of triplicate experiments. “p

<0.05; "7 p<0.01
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PHZIA 2 BtOAc ®3EE 12.5-100 pg/mLel sE= Ase], FreEd
?1 NO A4 <Al &4d+5 dshslar, 1Cs ¢ 26.7 ng/mL= HeERTH(Figure
32).

B NO production (%) @ Cell viability (%)

140 4 r 140
@ & ™ ®
120 4 L] ® 120
L]
= 1004 - 100
g g
E =04 Lo &
= g =
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T 601 F60 B
= 3k =
=] 4 L o
> 40 40
20 F 20
s ok
o4 ; i ? - : =] i [ ] i -__ o
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n-Hex Fr. s 3 1-Amino-
(ug/mL) = + 6.25 125 25 0 100 4picoline
B NO production (%0) ® Cell viability (%)
140 r 140
L]
120 - L3 ® 120
“ L]
= 100+ ® r100
=, =
= e
S 80 o Fsp £
k=1 =
£ =
2 604 e - 60 -
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=] (5]
z 40 - 40
s
20 F ok 20
I
- | : . : . : . .| 0
LPS (100 ng/mL) - + + + + + 4
EtOAc Fr. i - N - 2-Amino-
(ugimL) - 3 125 25 50 100 4-picoline

Figure 32. Effects of n—Hex and EtOAc fractions from aerial parts of £
angustifolium L. on NO production and cell viability in LPS-stimulated
RAW264.7 cells. The cells were stimulated with 100 ng/mL of LPS only,
or with LPS plus n-Hex and EtOAc fractions from aerial parts of £.
angustifolium L. and 2-amino-4-picoline (positive control, 5 uM) for 24 h.
The data are represent the mean * SD of triplicate experiments. “p

<0.05; " p <0.01
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(2) PGE; 2 A=A cytokine A A &4
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1 tHFigure 33).

a9
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=
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=

A A5 EtOAc #

olw At (Figure 34).
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Figure 33. Effects of n-Hex fractions from aerial parts of £
angustifolium L. on PGE;, TNF-a, IL-6, IL-1B production and cell
viability in LPS-stimulated RAWZ264.7 cells. The data are represent the

mean = SD of triplicate experiments. “p <0.05; *“p <0.01
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Figure 34. Effects of EtOAc fractions from aerial parts of £ angustifolium
L. on PGE, and TNF-a production and cell viability in LPS-stimulated
RAW264.7 cells. The data are represent the mean * SD of triplicate

experiments. “p <0.05; " " p <0.01
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4) w9

(1) Melanogenesis A &4

N - =
U G gA @49 Alx 54S e 1 FEE E 4 29ES 80
pg/mL FE2 A R3Pst A p-Hex & 23 A4S YHEUlon,

Al 24 S Hebllth(Figure 35).

Fedt A9s ntgo® p-Hex ¥ EtOAc #3Ed dig =& g 57}
o2 melanin A JA S JAgPspglon, 1 =9

Fol= 20, 30, 40 pg/mL =2 A F AEZ 54 flo] vk oEHoR
melanin A4 A A4S AR o, EtOAc 3 E2 4ol 20, 40,
60, 80 pg/mL =2 Az Al HE =4 9o % oFEHoZ

g4l &4s et lck(Figure 36).

@ Melanin contents {%0) ® Cell viability (%)
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201 L 20
04 . . . ; . ; . Lo
o-MSH - F + + + + + +
(BSD"::P“ ; ] + Extract e EtOAc n-BuOH H,0 Melasoly

201D

Figure 35. Melanin contents and cell viability of extract and solvent
fractions of aerial parts of E. angustifolium L. in a—MSH induced B16F10

melanoma cells. The data are represent the mean £ SD of triplicate

experiments. “ “p <0.01
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140 B Melanin contents (%) ® Cell viability (%6) r 140
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Figure 36. Melanin contents and cell viability of n-Hex and EtOAc
fractions of aerial parts of E. angustifolium L. in a—MSH induced B16F10
melanoma cells. The data are represent the mean * SD of triplicate

experiments. “p <0.05; **p <0.01
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(2) Intracellular tyrosinase A3l &4

Melanogenesis 24 @37} 91+ n-Hex % EtOAc & &0 )3t nma w#A
UES gR1sh7] f1sliA AME We tyrosinase A3 €4S S48k 1 4
%, n-Hex % EtOAc F3EL v oEH o= MXE W9 tyrosinase A3 &

A& FdstA vk (Figure 37).
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Figure 37. Intracellular tyrosinase inhibitory activity of n—Hex and EtOAc

+ 0 40 i) 30
fractions of aerial parts of £ angustifolium L. in a-MSH induced B16F10
melanoma cells. The data are represent the mean £ SD of triplicate

experiments. “ “p <0.01

_7‘|_



o1
i
&
i
ot
%
e
Lo
m G
oX,
11
jai}
Ny
%)

1

ot
[-'>~
b

(1) DPPH radical &7 A4

BEouls4 AR 283 compound 21 ©idte] DPPH radical 27 &4

< Stk A 8E 125400 pMO] sER AR om, SCo g ANE

28 A3 compound 21914 SCso Fke] 34.6 yM=Z FA =+ BHTO| H] &l
$-473F DPPH radical &4 &4do] YelFtH(Figure 38, Table 17).

& 1001 W 12.55M ® 25pM W S0pM = 100pM m 2000 B 400pM
‘E“ 90
80 1

70

60 -
50 -
401
30
20 1
10 1
ﬂ =

VI

DPPH radical scavenging acti

Compound 21 BHT

Figure 38. DPPH radical scavenging activities of compound 21 from £
angustifolium L. aerial parts. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 17. SCsp values of DPPH radical scavenging activities for compound

21 from E. angustifolium L. aerial parts.

Compound 21 BHT
SCso (uM) 34.6 162.1
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(2) ABTS" radical &4 &4 =4

Feuls2 AR BEgE compound 219 thdle] ABTS' radical &7 &

e ST A5 12.5-200 pMe] w2 Ao, SCqy #he At

28 A3 compound 21914 SCso #te] 81.6 pM=Z FANZ+ BHTS A+
st ABTS" radical 224 &4do] Yelsth(Figure 39, Table 18).

i ® 12.5:M ® 25uM = 50pM = 100uM B 200pM

LR
80
70+
60
&0
40 4
30+
20 4
10

ABTS+ radical scavenging activity (%)

compound 21

Figure 39. ABTS" radical scavenging activities of compound 21 from £E.
angustifolium L. aerial parts. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 18. SCsg values of DPPH radical scavenging activities for compound

21 from E. angustifolium L. aerial parts.

Compound 21 BHT

SCso (1M) 81.6 72.3
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2) &4
(1) Nitric oxide (NO) 234 ol#] &4

k-2 A A Z(RAW 264.7)5 o|&3dte] E&ntss Ad525H o9
compound 219 nitric oxide (NO) A4 A &7 Mx 54S SAHSIAH
Compound 212 50, 100, 200, 400 uyM9] == 23dS Mty 1 A3}
compound 21 400 pM X o|sto|A AME A4 glo] % oFEX o2 NO

AL AA g o, 1Cs ZFS 130.3 yME YEFStH(Figure 40).

140 - E NO production (%) @ Cell viability (%) 140
120+ i L] -120
L ®
< 100+ ¢ * -100
g g
g s0- * % 80 &
1 =
= =
s =
g 60 ek -60 =
= =
=) g
= 40 A - 40
ok
20 . 5 2 -20
1]  —— T T T T T T l 0
LPS (100 ng'mL} - + + + + + +
= 2-Amino-4-
Compound 21 (pM) = + 0 100 200 400 picoline

Figure 40. Effects of isolated compound 21 from aerial parts of £
angustitfolium L. on NO production and cell viability in LPS-induced
RAW?264.7 cells. The cells were stimulated with 100 ng/mL of LPS only,
or with LPS plus isolated compound 21 from aerial parts of ZE.
angustifolium L. and 2-amino-4-picoline (positive control, 5 uM) for 24 h.

The data are represent the mean * SD of triplicate experiments. “p

<0.05; *"p <0.01
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(2) PGE; %

HAZS4 cytokine A A &4

Compound 219] &% &4 71d& AF-317] 98] ELISA kitE o] &3t PGE,

2 AASA cytokine A

TNF-a % IL-69]

(Figure 41).
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Hede
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=
1

IT-6 production (%0)
e =
[—] [—]
1 1

0
LPS (1 pg/mL} - +

Compound 21 (pM) - + S0 100 200 400

Figure 41. Effects of isolated compound 21 from aerial parts of £E.
angustifolium L. on PGE., TNF-a, and IL-6 roduction and cell viability in
LPS-stimulated RAW264.7 cells. The data are represent the mean £ SD

of triplicate experiments. “p <0.05; " “p <0.01
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3)

i
S

(1) Melanogenesis A &4

B16F10 melanoma cell& ©°]&3le ®EI3usE FEE=Z45HH 39
compound 21¢ #pd G oA SAH} Ax 545 SAHsIAT 25, 50,
100, 200 uM¢] =2 AdS A3Pst A3, compound 212 AXE ZA glo]
L EA O melanin A A 24E e THFigure 42).

148+ B Melanin contents (%) ® Cell viability (%) 140
1201 - 120
. . ) .
[ ]

~ 100 L 100

g L ] —

< * s

< 30 -80

g s o

& =

= -

2 60+ -60 8

e i

E o+ =

_ - &
ﬁ 40 0 @
=
20 - L 20
=] T T T T T T _['

{;’63‘“":’;:_[1} + + + + + +
Compound 21 i x5 4 Melasolv

Ao + 25 50 100 200 s

Figure 42. Melanin contents and cell viability of isolated compound 21

from aerial parts of £ angustifolium L.
melanoma cells.

experiments. “p <0.05; **p <0.01
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(2) Intracellular tyrosinase A3l &4

Melanogenesis 94 @37} A+ compound 21¢] 3t mw HAYZS I
A3zl AsA AE U9 tyrosinase As S FAHSGT. 1 AR,
compound 21 F% oJ&Ho 2 AX U9 tyrosinase A3 Al7]

= Aoz Rt tH(Figure 43).

rIr
folr
&
~
30

120+

100

80
%%

60
%ok
40
deok
20

Intracellular tyrosinase activity (%)

a-MSH
{100 nhd)

Compound 21

b
(WMD) x + 25 30 100 200

Figure 43. Intracellular tyrosinase inhibitory activity of isolated compound
21 from aerial parts of £ angustifolium L. in a—-MSH induced B16F10
melanoma cells. The data are represent the mean £ SD of triplicate

experiments. “p <0.05; **p <0.01
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1’45 70% EtOH FE&E<o &uiel =4
3to] n-Hex, EtOAc, n-BuOH % H,0 EIES A
EtOAc F8E2 41 VLCE o] &g t}29 silica gelelyt Sephadex LH-20

column chromatographyE F3ste] @d 5SS 3t a9 od 3
2o 1D, 2D NMR 2 HR-ESI-MSE o &3t sig&e] 725 3alsiglo

H, =d2 givste] F 21709 SEES 45T

a9 3gELS  p-dodecane (1), lauric acid (2), ethyl oleate (3),
1-monoolein (4), linoleic acid (5), coriolic acid (6), ethyl linolenate (7), a
-linolenic acid (8), 1-linolenoyl glycerol (9), 15-isopimaren-383,3B—-diol
(10), a—amyrin (11), B—amyrin (12), ursolic acid (13), oleanolic acid (14),
maslinic  acid  (15), corosolic  acid  (16), B-sitosterol  (17),
5-desmethylsinensetin  (18), p-coumaric acid (19), caffeic acid (20),
(S)-danshensu caffeic anhydride (212 2218 =% 2™, compound 21 A}
AANA AFog Fed shtEolt

TEuEE AR Akst A8 Ay, p-BuOH #8 &3 FEEY F 29
= g&fo] Z}Z} 65.6, 60.8 mg/g GAEZ YES o™, DPPH radical &4 &4
Ao n-BuOH 28 =3 FE2=L Hxad BHTS A @z &7 &
Ae UElAY. E3us3 AGFERE ¥ At 3t8=<¢ compound 21
& DPPH radical®l i3k SCso #kol 34.6 pM= iz BHT (162.1 uM)el
H13] $-=3% DPPH radical 47 &4< Uetlen, ABTS' radical SCso #t]
81.6 yM= ¥z BHT (72.3 uM)9t A ABTS' radical 47 &4 0]

o

velygtl, o) ate] A#E nler o ® compound 219 4 TEHS zk= F9 g
A =42 gRlsglt).
St A4S Hrkshrl 918k =5 A3l #wdEdE IR AL
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_4

Staphylococcus epidermidis (CCARM 3709, 3710, 3711) % o=E+9l
Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089) 1¥]a FTX|+<l
Streptococcus mutans (KCCM 4015)E AFE3te] sbd &4k M (Paper disc
diffusion method)S & ASFAA % (clear zone), HA A % (minimum
inhibitory concentration, MIC) % 24 A2 FX% (minimum bactericidal

concentration, MBC)E A3}t 1 A3, EEvls4 AFEe FE5&

e

L] BEEL S epidermidis® 73$ EtOAc, n—BuOH, n-Hex, %%, H,0
FIE gz g A4S YeEpoen, MIC #2 Z+ZF 500, 500, 1250,
2500, 10000 pg/mLz %At =3+ C acnes® 7%= n-Hex, EtOAc,
FE== A= I 24 vebllon, MIC el ZH7F 78.1-312.5,
156.2-625, 625-2500 pg/mLE Q= MBC #e] zZHz 31.2-625,
625-1250, 2500-5000 pg/mL= A=At gA, S, mutanse] He n-Hex,
EtOAc, %%, n-BuOH £33 & €2 &+ A4S Yediden, MIC gtol
Z+7} 39.1, 1250, 1250, 5000, 10000 pg/mLz gt w3+ Zad 3}gt

o

compound 13, 14&= F3%SE E3lo] 53 I T50 IS A

nl9-2o] g2 AEZQ RAW 264.7 cell& o]&3le] H-3nlsdt A3 d9s
d 23S 21383 A¥, p-Hex, EtOAc #+8E0] 100 pg/mL ©]3le] FI=olA
AEE glo] A NO A oA 48 dehen, ICs #tel ZH7t
11.7, 26.7 pg/mLZ &F2ladvt. w3k n-Hex % EtOAc 8 Eo] A A=A
AbolEFFQl H PGE.9] A oA Ads A3} n-Hex &S A 54 A}
o]E7}elel TNF-q, IL-6, IL-18 28]3 PGE.ol| w3t 5% oj&zor A
AA a5 gstglen, EtOAc &8E2 d 954 AtlE7HRIQ]I TNF-a 1
2l PGEzol tigh s% oA o=m A oAl axE gelsdin. Eerts
AgHEEY FEE At 3%=<9 compound 21°] &A1 NO A4 A
S el e, 1Cs gtel ztz 130.3 pMz el w3 A d5A
ARSI EFFQIQI TNF-q, IL-6 18] PGEy° thdt 5= &40z A JA &
g Eelsksict

TEuksg XgHe] njdl g ZAH S 95te] B16F10 melanoma cellS ©]-&



ato] melanin A ZFHR AE A4S SAHSGUY. A9 A, n-Hex #8E0]
40 pg/mL E% ot Al AxESA glo] @zl Wepd A oA 245 o
Eligl o, AXY tyrosinaseo] et & oJEH oz AA A 2
N, EtOAc & E°] 80 ug/mL §% o|stllA MESA glo] 5% 9

2 dgtd A 9 M XY tyrosinase A AL &5}, ESuls
2 AgFERY e At Q] compound 210] 200 uM o] 3}

Al MESG glo] v& oEXOE melanin A A A4S HERASA,

Intracellular tyrosinase @A4S =743 A3, 834 % tyrosinased] &S
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AW (Chamaecyparis obusa (Siebold. et Zucc.) Endl)x= =Wy
(Cupressaceae)dl 3k A= ¢ W&oz yit 195935 E Ak A Eoj A
=S Aulal ghom FE s G| Aska e | 717} 4
AT 2 mZ7bE7HA Ak 4ol Fo] vu dvje TIHEIE sEI AE
10~12 mmol™ 9~11 o] ZMo=z o3 §~1072 A skulE= o] i &
el = A Ao WSk Aokt BAMAE R Tk A okhkso
b2y 270 Sol7h dow Ao m AuA o] E&H ¢
AMEstete] wel fHEuE o) FEEC FE HF o= (terpenoid), #ILd
(lignan), Z&+H.x=o]= (flavonoid), Z~H ZEo|= (steroid), A WA = AHAE S
Fretal Sleol EeA vk 53] | vk AWe] AR #E Fa
=

S}
k=

et

o,

AES 2B 3 (monoterpene)¥ A|A~FE I (sesquiterpene)= T}
7] W&o A= &g, A 53E YEherl oivkae #Halo)
(heartwood)oll Al Egl¥ F& AEo=Z tholg#A (diterpene)’'® g 12343t

> o
ol
i)

HAA7A Aol B3 AP AGE B AR 9 FEHEE T2 o,

g, F, A4F a7 &S LEAJG. Ho Aol wE w9 F&

& RAW264.7 Alzzd diste] 2135221 JAK/STAT axisS A& &3+

AT WS AW - dSS FAsdT s AW Fxpe Ae el #
e

HuH
S Ag7F o} Hargl vl gl7] wiitel oA npgoRE E AgoA = AlFAE A

Adlo] AFgs AW E2 A BEHE : 497)= 20199 129 A AXA] FH ]

A AP AAARE A7 Fol Rastel AFol AHgst,
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Figure 44. Pictures of Chamaecyparis obusa (Siebold. et Zucc.) Endl.

seeds.
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9} 5 nm9 filter paperE ©]-83}¢]
¥ &3 7|(rotary vacuum evaporator)=
AATt o] & dL 50% EtOH FE& 20.7 ¢& T/ dgAx & &+ =&
7] o]&ste] &uje] S0 we SARH £AHoE F95te] n-hexane
(6.3 g), ethyl acetate (6.9 g), n-butanol (2.8 g) ¥ water (4.0 g) EIES
A A (Figure 45).

il

The Seeds of Chamaecyparis obusa (0.5 kg)

Extracted with 50% EtOH
(4 L, 24 h, room temperature)
Filter with 5 um filter paper

Extracts 25.5 g (5.1%)

Extracts 20.7 g

Suspended in H,O

[ ]

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
6.3 g (30.4%) 6.9g (33.3%) 2.8 g (13.5%) 4.0g (19.3%)

Figure 45. Extraction and solvent fractionation of C. obusa seeds.
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2) n—Hexane F38 &9 &4 A& £

4.8 g& 4 BE Y7] fste] o4 silica gel& 3
glass column= ©]83}4] vacuum liquid chromatography (VLC)E ZI3§sF
o 8wl A4 3%, 5% =& 10%% n-Hex:EtOAc (0-100%)7} 2 wj7}~]
=domw 1 % 100% MeOHS Z+7F 300 mLA &=3t] F 21709 fractions
AATHFr. V1-21).

VLC fractiong & Fr. V6 (645.4 mg)< CHCI3-MeOH (20:1)9] &wjz=o
2 silica gel column chromatographyE 33l%] compound 22 (32.2 mg),
compound 3 (29.6 mg)¥} compound 24 (17.9 mg)E LUtk

Fr. V8 (750.6 mg)2 CHCl;-MeOH (40:1)¢] €mjZzH 2 2 Sephadex LH-20
CCE #33%}o compound 33 (60.3 mg)¥} compound 14 (40.4 mg)ES AU}
Fr. V9 (820.3 mg)+= CHCI3-MeOH (60:1)9] &z 22 Sephadex LH-20
CCE 339 compound 30 (35.1 mg), compound 13 (29.7 mg),
compound 14 (45.2 mg)e} compound 10 (84.8 mg)S LUt}

Fr. V10~11 (560.2 mg)< CHCls-MeOH (50:1)¢] &mjZ71 02 Sephadex
LH-20 CCE F33}>] compound 12 (58.3 mg), compound 27 (59.7 mg)¥}
compound 17 (49.8 mg)& AUt}

Fr. V12~13 (777.0 mg)< CHCI3-MeOH (40:1)¢] 8wz 22 Sephadex
LH-20 CCE F33}>] compound 29 (195.3 mg), compound 63 compound
7 £ AER Po] ey F (454 mg)S ¥ew, 183 compound 16
(45.8 mg)& AT

Fr. V7 (240.8 mg)< MeOH=Z AZ274 WHE F3ted compound 18 (50.4
mg)S LA} Fr. V4 (226.5 mg)+= 100% CHCl3o] & Z=A o= silica gel
column chromatographyS <383te] compound 19 (68.7 mg)¢} compound
20 (110.8 mg)S At}

Fr. V14 (222.2 mg)= CHCI3-MeOH (30:1)¢] £wjx7d o= Sephadex
LH-20 CCE a3t ©d 3}3t+= compound 28 (46.6 mg), compound 11
(49.7 mg)e 9o, &3tx AeEjocompound 8% compound 1 (82.6 mg)S
A At
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A

EtOAc #8E& 5.0 g& 54 H=Z Y57 98t &4 silica gels 3

(e

glass columng ©]-&3}%] vacuum liquid chromatography (VLC)E 71 8)3s}S]
ot &l 54L& 5% n-Hex:EtOAc (0-100%), EtOAc:MeOH (0-50%)°] 2
W74 Elew 1§ 100% MeOHE ZH7h 300 mLA &&stol F 32719
fraction& ¥AHFr. V1-32).

VLC fractiong % Fr. V4~5 (310.5 mg)+ n-Hex-EtOAc (10:1)¢] &vf=x
702 silica gel column chromatographyE G 33t% compound 25 (24.2
mg), compound 15 (9.8 mg), compound 19 (67.3 mg)¢} compound 3 (12.1
mg)< AUt

Fr. V6 (230.4 mg)< CHCI3-MeOH (60:1)¢] 8wz =2 silica gel CCE
83kl compound 26 (7.1 mg), compound 1 (145.6 mg)¥} compound 24
(41.7 mg)E AUt

Fr. V7 (458.4 mg)¥ CHCIl3-MeOH (60:1)8] €z = silica gel CCE
4=393}e] compound 26 (20.2 mg), compound 30 (10.9mg)¥} compound 13
(266.3 mg)= VAU

Fr. V8 (295.7 mg)< CHCI3-MeOH (40:1)¢] 8wz 22 Sephadex LH-20
CCE <839 compound 30 (190.2 mg), compound 14 (22.1 mg),
compound 17 (110.6 mg)S AT}

Fr. V9 (285.2 mg)+= CHCl3-MeOH (40:1)9] &wjxz7A 2 & Sephadex LH-20
CCE 33tod compound 31 (56.8 mg), compound 17 (32.6 mg)}
compound 16 (7.7 mg)S 4}

Fr. V10~11 (650.4 mg)< CHCI3-MeOH (40:1)9] 8wz o2 Sephadex
LH-20 CCE 43835l compound 32 (125.6 mg), compound 11 (141.6 mg)
7} compound 16 (6.8 mg)S AAT}.

Fr. V12~14 (226.5 mg)t CHCl3-MeOH (30:1)9] &mjx71 22 Sephadex
LH-20 CCE 433>y compound 2 (52.1 mg), compound 34 (56.2 mg)<}

compound 35 (10.8 mg)E It}
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Fr. V15~17 (295.7 mg) CHCl3-MeOH (15:1)9] &wjx71o 2 Sephadex
LH-20 CCE &3dtel 470 fractions Wil WA 2% Fr. V15~17-B (100.2
mg)< CHCI3-MeOH (14:1)9] &wjxzdo=®  silica gel CCE S35}
compound 4, compound 5% compound 3 &3 FE|E Fo] Yo F 526
mgs o, 18]3l compound 9 (25.1 mg)E LAt}

Fr. V18~19 (330.5 mg)¥ CHCl3-MeOH (15:1)9] &wjx71 o2 Sephadex
LH-20 CCE 433l compound 15 (19.6 mg)E €ov, Fr. V23 (2304
mg)< CHCl3-MeOH (5:1)¢] &wiz71o & Sephadex LH-20 CCE 33}
compound 36 (38.2 mg)S AU}

Fr. V24 (380.6 mg)+= CHCl3-MeOH (5:1)9] €m|ZzH o 2 Sephadex LH-20
CCE 433ty 370 fractions Wi YA 1% Fr. V24-B (100.2 mg)+=
CHCI;-MeOH  (8:1)¢] &vizx°o2 Sephadex LH-20 CCE 33}
compound 36, compound 37¥ compound 41 =% AHE Zo] vom F

35.6 mg=2 ¥iL, 183l compound 40 (13.6 mg)S AAT}.

n-Hex Fr. 4.8 g

VLC (Silica gel CC)
#-Hex — BtOA (0-100%)
Step gradient (3. 5 or 10%). each 300 mL

A A A AN A AR A A B

Frvi| Frv4 FrL.V6 FLV7 FrVs FLV9 Fr. V 10~11 Fr.V12~13 Fr.V 14 Fr. V21
226.5mg || 645.4mg 240.8 mg 750.6 mg 820.3 mg 560.2 mg 777.0 mg 2222 mg
! . Sephadex LE-20 CC Sephadex LH-20 CC Sephadex LH-20 CC Sephadex LH-20 CC
;{;cczlg;égﬂcn i‘;;:lg;lxjyc}kao J i;“g;“”‘zm“ it i:’g?“i’;g;ﬂff CHCL:MeOH=60:1 CE’ST, SEresad CHCL MeOH=401 (CHCL MeOH=30:1
C d 19
D(lgg (;::l:g} Compound 18 Compound 30 Compound 12 Compound 29 Compound 28
— (50.4mg) (35.1mg) (58.3mg) (195.3mg) (46.6mg)
Compound 20 Compound 33 y - -
(110.8mg) Compound 22 (60.3mg) C o:l:go;md )13 C 0“_113'3““d 27 Compound 6 Compound 11
g (32.2mg) 29./mg (59.7mg) + (49.7mg)
Compound 14 Compound 7
Compound 3 4 Compound 14 Compound 17 &
(29.6mg) RS (45.2mg) (49.8mg) 5 ) Compound 8
g - L
Compound 24 Compound 10 C‘T::E%l:;d)m Compound 9
(17.9mg) (84.8mg) >-Sme (82.6mg)

Figure 46. Isolation of compounds from n—Hex fraction of C. obusa seeds.
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‘ EtOAcFr. 5.0 g ‘

VLC (Silica gel CC)

n-Hex — EtOAc (0-100%)
EtOAc - MeOH (0-50%)

Step gradient (5%). 300 mL each

I

L

|

!

|

|

Fr. V1| Fr. V4-5 Fr. V6 Fr.V7 Er. V:8 Fr.vV9 Fr.V 10~11 Fr.V12-14
310.5 mg 230.4 mg 458.4 mg 295.7 mg 285.2mg 650.4 mg 536.2 ng
Silica gel CC Silica gel CC Silica gel CC Sephadex LH-20 CC Sephadex LH-20 CC  [Sephadex LH-20 CC Sephadex LH-20 CC
nHexEtOAc=10:1 | CHClMeOH=60:1 CHCL:MeOH=40:1 CHCL, MeOH=40:1  |CHCL MeOH=10:1

CHCL-MeOH=60:1

CHCL MeOH=30:1

Compound 25 Compound 21 Compound 26 Compound 30 Compound 31 Compound 32 Compound 2
(24.2mg) (7.1mg) (20.2mg) (190.2mmg) (56.8mg) (125.6mg) (52.1mg)
Compound 23 Compound 22 Compound 30 || Compound 14 || Compound 17 Compound 11 || Compound 34
(9.8mg) (145.6mg) (10.9mg) (22.1mg) (32.6mg) (141.6mg) (56.2mg)
Compound 19 Compound 24 Compound 13 Compound 17 Compound 16 Compound 16 Compound 35
(67.3mg) (41.7mg) (266.3mg) (110.6mg) (7.7mg) (6.8mg) (10.8mg)
Compound 24
(12.1mg)
Fr. V 15-17 Fr. V 18~19 Fr. V23 Fr. V24 Fr. V32
295.7 mg 330.5 mg 2304 mg 380.6 mg

Sephadex LH-20 CC

Sephadex LH-20 CC
CHCL;:MeOH=5:1

CHCl;:MeOH=5:1

Sephadex LH-20 CC

Sephadex LH-20 CC
CHCl;:MeOH=15:1
CHCl;:MeOH=15:1

Fr. V (15-17)-B Compound 15 Compound 36 Fr.V24-B
100.2 mg (19.6mg) (38.2mg) 180.7 mg
[ e

Compound 36

Compound 3
1

+
Compound 38 Compound 4 Compound 37
%
+ +
Compound 39 Compound 5 COH'I?Ol\JJd 41
(50.7mg) (52.6mg) (35.6mg)

Compound 40
(13.6mg)

Compound 1
(25.1mg)

Figure 47. Isolation of compounds from EtOAc fraction of C. obusa seeds.
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M

g SgEe) T2 24

1) Compound 1, 29 +% &A

Compound 1& C-NMR spectrumol| A & 1070¢] carbon peak’} #Z=m,
'H-NMR data® 18 &d< |, monoterpene T-%E oAstc}t. §: 137.4, 8¢
120.49] signale 42} carbon®t 32} carbon?l olefin group TZ%E AdAstaL, §
c 72.4, 6¢ 67.29] signalE< deshielding® FHOo=Z Hol A7 SFAAE7F & 44
7y A sp” TA ©AR AT 'TH-NMR spectrum ¥4 23}, 6y 5.60
(1H, m)9 signal:= olefin group & 3%} carbone] ™-53F protono = A}FsFS
31, &y 4.02 (2H, )9 signal® chemical shift®} 2% gh& 38kl Abael A4
Sk 9121 2] methylene protond< o433t &y 1.67 (1H, sept, J = 6.9 Hz)
o] signal¥ deshielding® ZoZ Hol sp’ A Biol AgH isopropyl
proton®o. 2 AAsFA T &y 0.94 (3H, d, J= 6.9 Hz), 6y 0.94 (3H, d, /= 6.9
Hz)ol Al A& S 5359 & 2709 methyl proton signals &<Q135}3t}. oA+
o] A¥E nigo g %%7574 H] 13k compound 12 (A)-p-menth-1-en-4,7
—diol¢}& &3t

Compound 2% compound 13 H]5=gH monoterpene 7-%& o] st 2™, §¢
75.6, 8¢ 75.1, 6¢c 71.89] signalE< deshielding® ZAow Hol H7|SAE=7}
T Akt A sp? £ 'AR o4dsigith 'H-NMR spectrum 4 A3,
6u 3.51 (1H, dd, J = 4.6, 3.2 Hz)9] signalt= AFAo 143 91%]2] methine
proton¥d<  dAstadd. &y 1.57 (1H, sept, J = 6.9 Hz) ¢ signal
deshielding®l Ao & Ho} sp? TA Ehiol] Z3H isopropyl protonC &= oAt
atSith. 64 0.92 (3H, d, J = 6.9 Hz), 64 0.90 (3H, d, J = 6.9 Hz), 6y 1.31
(3H, s)oll A A& kS E3to] & 3719 methyl proton signald <133t} o]
Aol Axmz  wigor om B33 wlwste]  compound 2%

(1R,2R,4R)- p~menthane-1,2,4-triol4 S <13}t
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Compound 1

Compound 2

Figure 48. Chemical structure of compounds 1 and 2

Table 19. 'H and "“C NMR data of compounds 1 and 2 (400 and 100

MHz, in CDCls)

Compound 1 Compound 2
No.
Sy (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc
1 137.4 71.8
2 5.60 (1H, m) 120.4 3.51 (1H, dd, 4.6, 3.2) 75.1
1.93 (1H, dd, 14.6, 4.6)
3 1.52~1.73 (2H, m) 34.4 33.9
1.72 (1H, dt, 14.6, 3.2)
4 72.4 75.6
2.08 (1H, dd, 5.5, 2.8) 2.00 (1H, td, 14.0, 4.1)
5 30.7 29.4
2.04 (1H, dd, 5.5, 1.8) 1.80 (1H, td, 14.0, 4.1)
6 1.52~1.73 (2H, m) 22.8 1.43 (2H, m) 29.8
7 4.02 (2H, ) 67.2 1.31 (3H, s) 27.9
8 1.67 (1H, sept, 6.9) 37.2 1.57 (1H, sept, 6.9) 38.7
9 0.91 (3H, d, 6.9) 17.0 0.92 (3H, d, 6.9) 16.9
10 0.94 (3H, d, 6.9) 17.0 0.90 (3H, d, 6.9) 16.9
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2) Compound 3, 4, 59 +% ¥#

Compound 3& C-NMR spectrumelA] % 157019 carbon peak$ 'H-NMR
spectrumol| A 471 methyl groups 333 aliphatic signalgs BvIY o=
sesquiterpene &2 A3 TE BC-NMR spectrumol Al §c 135.47 §¢ 121.2
9] signal ¥ &y 5.30 (1H, br )9 signals E3] sp° AL zkE olefin
group T+XE gt Tl §: 15.8-73.3°] B E3E signale ¥E3} el

Zel spt 4 g

3

AR ogstelon, 1 F 6c 73.39 signal deshielding¥
B4 waw dasigit
'"H-NMR spectrumol| Al &y 0.75-2.029] signal& %3} &3}5-429 sp’ &4 &
A9 protonl® oG ow 1 F §; 1.60 (3H, s), 6y 1.19 (3H, ), &
1.18 (3H, s), 6y 0.75 (3H, )M A& kS T3 F 4719 methyl proton
signals EQ1&k3ith ool AWE nigoz #3773 Hlwske] compound 3
a—eudesmol S 21353 TE
Compound 4+ 'H-NMR spectrum®l| A &y 0.99-2.61¢] #Z35}= signalS %
) EZ3 B35ae sp’ A #BoEE protono®E sl on, §; 1.58
(3H, s), 6n 1.18 (6H, s), 6u 0.99 (3H, s), A AL #S &3
methyl proton signal® 213ttt C-NMR spectrumol] 2] 8¢ 135.0, 8¢

= 3
sk sp

it
o

Ao® Hop AVgAErt & Atavh
0

124.7 signals Z}7z} 4%} carbon?l olefin group 7F= oA 1L, §¢ 73.19
signal & deshielding® 2122 Hol M7 FAE7E 2 vt Afed sp” £
Bl oAstgith o)Ay AxE wigo =z B33 v)lwsle] compound 4%
y—eudesmolZ &3} T}

Compound 5% 'H-NMR spectrumelA &y 4.69 (1H, d, J = 1.4 Hz), &y
4,42 (1H, d, J = 1.4 Hz)9 signal® %3] sp° AL 2+= vinyl group?)
proton® & 2QI&HSIth &y 1.18 (6H, s), 6u 0.67 (3H, s)°lA A& g F3t
o] & 3709 methyl proton signal& 2218ttt PC-NMR spectrumel ©]3)
Sc 151.43F &c 105.59] signal> Z}7} 4%k carbon®t 2% carbon® olefin
group TE2%E AAEFH L, §c 73.19 signalE2 deshielding® Ao ® Hol

NeAEA B ATt ARE s BY W2E AGSATh el Aug vpg
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o= FA®3} Hwsle compound 5% B-eudesmolZ F 3T

Compound 3
15
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7
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14
Compound 4 Compound 5

Figure 49. Chemical structure of compounds 3, 4 and 5
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Table 20. 'H and *C NMR data of compounds 3, 4 and 5 (400 and 100 MHz, in CDCls)

No Compound 3 Compound 4 Compound 5
’ Su (int, mult, / Hz) Sc Su (int, mult, / Hz) Sc Su (int, mult, / Hz) Sc
1.49 (1H, m) 1.35 (1H, m)
1 1.11~1.66 (2H, overlapped) 38.1 42 .4 42.0
1.19 (1H, m) 1.13 (1H, m)
2 1.84 (1H, 4, 12.8) 23.2 1.53 (2H, m) 19.3 1.52 (2H, m) 23.7
) . , m . ) . m .
1.91~2.02 (1H, overlapped)
3 5.30 (1H, br s) 121.2 1.92 (1H, m) 33.4 228 (1H, m) 37.1
) , br s . ) .
1.83 (1H, m) 1.86 (1H, m)
4 135.4 124.7 151.4
5 1.91~2.02 (1H, overlapped) 46.8 135.0 1.69 (1H, m) 50.0
2.61 (1H, m) 1.58 (1H, m)
6 1.11~1.66 (2H, overlapped) 24.6 26.5 25.2
1.58 (1H, m) 1.10 (1H, m)
7 1.11~1.66 (1H, overlapped) 50.2 1.21 (1H, m) 50.7 1.31 (1H, m) 49.6
1.63 (1H, m) 1.55 (1H, m)
8 1.11~1.66 (2H, overlapped) 22.6 23.5 22.6
1.40 (1H, m) 1.22 (1H, m)
1.43 (1H, m) 1.45 (1H, m)
9 1.11~1.66 (2H, overlapped) 40.4 40.4 41.3
1.23 (1H, m) 1.10 (1H, m)
10 32.4 34.6 36.1
11 73.3 73.1 73.1
12 1.18 (3H, s) 27.0 1.18 (3H, s) 27.3 1.18 (3H, s) 27.4
13 1.19 (3H, s) 27.8 1.18 (3H, s) 27.0 1.18 (3H, s) 27.0
4.69 (1H, d, 1.4)
14 0.75 (3H, s) 15.8 1.58 (3H, s) 19.4 105.5
4.42 (1H, d, 1.4)
15 1.60 (3H, s) 21.4 0.99 (3H, s) 24.8 0.67 (3H, s) 16.5
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3) Compound 6, 79 +% &#A

Compound 6, 7 C-NMR spectrum® 4] & 30701¢] carbon peakE e
Ak carbon peak”’} 1570 9lal, #2 carbon peak’} 1571E UYERRTE
'H-NMR spectrum< £3%tsto] 27 sesquiterpene 2. oA+t Compound
6> "C-NMR spectrumel 93] §: 142.1% §c 116.29] signal> 717} 43}
carbon®t 32} carbon®l olefin group T+FE dASFA 1L, §¢ 80.1, 6¢ 71.29]
signal5& deshielding®l Ao & Hol A7&AE7F & 247t A%s sp’ A
B2 oAastgdth 'H-NMR spectrumol A 6y 5.34 (1H, br d, / = 5.5 Hz)Y
signal& =3 sp” TAHEL 2t= olefin group 7+2E 18k &y 3.28 (1H,
dd, /= 11.7, 4.1 Hz)9 signalZ5-¥ ki) Q183 939 protonYd=S o A3t
G, &y 2.18 (1H, sept, J = 6.9 Hz) 2| signal deshielding® Z o= Ho}
sp” &4 €40 AgH isopropyl protonoZ ostith T3 &y 1.00 (3H,
d, /= 6.9 Hz), 6y 0.99 (3H, d, /= 6.9 Hz), 6y 1.19 (3H, s), &y 0.93 (3H,
s), Al HAE kS F3sto] F 4709 methyl proton signalS 133t} oA+
o] AxE npgo 2 £33 vwsle] compound 62 oplodiol® EA 39t}

Compound 7& C-NMR spectrumell 93] &c 133.8, 8¢ 124.1 signale zt
Z} 42} carbon?l olefin group T-Z2=Z ¢l aL, §¢ 78.6, ¢ 73.09] signals
& deshielding® 7oz Hol AV]|SAEs} & AAavt AFe opf T4 Ba=
dAastdtt. 'H-NMR spectrumol A &y 3.44 (1H, dd, J = 8.9, 6.9 Hz)<
signal 2 5-€] Akael 158 $1X]9] protonY S oldskdtt. w3 &y 1.57 (3H,
s), 6u 1.15 (6H, s), 6u 0.93 (BH, s), °IA A& s T3kl F 4709 methyl
proton signals ERIsH3Ith ool AdE wEoR FAYVF nHluwstd

compound 72 4-eudesmene—-1B,11-diol%= &3}t
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Compound 6

Compound 7

Figure 50. Chemical structure of compounds 6 and 7
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Table 21. 'H and "*C NMR data of compounds 6 and 7 (400 and 100

MHz, in CDCls)

Compound 6 Compound 7
No.
Su (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc
1 3.28 (1H, dd, 11.7, 4.1) 80.1 3.44 (1H, dd, 8.9, 6.9) 78.6
1.85~1.90 (1H, m)
2 26.9 1.69 (2H, m) 27.3
1.84 (1H, dt, 11.7, 3.7)
2.18 (1H, ddd, 10.1, 5.0, 4.1)
3 1.53~1.62 (2H, m) 39.6 32.1
1.99 (1H, ddd, 10.1, 4.1, 2.8)
4 71.2 124.1
5 1.84 (1H, dd, 11.7, 5.5) 46.4 133.8
2.60 (1H, ddd, 13.7, 3.2, 2.3)
6 2.07~2.12 (2H, m) 23.2 26.7
1.68 (1H, ddd, 13.7, 4.1, 3.2)
7 142.1 50.0
8 5.34 (1H, br d, 5.5) 116.2 23.1
2.07~2.12 (1H, m)
9 40.8 39.0
1.85~1.90 (1H, m)
10 37.8 39.6
11 2.18 (1H, sept, 6.9) 35.2 73.0
12 0.99 (3H, d, 6.9) 22.0 1.15 (3H, s) 26.9
13 1.00 (3H, d, 6.9) 21.4 1.15 (3H, s) 27.4
14 1.19 (3H, s) 30.0 0.93 (3H, s) 17.5
15 0.93 (3H, s) 11.9 1.57 (3H, s) 19.2
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4) Compound 8, 99 +% &H

Compound 8, 9¥ C-NMR spectrum®l Al & 30701¢] carbon peakE e
Ak carbon peak”’} 1570 9lal, #2 carbon peak’} 1571E UYERRTE
'H-NMR spectrum< £3%tsto] 27 sesquiterpene 2. oA+t Compound
8 BC-NMR spectrum®] 9J3] &¢ 149.17% §¢ 107.1¢9) signal& 7Z}zb 4=+
carbon®} 22} carbon®] olefin group TZZ o4stAaL, §¢ 79.6, ¢ 73.12]
signal&- deshielding® Ao Hol A7|SALEt & 247t A3 spf A4
eag o detedth. 'TH-NMR spectrumol Al 6y 4.75 (1H, d, J = 1.4 Hz), &y
450 (1H, d, J = 1.4 Hz)9 signal® E3] sp° AL 2+= vinyl group?)
protono. = 213}t 6§y 3.40 (1H, dd, /= 11.4, 4.6 Hz)9 signal=ZHE Ak
2o AHZ 219 protond& l/F8laL, &y 1.20 (6H, s), &1 0.66 (3H, s)
ol HE S E3te] = 3709 methyl proton signals F<latdtl. o] 4]
AxE vigow E38y wlwsle] compound 8% ent-4(15)-eudesmen-1
a,11-diol2 FA 3ttt

Compound 9¥ BC-NMR spectrum®l] 9J&] §: 135.6, &c 119.79] signal&
42} carbon®} 3%k carbon®l olefin group 7+&= d4FskSlal, §c 76.6, 73.29]
signal&& deshielding® Aoz Hol A7|SA =7} 2 A&7t A%Hs sp’ &4
gag o dskglth. 'TH-NMR spectrumell A &y 5.26 (1H, dd, J = 6.4, 2.3 Hz)
9] signals %3 sp? EEAE zZtE olefin group TERE FClETh & 3.51
(1H, dd, J = 10.1, 6.4 Hz)9 signalZFE Atxo] ¢1d3t 9329 protondS
o atqltt. g 5y 1.89 (6H, s), 6y 1.59 (3H, s), 64 0.73 (3H, s), °IA A
B e 539 F 4709 methyl proton signalS Q&3 ol A=
Hieto 2 &% vlusle] compound 9% 3-eudesmene-18,11-diol®2 =34

a9,
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Figure 51. Chemical structure of compounds 8 and 9
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Table 22. 'H and C NMR data
MHz, in CDCls)

of compounds 8 and 9 (400 and 100

Compound 8 Compound 9
No.
Su (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc
1 3.40 (1H, dd, 11.4, 4.6) 79.6 3.51 (1H, dd, 10.1, 6.4) 76.6
1.82 (1H, m) 2.28 (1H, dd, 6.4, 2.3)
2 31.6 32.5
1.55 (1H, m) 1.85 (1H, dd, 10.1, 2.3)
2.29 (1H, ddd, 13.6, 5.0, 2.3)
3 34.4 5.26 (1H, dd, 6.4, 2.3) 119.7
2.11 (1H, dt, 13.6, 5.0)
4 149.1 135.6
5 1.71 (1H, m) 47.7 1.66 (1H, dd, 5.7, 3.2) 46.7
1.65~1.68 (1H, m)
6 24.6 0.88~1.80 (2H, overlapped) 24.1
1.21 (1H, m)
7 1.32 (1H, tt, 9.2, 3.2) 49.1 0.88~1.80 (1H, overlapped) 49.4
8 1.65~1.68 (1H, m) 22.4 0.88~1.80 (2H | d) 22.2
. .88~1. , overlappe .
1.23 (1H, m) P
9 1.96 (1H, m) 37.1  0.88~1.80 (2H lapped)  35.2
116 (11, m) . . . , overlappe .
10 40.4 37.6
11 73.1 73.2
12 1.20 (3H, s) 27.3 1.89 (3H, s) 27.8
13 1.20 (3H, s) 27.0 1.89 (3H, s) 27.4
14 0.66 (3H, s) 10.4 0.73 (3H, s) 9.7
4.75 (1H, d, 1.4)
15 107.1 1.59 (3H, s) 21.1

4.50 (1H, d, 1.4)
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5) Compound 109 +% &4

Compound 10& C-NMR spectrum®lA % 15709 carbon peak®}
"H-NMR spectrumoll Al 3702] methyl groupS ¥3¢3ate] W2 Helol aliphatic
signale5< H}EF O 2 sesquiterpene 1-%2 A9 th 'TH-NMR spectrum®ll
A 8y 6.73~6.76 (1H, m)9] signale C-NMR data® z#3 < w, olefin
group ] protono @ ojAakelct. &S &y 1.11 (BH, s), &y 1.18 (3H, s), &y
0.66 (3H, s)olA At #ts 3t & 3709 methyl proton signale &<ls}

t}. BC-NMR spectrumol A& §: 181.99 signal& carbonyl groupl. & <oA¢

Ol

(/Di
[e]
39111 olefin group®] 3i=23F 42 carbon < &¢ 131.4, 3%} carbon®l &c

136.09] signals B1aSivh oldte] Adg uwpgos BV mlustd

compound 102 hinokiic acid (thujopsenic acid)Qg-S 2213}t

11 12

Figure 52. Chemical structure of compound 10

- 100 -



Table 23. 'H and "*C NMR data of compound 10 (400 and 100 MHz, in
CDCly)

Compound 10

No.
&y (int, mult, / Hz) 8c

1 1.94 (2H, dd, 18.6, 2.8) 40.2
2 6.73~6.76 (1H, m) 136.0
3 131.4
4 0.81 (1H, dd, 9.2, 5.0) 11.6
5 34.2
6 34.8
7 1.38~1.49 (2H, m) 37.2
8 1.74 (2H, dd, 18.7, 7.3) 19.6
9 1.24 (2H, dd, 18.7, 3.2) 41.7
10 31.7
11 1.11 (3H, s) 28.5
12 1.18 (3H, s) 27.0

2.07 (1H, dd, 9.2, 5.0)
13 16.7
0.70 (1H, t, 5.0)

14 0.66 (3H, s) 29.2

15 172.0
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6) Compound 11¢] +% &4

Compound 118 'H-NMR spectrum ¥4 A3} §; 6.89 (1H, s), &y 6.64
(1H, s)9| signale sp® A 9] protons <l43t3lar, &y 1.11-4.059 signal
sp” &4 ©49 protono® AdEtRon, 1 F &y 4.50 (1H, dd, J = 5.0,
3.2 Hz)9] signalZ2F-¥ AbAo] 1A sE 91X]9] protond& o3kt 6y 3.10
(1H, sept, J = 6.9 Hz) 9] signal® deshielding® Z o= Hol sp” TA B
of A3%tE isopropyl proton®=Z odstitt. g 6y 1.22 (3H, d, J = 6.9
Hz), &u 1.21 (3H, d, /= 6.9 Hz), 6y 1.24 (3H, s), &y 1.16 (3H, s), &y 1.11
(3H, )l AE S 53l & 5709 methyl proton signals 2213} T}
BBC-NMR3¥} DEPT-135° spectrum< £3to] & 207019 carbono] &S &<l
o, o]5& 37 methylene carbon (8¢ 42.1, 30.5, 20.2)% 774
quaternary carbon (§¢ 215.8, 151.8, 140.5, 133.4, 129.9, 47.3, 43.6) 44
Al methyl ¥ methine carbon A =5+ 1070E YeERHUTE 2 5 §c 215.8
o] signale carbonyl groupo 2 oJdatda, UwA sp? A B 67 o]
7}A] 3L, aromatic ring TF7F AL Aolgt oA 4 i, §¢ 151.89] signal
& 247F A3 benzene ring B4R AAEFATH B3 §c 74.39] signale
deshielding® Ao & Wol A/SAHEI 2 Ma7t 2838 sp’ T4 @A 9
&kt

w3 HMBC spectrume E3Fe] & 215.89] carbonyl group®] aliphatic
carbong! carbon?®l &¢ 42.1, 26.7, 21.49] carbonE¥} AAH S FQls}
3L, §¢ 74.39] hydroxyl group®] aliphatic carbon®l carbon$l &¢ 42.1, 22.8
5 A= A stk 18l 'H-'H COSY spectrums 3]
aliphatic carbonE?] H|EE& &2ttt NOESY spectrums &3l chiral
carbon®] Adl wiE2 o -OH7IE ZUsiAth. ol ZAdsE wgo=w
compound 118 la-hydroxy-hinokioneC. & XA ANA &0z HeH Al
3}g+Eolty. Compound 119 HR-ESI-MS #4 A3 m/z [M+Nal® 339.1937
(cale. 339.1936)= o3t sigtEe] ExZFd dXstes AS el
Optical rotation 5423+ [a]?y =+45.2 (¢ 0.2, CHCl3)o]t}.
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Figure 53. Chemical structure of compound 11

Table 24. 'H and C NMR data and informations of HMBC of compound
11 (400 and 100 MHz, in CDCly)

Compound 11

No. - -
§u (int, mult, / Hz) Sc HMBC (J %) HMBC (/)
1 4.50 (1H, dd, 5.0, 3.2) 74.3
3.01 (1H, dd, 16.5, 5.0)
2 42.1 74.3(C1),215.8(C3) 43.6(C10)
2.65 (1H, dd, 16.5, 3.2)
215.8
47.3
30.5(C7),21.4(C18),
5 2.34 (1H, dd, 11.9, 2.8) 43.5 47.3(4),20.2(C6),43.6(C10)
26.7(C19),22.8(C20)
6 1.70~1.83 (2H, m) 20.2 43.6(C10)
2.77 (1H, ddd, 16.6, 11.9, 5.0)
7 30.5 20.2(C6),129.9(CR)
2.85 (1H, ddd, 16.6, 5.0, 2.8)
129.9
140.5
10 43.6
129.9(C8),43.6(C10),
11 6.64 (1H, s) 110.8 151.8(C12)
133.4(C13)
12 151.8
13 133.4
30.5(C7),140.5(C9),151.8(C1
14 6.89 (1H, s) 128.2
2)27.0(C15)
15 3.10 (1H, sept, 6.9) 27.0 133.4(C13),24.2(C17) 151.8(C12),128.2(C14)
16 1.21 (3H, d, 6.9) 22.7 27.0(C15) 133.4(C13),24.2(C17)
17 1.22 (3H, d, 6.9) 24.2 27.0(C15) 133.4(C13),22.7(C16)
43.5(C5),215.8(C3),
18 1.11 (8H, s) 26.7 47.3(4) ( (
21.4(C19)
43.5(ChH),215.8(C3),
19 1.16 (3H, s) 21.4 47.3(4) (C5) €
26.7(C18)
20 1.24 (3H, s) 22.8 43.6(C10) 74.3(C1),140.5(C9)
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Figure 54. 'H-NMR spectrum of compound 11 (in CDCls)
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Figure 55. »C-NMR spectrum of compound 11 (in CDCls)
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Figure 56. DEPT-135° spectrum of compound 11 (in CDCls)
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Figure 57. 'H-'H COSY spectrum of compound 11 (in CDCls)
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Figure 58. HMQC spectrum of compound 11 (in CDCls)
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Figure 59. HMBC spectrum of compound 11 (in CDCls)
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Figure 60. NOESY spectrum of compound 11 (in CDCly)
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Figure 61. HR-ESI-MS spectrum of compound 11
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7) Compound 129 +% A

Compound 12% 'H-NMR spectrum %4 A3}, §; 7.05 (1H, s)¢ signal&
sp EAE Zk= aromatic ring 739 protons AR AL, & 6.04 (1H, s)9
signal< disappeared on D3O exchange®]i=° phenolic hydroxyl7] = of|*}3s}
Atk Sy 1.13-4.709) signale sp’ &4 49 protono® oAty on 1
% 6y 4.70 (1H, dd, /= 11.0, 6.0 Hz)¥| signal®=ZH-E AkAd <143k 9] %]9]
protond = AR &y 3.74 (3H, s) ¢ signal deshielding® A3} & &

]I

-

s Fal A7 2 AT IS lE methoxyl protonS=® o33
al, &y 3.20 (1H, sept, J = 6.9 Hz) 9] signal deshielding®l ZHOo & Ho}
sp? A el A%HH isopropyl protonlZ A Th w3 §; 1.23 (3H,
d, /= 6.9 Hz), 6y 1.21 (3H, d, /= 6.9 Hz), 6y 1.15 (3H, s), &y 1.13 (3H,
s), 6y 1.31 (3H, 9)ollAl AF #S &3tel F 5712 methyl proton signals &
o1&ttt BC-NMR spectrumol A & 2170¢] carbon peak’} #ZH Ho=
'"H-NMR dataZ 121382 9, abietane-type diterpenes 7%= o|A}al3om,
spf EA e BE 770 glo] ZMAar, 1 F 8¢ 218.3 9 signal® carbonyl
groupl. 2 dAetda U 6709 signald sp? &4 49l aromatic ring
T lom, F=ek § 19.8-71.20] #E3}= signal>
xsb getead sp? T4 waR ogaglon, 1 F 6 71.29% & 62.19
signal& deshielding® 22 Hol M%7t & Abart A sp’ &4
gag odAtednt. oY AnE nigo g 3%y vlwsle] compound 12+
12-methoxy-8,11,3-abietatriene-783,11-diol-3-one¥ S 213} t}.

18 19
Figure 62. Chemical structure of compound 12
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Table 25. 'H and "*C NMR data of compound 12 (400 and 100 MHz, in
CDCly)

Compound 12
Sy (int, mult, J Hz) Sc

No.

1.35~1.44 (1H, m)
1 35.6
3.09 (1H, ddd, 14.1, 8.2, 6.0)

1.61 (1H, m)
2 34.5
2.10 (1H, ddd, 14.1, 6.0, 1.4)
5 218.3
4 47.1
5 2.03 (1H, dd, 11.0, 1.4) 49.1

2.63 (1H, ddd, 15.5, 11.0, 6.0)
2.47 (1H, ddd, 15.5, 11.0, 6.0)

7 4.70 (1H, dd, 11.0, 6.0) 71.2
8 136.2
9 130.3
10 38.8
11 6.04 (1H, s, ~OH) 146.7
12 144.0
13 139.4
14 7.05 (1H, s) 115.3
15 3.20 (1H, sept, 6.9) 26.8
16 1.21 (8H, d, 6.9) 23.9
17 1.23 (3H, d, 6.9) 23.9
18 1.13 (3H, s) 28.3
19 1.15 (3H, s) 20.7
20 1.31 (3H, s) 19.8
-OCHz3 3.74 (3H, s) 62.1
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8) Compound 13, 149 +% &#A

Compound 138 'H-NMR spectrum #4] A3}, §; 6.84 (1H, )¢ 6y 6.62
(1H, )¢ signals %3] sp” &4 aromatic ring 7%2 A& para-<! proton
S oA A, &y 1.11-4.6890 signale sp’ &4 €29 protonlo.® o As+Y]
o, 1 % 6y 3.13 (1H, sept, J = 6.9 Hz) ¢ signal< deshielding® Ao =
Hol sp &

(3H, d, /= 6.9 Hz), 6y 1.23 (3H, d, J = 6.9 Hz), 6y 1.25 (3H, s), 6y 1.14
(3H, ), 61 1.11 (BH, s)llA AE S S3ted F 570 methyl proton
signal& #2359t ®C-NMR spectrumoll A & 2071¢] carbon peak”7} %+
H Ao Z 'H-NMR datas 2#d<S u abietane-type diterpenes T-%% oA}
stlem, sp? 4w BFE 77 QoA 1 % S 2179 9 signal&
carbonyl groupl 2 o4& UMA 6709 signal> sp? A g9
aromatic ring 727} S Aolgt ogE = lom ®3 §: 151.39 signale

[e)
deshielding® A% 2 Ho} 'H-NMR data® 28@dL o d7|SA-E7} & A4

A o A%E isopropyl protonl.® & Abslg Tl malk §; 1.22

signal ¥3} ©3l549] sp’ TA @AR A4S o AnE ng o
£3% 3 v wEto] compound 138 hinokione$]S &-¢1&}4ith.

Compound 14+ 'H ¥ BC-NMR spectrum H| 3 23} compound 133
SAFsE HElE YeEh 9o, 'H-NMR spectrumell A &y 7.49 (1H, d, J =
10.1 Hz), 6u 5.99 (1H, d, J = 10.1 Hz)¢] signal2 cis-olefin protonl. =
238l ar BC-NMR spectrumel A 8¢ 158.09F 6¢ 127.8¢] signal& th-2-3} ).
T3S §c 205.39 signal2 carbonyl groupl & otd 4= A% compound 13
o] &l@3t carbonyl”] Bt} chemical shift ¢F7F 2He A& veR™  cis-olefin
9] anisotropic effect & ¢F&o+= -B, 3= YEl Y, shielding &35 7]
A 4 RA& A4S Qo ol A¥Es wEoz FA¥I nlwsld

compound 14+ 1,2-dehydrohinokione .2 &% 3} t}.
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Compound 13

Compound 14

Figure 63. Chemical structure of compounds 13 and 14
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Table 26. 'H and ""C NMR data

MHz, in CDCl3)

of compounds 13 and 14 (400 and 100

Compound 13

Compound 14

No. - -
Sy (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc
2.34 (1H, ddd, 15.8, 9.8, 4.1)
1 37.7 7.49 (1H, d, 10.1) 158.0
1.91~1.97 (1H, m)
2.66 (1H, ddd, 15.8, 9.8, 7.8)
2 34.8 5.99 (1H, d, 10.1) 127.8
2.35 (1H, ddd, 15.8, 7.8, 4.1)
3 217.9 205.3
4 47.6 44.9
5 1.87 (1H, dd, 11.7, 2.8) 50.7 2.12 (1H, dd, 11.9, 3.2) 48.2
6 1.69~1.83 (2H, m) 20.6 1.77~1.92 (2H, m) 19.6
7 2.87 (1H, ddd, 16.7, 6.0, 2.8) 30.3 2.92 (1H, ddd, 16.9, 6.4, 3.2) 99.7
2.35 (1H, ddd, 16.7, 11.7, 6.0) ' 2.83 (1H, ddd, 16.9, 11.9, 6.4) ’
8 127.1 127.8
9 145.9 142.3
10 37.3 40.2
11 6.62 (1H, s) 112.0 6.78 (1H, s) 111.3
12 151.3 151.2
13 132.5 133.0
14 6.84 (1H, s) 126.9 6.89 (1H, s) 126.7
15 3.13 (1H, sept, 6.9) 27.1 3.12 (1H, sept, 6.9) 27.5
16 1.21 (38H, d, 6.9) 22.7 1.21 (38H, d, 6.9) 22.7
17 1.22 (3H, d, 6.9) 22.9 1.24 (3H, d, 6.9) 22.9
18 1.14 (3H, s) 27.0 1.16 (3H, s) 27.0
19 1.25 (3H, s) 21.3 1.19 (8H, s) 21.5
20 1.11 (3H, ) 24.8 1.36 (3H, ) 28.6
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9) Compound 159 +% &4

Compound 15¥ 'H-NMR spectrum 4 A¥, §; 6.78 (1H, s), &y 6.66
(1H, )9 signale S3l sp° &AL ZH= aromatic ring 7% A=
para—proton< 43, 6y 4.37 (1H, t, J = 2.8 Hz)¥} &y 3.75 (1H, dd, J
= 12.1, 4.8 Hz),9] signal25-¥ k2ol 143 $14]¢] proton¥ & ol/dskalaL,
Su 3.17 (1H, sept, J = 6.9 Hz) ¢ signal® deshielding® Zo & Ho} spf &
A 4o A%¥ isopropyl proton® o AFEATH w3 &y 1.18 (BH, d, J =
6.9 Hz), 6y 1.15 (3H, d, /= 6.9 Hz), 6y 1.19 (3H, s), 6u 0.87 (3H, s), Su
1.08 (3H, s)ol A A& k= 53] %= 5709 methyl proton signalS 2213}
=3

YC-NMR¥ DEPT-135° spectrum< &3ke] & 2071¢] carbono] &<
stelon, ©]52 370 methylene carbon (§¢ 35.0, 32.0, 20.3)¥ 67}
quaternary carbon (8¢ 153.8, 144.4, 134.0, 128.7, 44.3, 33.4) YwXA
methyl 2 methine carbon x4 2% 11/1E e 1 F sp° &4 €

27F 670 Qo A], aromatic ring TF7F U= Holgk o = I, §c 153.8

x2

J
o

Ll

o] signal> At47} A3 benzene ring BrAaR oA AFSFATE I ¢ 74.2,
74.09) signal& deshielding® #HOo=Z RHol A7 &AHAE7} & 247 AF3s opf
4 iz oaegt. 18l HMQC spectrums 314 &y 6.78 (1H, s)9
signal®} ZAA &3 carbon signal& §c 127.9& e, §; 6.66 (1H, s)
9] signal®} AH 83+ carbon signale §c 112.12 13t} T3k &y 4.37
(1H, t, /= 2.8 Hz)@ &, 3.75 (1H, dd, /= 12.1, 4.8 Hz)*] signal& A% o
£-3} carbon signal& §c 74.2¢} §c 74.05 Eeldkith.

E3 HMBC spectrum= 35t §c 74.29] hydroxyl group®] aliphatic
carbon®l &¢ 74.0, 45.1, 35.0, 26.5¢ Ao A AL, §c 74.09
hydroxyl group®] aliphatic carbon®l &c 74.2, 35.0, 29.0, 16.49} <12 ]
NS Folsqdrt. zela 'H-'"H COSY spectrume %3 aliphatic carbon®
o] mjds sttt o]l AdE ntgow Y Mluste] compound

15% 1la-3B-dihydroxytotarol¥d& 15t} o] dF=S /7] T4 JAS

rlo



Figure 64. Chemical structure of compound 15

Table 27. 'H and ®C NMR data of compound 15 (400 and 100 MHz, in

CD50D)
Compound 15
No. : -
&y (int, mult, / Hz) 8c HMBC (J ?) HMBC (/%)
1 4.37 (1H, t, 2.8) 74.2 74.0(C3),45.1(C5)
2.04 (1H, td, 12.9, 2.
2 04 (IH, , 12.9, 2.8) 35.0 74.2(C1),74.0(C3) 40.2(C4),44.3(C10)
1.95 (1H, ddd, 12.9, 4.8, 2.8)
3 3.75 (1H, dd, 12.9, 4.8) 74.0 29.0(C18),16.4(C19)
4 40.2
40.2(4),20. , 2. 129.0(C18),
. 2534 (UL ¢ 12.8) 51 (4),20.3(C6) 32.0(C7),29.0(C18)
44.3(C10) 16.4(C19),26.5(C20)
1.86~1.91 (1H
6 86~1.91 (1H, m) 20.3 44.3(C10)
1.69~1.78 (1H, m)
2.78 (1H, ddd, 18.3, 6.1, 1.8)
7 32.0 20.3(C6),128.7(C8) 45.1(C5),144.4(C9)
2.74 (1H, dd, 11.3, 6.1)
8 128.7
9 144.4
10 44.3
128.7(C8),44.3(C10),
6.66 (1H, 112.1 153.8(C12
1 (1H, s) €12 134.0(C13)
12 153.8
13 134.0
32.0(C7),144.4(C9),
14 6.78 (1H, s) 127.9 82.0(C7), (9
153.8(C12)27.9(C15)
15 3.17 (1H, sept, 6.9) 27.9  134.0(C13),23.3(C17) 153.8(C12),127.9(C14)
16 1.18 (3H, d, 6.9) 23.2 27.9(C15) 134.0(C13),23.3(C17)
17 1.15 (3H, d, 6.9) 23.3 27.9(C15) 134.0(C13),23.2(C16)
18 1.08 (3H, s) 29.0 40.2(C4) 45.1(C5),74.0(C3),16.4(C19)
19 0.87 (3H, s) 16.4 40.2(C4) 45.1(C5),74.0(C3),29.0(C18)
20 1.19 (3H, s) 26.5 44.3(C10) 74.2(C1),144.4(C9)

- 114 -



28 P 5 PRCONP ~E5E T8 I8
| JL_J\_,MULJ_MLMM l
7!0 ' 5!0 ' 5!0 ' ' ' 4.0 ' 3!0 ' ' Z!U ' ' ' " ’ ' (I]
|1 LA A I e s | AL\ |
R g BER  RERR SHAGCANGRRRREND SBoSRUSRURRR  RERSiEG R
Figure 65. 'H-NMR spectrum of compound 15 (in CDs;0D)
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Figure 66. >C-NMR spectrum of

compound 15 (in CD30D)
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Figure 67. DEPT-135° spectrum of compound 15 (in CDs0OD)
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Figure 68. 'H-'H COSY spectrum of compound 15 (in CDs0D)
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Figure 69. HMQC spectrum of compound 15 in CD30OD
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Figure 70. HMBC spectrum of compound 15 in CD3;0D
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13) Compound 16, 17, 18, 199 +% &+

Compound 16< C-NMR spectrume %3t & 20709 carbon peak”’} ¥
ZLQom  diterpene TEFE oAt Sp2 = g7t 671 QleA,
aromatic ring TZ7F AS Aeolgt g £ Jal, ¢ 153.69 signal>
deshielding® 22 & Ho} 'H-NMR dataE »&gg ul, A7|§4=7F &

A7} A3t benzene ring AR oAt S §: 78.99] signale
deshielding® HAo =2 Hol AV|SAE7} 2 A4a7F A3 sp” TA BAE 4
Zskgith. 'H-NMR spectrum 4] Az}, §y 6.77 (1H, s), &y 6.72 (1H, )9
signale sp” £A4 9 protons oA, &y 1.13-4.700 signale sp’ &4
g2 9] proton®o Z o Astlon, 1 5 &y 3.22 (1H, dd, J = 3.9, 1.8 Hz)9]
sighal 258 Ak4o)] Q143 9949 proton¥d L oAAstA Tt &y 3.21 (1H, sept,
J = 6.9 Hz) 9| signal® deshielding®l Zo=& Ho} sp” &4 whaiel Ad
isopropyl proton® = /sl ith. ®e 5y 1.18 (3H, d, J = 6.9 Hz), 6u 1.16
(3H, d, /= 6.9 Hz), 6y 1.15 (38H, s), &y 1.05 (3H, s), 6y 0.86 (3H, s)oll A
A2 #E B8kl & 570 methyl proton signal& 2183t} o]de] A=
et o 2 B3%83 vl wsle] compound 164 hinokiold S #elst
Compound 172 Compound 163 w-¢- FA}eE JejE& vl oy, &¢
76.09] signal deshielding® o Z Hol A7|&A L7} & A7t A3 sp
4 ga= ddstelen, 'H-NMR data® a#dlS i, 65 3.48 (1H, t, J =
2.8 Hz)9l signalZ2%-¥ b4 <1 e $1%]2] protondS W53t} o]/
ANZ npgro g F3%3 nlwsle]l compound 172 isohinokioldS 213}
=3

Compound 18 'H @ BC-NMR spectrum< v w3 A3 compound 163
FAEEE FHE Jeha 9oy, BC-NMR spectrumoll A §c 197.7 9] signal&
carbonyl groupl.® dAstg i, UWA 6709 signald spt EA EAQ
aromatic ring T7-27F 1S Aol oG 4 or, TSk §: 19.6-50.2¢ &+
e signale X3} w3l ro] spf A AR dAEilon, oo AnE

e o 2 2393 vl wsle] compound 18 sugioldS EHelskoitt.

Qo
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Compound 19 'H 2 BC-NMR spectrum< vl 3 23} compound 16 %
compound 183 FAFsH %5 yellar glort, BC-NMR spectrumol A &

20782] carbon peak’} TEEJoW 1 6709 signale sp’ TA B A

o

%_
aromatic ring T7&7F A& Aolgt oGS 4 ow, TS §: 19.4-50.5¢] &
A3 signald X8 w3l sp? EA ©AR oAEIglon, ot AnEs
et o 2 2393 nlwsle] compound 19% ferruginold S #Helstitt.

OH 16 16

18 19

Compound 18 Compound 19

Figure 71. Chemical structure of compounds 16, 17, 18 and 19

- 19 -



Table 28. 'H and *C NMR data of compounds 16, 17, 18 and

19 (400 and 100 MHz, acrtone—ds or pyridine-ds or

CDCly)
No Compound 16 Compound 17 Compound 18 Compound 19
) Su (int, mult, / Hz) §c 6y (int, mult, J Hz) §c Su (int, mult, / Hz) §c Su (int, mult, / Hz) e
1.01 (1H, dd, 13.5, 3.2) 1.38 (1H, dt, 12.8, 2.1)
1 38.4 31.8 38.6 39.1
2.10 (1H, br d, 13.5) 2.15 (1H, br dd, 12.8, 3.6)
1.24 ~1.45 (1H, m) 1.64 (1H, dd, 12.8, 6.9)
2 29.4 28.4 19.6 19.4
1.57 (1H, m) 1.83 (1H, m)
1.44 (1H, m)
3 3.22 (1H, dd, 3.9, 1.8) 78.9 3.48 (1H, t, 2.8) 76.0 1.24 ~1.45 (2H, m) 42.0 41.9
1.26 (1H, d, 2.1)
4 40.2 37.9 33.7 33.6
5 51.5 43.8 1.79 (1H, dd, 13.5, 3.7) 50.2 1.29 (1H, dd, 12.4, 1.8) 50.5
2.71 (1H, dd, 17.9, 13.5) 1.71 (1H, td, 12.4, 3.2)
6 2.74 (1H, dd, 10.8, 7.3) 20.4 22.3 36.8 19.5
2.81 (1H, dd, 17.9, 3.7) 1.58 (1H, m)
2.72 (1H, ddd, 17.2, 10.8, 7.3) 2.78 (1H, dd, 12.4, 7.3)
7 31.3 29.8 197.7 30.0
2.82 (1H, ddd, 17.2, 7.3, 1.8) 2.84 (1H, dd, 16.6, 7.3)
8 126.8 126.8 124.5 127.5
9 148.9 148.4 157.0 148.9
10 38.5 37.4 38.4 37.7
11 6.72 (1H, s) 112.0 6.61 (1H, s) 111.1 7.14 (1H, s) 110.6 6.61 (1H, s) 111.2
12 153.6 150.9 162.2 150.8
13 133.2 131.7 134.5 131.5
14 6.77 (1H, s) 127.6 6.81 (1H, s) 127.3 8.42 (1H, s) 127.0 6.81 (1H, s) 126.8
15 3.21 (1H, sept, 6.9) 27.9 3.09 (1H, sept, 6.9) 26.1 3.64 (1H, sept, 6.9) 27.7 3.08 (1H, sept, 6.9) 27.0
16 1.18 (3H, d, 6.9) 23.4 1.20 (3H, d, 6.9) 22.7 1.39 (3H, d, 6.9) 23.1 1.22 (3H, d, 6.9) 23.0
17 1.16 (3H, d, 6.9) 23.5 1.21 (3H, d, 6.9) 23.0 1.37 (3H, d, 6.9) 23.3 1.20 (3H, d, 6.9) 22.8
18 0.86 (3H, s) 29.2 0.92 (38H, s) 27.0 0.83 (3H, s) 33.0 0.89 (3H, s) 33.5
19 1.05 (3H, s) 16.6 1.01 (3H, s) 19.0 0.87 (3H, s) 21.8 0.92 (3H, s) 21.8
20 1.15 (3H, s) 25.8 1.16 (3H, s) 24.8 1.16 (3H, s) 23.8 1.15 (3H, s) 25.0
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11) Compound 20, 21, 22, 23¢] +% &4

Compound 208 'H-NMR spectrum #4] A3}, &y 7.59 (1H, s)9 signal&
sp EAE Zk= aromatic ring 739 protons AR AL, & 6.04 (1H, s)9
signal® compound 129 #o| disappeared on DyO exchange ujol
phenolic hydroxyl7] = o3tH ). 6y 3.79 (3H, s) 9 signal< deshielding¥
AL AE #s Sl A7 =7 & AT 148 2l methoxyl protonS
2 oAskalar, &y 3.18 (1H, sept, J = 6.9 Hz) 9] signal deshielding® A
o7 Hol spf A €k ATE isopropyl protonlZ o AEiTE Ik §,
1.23 (8H, d, J = 7.8 Hz), &y 1.22 (3H, d, /= 6.9 Hz), 6y 1.37 (3H, ), &y
1.00 (3H, s), &y 0.92 (3H, s)ollA A& S B3] F 57019 methyl proton
signalg F2sth. PC-NMR spectrumol Al & 2170¢] carbon peak’} #+%
B Aoz 'H-NMR dataE 318 3S u|, abietane-type diterpenes TZE d
Aetom, sp? EA v BF 7 ol 1 F 6c 199.4 9 signal
carbonyl groupl.® dAstg i, UWA 6709 signald spf EA BRI
aromatic ring TE27F & Aol AT 4 lon, EJE §¢ 18.2-62.1°0 +
¥3h= signald ¥3} B34 spf EA B4R qasigdon o F 8¢ 62.1
9] signale deshielding® ZHOo & Hol A7|&AdE7t & ALV 4

A EAR oSGttt oo AnE nigo® #¢%m wlaste] compound
FSA T

Compound 218 compound 203 A T2 dAsy, 'H-NMR
spectrum =4 A3, & 4.71 (1H, br 9)¢ signal25FH 4kAe] AA s 914]9]
proton¥d& oAatd k. PC-NMR spectrume E3to] & 2170¢] carbono] 9l
£S5 gl on, §: 69.59 signale deshielding® Aoz Hol H7|S&A%

2%
b st AR op’ £ AT gt o ge] AnE wgow £

.

o

20 cryptojaponolS el

B3} v wsle] compound 21 7a,11-dihydroxy-12-methoxy-8,11,13-abie
—-t-riened S &<2135}3it}
Compound 22%¥ compound 213 A} FxE  oaety, 'H-NMR

spectrum A1 A3, §; 7.00 (1H, )¢ signals =3 sp° EAEL zt=
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aromatic ring T%2 protong d4stRar, &y 4.68 (1H, dd, J = 17.6, 6.9
Hz)®] signalZH5-E] Abaol QIS 1A protontls dldstaidtt. §¢ 72.29
signal& deshielding®l Z o2 Hol HA7SAE7 & A7t 23S 5pf A
Baz dAsisin. ol AxE nigos £l ujaste] compound 22
+ 7-hydroxydeoxocryptojaponol®l S <135}t

Compound 23 compound 203 AR FxE oA, 'H-NMR
spectrum A1 A3 & 6.46 (1H, s)9 signal sp? £A4L zkE= aromatic
ring 7-%°] protong /dstelal, &y 6.40 (1H, dd, / = 10.1, 2.8 Hz), &u
5.91 (1H, dd, J = 10.1, 2.8 Hz)9] signal olefin methine proton® = o]}
Atk BC-NMR spectrumol Al sp® &4 EA 2% 87 9o 71X, 1 F §¢
130.4, &¢ 129.49] signal t©} 32} carbon®! olefin &% oA|A3LF L, YA
6719 signale sp® &4 €FA9Ql aromatic ring 7E7F 9& Aol oAE 4
gtk oo ZAys uwgem  F3%3 WwEe]  compound 23

6,7-dehydrodeoxocryptojaponol <]

18 19
Compound 22 Compound 23

Figure 72. Chemical structure of compounds 20, 21, 22 and 23
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Table 29. 'H and *C NMR data of compounds 20, 21, 22 and 23 (400 and 100 MHz, in CDCls)

Compound 20

Compound 21

Compound 22

Compound 23

No. - - - -
Su (int, mult, / Hz) §c &y (int, mult, J Hz) Sc Su (int, mult, / Hz) Sc Su (int, mult, J Hz) e
1.39 (1H, dt, 13.7, 3.7) 3.15 (1H, dd, 13.0, 5.5) 1.30 (1H, d, 11.9)
1 36.4 36.3 36.4 36.7
3.22 (1H, ddd, 13.7, 3.7, 1.4) 1.73 (1H, dt, 14.6, 5.5) 3.11 (1H, dt, 13.3, 3.2)
1.58 (1H, m) 1.05~1.12 (1H, m) 1.52 (1H, br d, 11.9)
2 19.2 19.5 19.8 19.4
1.73 (1H, m) 1.29~1.37 (1H, m) 1.71 (1H, td, 13.3, 3.2)
1.48 (1H, ddd, 13.2, 3.2, 1.4) 1.47~1.53 (1H, m) 1.63 (1H, d, 8.7)
3 41.4 41.7 41.5 41.1
1.26 (1H, ddd, 13.2, 6.9, 3.2) 1.20~1.32 (1H, m) 1.45 (1H, m)
4 33.7 33.4 33.6 33.2
5 1.84 (1H, dd, 14.4, 3.2) 50.5 1.67 (1H, dd, 12.8, 1.1) 45.8 2.17 (1H, s) 50.3 2.18 (1H, t, 2.8) 51.8
2.64 (1H, dd, 16.9, 3.2) 1.92 (1H, dt, 13.7, 3.9) 1.30 (1H, d, 11.9)
6 35.8 28.1 30.4 5.91 (1H, dd, 10.1, 2.8) 129.4
2.53 (1H, dd, 16.9, 14.4) 1.81 (1H, dd, 12.8, 3.9) 2.17 (1H, dd, 11.9, 6.9)
7 199.4 4.71 (1H, br s) 69.5 4.68 (1H, dd, 17.6, 6.9) 72.2 6.40 (1H, dd, 10.1, 2.8) 130.4
8 129.0 134.7 136.8 128.2
9 138.3 133.3 133.1 131.5
10 40.4 39.8 40.3 40.9
11 6.07 (1H, s, -OH) 146.7 6.01 (1H, s, -OH) 147.0 6.00 (1H, s, -OH) 146.5 5.93 (1H, s, -OH) 146.0
12 149.3 144 .4 143.9 144.2
13 139.3 139.0 138.7 138.2
14 7.59 (1H, s) 117.5 6.76 (1H, s) 119.4 7.00 (1H, s) 115.8 6.46 (1H, s) 116.3
15 3.18 (1H, sept, 6.9) 26.9 3.16 (1H, sept, 6.9) 26.7 3.18 (1H, sept, 6.9) 26.8 3.16 (1H, sept, 6.9) 26.6
16 1.23 (3H, d, 6.9) 23.8 1.21 (3H, d, 6.9) 23.8 1.23 (3H, d, 6.9) 24.0 1.18 (3H, d, 6.9) 24.0
17 1.22 (3H, d, 6.9) 23.7 1.22 (3H, d, 6.9) 24.0 1.20 (3H, d, 6.9) 23.9 1.21 (3H, d, 6.9) 23.8
18 0.92 (3H, s) 33.4 0.96 (3H, s) 33.9 0.93 (3H, s) 33.8 0.94 (3H, ) 33.4
19 1.00 (3H, s) 21.7 0.92 (3H, s) 22.3 0.91 (3H, s) 22.2 1.01 (38H, s) 22.7
20 1.37 (3H, s) 18.2 1.25 (8H, s) 18.6 1.35 (3H, s) 19.4 1.10 (38H, s) 18.3
-0OCHgs 3.79 (3H, s) 62.1 3.74 (3H, s) 62.0 3.74 (3H, s) 62.0 3.74 (3H, s) 62.0
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12) Compound 249 +% A

Compound 24 C-NMR spectrumel A & 20701¢] carbon peak$ 'H-NMR
spectrumel A 3701 methyl groupS E3Fste] W2 el aliphatic signals
S vy o 2 diterpenel.® A3 T 'H-NMR spectrumol A 8§y 6.31 (1H,
dd, J = 17.4, 10.5 Hz), &y 5.02 (1H, d, J = 17.4 Hz), &y 4.86 (1H, d, J =
10.5 Hz)9] signal< coupling constantE %3 Wdt-olefin 7325 o433
6 4.82 (1H, s), & 4.44 (1H, )9 signal> "C-NMR data® 1S o,
olefin®] geminal protono.2 ofFstqaL, 6y 5.39 (1H, t, J = 6.6 Hz)9
signal® BC-NMR datag 12#3S 9, olefin group? protonl & &Asloltt.
gk 6y 1.71 (BH, s), 6u 1.23 (3H, s), 6u 0.63 (3H, s)ellA A& & &3]
% 3709 methyl proton signals elatgith. BC-NMR spectrumel A& 174
o] carbonyl group (¢ 181.9)% 371¢] olefin group ¥ *&2 4% carbon?l &¢
148.1, 2#F carbon®l &c 107.8, v g+ 2 4xF carbon®l 6¢ 133.7, 3=
carbon®! &¢c 134.1, w2 & 42 3% carbon?l 6¢ 141.8, 2%} carbonQ! &¢

109.2& gols}qitt. ojate] A= ulE o 2 labdane-type diterpenes 7%

dAarstglom £&93 v)lwste] compound 24 frans-communic acidd-& &
SIS

HOOC &
19 18

Figure 73. Chemical structure of compound 24
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Table 30. 'H and *C NMR data of compound 24 (400 and 100 MHz, in
CDCl3)

Compound 24

No. -
Sy (int, mult, J Hz) Sc
2.37 (1H, m)
1 38.7
1.95 (1H, m)
1.85 (1H, m)
2 20.1
1.56 (1H, m)
2.15 (1H, m)
3 38.2
1.12 (1H, m)
44.3
1.81 (1H, m) 56.6
1.88 (1H, m)
§) 39.4
1.07 (1H, m)
1.98 (1H, m)
7 26.0
1.88 (1H, m)
148.1
1.34 (1H, m) 56.4
10 40.5
11 2.37 (1H, m) 23.5
12 5.39 (1H, t, 6.6) 134.1
13 133.7
14 6.31 (1H, dd, 17.4, 11.0) 141.8
5.02 (1H, d, 17.4)
15 110.2
4.86 (1H, d, 11.0)
16 1.71 (3H, s) 12.1
4.82 (1H, s)
17 107.8
4.44 (1H, s)
18 1.23 (3H, s) 29.2
19 181.9
20 0.63 (3H, s) 13.1
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13) Compound 259 +% &4

Compound 25+ “C-NMR spectrum®l Al % 30701¢] carbon peak’} g

Ao 2 'H-NMR dataZ 18 3S W, triterpenes +25 dAsR o, sp” &
A7 BE5 871 oA, I F 6 206.0, §¢ 182.99] signal 27
carbonyl groupl = AAAsF a1, YAl 6709 signal (8¢ 152.1, §c 149.7, &¢
145.4, 6c 144.9, 6¢c 136.1, §c 123.9)52 X5 42 &A%l olefin group 7%
7F 3 & AelE a3 4 lew, B §¢ 13.5-58.2¢0 LEFH= signal>
¥3} &35 r0 sp’ TA BAR At 'H-NMR spectrum ¥4 23} §

o

y 7.71 (1H, s)9| signal2 disappeared on DO exchange®° phenolic
hydroxyl7] = o|AslA Tt &5 3.18 (1H, sept, J = 6.9 Hz), &y 1.78 (1H, sept,
J = 6.9 Hz)9 signale deshielding® ZAoZ Hol sl spf T4 e 2
g%l isopropyl proton, dtuE sp’ A wAiol ZA¥E isopropyl protonl®
dstedct. =g &y 1.29 (3H, d, J = 6.9 Hz), 6y 1.27 (3H, d, J = 6.9 Ha),
&y 0.85 (3H, d, /= 6.9 Hz), 6y 0.79 (3H, d, J = 6.9 Hz), 6y 1.15 (3H, 9),
6p 0.97 (3H, s), &y 0.95 (3H, s)ollA A¥ @& B3l & 7719 methyl
proton signals RIStk ool A¥E wiEgoz FHV Hlusd
compound 25+= chamaecydin®¥S 2<15}3th.

0 16

29

25
antll|

28
30

7,
%,
7

18 19

Figure 74. Chemical structure of compound 25
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Table 31. 'H and "“C NMR data of compound 25 (400 and 100 MHz, in
CDCly)

Compound 25

No.
Su (int, mult, J Hz) Sc

1 36.8
2 18.9
3 41.9
4 34.1
5 51.1
6 19.7
7 136.1
8 145.4
9 144.9
10 38.9
11 7.71 (1H, s, -OH) 152.1
12 182.9
13 123.9
14 149.7
15 3.16 (1H, sept, 6.9) 31.9
16 1.29 (3H, d, 6.9) 20.3
17 1.27 (3H, d, 6.9) 20.7
18 0.95 (3H, s) 31.2
19 0.97 (3H, ) 22.3
20 1.15 (3H, s) 19.4
21 206.0
22 58.2
23 33.7
24 13.5
25 35.0
26 30.1
27 31.0
28 1.78 (1H, sept, 6.9) 29.0
29 0.85 (3H, d, 6.9) 20.0
30 0.79 (3H, d, 6.9) 20.5
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14) Compound 26, 279 % &A

Compound 26-& 'H-NMR spectrumol A &y 5.33 (6H, m, overlap)®] signal
< 6719 olefin methine protonS® odstlaL, 6y 2.78 (2H, m), &y 2.74
(2H, t, J = 6.6 Hz), &y 2.02 (2H, m), &y 1.98 (2H, m)9] signal aliphatic
proton®l] H]&l desheiding® ACS.&E HH, allyic methyl groupl & o A3} a1,
6 3.64 (BH, s) ¢ signal deshielding®l 2z A% 7 3 7|3 =7)
T A7 18 9l methoxyl protonSZ o) dstlar, 6y 0.85 (8H, t, J =
6.9 H2)9l signald A& S 53] methyl groupe@ sttt "C-NMR
spectrumol| Al & 1970¢] carbon peak’} #&¥E 7oz 'H-NMR datags 119
AL o, fatty acid FEA TFFRE A on, p° TA BA7F BE 77 9
oA, 71 F & 174.6 & ¢ 51.79] signalE2 ester groupl & A a1,
w2 67 6 130.4, 130.2, 130.2, 130.0, 128.1, 128.29] signal&< sp° &4
gl 370 ol A FE7F S Aolgt ddd 5 vk o] ZARE wtE
o8 B398 vwste] compound 26-& a-linolenic acid methyl esterd]S 3
NS

Compound 27 compound 263 FAF FF2E  ods, YC-NMR

spectrumo| A & 18701¢] carbon peak’} #&H Aoz 'H-NMR datags ¢

o

2

O

S o, fatty acid 722 dAstF o, pf TA BAE BFE 7R 1 F 6
c 179.19 signal& carboxyl groupl.@ dAsldar, y™A 671 & 132.2,
130.5, 128.5, 128.4, 127.9, 127.39] signalE< sp” &4 €49l 37] o542
g Fx7F d& Aol AT = Uk o] Ays wygom My njw

3t compound 278 a-linolenic acid¥]S #¢l&}% o}

r
w

Compound 27

Figure 75. Chemical structure of compounds 26 and 27
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Table 32. 'H and "“C NMR data of compounds 26 and 27 (400 and 100
MHz, in CDCls)

Compound 26 Compound 27
No.
6y (int, mult, J Hz) §c Su (int, mult, J Hz) 8¢

1 174.6 179.1
2 2.28 (2H, t, 7.6) 34.3 2.32 (2H, t, 7.6) 34.1
3 1.60 (2H, m) 25.2 1.60 (2H, m) 27.4
4 1.28 (2H, m) 29.4 1.29 (2H, m) 29.3
5 1.28 (2H, m) 29.3 1.29 (2H, m) 29.2
6 1.28 (2H, m) 29.9 1.29 (2H, m) 29.8
7 1.28 (2H, m) 29.5 1.29 (2H, m) 29.4
8 1.98 (2H, m) 29.3 2.02 (2H, m) 25.8
9 5.33 (1H, m) 130.4 5.34 (1H, m) 132.2
10 5.33 (1H, m) 128.1 5.34 (1H, m) 127.3
11 2.74 (2H, t, 6.6) 22.9 2.78 (2H, t, 6.0) 24.9
12 5.33 (1H, m) 130.2 5.34 (1H, m) 128.5
13 5.33 (1H, m) 130.0 5.34 (1H, m) 128.4
14 2.78 (2H, m) 25.8 2.78 (2H, t, 6.0) 25.7
15 5.33 (1H, m) 128.2 5.34 (1H, m) 127.9
16 5.33 (1H, m) 130.2 5.34 (1H, m) 130.5
17 2.02 (2H, m) 27.4 2.04 (2H, m) 20.8
18 0.85 (3H, t, 6.9) 14.3 0.95 (3H, t, 7.6) 14.5
19 3.64 (3H, s) 51.7

- 129 -



15) Compound 28, 299 +% A

Compound 28< 'H-NMR spectrum %41 A¥}, §; 6.65 (1H, s), &y 6.50
(1H, )¢ signals §3 A= aromatic ring 73 A& para-H A< proton
O oFstelaL, 6u 6.32 (2H, s)9 signal A& ks F3 5hF o]
2 WHFTZE 7FX L Q= aromatic ring= oSSR L, & 5.93 (1H, d, J =
1.4 Hz), 64 5.91 (1H, d, J = 1.4 Hz)9 signale deshielding® ZHo = Ho}
A7154E7F & AbA&7F ZA3$E methylene protono 2 o AskQlth. Egk 6y
3.73 (6H, s), &n 3.78 (3H, )9 signal5< deshielding® 33 A& 3& &
3 A7) E=7E 2 A7 - E = methoxyl proton®® oS AL, &y
4.44 (1H, dd, /= 8.7, 6.0 Hz), &y 3.90 (1H, td, J = 10.1, 2.3 Hz)2] signal
ZHE AbAo] AHS #1419 methylene proton®d-& ol/d8klaL, 6y 4.58 (1H,
d, /= 3.2 Hz) 9] signal= deshielding® ZOZ Ho} sp7 TA o] 449
methine proton®. & &A3Ath BC-NMR spectrumel X & 2171¢] carbon
peak’} #EF A om, 'H-NMR datag 2# WS o, sp” 4 &4 114 o
7FA1aL 270 aromatic ring 7Z&7F 3l 1 5 3 U= U1 FE2E Aol 9
sk 4 glom §¢ 175.29 signal< lactone groupq! carbon®.Z o433t §
c 101.49] signal deshielding®l Z o2 Ho} 'H-NMR data® 12#glS o,
A7 e =7 2 247 A3 methylene carbon (-OCHO-)Co. & o) 43} $3 T,
T3 §c 70.0, 8¢ 72.37 2709 6¢ 56.49] signalE deshielding® ZHo= H
of AV FAETE F Atav A sp’ EA @AR Al o) AdE
H}EF © 2 arylnaphthalenes-type lignans 7% 2 dAslgon] %93 s
o] compound 282 deoxypodophyllotoxin (Anthricin)®lS <13}t
Compound 29% compound 283 A FxE ey, H-NMR
spectrum Al &y 6.43 (1H, d, J = 1.8 Hz), 6y 6.65 (1H, dd, /= 7.3, 1.8
Hz), 6y 6.71 (1H, d, J = 7.3 Hz)9| signal¥ coupling constantE %3] A=

w

ortho—, meta-couplingS 3}al 1 aromatic ring 125 A3k, &y 6.4
(2H, s)9] signale A kS E3) 33t 7o) 722 A FZRE 71 Q)

aromatic ring= A3 T3 &5 3.80 (6H, s), 6y 3.80 (3H, )¢ signal

rr

Rl
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£ deshielding® A3 A& g& S A71SA=s 2 227t dds e
methoxyl proton®o. = oAAs a1, &y 4.15 (1H, dd, J = 9.4, 7.3 Hz), 6y 3.85
(1H, dd, J = 9.2, 7.3 Hz)9 signalZ2%E] AbAo] AH3 %19 methylene
proton¥S <43t th PC-NMR spectrumoll A & 1970 carbon peak”} ¥
HERqom, §: 178.79 signale lactone group?! carbon® & oAt &=
3 §c 71.43 8¢ 62.0, 2709 &c 56.39] signalE< deshielding® ZHo 2 Ho}
A7V SR E7E & kvt Adsk sp? £ g@aR ddeielt). o)k A¥dE vl
B0 2 dibenzyltyrolactones—type lignans 7% o4l om 3103 vjw

3l compound 29+ vyatein¥S &<15 T}

Compound 28 Compound 29

Figure 76. Chemical structure of compounds 28 and 29
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Table 33. 'H and "“C NMR data of compounds 28 and 29 (400 and 100

MHz, in CDCl3)

Compound 28

Compound 29

N Su (int, mult, / Hz) e Su (int, mult, / Hz) 8¢
1 128.5 131.7
2 6.65 (1M, s) 108.7 6.43 (1H, d, 1.8) 108.9
3 147.2 148.1
4 146.9 146.6
5 6.50 (1H, s) 110.7 6.65 (1H, d, 7.3) 108.5
6 130.8  6.44 (1H, dd, 7.3, 1.8) 1217
7 274 (I, m) 33.3 2.43~2.62 (2H, m) 35.4

3.06 (1H, br d, 10.1)

8 2.74 (1H, m) 32.9 9.43~2.62 (1H, m) 46.6
. 890 (IH, 14, 101, 28) . 385 (IH, dd, 9.2,7.8)
4.44 (1H, dd, 8.7, 6.0) 4.15 (1H, dd, 9.4, 7.3)

B 136.5 133.5
2° 6.32 (1H, ) 108.4 6.33 (1H, s) 106.3
3" 152.7 153.4
4 137.2 137.0
5° 152.7 153.4
6° 6.32 (1H, ) 108.4 6.33 (1H, ) 106.3
7 458 (1H, d, 3.2) 43.9 2.86~2.89 (2H, m) 38.5
8" 2.74 (1H, m) 477 2.43~2.62 (1H, m) 41.2
9° 175.2 178.7
ocmo- 5931 o1 5.90 (1H, d, 1.4) o1

5.91 (1H, d, 1.4) 5.91 (1H, d, 1.4)
13 3.73 (6H, s) 56.4 3.80 (6H, s) 56.3

9 3.78 (3H, ) 61.0 3.80 3H, ) 61.0
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16) Compound 30, 31, 329 +% &#A

Compound 30& 'H-NMR spectrum #+4 ZA3} &, 6.44 (1H, d, /= 1.8 H
z), &y 6.58 (1H, dd, J = 7.8, 1.8 Hz), &y 6.71 (1H, d, J = 7.8 Hz)¥
signal®} &y 6.61 (1H, d, /= 1.4 Hz), &y 6.44 (1H, dd, /= 8.7, 1.4 Hz), §
1 6.68 (1H, d, J = 8.7 Hz)9 signal< coupling constantE E& A= ortho-,
meta—-coupling= 3tal Y+ 27 aromatic ring TZE AR L, Sy 5.92
(4H, m)9 signal® deshielding® HOo®E Hol H7SAE7 & Ata7l Ags
methylene proton 2712 &Aetgich w3k §; 4.10 (1H, dd, J = 9.4, 7.3 Hz),
6u 3.84 (1H, dd, J = 9.2, 7.3 H2)®| signal=FH Al Axg 9149
methylene proton®& dAstgth BC-NMR spectrumoll A & 1970¢] carbon
peak’} #AH QoW sp” TA BrA7F 137] YojA] 271 aromatic ring T-Z&7}F
NS Aolgt oide 4= 9lom, §: 178.69] signal lactone group?l carbon®
2 o Aabetodtt. §¢ 101.29 signal® deshielding® Z o & Hol 'H-NMR data
s IS W AVSAHE7F F Ak 2707F A3 methylene carbon
(-OCH,0-)o. & oAt} =3k §: 71.99 signale deshielding® Z o & H
of A7l SAETE 2 Aavt AR sp” EA ©AE GAEITh o) AnE
HE O 2 dibenzyltyrolactones-type lignans 7+%% distion &0 1]
13l compound 30-> hinokinin¥lS H135}3I T},

Compound 318 compound 303 A+ %2 e, 'H-NMR
spectrum &6y 7.48 (1H, d, J = 1.8 Hz)9] signali= olefin methine proton®. =
of| AsFA T T3k 6y 4.23 (2H, m)9] signali= 2FAol <153 91X 2] methylene
protond & o Aatslgitt. BC-NMR spectrumol Al & 2071¢] carbon peak’} &
HEqom, §: 172.89] signale lactone group$! carbon® = oAt =
3 §c 69.79) signald deshielding® Ao 2 Hol A7|eA T} & A7 At
3 sp’ EA AR o AEY. o] Ate] AxE HE o R dibenzyltyrolactones—
type lignans T+2E dAitetdon F&1%%3 vlwste] compound 318 savinin
A= Felstit.

Compound 32+ NMR spectrume] EH compound 303 FA}3eF AS e
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W Z 20709 carbon peak’} #TEEYOH, § 178.99 signal lactone
group?l carbonl & o|F3tA Tt T3 §c 71.49 signal deshielding® Z o
2 Hol AV FAET & qtavt AgE sp” EA ©@AR oStk &y 3.64
(3H, s)¢] signal> deshielding® A A& #t& &3 A7|54%=7F & akarb
A8 A& methoxyl protono 2 d’3st™ "C-NMR data® 1S o, 8¢
56.09] signalel o]-s-3tt}. o]Ae] AyE wlg SR dibenzyltyrolactones—type
lignans TFZ dArety 31023} vl sEte] compound 32% haplomyrfolin®

& a9,

Compound 30

H4CO

HO

Compound 32

Figure 77. Chemical structure of compounds 30, 31 and 32

- 134 -



Table 34. 'H and C NMR data of compounds 30, 31 and 32 (400 and 100 MHz, in CDCls)

Compound 30

Compound 31

Compound 32

No. Su (int, mult, J Hz) Sc Su  (nt, mult, J Hz) Sc Sy  (int, mult, J Hz) Sc
1 131.8 128.4 131.8
2 6.44 (1H, d, 1.8) 108.5 7.02 (1H, d, 1.8) 108.8 6.44 (1H, d, 1.4) 109.0
3 148.1 148.2 148.0
4 146.6 149.4 146.5
5 6.71 (1H, d, 7.8) 108.6 6.86 (1H, d, 8.2) 108.7 6.81 (1H, d, 8.2) 108.5
6 6.58 (1H, dd, 7.8, 1.8) 121.8 6.62 (1H, dd, 8.2, 1.8) 126.3 6.64 (1H, dd, 8.2, 1.4) 122.2

2.96 (1H, dd, 14.2, 5.0)
7 35.0 7.48 (1H, d, 1.8) 137.5 2.42~2.66 (2H, m) 34.8
2.82 (1H, dd, 14.2, 7.3)
8 2.40~2.54 (1H, m) 46.7 126.0 2.42~2.66 (1H, m) 46.8
9 178.6 172.8 178.9

1° 131.5 131.7 129.6
2° 6.61 (1H, d, 1.4) 109.6 6.64 (1H, d, 1.8) 109.4 6.64 (1H, d, 2.3) 111.7
3" 148.1 148.1 146.9
4° 146.7 146.8 144.7
5° 6.68 (1H, d, 8.7) 109.0 6.72 (1H, d, 7.8) 109.0 6.66 (1H, d, 7.3) 114.4
6" 6.44 (1H, dd, 8.7, 1.4) 122.4 7.06 (1H, dd, 7.8, 1.8) 122.3 6.60 (1H, dd, 7.3, 2.3) 121.7

2.556~2.60 (1H, m) 2.97 (1H, dd, 14.2, 4.6) 2.93 (1H, dd, 14.2, 5.0)
7 38.6 37.7 38.4
2.40~2.54 (1H, m) 2.57 (1H, dd, 14.2, 10.1) 2.86 (1H, dd, 14.2, 7.1)
8" 2.40~2.54 (1H, m) 41.5 3.72 (1H, m) 40.1 2.42~2.66 (1H, m) 41.2
4.10 (1H, dd, 9.4, 7.3) 4.09 (1H, dd, 9.2, 7.1)
9° 71.4 4.23 (2H, m) 69.7 71.4
3.84 (1H, dd, 9.2, 7.3) 3.84 (1H, dd, 7.1, 1.8)
-OCHsj 3.82 (3H, s) 56.0
101.2 5.92 (2H, d, 1.4) 101.9 5.91 (1H, d, 1.4)
-OCH,0- 5.92 (4H, m) 101.2
101.2 5.91 (2H, d, 1.4) 101.3 5.89 (1H, d, 1.4)
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17) Compound 339 +% &4

Compound 338 'H-NMR spectrum 24 A3}, 6§y 6.72~6.82 (6H, m)2
signals 538 sp” T4 zH= 270 aromatic ring 7% 9] protons o|A}E3 AL,
Sy 5.93 (4H, s)9] signale deshielding® Ao 2 Hol AV|SAA L7} & 247}
A3}t methylene proton®= ofdsitt. 3t 6y 4.67 (2H, d, J = 4.6 Hz)
o] signalZ2F-F Akao] A3 $1%]2] methine proton¥dS ol|d3FA 3L &y 4.21
(2H, dd, J = 9.2, 6.9 Hz), &y 3.84 (2H, dd, /= 9.2, 4.6 Hz)¢] signal=%4-F
Abzsol 0173 $1%] 2] methylene protonZ <43tk C-NMR spectrum®ll
A% 10719 carbon peak’t TEEJOM, pf EA B2TF 671 AeIA
aromatic ring TF27F AL AHolzt ddEd 4 dom, § 101.29 signale

deshielding® A% = Ho} 'H-NMR datas 18@dS o A7 57} 2 24

Aa Qe I FRE AAEAY. TE s 86.0% §c 71.99] signal
deshielding® Ao =2 Hol AV|SAEI} 2 AAa7F 233 sp” TA B4R 4
A&ttt o) ate] A¥E ulg o R furofurans-type lignans 7-%= o A4slg o

] 23193 v ste] compound 33S sesamin® S &<1&}9 T

Figure 78. Chemical structure of compound 33
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Table 35. 'H and C NMR data of compound 33 (400 and 100 MHz, in
CDCl3)

Compound 33

No.

&y (int, mult, / Hz) 8c
1 135.2
2 6.76~6.82 (1H, m) 106.7
3 148.2
4 147.3
5 6.76~6.82 (1H, m) 108.4
6 6.76~6.82 (1H, m) 119.6
7 4.67 (1H, d, 4.6) 86.0
8 3.02 (1H, m) 54.5
9 4.21 (1H, dd, 9.2, 6.9) 719

3.84 (1H, dd, 9.2, 4.6)
1" 135.2
2" 6.76~6.82 (1H, m) 106.7
37 148.2
4° 147.3
5" 6.76~6.82 (1H, m) 108.4
6° 6.76~6.82 (1H, m) 119.6
7 4.67 (1H, d, 4.6) 86.0
8" 3.02 (1H, m) 54.5
9° 4.21 (1H, dd, 9.2, 6.9) 719

3.84 (1H, dd, 9.2, 4.6)

2 X - OCH.0- 5.93 (4H,s) 101.3

- 137 -



18) Compound 34, 35, 36, 372 +% &4

Compound 34+ 'H-NMR spectrum®lA] &y 5.92 (1H, d, J = 1.8 Hz), &y
588 (1H, d, J = 1.8 Hz)¥ signal®> coupling constantE &3l A=
meta-couplingS 3+l Y+ aromatic ring 7FE AR, §y 7.35 (2H, d,
J = 8.2 Hz), 6y 6.83 (2H, d, J = 8.2 Hz)9 signale AE 33} coupling
constantE %3 A= ortho-coupling=S 7FA il 91+ aromatic ring %+ 3}8h
A 3ol Z2 dAT = dAdeinh 6y 4.98 (1H, d, J = 11.4 Hz), &y
454 (1H, d, J = 11.4 Hz)9 signal&< deshielding® Ho = Hol H7|SA
=7h 2 A7t A¥e 270 methine protone @ o AFElth PC-NMR
spectrumell Al & 15709 carbon peak’} #EEHA oW, 'H-NMR datas =
3to] flavanonol TZ&7F S Aoz} oddd 4 dom, § 198.69 signale
carbonyl group®! carbon®Z o/FstATh §c 85.1, ¢ 73.89] signalE
deshielding® A& Ho} M7 FAE7E & Atart AFe sp” &4 TAE o
etk ool AxE wigoem  Fd'%y nluste] compound 34%
aromadendringd & <13} T}

Compound 35% C-NMR spectrumd] ¥ compound 349} §A3 AL o
EFiA] g compound 342  'H-NMR spectrum #4241 ZAdlo] thn] &}
flavanonol T+%2] B ring® zfo]7}F S Ao =w #A&AHEHW, &y 6.96 (1H, d, J =
1.8 Hz), 6y 6.85 (1H, dd, J = 8.2, 1.8 Hz), 6y 6.80 (1H, d, / = 8.2 Hz)¢
signal¥ coupling constantE %3 A= ortho, meta-couplingS 3dtil U=
aromatic ring TXE sttt o] A#E ngoz Fd'® nlalske
compound 35+ taxifolin®dS &<135}3i ).

Compound 36-& compound 359 'H ¢} “C-NMR spectrum®] Hlusto] =<
3t aglycone %<l taxifolin®® dAstg o, 'H-NMR spectrumol A &y
5.52 (1H, d, J = 10.1 Hz), &y 4.74 (1H, d, /= 10.1 Hz), &4 3.87 (1H, d, J
= 10.1 Hz), 6y 3.94 (1H, dd, /= 11.7, 4.6 Hz), 64 3.06 (1H, dd, J = 11.7,
Ak
BC-NMR spectrum®l A 8§ 102.6, 75.9, 73.6, 70.9, 66.12] signalE-2> %35

8.2 Hz)9 signalE< deshielding® Ao =2 Hol B9 protonl® o A}3}
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ofl

9] carbon®. & |43, anomeric proton®] coupling constant S £33}

@ vaLste] B-D-xylopyranosidel& €Qlatith. o]de] A3E ntg o=

e

#1003 ¥l wate] compound 36 taxifolin-3-O-B-D-xylopyranoside® %
FATH.
Compound 37 compound 359 'H-NMR®} "C-NMR spectrume]l H] al3}o]

ri

A

oL
o

=23l aglycone T%¢ taxifolin®.2 o 4stel o, BC-NMR spectrum®]A] §
c 102.2, 73.9, 72.2, 71.9, 70.6, 18.09] signalE< A3¥ 2o carbonlz
| AFel © ™ anomeric proton®] coupling constant S Eslo] 33} v

3le] a-L-rhamnopyranosidel S ¢l o) Aol AnE npgorm 73107

I} v Ee] compound 378 taxifolin-3- O-a-L-rhamnopyranoside® =7 s}

ot

Eaillife}
T

N

Compound 36 Compound 37

Figure 79. Chemical structure of compounds 34, 35, 36 and 37
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Table 36. 'H and *C NMR data of compounds 34, 35, 36 and 37 (400 and 100 MHz, in CD3;0D)

Compound 34

Compound 35

Compound 36

Compound 37

No. Su (int, mult, J Hz) Sc Su (int, mult, / Hz) Sc Su (int, mult, / Hz) Sc Su (int, mult, / Hz) §c

2 498 (1H, d, 11.4) 85.1 491 (1H, d, 11.4) 85.3 5.52 (1H, d, 10.1) 83.7 5.07 (1H, d, 10.5) 84.1
3 4.54 (1H, d, 11.4) 73.8 450 (1H, d, 11.4) 73.8 4.74 (1H, d, 10.1) 77.6 4.58 (1H, d, 10.5) 78.7
4 198.6 198.5 195.8 196.1
5 169.0 169.1 165.6 165.7
6 5.92 (1H, d, 1.8) 97.5 5.92 (1H, d, 1.8) 97.5 5.90 (1H, d, 1.8) 96.4 5.93 (1H, d, 1.8) 97.5
7 165.5 165.5 169.1 169.0
8 5.88 (1H, d, 1.8) 96.4 5.88 (1H, d, 1.8) 96.5 5.91 (1H, d, 1.8) 97.4 5.90 (1H, d, 1.8) 96.4
9 164.7 164.6 164.2 164.2
10 102.0 101.9 103.2 102.6
1° 1294 130.0 129.1 129.3
2° 7.35 (1H, d, 8.2) 130.5 6.96 (1H, d, 1.8) 116.0 6.95 (1H, d, 1.4) 115.8 6.96 (1H, d, 1.4) 115.6
3" 6.83 (1H, d, 8.2) 116.3 147.3 146.6 146.6
4 159.4 146.5 147.5 147.5
5° 6.83 (1H, d, 8.2) 116.3 6.80 (1H, d, 8.2) 116.2 6.78 (1H, d, 8.2) 116.4 6.81 (1H, d, 8.2) 116.3
6" 7.35 (1H, d, 8.2) 130.5 6.85 (1H, dd, 8.2, 1.8) 121.0 6.83 (1H, dd, 8.2, 1.4) 121.0 6.84 (1H, dd, 8.2, 1.4) 120.6
1°° 3.87 (1H, d, 10.1) 102.6 4.04 (1H, d, 1.4) 102.2
2°° 3.23 (1H, m) 73.6 under the MeOH 71.9
3 3.23 (1H, m) 75.9 3.54 (1H, dd, 2.3, 1.7) 72.2
4" 3.49 (1H, m) 70.9 3.67 (1H, dd, 8.5, 2.3) 73.9
. 3.94 (1H, dd, 11.7, 4.6)

5 66.1 4.25 (1H, m) 70.6

3.06 (1H, dd, 11.7, 8.2)
6" 1.18 (3H, d, 6.0) 18.0
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19) Compound 38, 399 +x% &A

Hdom, 'TH-NMR data® 23S o], flavonoids A1E 3FFES a3t
Compound 382 &y 6.26 (1H, d, J = 2.3 Hz), 6y 6.54 (1H, d, J = 2.3 Hz)9]
signal coupling constantE %3] A% meta—couplings 3d}al = aromatic
ring TZ2E o459, &y 8.00 (2H, d, J = 9.2 Hz), &y 7.05 (2H, d, J =
9.2 Hz)9l signal A¥ # ¥ coupling constantE &3] A= ortho-coupling
S 7FAaL @)= aromatic ring B 38H4 stAo] e AT RE eI,
w3l &y 6.70 (1H, s)9 signal olefin methine proton® = o231}
BBC-NMR spectrum®l 4] §c 183.2¢] signal& carbonyl group?l carbon® =
sl ol AnE wEoz F3'%n mwsle compound 38
apigenin®l& =l

Compound 39% 'H-NMR spectrum #4 ZA3}, 8§y 6.82 (1H, s)¢ signal&
benzene ring 3ttt Bl e spf A 49 protonlE o AE T 6y 8.03

(2H, d, /= 9.2 Hz), 6y 7.12 (2H, d, J = 9.2 Hz)9| signal A&

coupling constantE 3 A= ortho-coupling= 7}*3l Q1% aromatic ring
T 3ted @74o] e WATFEE s, =3 sy 6.72 (1H, )9
signal¥ olefin methine proton®.& o Astg . BC-NMR spectrumol A 8¢
183.69] signal& carbonyl group®! carbon® & oAttt o)At A= wp

goz #8193 uwste] compound 39% scutellareing S 21k T).

OH o} OH o
Compound 38 Compound 39

Figure 80. Chemical structure of compounds 38 and 39
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Table 37. 'H and "“C NMR data of compounds 38 and 39 (400 and 100

MHz, in acetone-dy)

Compound 38

Compound 39

e Su (int, mult, / Hz) 8¢ &u (int, mult, / Hz) Sc

2 165.7 164.6
3 6.70 (1H, s) 130.8 6.72 (1H, s) 105.5
4 183.2 183.6
5) 163.5 163.5
6 6.26 (1H, d, 2.3) 99.8 162.2
7 165.7 155.4
8 6.54 (1H, d, 2.3) 94.9 6.82 (1H, s) 95.6
9 158.9 154.8
10 105.1 105.9
1° 123.2 125.9
2" 8.00 (1H, d, 9.2) 129.5 8.03 (1H, d, 9.2) 129.1
3° 7.05 (1H, d, 9.2) 117.0 7.12 (1H, d, 9.2) 116.6
4° 162.0 161.9
5 7.05 (1H, d, 9.2) 117.0 7.12 (1H, d, 9.2) 116.6
6 8.00 (1H, d, 9.2) 129.5 8.03 (1H, d, 9.2) 129.1
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20) Compound 40, 419 +% &H

Compound 40& 'H-NMR spectrum®lA] &y 6.39 (1H, d, J = 2.3 Hz), &4
6.18 (1H, d, J = 2.3 Hz)9 signal coupling constant® &3 A=
meta-couplings 3Fil Q)+ aromatic ring TXE dAEYE a1, &y 7.33 (1H, d,
J = 1.8 Hz), 64 7.31 (1H, dd, /= 8.7, 1.8 Hz), &y 6.85 (1H, d, J = 8.7
Hz)e] signal< coupling constantE E3] M= ortho, meta-couplings 3}l
9l aromatic ring TEE A3t PC-NMR spectrumollA & 157]¢]
carbon peak’} #Z= ¢ on 'H-NMR datas £33+ flavonols 7+%7F &
Aolg} dare = glom, §c 177.59 signal& carbonyl group?! carbon® &
dAatslgitt. ojate] AxnE nigowr EH%3 wlwsle] compound 40
quercetin®. 2 A3},

Compound 41& compound 409 'H ¢} “C-NMR spectrume] H]ulslo] =<
3l aglycone T3¢ quercetin®.® A= AL oAEg o, BC-NMR
spectrumoll 4] §¢ 103.7, 73.4, 72.2, 72.2, 72.0, 17.89] signalE< =34

_4

oft

£

9] carbon®. & dAFslH, anomeric proton®] coupling constant S £33}
33} ¥l slo] a-L-rhamnopyranoside® S 3Felstit). o|ate] AE nbg
og E30m wlwste] compound 41& quercitrin  (quercetin-3-0O-a

-L-rhamnopyranoside) . % &% 3} t}.

Compound 40 Compound 41

Figure 81. Chemical structure of compounds 40 and 41
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Table 38. 'H and ""C NMR data

MHz, in CD3;0D)

of compounds 40 and 41 (400 and 100

Compound 40

Compound 41

No.
&y (int, mult, / Hz) Sc &y (int, mult, J Hz) Sc
2 148.1 159.4
3 137.4 136.4
4 177.5 179.8
5 158.4 163.4
6 6.18 (1H, d, 2.3) 99.4 6.21 (1H, d, 2.3) 99.9
7 165.7 166.0
8 6.39 (1H, d, 2.3) 94.5 6.37 (1H, d, 2.3) 94.8
9 162.6 158.6
10 104.6 106.0
1" 124.3 123.1
2" 7.73 (1H, d, 1.8) 116.1 7.34 (1H, d, 1.8) 116.5
3° 146.4 146.4
4° 148.9 149.9
5" 6.88 (1H, d, 8.7) 116.4 6.85 (1H, d, 8.2) 116.4
6° 7.63 (1H, dd, 8.7, 1.8) 121.8 7.31 (1H, dd, 8.2, 1.8) 123.0
1 5.35 (1H, d, 1.4) 103.7
2°° 4.22 (1H, br d, 3.2) 72.2
37 3.75 (1H, dd, 8.7, 1.4) 72.2
3.35 (1H, m) 73.4
3.44 (1H, m) 72.0
0.94 (3H, d, 6.0) 17.8
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Figure 82. Total phenolic contents of extract and solvent fractions from

C. obusa seeds. The data represent the mean = SD of triplicate

experiments.
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Figure 83. Total flavonoid contents of extract and solvent fractions from
C. obusa seeds. The data represent the mean = SD of triplicate

experiments.
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Figure 84. DPPH radical scavenging activities of extract and solvent
layers from C. obusa seeds. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 39. SCs¢ values of DPPH radical scavenging activities for extract

and solvent fractions from C. obusa seeds.

Extract n—Hex EtOAc n—BuOH H>0O BHT
SCso (ng/mL) 171.6 >400 164.2 42.0 175.4 97.1
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(4) ABTS" radical &4 &4 =4

W T2k FE5E 2 28 & dste] ABTS' radical 27 €45 54313
oh ZF ARES 6.25-200 pg/mLe FE= AdE APsiglon, 2zt st
SCso #t= AAtstltt.

As A3 p-BuOH, F&%, EtOAc 3 E9 SCy atel 47 20.3, 31.7,
35.5 ng/mLE t& &S5 H& 3% ABTS' radical &7 &4o] e}
W th(Figure 85, Table 40).

r_1

100 6.25 pg/mL = 12.5 pg/mL M 25 pg/mL 8 50 pg/ml B 100 pg/mL M 200 pg/mL

90+
80+
70+

60 I

50+

ABTS -+ radical scavenging activity (%)

o T T T
Extract n-Hex EtOAc #n-BuOH H:O BHT
Figure 85. ABTS" radical scavenging activities of extract and solvent
layers from C. obusa seeds. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 40. SCso values of DPPH radical scavenging activities for extract

and solvent fractions from C. obusa seeds.

Extract n—Hex EtOAc n-BuOH H0 BHT

SCso (ng/mL) 31.7 47.0 35.5 20.3 71.5 9.6
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3) I

(1) Paper disc diffusion method

AW T2 FEE 2 $¥8=9 3 A4S getr] flste] oF A
(resident flora)Q! Staphyiococcus epidermidis (CCARM 3709, 3710, 3711),
A= E9Ql Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089) % %]
3l Streptococcus mutans (KCCM 4015)E AF83}l4] paper disc diffusion
method® clear zoneg #<135}31T}.

O A, HW Fxle]l FEE U B EO S epidermidisd] Wste] H,O #3
TS AYetal 5 e A3 245 YHeErA T

A Fxe] FE2E % B3 Eo] C acnesdl thste] np-BuOH, H,O #&E&E3

u

u A2 A\ F=2e] FEE 2 B8 Eol S mutanstdtTol tlEiA =
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Figure 86. Results of paper disc diffusion method of extract and solvent

fractions from branches of C. obusa seeds on S. epidermidis, C. acnes

and S. mutans.
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Table 41. Antibacterial activities of extract and solvent

branches of C. obusa seeds.

fractions from

Clear zone (mm)

Bacterial density

S. epidermidis

(1.5x10°

CCARM CCARM CCARM
CEU/mL) 3709 3710 3711
Extract 11.0 10.0 11.5
n-Hex Fr. 9.5 9.5 9.5
EtOAc Fr. 12.5 11.0 10.5
n—-BuOH Fr. 10.5 10.0 11.5
H,O Fr. N.A. N.A. N.A.
Positive control 33.5 N.A. 32.0
Clear zone (mm)
Bacterial density C. acnes
(1x10° CFU/mL) CCARM CCARM CCARM CCARM
0081 9009 9010 9089
Extract 15.0 14.5 13.0 13.0
n—-Hex Fr. 14.5 13.5 12.5 13.0
EtOAc Fr. 13.5 12.5 12.5 13.5
n-BuOH Fr. N.A. N.A. N.A. N.A.
H»>O Fr. N.A. N.A. N.A. N.A.
Positive control 61.0 N.A. N.A. 47.0
Bacterial density Clear zone (mm)
(3%10° CFU/mL) 5. mutans
KCCM 40105
Extract 12.0
n—-Hex Fr. 12.0
EtOAc Fr. 10.5
n-BuOH Fr. N.A.
H-O Fr. N.A.
Positive control 39.0
Sample : 4 mg

Positive control (Erythromycin) : 40 ng
Disc size : 8 mm X 0.9 mm
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(2) MIC % MBC

Paper disc diffusion®< &3l Hu Fxo] d S S gl on, IS
7L e AR diE] FrHA R #F A HA YA v% (minimum
inhibitory concentration, MIC) % 24 A2 FX% (minimum bactericidal
concentration, MBC)E =43}ttt AFE3 Al59 HUY 5=+ 10,000 pg/mL
(C. acnes® 749+ HW sEZ 4,000 pg/mL)= Adste] HA FE=7F 9.76
png/mL (C. acnes®l A%+ A F=7F 3.91 pg/mL)7F HEZ two-fold
serial dilutions W o2 3 A slo] 2331t}

1 A3, S epidermidis®] 75-olv HW T FEE X ZHF EEEZAA

%_
ZF MIC gt ool A& wiFels wixlo] =wsto] MBC #S &<lsidlth. 21

S. mutans®] 75T HY FAe] FEE 9 ZF FEE4A4 H.0
n-BuOH 3 &S A9sta Agst =& AJ59] MIC® MBC #& 25 &<lst

AtH Table 44).
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Table 42. MIC and MBC values of C. obusa seeds on S. epidermidis
S. epidermidis
CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC

Extract 156.2 10000 312.5 10000 625 5000
n-Hex Fr. 156.2 10000 156.2 10000 312.5 10000
EtOAc Fr. 1250 10000 2500 10000 2500 5000
n—-BuOH Fr. 1250 10000 2500 10000 1250 5000
H.O Fr. >10000 >10000 >10000 >10000 >10000 >10000

Unit : pg/mL

Table 43. MIC and MBC values of C. obusa seeds on C. acnes

C. acnes

CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC

Extract 31.2 62.5 31.2 62.5 62.5 125 15.6 125
n—-Hex Fr. 31.2 125 62.5 125 62.5 250 15.6 2000
EtOAc Fr. 31.2 125 62.5 2000 62.5 2000 31.2 2000
n-BuOH Fr. 1000 >4000 1000 4000 2000 >4000  >4000  >4000
Hz0 Fr. >4000  >4000  >4000  >4000  >4000  >4000  >4000  >4000

Unit : pg/mL

Table 44. MIC and MBC values of C. obusa seeds on S. mutans

S. mutans
KCCM 40105

MIC MBC

Extract 39.1 78.1

n-Hex Fr. 39.1 78.1

EtOAc Fr. 156.2 625
n-BuOH Fr. >10000 >10000
HeO Fr. >10000 >10000

Unit @ pg/mL
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3) &4

(1) Nitric oxide A4 oA &4

@ NO production (%) @ Cell viability (%)
r 140

Cell viability (%)

140 4
s .
120 4 F120
N *
¢ ®

&
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g
E-R U -8
s
3

B 60 L 60
9 #

4 40+ Fk gk L 4p
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*
0 — T T T 5 T ; T T T -_' 0
LPS (100 ng/mL) 8 + + ¥ + + + +
z 1-Amino-
Sample (3 pg/ml) - + Extract n-Hex EtDAc n-BuOH H,0 A-picoline

Figure 87. Effects of extract and solvent fractions from C. obusa seeds
on NO production and cell viability in LPS-stimulated RAWZ264.7 cells.
The cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
extract and solvent fractions from C. obusa seeds and 2-amino-4-picoline
(positive control, 5 utM) for 24 h. The data are represent the mean * SD

of triplicate experiments. “p <0.05; " "p <0.01
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FE=EoA NO B4 A&l 50%Y Wl 5=ICs0)E st fste] 7t
How FEEL 0.2-0.8 pg/mLe T2 AL PR on, FE2EL &
NO AA A 84S BPaL, 1Cs e 0.27 pg/mLE &
A2 p-Hexd EtOAc #8 =% 7 0.1-0.8 ng/mLe] 55 A4S 3
FEOEAR NO A A 24s gdsilar, 1Cs #h= 247 0.17

pg/mL, 0.19 pg/mLZ e tH(Figure 88).
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B NO production (%) ® Cell viability (%)
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Figure 88. Effects of Extract, n~Hex and EtOAc fractions from C. obusa
seeds on NO production and cell viability in LPS-stimulated RAWZ264.7
cells. The cells were stimulated with 100 ng/mL of LPS only, or with
LPS plus n-Hex and EtOAc fractions from C. obusa seeds and
2-amino-4-picoline (positive control, 5 pM) for 24 h. The data are

represent the mean * SD of triplicate experiments. “p <0.05; *“p <0.01
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(2) PGE, ¥ A=A cytokine (TNF-a) A oA &A]

qAY T FE=e] I A V1S A6k Asl ELISA kitE o] 8381

PGE; % AA%A cytokine A4S SAsolt 1 A%, A F4 FEEL
TNF-a®] 44 BE eEdem Asl Ave &30 Jew Sasn
(Figure 89).
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| omm | | N
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Figure 89. Effects of Extract from C. obusa seeds on PGE; and TNF-a
production in LPS-stimulated RAW264.7 cells. The data are represent the

mean * SD of triplicate experiments. *“p <0.05; *“p <0.01
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3led PGE, ¥ AAZA cytokine AAZFS =AHsgur. 1 ZAz, #@9 23
n-Hex #8&E2 TNF-a9 AAS & gEHoz A= AS U 5

A A HFigure 90).

1204

100 =
80
60
40
20
1 mem

PGE, production (%o}

0 T T T T T
LP5(1 ug/mL) - + + + i +
n-Hex (ug/mlL) - + 0.1 0.2 04 0.8
1204
100 4
g 20
8 *
B
o 604
g
g
E 40
204 stk
B = &
0 ; ; ; ; — .
LPS (1 pg/mL) = + + + + 5
n-Hex (ng/mL) - + 0.1 0.2 0.4 0.8

Figure 90. Effects of n—Hex fraction from C. obusa seeds on PGE,; and
TNF-a production in LPS-stimulated RAWZ264.7 cells. The data are

represent the mean £ SD of triplicate experiments. “p <0.05; *“p <0.01
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w3k, JAul Z2} EtOAc B82S TNF-a9 AAS =5 o&Hoz A A7)

= 337}t 9 Aoz FoldthFigure 91).

PGE,; production (%o)
s B OE& 8 ¥ 8
1 1 1 1 1
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Figure 91. Effects of EtOAc fraction from C. obusa seeds on PGE,; and
TNF-a production in LPS-stimulated RAWZ264.7 cells. The data are

represent the mean £ SD of triplicate experiments. “p <0.05; ““p <0.01
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4) w9
(1) Tyrosinase A &4 4

i 2 FE5E 2 E8E gig v d48 SA8t7] 91380 tyrosinase ¢
A S ST AES 50, 100, 200 pg/mLe] w2 AFS Y5
o 1 23, np-Hex % EtOAc 8= IC5 atol 72t 139.0, 183.0 pg/mL=E
tyrosinase A &Aool ASFS AT F AT 53] n-Hex =2 FA
=91 Arbutin® ICso w3 A Aoz gl th(Figure 92, Table
45).

-1 U
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10+

0

Extract n-Hex EtOAC n-BuOH H,O Arbutin
Figure 92. Tyrosinase inhibition activities of extract and solvent layers

from C. obusa seeds. The data are expressed as a percentage of control

and represent the mean £ SD of triplicate experiments.

Table 45. ICso values of tyrosinase inhibition activities for extract and

solvent fractions from C. obusa seeds.

Extract n-Hex EtOAc n—BuOH H>0O Arbutin
SCso (ng/mL) >200 139.0 183.0 >200 >200 131.4
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1) g4kst

(1) DPPH radical &4 &4 =3

a7 S SASAH. Alss 1257400 pMe] sE2 Ads Jddgsglon,
Z}ztel gk SCso k= AlRbstalt.

28 A3 compound 32914 SCso #ol 384.80 pME 9423+ DPPH radical
27 o] v tHFigure 93, Table 46).

12.5uM ® 25pM W 50;0 W 100uM W 200uM M 400uM
100 -

90 -
80 -
70
60
50
40
30 -
20 -
10 - B =

0 T
Compound 32 BHT

DPPH radical scavenging activity (%)

Figure 93. DPPH radical scavenging activities of compounds 28-33 from
C. obusa seeds. The data are expressed as a percentage of control and

represent the mean = SD of triplicate experiments.

Table 46. SCso values of DPPH radical scavenging activities for

compounds 28-33 from C. obusa seeds.

Compound Compound Compound Compound Compound Compound
28 29 30 31 32 33

BHT

SCso(uM) >400 >400 >400 >400 384.8 >400 149.0
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A E=x2RE a9 g2y 38E compounds 28-339] ABTS' radical

27 FAE AP AlEE 125200 pMe] Fx®2 A¥S WdPstygon,

100 M 12.5pM B 25pM B S0pM B 100pM B 200pM

40
30+

20+

ABTS+ radical scavenging activity (%)

Compound 28 Compound 29 Compound 30 Compound 31 Compound 32 Compound 33 BHT

Figure 94. ABTS" radical scavenging activities of compounds 28-33 from
C. obusa seeds. The data are expressed as a percentage of control and

represent the mean = SD of triplicate experiments.

Table 47. SCso values of ABTS" radical scavenging activities for

compounds 28-33 from C. obusa seeds.

Compound Compound Compound Compound Compound Compound

BHT
28 29 30 31 32 33

SCso(uM) >400 >400 >400 >400 56.4 >400 62.0
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2) ¥

(1) MIC % MBC

W F2} FEEZHEH BYE IdgE 3, 10, 11-2459 el g FAHS
golstr] s ¥F AAit(resident flora)Ql Staphyiococcus epidermidis
(CCARM 3709, 3710, 3711), =249 Cutibacterium acnes (CCARM
0081, 9009, 9010, 9089) #F AY HA <A 5% (minimum inhibitory

=)
!

concentration, MIC) % #4 AFH &% (minimum bactericidal concentration,
MBOE FAstalth AHEE Alse] Ad ks 4000 uM= shglen, Ha &
L7F 3.91 uM7} H X5 two-fold serial dilutions W o= 3]4]5te] 3313
=3

I A¥, S epidermidis®] 79-91F compound 16, 18, 21 2 12941 37093}
3711 ¥, compound 204 3711 5 % compound 17914 37103} 3711
TFE A9sta A3 BE FF9 MIC #e Felstlon, 53] compounds
19, 14, 13, 1152 S. epidermidis®| t3st -3 - A4S A
th L T 27 MIC @ ol 3] A& wjefal& wix]e] Z=ato] MBC
stttk 1 A3, compound 149} compound 1194 -3k 4+ 45
&t th(Table 48).

C. acnes® 7d%-ol+= #W ZFxz2HE FE2|¥ 147 diterpenoids 3}gHE-of A
compound 165 A3t A3 RE #79 MIC @S Qs on, o1 F
ZkzE MIC gk o]/de] Alm aj el iAol =2dte] MBC #< &8l 1
A3}, compounds 19, 14, 24, 11, 13914 3+ & SBAS 3l

(Table 48).
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Table 48. MIC and MBC values of compounds 3, 10, 11-24 from C. obusa seeds. on S. epidermidis and C. acnes

S. epidermidis C.acnes

CCARM 3709 CCARM 3710 CCARM 3711 CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
compound 3 1000  >4000 1000  >4000 1000 >4000 62.5 125 125 >4000 125 2000 125 4000
compound 10 2000 4000 1000  >4000 2000 4000 250 500 250 2000 250 2000 250 500
compound 11 250 1000 250 2000 250 4000 15.62 31.25 62.5 250 62.5 250 31.25 62.5
compound 12 >4000 >4000 4000  >4000 >4000 >4000 250 500 250 >4000 250 >4000 250 >4000
compound 13 125 >4000 125 >4000 250 >4000 15.62 31.25 62.5 125 62.5 500 62.5 500
compound 14 62.5 1000 62.5 500 62.5 1000 15.62 31.25 15.62 125 31.25 125 15.62 125
compound 15 1000 4000 1000 4000 1000 4000 125 250 250 1000 250 1000 250 1000
compound 16  >4000 >4000 >4000 >4000 >4000 >4000 | >4000 >4000 >4000 >4000 >4000 >4000 >4000 >4000
compound 17 4000  >4000 >4000 >4000 >4000 >4000 250 >4000 500 >4000 1000 >4000 500 >4000
compound 18 >4000 >4000 >4000 >4000 >4000 >4000 1000 2000 1000 4000 1000 4000 1000 4000
compound 19  15.62 4000 15.62  >4000 31.25  >4000 7.81 7.81 7.81 31.25 7.81 31.25 15.62 15.62
compound 20 4000  >4000 4000  >4000 >4000 >4000 125 250 1000 >4000 500 >4000 500 >4000
compound 21  >4000 >4000 >4000 >4000 >4000 >4000 31.25 62.5 62.5 2000 125 >4000 125 >4000
compound 22 1000  >4000 1000  >4000 1000 >4000 15.62 125 31.25 >4000  31.25  >4000 31.25 >4000
compound 23 4000  >4000 4000  >4000 4000 >4000 31.25 62.5 31.25 >4000 500 >4000 250 >4000
compound 24 500 >4000 1000  >4000 2000 >4000 31.25 62.5 31.25 125 31.25 125 31.25 250

Unit:: uM
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3) &4
(1) Nitric oxide (NO) A7 <}A &4

k-2 A A ERAW  264.7)5 o]&ste] WY FARFE " 177
compounds 2-3, 10-23, 259] nitric oxide (NO) A A X3 AXE A4
= SAs. 4 29 449 sg=sS 20 uMe sxEE Ads It
Atk 1 AT, BE SFEAA AXE 54 §lo] NO A A 45 UER
O™ (Figure 95), ©] & compounds 11, 13-17, 20, 22+ 20 M HE=Z
= W 30% ol NO JA&S Hetl7] wiol 53 39 &4& 49T
F e, compound 16 (hinokiol)S &0 &) o]n] &<l Ao B
o} At wekA compounds 11, 13-15, 17, 20, 229 F71% ¢ A&S
B3ttt 2 A3}, compound 14, 11, 17, 22, 13, 20, 159 A2 & 9&
Hoz NO A4 A &4S B, ICs a2 77 2.4, 8.0, 23.2, 23.7,
47.7, 55.9, 62.6% 2% K (Figure 96, Table 49).

140 B NO production (%) ® Cell viability (%) [ 140
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NO production (%)
Cell viability (%)
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ips 0
(100 ng/mL)

Compound
(20 ¥

Figure 95. Effects of isolated compounds 2-3, 10-23, 25 from C. obusa
seeds on NO production and cell viability in LPS-induced RAW264.7 cells.

The data are represent the mean * SD of triplicate experiments. *“p

<0.05; " " p <0.01
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Figure 96. Effects of isolated compounds 11, 13-15, 17, 20, 22 from C.
obusa seeds on NO production and cell wviability in LPS-induced
RAW264.7 cells. The data are represent the mean * SD of triplicate

experiments. “p <0.05; **p <0.01

Table 49. ICsp values of NO production inhibitory activity of isolated
compounds 11, 13-15, 17, 20, 22 from C. obusa seeds.

Compound Compound Compound Compound Compound Compound Compound
11 13 14 15 17 20 22

8.0 47.7 2.4 62.6 23.2 55.9 23.7

st Ao A compound 113 14 NO A Ao disgh 1G5 a2 10

uM olst&E Wehg 7] wjio] F714 02 compound 11, 14 thak NO 44 <
A g 2 AT =4S =AY 1 27, Compound 14E 1.25-20 pM]
FTERE A9S HMPsEar, Compound 11+ 2.5-20 pMe] Tz 23S 73

o
g A3, compound 113 14+ 20 uM §% ofstollA E5F AE 54 glo] &

T ol&AQ NO A A4 A4S 39319 tH(Figure 97).
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Figure 97. Effects of isolated compounds 11, 14 from C obusa seeds on
NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
1solated compound 11 or 14 from C. obusa and 2-amino—-4-picoline
(positive control, 5 uM) for 24 h. The data are represent the mean = SD

of triplicate experiments. * *p <0.01
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3, A\l Ex2RE 2% 67] lignan® compounds 28-332] nitric
oxide (NO) A4 oA A7 Ax =4S gAstr] fste] wpg-2= giaAx
(RAW 264.7)F ol&stltt. ¢4 #2ld 779 3d=52 20 Mo =&

A APt 1 Ay, BE stEA AlE A glol NO A4 oA &
A5 YJERN I tH(Figure 98). ©] = compounds 28, 29, 31-335< 20 uM &
L2 Agds wW 40% ©13e NO JAl&S Hetdo] 53 3¢ 24& &<
g 4= J9len, compound 28!, 31'2 3399 ¢l AL 3o HIE o]
AT et 'Ee KHalrb o] Fo| XA 2 compounds 29, 329 F7F AdAS
3t 1 23}, compounds 29, 32% F% oEXHOE NO A oA &

e B, ICs 3t 22 0.04, 1.62 pM=Z 215 9 tH(Figure 99).
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Figure 98. Effects of isolated compounds 28-33 from C. obusa seeds on
NO production and cell viability in LPS—-induced RAW264.7 cells. The data

are represent the mean * SD of triplicate experiments. ~“p <0.01
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Figure 99. Effects of isolated compounds 29, 32 from C. obusa seeds on
NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
1solated compound 29 or 32 from C. obusa seeds and 2-amino—4-picoline
(positive control, 5 uyM) for 24 h. The data are represent the mean = SD

of triplicate experiments. “p <0.05; *“p <0.01
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(2) PGEy

2 AASA cytokine A oA &4

NO XA A &Ao] 43t abietane-diterpenoid compounds 11, 149 tj
o] 3ol A 7] HS AFE7] 98] ELISA kitE o] &3] A9 5A cytokine

2 PGE:; #4%=

2 A A= As #lE

1204

=AY, 1 A3, compound 118 TNF-a, IL-6, IL-1B
o] S A A7l AE A (Figure 100).
w3l compound 14+ TNF-a, IL-6, IL-18 ¥ PGE»9

T A tHFigure 101).
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Figure 100. Effects of isolated compound 11 from C.
PGE,;, TNF-a, IL-6, IL-18 production in LPS-induced
The data are represent the mean £ SD of triplicate

<0.05; *"p <0.01
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Figure 101. Effects of isolated compound 14 from C. obusa seeds on
PGE, and TNF-a, IL-6, IL-18 production in LPS—-induced RAW264.7 cells.
The data are represent the mean * SD of triplicate experiments. “p

<0.05; " "p <0.01
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PGE, AAHS =SAs¥Y. 2 23, compound 29, 32& TNF-a, IL-6
PGE:9l AdE EF % YA o=m As A7l= AS el (Figure

102, 103).
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Figure 102. Effects of isolated compound 29 from C. obusa seeds on
PGE,, TNF-a, IL-6 production in LPS-stimulated RAW264.7 cells. The

data are represent the mean = SD of triplicate experiments. *p <0.05;

p <0.01
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Figure 103. Effects of isolated compound 32 from C. obusa seeds on
PGE,, TNF-a, IL-6 production in LPS-stimulated RAW264.7 cells. The

S

data are represent the mean = SD of triplicate experiments. *p <0.05;

p <0.01
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4) w9

(1) Tyrosinase A &4 =4

[-‘H

W =212 e 22 E compounds 11-259] w)wl XS =AY Al 5=
50-400 pM9] s&== HAAS AP om, ztzhol] 3k IG5 #he AT
A8 A3} compounds 24, 18, 19, 214 ICsy #el 22 160.86 uM, 191.5
uM, 376.8 uM, 380.4 pM=z %Al tiZ arbutin® vt} $-4=3F tyrosinase |
gado] el At Figure 104, Table 50).
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Figure 104. Tyrosinase inhibition activities of compounds 11-25 from C.
obusa seeds. The data are expressed as a percentage of control and

represent the mean = SD of triplicate experiments.

Table 50. ICsy values of tyrosinase inhibition activities for compounds

11-25 from C. obusa seeds.

Compound  Compovnd  Compound Compound Compovad Compound Compound Compound Compound Compound Compound Compousd Compound  Compound  Compound At
11 12 3 It 15 16 1 1§ 19 0 1 2 b u b+] ’

Gy =00 =00 2400 400 400 400 400 1913 3768 400 304 =400 =400 1609 400 3058
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AW T2 50% EtOH FE=< Sl =4¢ wet sapdez L85

-Hex, EtOAc, n-BuOH % H,

b

O
w8E2 VLCE ol&ste] S48 = AL

o
4
o
joS)
0Q
@
kA
rr
2
D
o
jon
Q
(@
)
i

<
on, w3 vt F 41719 =S A
w2 d 8352 (M-p-menth-1-en—4,7-diol (1), (1R,2R,4R)-p-menthane-

J4-triol (2), a—eudesmol (3), y—eudesmol (4), B-eudesmol (5), oplodiol
(6), 4-eudesmene-1B,11-diol (7), ent-4(15)-eudesmen-1a,11-diol (8),
3-eudesmene—-13,11-diol (9), hinokiic acid (10), la-hydroxy-hinokione
(11), 12-methoxy-8,11,3-abietatriene-78,11-diol-3-one (12), hinokione
(13), 1,2-dehydrohinokione (14), la-3B-dihydroxytotarol (15), hinokiol
(16), isohinokiol (17), sugiol (18), ferruginol (19), cryptojaponol (20), 7
a,11-dihydroxy-12-methoxy—-8,11,13-abietatriene (21), 73-hydroxydeoxoc
-ryptojaponol (22), 6,7-dehydrodeoxocryptojaponol (23), trans—communic
acid (24), chamaecydin (25), a-linolenic acid methyl ester (26), a-linolenic
acid (27), deoxypodophyllotoxin (28), yatein (29), hinokinin (30), savinin
(31), haplomyrfolin (32), sesamin (33), aromadendrin (34), taxifolin (35),
taxifolin—-3- O-B-D-xylopyranoside (36), taxifolin-3-O-a-L-rhamnopyranos
-ide (37), apigenin (38), scutellarein (39), quercetin (40), quercitrin (41)=%
g=gloemn, compound 112 AFAA A Agoz E2lH slstEolr).

A Fxkel gaksl A3 Ay p-BuOH, EtOAc #EE9] F Zev
747k 121.9, 87.0 mg/g GAEZ YElskew, DPPH radical &7 4 A3l A
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n-BuOH #3 &2 SCs dto] 42.0 pg/mL= YA ZT BHT (97.1 pg/mL)ol
B8] $-5=% DPPH radical &7 40| vebgty, 9, #Aw FA25E 2
H g F%< compound 32% DPPH radicalel] thaF SCso gke] 149.0 uM
= #ola}9lal, ABTS' radical SCyo #°] 56.4% FAtiz7 BHT (62.0 uM)
of Hla] -3 ABTS" radical &7 &Ao] Yebgth. E£3, AW T2 &2

H 8 /N Z¢HxolE 33E<¢l compounds 34-41& 3 UAIBIGITISS &

<

v ZAAe Bl flske qEs el ddd }

o

0>~
Nl
[.‘:“
o

1
Staphylococcus epidermidis (CCARM 3709, 3710, 3711) % oA=&+
Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089) 1&]al Z=X]4t<l

Streptococcus mutans (KCCM 4015)E AFE3te] sk &4k M (Paper disc

1=}
T

o

O

diffusion method)S %53+ A A|%k (clear zone), A A H% (minimum
inhibitory concentration, MIC) % #H24& AFE 5% (minimum bactericidal
concentration, MBCO)E S48ttt 1 23}, AW T 55 2 &9 &9
52 S epidermidisd B¢ 5% A+ FAES YEY oW, np-Hex, FEE,
EtOAc, n-BuOH A& MIC gkol ZHZ}  156.2-312.5, 156.2-625,
1250-2500, 1250-2500 pg/mL= 2213}%H 3, MIC &37F 9= MBC Zkeo] &
T 5000-10000 pg/mL= 15l &= C
EtOAc w8& A= Hold I &S vepylen, MIC el 77
15.6-62.5, 15.6-62.5, 31.25-62.5 npg/mL%Z &<2lsiar MBC kel 247+
62.5-125, 125-2000, 125-2000 pg/mL= &elsttt. sk, S mutansel] o
3 5%, n-Hex, EtOAc ¥ 3 & &€= I A4S el e, MIC 3ol
7+7} 39.1, 39.1, 156.2 pg/mLZ <l on, MBC gkel z+zh 78.1, 78.1,
625 pg/mL= gt AW Fx2HEE FEE 14 7l diterpenes?!

compounds 11-24¢} 2 7§ sesquiterpenes®! compounds 3, 10°] w3l S,
epidermidis (CCARM 3709, 3710, 3711) ¥ o=F++2 C acnes (CCARM
0081, 9009, 9010, 9089) «+& v AHIFS Hdsiict. 1 23, S
epidermidis®| 7d$-°ol+= ferruginol (19), 1,2-dehydrohinokione (14),
hinokione (13), la-hydroxy-hinokione (11)°] zt#|= 3t &+ A4S Y
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EPdlar, MIC #tel 7b7h 15.6-31.2, 62.5, 125-250, 250 uM= E<lshadrt.
A, C. acnesdl 795 ferruginol (19), 1, 2-dehydrohinokione (14), 78

|

-hydroxydeoxocryptojaponol  (22), trans-communic acid (24), la
~hydroxy-hinokione (11), hinokione (13), 7a,11-dihydroxy-12-methoxy~—

8,11,13-abietatriene (21), a—-eudesmol (3), la-3B-dihydroxytotarol (15),
hinokiic acid (10), 12-methoxy-8,11,3-abietatriene-78,11-diol-3-one (12)

j -

=2 2= e 9 A4S yElla, MIC gel #AZF 7.8-15.6,
15.6-31.2, 15.6-31.2, 31.2, 15.6-62.5, 15.6-62.5, 31.2-125, 62.5-125,
125-250, 250, 250 pM= 8IstF o, 1 <% compound 19, 14, 24, 11, 13
of $43%t A4 aIE YElHa, MBC kel z+Hz 7.8-31.2, 31.2-125,
62.5-250, 31.2-250, 31.2-500 pM= &13}t}. wheba] H Fajo A Sk
3l abietane-diterpenoids % sesquiterpenes A %°] T2 3 T4 BHAZH
S. epidermidis 2 C. acnes®| W3k &+ a5 el oz IAHT. =
= ol A¥S E&)A] 13 7f abietane-diterpenoids?} S. epidermidis 2 C.
acnes®l| ™3t A A FF9 structure activity relationship (SAR)el] T
Hel A o, FAF o E TR X #577F JoW FAdo] "ol §lof
Hel fxlo #e77F ded S
] 3l
2
3

%

A] a1

w

FA) 8L 3k carbonyl7]|® AA
# EA7|2 AAY AR A5k S d4E HA Aow g5

v}

2
o
m

AE] RAW 264.7 celle o]-&3ato] W) Fao] 3¢l &4 HAY
, 7%, n—Hex, EtOAc w8 &°] 5 pg/mL ©]3}9] sXoA Al
A1 NO A4 oAl &35 depiglem, ICs #kel 22 0.3,

2, 0.2 ng/mL= 33t} 3t ==&, n~Hex ¥ EtOAc &8 =°] d ¢
A Aol &1 9 PGER9]l A A Add Ay, ¥2d sample> d 95

=
4 APl ETFQIQI TNF-qoll tisto] 5 sk ojEd oz Ay oA a35 &<l

o
<
7l

&

1o
w2

o

5%

o]

ol

) 1_«1

"

gtk AU =22 5E 8% 17 7 terpenoids?] compounds 3, 10-25
7} 20 uM == A8 dlS W, compounds 14, 11, 22, 13, 20, 17, 157} &3}
A NO A4 AA 245 dehglen, 1Cs #kol 242 2.4, 8.0, 23.7, 47.7,
55.9, 23.2, 62.6 upM= <t 1 %, NO A oA ad7F 9543
1,2-dehydrohinokione (14), la-hydroxy-hinokione (11)e] tjsle] A <
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2 PGE.9] A oA A¥S Agsteitt. 1 A3}, compound 149]
¢l TNF-a, IL-6, IL-18 % PGE.°l o3t 5% oJ&Ho
), compound 11°] A HFA Ato]E7IIQI
ojEHow A A aHE Flsith
lcl):.
(29),

2215t

5

3] o
|5}

ol

j=arel

A oA anE

TNF-a, IL-6 % IL-1B°] tj
71 &y

7]'7—](

S
=
Z]

o

T o]lx%

o - fu

o

] compounds 29, 327} &322l NO A4 oA @4S Ve

249 yatein
kel

3y, W
A=
11
o} 4]
ICS()
g_‘

g st .
5l mushroom tyrosinases ©]-&
o,

B2 A
A7

Alo] EF}o
A A Aol EFL

A2HE 2" 6 7] lignans®l compounds 28-337} 20 uM

Fom, ICso 7ol zHzF 0.04, 1.6 uME 218t aL, thgol A AFA Aol B}
Foe. 2 Ax
o] TNF-q, IL-6, PGE,o] H& o}
A
o] & dlxa arbutin
6]—.11

?l % PGE:9]
haplomyrfolin (32)°] A A5A Alo]E7}Cl
s gEHom A4 gA adE
AW Fae] w4y 45 95
B9 Atk A4 A7, n-Hex, EtOAc #%%°] 200 pg/mL
|4 tyrosinaseo] w3le] FE JEHo R JAAA
139.0, 183.0 pg/mL= 313} 11 53] n-Hex #3F e
(ICs0 131.4 pg/mL)¥ A Al A4S vebdl Aoz gRlsigith
W 2212 g 22l 15 7)) terpenoids?! compound 11-257F 400 uM ©]3}¢]
ol A mushroom tyrosinase <A €4S YERH A3 frans-communic
acid (24), sugiol (18), ferruginol (19), 7a,11-dihydroxy-12-methoxy-8,11,
13-abietatriene (21)°] &% 2]£% 27 mushroom tyrosinase A A4S
Holil ICso #hol Z+ZF 160.9, 191.5, 376.8, 380.4 uyM= 135} o A
2=+ arbutin (IC5 395.8 uM)E.th F tyrosinase €A &A4o] &S &
M
oo A& wtEoE W Fa FEES o|&ote] ks, Fdr, FH H
nul gGAd-s zhe ookE W Ve s B dd AAEA N 7ted A
.
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1. A&
Bl (Sorbus alnifolia (Sieb. et Zucc.) K. Koch)& #HAdAE w3}
(Rosaceae)?] Y& nEozM & AoM F& A7A] 100~1,300 m L
Ale] wutE TAolu HAA Y 54 F, Hauke] A, ATt F2 A4
gt Aol 5~10 em A9 Slo] ZHAlol oyl g™tk Ho] A mHa|A|
= 9 Befolw A EqtHetal IR HEUrt ok #2359 o
& 8~10%elH, FE Fa-Fa-dild] B,
Aol wet, Sorbus L. A= RISt T53 oA AEEwt ofy
g FHEE o Bud SoE AMEE o WAuHUT®. 1960d -
Sorbus 1.2] 3tstdtg Agste]l @A7EA] 3870 FollA 2509 F¢] el
AZHdom 71 A A7 242 s s, dE EdExol=e
Hzibso] glon, & ARl EE Hilkols, AHEOE, Futyl & Aol
ATH. aEy (g7 ZeURE gide R 3 FEE &% 9 s
o #g A= BaEo] YA Fuh kA 2 Aol A= Zuiu Qo=
S 24 AR B 2 725 sA4s e ZYE ssree d4ksh @, I 4
A

Adsint. Aol ARER 2y o (A EHE 0 501>

Figure 105. Picture of Sorbus alnifolia (Sieb. et Zucc.) K. Koch leaves.
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2 ¢} filter paper& ©]-&38e] ]335}
Moz F= 3 o3E 13 ¢ RS 92 o2 37 T 5 AHdA
3]d ¥ FF7|(rotary vacuum evaporator)Z §%38] 70% EtOH F&%
68.4 g& AT 42 70% EtOH =% 53.4 g& THT dE8AZ 5 9
Zuj715  o]&dte]  Eule] Aol & FAFEH SxHor 85t
n-hexane (3.9 g), ethyl acetate (9.0 g), n-butanol (11.4 g) % water (28.0

g) wEES It (Figure 106).

Dried leaves of Sorbus alnifolia (0.29 kg)

70% EtOH 5.8 L, stirring, 24h, 2 times

Extract 68.4 g (23.6%)

Extract 53.4 g
J Suspended with H,O

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,0 Fr.
39¢ (7.3%) 9.0g (16.8%) 114 ¢ (21.3%) 28.0 g (52.4%)

Figure 106. Extraction and solvent fractionation of S. alnifolia leaves.
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2) Ethyl acetate &8 &9 &4 A& &

EtOAc #8%& 5.0 g& 54 H=Z y57] 98t &4 silica gels X%
glass columng ©]-&3}%] vacuum liquid chromatography (VLC)E 71 8)3s}S]
ok gmle] F4L 5%% n-Hex:EtOAc (0-100%), EtOAc:MeOH (0-50%)7}
2 o 7b4] e 1 F 100% MeOHE 7+7; 300 mLY &3t F 3270
9] fractiones EATHEr. V1-32).

VLC fractions < Fr. V11 (350.3 mg)+= CHCl3-MeOH (40:1)¢] &mjxz=71o
2 Silica gel column chromatographyE “33t%] compound 1 (70.8 mg)}
compound 3 (80.3 mg)S LTt

Fr. V10 (71.5 mg) compound 13} compound 27} &3 FeH 2 25
=3

Fr. V14~16 (214.6 mg)s CHCI3-MeOH (25:1)¢] &wlx71S2 =2 silica gel
CCE 4334 compound 8 (50.4 mg)®} compound 4 (71.5 mg)E AU}
Fr. V7 (22.1 m@)¥ Fr. V17 (37.2 mg)& TLCE F3lA 9d s HeR7]
w) o Z+Z} compound 59 compound 7 #33$T}.

Fr. V8~9 (55.0 mg)E n-Hexene:EtOAc (6:1)¢] &vwjx71 22 silica gel CC
£ 383} compound 6 (34.8 mg)S AAUTH

Fr. V25 (301.3 mg)E CHCl3-MeOH (4:1)¢] §wZ7 22 Sephadex LH-20
CCE F33te] compound 9 (19.3 mg)E Vo™, Fr. V29 (373.3 mg)E
CHCIl3-MeOH (3:1)9] €mjzHd o & Sephadex LH-20 CCE %3} compound
11 (16.8 mg)e LAt

Fr. V27 (580.4 mg)< CHCl3-MeOH (7:2)9] €wjZzHd o 2 Sephadex LH-20
CCE 433t compound 10 (81.1 mg)S A& v}, vpx BE = Fr.
V27-2 (164.5 mg)E CHCI3-MeOH (13:4)¢] &wjx712 2 Sephadex LH-20

i

column chromatography® 433} compound 12 (16.4 mg)E& LT}
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EtOAcFr. 5.0 g

VLCLH

n-Hex — EtOAc (0-100%)

E1OAc - MeOH (0-50%)

Step gradient (5%), 300 mL each

|

Fr. V1

|

|

|

|

| |

| |

Compound 12
(18.7 mg)

Fr. V7 Fr. V (8~9) Fr. V10 Er V1l Fr. V (14~16) Fr. V17 Fr. V25 B V27 Fr. V29 |Fr. V32
22.1 mg 55.0 mg 71.5 mg 225.0 mg 214.6 mg 37.2mg 30L.3mg || 580.4 mg || 373.3 mg
Silica gel CCD silica gel CC ilica gel CC Sephadex LE-20CC Sephadex LH-20 CC
nrH:('gEE(OAFS 11, J/C‘H‘?l;:;laoﬂzm 1 l ?H'Eﬁ[f(fﬂzzs_l l J/ CHCLMeOE=4:1 C;—I[JCZ';’I{EGI-PTL
Compound 1 Compound 1 Compound 8 Compound 7 Compound 9 Compound 11
+ (70.8 mg) (50.4 mg) (19.3 mg) (16.8 mg)
Compound 6 Compound 2
g Sephadex LH-20 CC
(34.8 mg) Compound 3 Compound 4 v CtEI[JCl;;?eOH:?.Z
(80.3 mg) (7.5 mg) Fr. V27-2
164.5 mg Compound 10
Sephadex LH-20 CC (81.1 mg)
CHCL; MeOH=13:4

Figure 107. Isolation of compounds from ethyl acetate fraction of .S.

alnifolia leaves.
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w
M

g SgEe) T2 24

1) Compound 1, 2, 3, 49 +% &A

Compound 1& BC-NMR spectrumel|A & 30719 7} 935 #AZFHH,
"H-NMR spectrumoll A §; 1.27 (3H, s), 8y 1.25 (3H, s), &y 1.08 (3H, s), §
n 1.05 (3H, s), 6y 1.03 (3H, d, /= 6.4 Hz), 6y 0.97 (3H, d, /= 6.4 Hz), &
n 0.91 (8H, 9)9 signalE2 A #k= &3t T 7709 methyl protons v'%
O 2 triterpene o2 | AE AT w3 Sy 5.52 (1H, t, J = 3.2 Hz)¢ signal&
olefin®] sp? EAo| #olsl= signalo & o Asldon, &y 3.48 (1H, dd, J =
7.3, 8.2 H2)9 signal® C-NMR "olHE 1#3< v, deshielding® ZAo=
Hol AZEAEIE 2 Abavt A48 o sp” EA #elshE proton2®
of skt

BC-NMR spectrumol| Al §c 180.4¢] signale carboxyl group$! carbon® &
dAstiom, 3+ 7l olefin group (42} carbon &¢ 139.8, 3%k carbon 6&c
126.1) 2 AFA7F 2138k 922 methine carbon?l §¢ 78.6 I ES &2l
t}. ojate]l A¥E niElow F3°ut vlwsle] compound 1S ursolic acid (38
—hydroxyurs-12-en-28-oic acid)® %743} t}.

Compound 2¥ BC-NMR spectrumolA & 30719 712 935 #Fyw,
'H-NMR spectrumell A &y 1.31 (3H, s), &u 1.25 (3H, s), 6y 1.05 (3H, s), §
n 1.03 (3H, s), 6y 1.02 (3H, s), &y 0.98 (3H, s), 6y 0.97 (3H, s)¢] signals
S B35t F 7719 methyl protone HIE O E triterpeneo®E o AFStiTh
3k &y 5.51 (1H, t, J = 3.2 Hz)9 signal olefin®] sp° &Aoo ojste=
signale. = oAstieon, &y 3.47 (1H, dd, J = 10.1, 5.5 Hz)9 signal<
BC-NMR dHlolHE m#8 < ), deshielding® #Hoz Hol HAr|eAdwr &
Aba7b A dom sp” EAC] #EE protono® o e

BC-NMR spectrumol A §: 180.69] signale carboxyl group¢! carbon®. @
ddstaiom, sk ) olefin group (42} carbon &c 145.1, 3%} carbon 6&¢
123.0) & AFA7F 1% 1% 9] methine carbon$l §¢ 78.5 3 AES g5
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t}. o]Ae] A¥E uigro g B33 vluste] compound 2% oleanolic acid®
=

Compound 3& 'H-NMR spectrumolAl &y 5.24 (1H, t, J = 3.4 Hz)<
signal olefin®] sp? Aol #oIdl= signalo @ dAtetd o, &y 3.20 (1H,
dd, J = 10.8, 5.0 Hz)9 signal> "C-NMR d¢HE udgds& o),
deshielding® Ao® Hol A7 SAQE7F & A7t s lom sp’ T4
#oJ sl protonl & AAEEF o™, &y 1.23 (3H, s), &y 1.06 (3H, s), &y 0.98
(3H, s), 6y 0.91 (3H, s), 6y 0.83 (3H, ), &y 0.76 (3H, s), &4 0.92 (3H, d,
J = 6.0 Hz), 6y 0.85 (3H, d, J = 6.0 Hz)9| signalg< A& #S S35t F
8719 methyl protons H}E O 2 ursane-triterpene .2 o4ttt PC-NMR
spectrumoll 4] 3+ 7} olefin group (4%} carbon &: 138.1, 3%} carbon §&¢
126.1 2 2FA7F 1738 9122 methine carbon?l §¢ 79.3% HAES 25}
Atk ol e A¥E nigoz FA%3 HlaEte] compound 3 a-amyrinoZ
SRR

Compound 4% 'H-NMR spectrumol A &; 5.48 (1H, t, J = 3.3 H2)Y
signal& olefin®] sp®’ EAo] #olslE signale 2 dAslgon, &y 4.12 (1H,
td, /= 10.3, 4.1 Hz) ¥ &y 3.42 (1H, d, / = 9.1 Hz) 9 signalZ ""C-NMR
ol & 1#3S W, deshielding® RS Z Kol HA7SAE N} & A7) ¢
3 gom sp? EAO TAstE protonCE AT S §y 1.30 (3H, ),
&y 1.23 (3H, ), 6y 1.10 (3H, s), 6u 1.07 (3H, s), &y 0.99 (3H, s), &y 1.00
(3H, d, /= 6.4 Hz), &y 0.95 (3H, d, /= 6.4 Hz)9 signals< A& #S =
atel &= 7719 methyl proton®.Z dAatdth PC-NMR spectrumel A 6¢
180.79] signal carboxyl group®! carbon®. = oAsIF o™, 3 7] olefin
EUNRN el I R R R
th ole] AdE wigo
574

bt

group (42} carbon &¢ 139.8, 32} carbon &§¢ 126.0) %

methine carbon¢! §c 84.3, 69.0% YA EL Fold}

A9

O
N

=]

Olt

23573} vl sle] compound 4+ corosolic acid®
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20

N
NI

Compound 1 Compound 2

..|||III||8
v ] @2
(e

21 21
22 22
28 COOH

é HO////I B 28
, 27 27
HO HO 7
23 24 23 24
Compound 3 Compound 4

Figure 108. Chemical structure of compounds 1, 2, 3 and 4
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Table 51. 'H and ®C NMR data of compounds 1, 2, 3, 4 (400 and 100 MHz, in pyridine-ds or CDCl3)

NO Compound 1 Compound 2 Compound 3 Compound 4
) Sy (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc 6y (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc
1 39.6 39.4 39.0 48.4
2 28.6 28.6 27.4 4.12 (1H, td, 10.3, 4.1) 69.0
3 3.48 (1H, dd, 7.3, 8.2) 78.6 3.47 (1H, dd, 10.1, 5.5) 78.5 3.20 (1H, dd, 10.8, 5.0) 79.3 3.42 (1H, d, 10.3) 84.3
4 40.0 39.8 38.8 40.3
5 56.3 56.3 52.9 56.4
6 19.3 19.2 18.5 19.3
7 34.0 33.7 33.0 33.7
8 40.4 40.0 39.7 40.5
9 48.5 48.6 48.1 48.2
10 38.0 37.8 37.2 37.9
11 24.1 24.1 23.8 24.3
12 5.52 (1H, t, 3.2) 126.1 5.51 (1H, t, 3.2) 123.0 5.24 (1H, t, 3.4) 126.1 5.48 (1H, t, 3.3) 126.0
13 139.8 145.3 138.1 139.8
14 43.0 42.6 42.2 42.7
15 29.2 28.8 28.2 28.8
16 25.4 24.1 27.2 26.6
17 48.5 47.1 33.2 48.5
18 2.67 (1H, d, 11.4) 54.0 3.34 (1H, dd, 14.0 4.1) 42.5 55.4 2.65 (1H, d, 11.0) 54.0
19 39.9 46.9 39.2 39.9
20 39.9 31.4 39.0 42.6
21 31.6 34.7 30.8 27.6
22 37.8 33.7 39.5 39.0
23 1.25 (3H, ) 29.3 1.25 (3H, 9) 29.2 0.83 (3H, s) 28.3 1.23 (3H, 9) 29.9
24 1.05 (3H, ) 17.1 1.03 (3H, 9) 17.0 0.76 (3H, s) 15.8 1.07 (3H, 9) 21.9
25 0.91 (3H, ) 16.2 0.97 (3H, s) 16.0 0.91 (3H, ) 15.7 0.99 (3H, s) 17.4
26 1.08 (3H, ) 17.9 1.05 (3H, s) 17.9 1.06 (3H, s) 17.3 1.10 (3H, s) 17.9
27 1.27 (3H, ) 24 .4 1.31 (3H, s) 26.6 1.23 (3H, s) 23.5 1.30 (3H, s) 25.4
28 180.5 180.6 0.98 (3H, s) 29.2 180.7
29 1.03 (3H, d, 6.4) 18.0 0.98 (3H, s) 34.0 0.85 (3H, d, 6.0) 17.2 1.00 (3H, d, 6.4) 27.6
30 0.97 (3H, d, 6.4) 21.9 1.02 (3H, s) 24.2 0.92 (3H, d, 6.0) 21.4 0.95 (3H, d, 6.4) 17.2
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2) Compound 59 T+% &4

Compound 5% 'H-NMR spectrum®lA] &y 1.65 (3H, br s), §; 0.84 (6H, d,
J = 6.4 Hz), 6y 0.83 (3H, d, /= 6.4 Hz), 63 0.82 (BH, d, J = 6.4 Hz)¢]
signalE& AE S E3t9 & 5709 methyl protong dAFsATE =3 §y
5.39 (1H, dt, J = 6.9, 1.4 Hz)9| signal& olefin® sp” &4 st
signal2 dAstglon, &, 4.13 (2H, d, J = 6.9 Hz)9 signalZ “C-NMR H)
o5& 1H 3PS U, deshielding®d HOoZ Hol HA7|SAHAE7F & A47F 214 E)
Rom sp’ Ao To]Ei= protonl®E G AEF o™, &y 1.50 (1H, sept, J =
6.4 Hz)9] signal< isopropyl proton® = o3} T},

BC-NMR spectrumol Al & 20719 712 33E #HE o] BY, 3 7] olefin
group (4%} carbon &c 140.6, 3% carbon &c 123.2 % 2F&x7F Q1A 3 929

methylene carbon¢l &: 59.6% ¥ IAES &2l3ddt}. o A5 wig o=

o
©,
N

F&12231 v dte] compound 5% (E)-phytolZ =

o
ol
2
38
s

Figure 109. Chemical structure of compound 5
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Table 52. 'H and ""C NMR data of compound 5 (400 and 100 MHz, in
CDCly)

No. Compound 5
Su (int, mult, J Hz) Sc

1 4.13 (2H, d, 6.9) 59.6
2 5.39 (1H, dt, 6.9, 1.4) 123.2
3 140.6
4 1.97 (2H, t, 7.8) 39.6
5 25.3
6 36.9
7 32.9
8 37.6
9 24.7
10 37.6
11 33.0
12 37.5
13 25.0
14 40.1
15 1.50 (1H, sept, 6.4) 28.2
16 0.84 (3H, d, 6.4) 22.8
17 1.65 (3H, br s) 22.9
18 0.83 (3H, d, 6.4) 19.9
19 0.82 (3H, d, 6.4) 20.0
20 0.84 (3H, d, 6.4) 16.4
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3) Compound 6, 7, 89 +% ¥H4

Compound 6°] 'H-NMR date® ®¥ &y 0.95 (3H, t, /= 8.9 Hz)9} &y 2.33
(2H, t, J = 7.6 H2)EY signals 53] fatty acide] sp’ Ao #ojsts=
signalo. 2 oAl om, §; 5.28~5.389] signale o]FZA3o] A+ fatty acid
o] sp¥ EA ErA9 protong Astgth. BPC-NMR spectrumoll A §¢ 180.6
Y35 %3] 3 /N9 carbonyl groups 7FAal low, §c 132.4, 130.5,
128.5, 128.4, 128.0, 127.3945< &3 Al 719 olzdFol 3= AL 4

Asleit), o] nlgro g B33 Hlwsle] compound 62 a-linolenic acid®

Compound 79 NMR dataE HW compound 63 fFAFSE F+Z%=2 o433 o
1, 'H-NMR spectrumel A 6y 3.64 (3H, s) ¢ signal® deshielding® 73}
A& s Fa AV =7 & AtarE 148 9= methoxyl proton® &
Attt BC-NMR spectrumol Al & 19709 carbon peak’} #&HE o=
'H-NMR data® z#3<S o, fatty acid FEA 722 gAstgon, sp £4
A7 25 70 QolA, 1 F §c 174.6 I &¢ 51.79 signalES ester group
oz oAsteltt oo AnE wg ez Fd¥y waste compound 72 a
-linolenic acid methyl esterd2 &<2135}5ith

Compound 8& BC-NMR spectrumol ] §: 174.5 33 E =3 ester group
Hs71E okl §¢ 132.2, 130.4, 128.5, 128.4, 128.0, 127.3 ¥IAE H

W 'H-NMR dlolElE ne s w, A 7} @h-"h o|TAFe] s st
Rnemw  §: 70.4, 65.8, 63.0 A 7| =Lt Sy 4.37 (1H, dd, J = 12.1, 3.2
Hz), 6y 4.19 (1H, dd, J = 12.1, 6.4 Hz), &4 3.99 (1H, m), 6y 3.89 (1H, dd,
J=11.0, 5.5 Hz), 6y 3.70 (1H, dd, J = 11.0, 6.4 Hz)¥ signale= &3l #
AE7d 2 AkaTE Eolde= glycerol groupe] &< odsEiTh ol& vl

go g F3%3 vluste] compound 82 1-linolenoyl glycerol® E4 319t}

7]

dlo
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Figure 110. Chemical structure of compounds 6, 7 and 8
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Table 53. 'H and *C NMR data of compounds 6, 7 and 8 (400 and 100 MHz, in CDCls)

NG Compound 6 Compound 7 Compound 8
' Sy (int, mult, / Hz) 8¢ Sy (int, mult, / Hz) Sc 6y (int, mult, / Hz) 5c
1 180.4 174.6 173.7
2 2.33 (2H, t, 7.6) 34.3 2.28 (2H, t, 7.6) 34.3 2.30 (2H, t, 7.3) 34.5
3 1.60 (2H, q, 7.6) 27.4 1.60 (2H, m) 25.2 1.58 (2H, m) 25.1
4 1.30 (2H, m) 29.3 1.28 (2H, m) 29.9 1.23 (2H, m) 29.3
5 1.30 (2H, m) 29.2 1.28 (2H, m) 29.3 1.23 (2H, m) 29.4
6 1.30 (2H, m) 29.8 1.28 (2H, m) 29.4 1.23 (2H, m) 29.8
7 1.30 (2H, m) 29.4 1.28 (2H, m) 29.5 1.23 (2H, m) 29.9
8 1.98~2.08 (2H, m) 25.7 2.02 (2H, m) 29.3 2.02 (2H, m) 27.4
9 5.28~5.38 (1H, m) 132.2 5.27~5.38 (1H, m) 130.4 5.27~5.38 (1H, m) 132.2
10 5.28~5.38 (1H, m) 127.3 5.27~5.38 (1H, m) 128.1 5.27~5.38 (1H, m) 127.3
11 2.78 (2H, m) 24.9 2.78 (2H, t, 6.0) 27.4 2.78 (2H, m) 25.7
12 5.28~5.38 (1H, m) 128.5 5.27~5.38 (1H, m) 130.2 5.27~5.38 (1H, m) 128.5
13 5.28~5.38 (1H, m) 128.4 5.27~5.38 (1H, m) 130.0 5.27~5.38 (1H, m) 128.4
14 2.78 (2H, m) 25.8 2.78 (2H, t, 6.0) 25.8 2.78 (2H, m) 25.8
15 5.28~5.38 (1H, m) 127.9 5.27~5.38 (1H, m) 128.2 5.27~5.38 (1H, m) 128.0
16 5.28~5.38 (1H, m) 130.4 5.27~5.38 (1H, m) 130.2 5.27~5.38 (1H, m) 130.4
17 2.04 (2H, m) 20.8 2.06 (2H, m) 22.9 2.04 (2H, m) 20.8
18 0.95 (3H, t, 8.9) 14.3 0.95 (3H, t, 7.6) 14.3 0.95 (3H, t, 7.6) 14.5
4.37 (1H, dd, 12.1, 3.2)
1° 3.64 (3H, s) 51.7 65.8
4.19 (1H, dd, 12.1, 6.4)
2° 3.99 (1H, m) 70.4
3.89 (1H, dd, 11.0, 5.5)
3" 63.0

3.70 (1H, dd, 11.0, 6.4)
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4) Compound 9, 10, 119 +% TH

Compound 99¢] 'H-3} C-NMR data® #41ste] BH flavonoidd] glycoside
TZ2E dAatdtt. 'TH-NMR spectrumol| A &y 7.70 (2H, d, J = 8.7 Hz2)¢} &y

6.96 (2H, d, J = 8.7 H2)E9 signals £3o] = o]t B ZTZEo
M2 ortho-couplings 741l d+= A FF2E dastded, & 6.38 (1H,
d, /= 1.8 Hz), 6y 6.21 (1H, d, /= 1.8 H»9 A1dL FE o= AZle]
X2 Eo] ME meta-couplings 3t Y& FRE AT ESE §y 5.39

(1H, d, / = 1.4 Hz)e] Alz1d2 3 719 anomeric proton®] #ZF o™, &y
4.21~3.339] signale¥® 6y 0.92 (3H, d, J = 5.5 Hz)9 signalS %£3te] #HE
717} 9+ a-L-rhamnopyranoside® o4stg . PC-NMR spectrum®l 4] ¢
179.8 93= &3 3 719 carbonyl groups 7FA 3L 1o, §: 159.4, 136.4
T+ MY 935S F3 compound 9+ aglycone©| kaempferol¥-& &/33+3laL,
§c 103.6, 73.3, 72.2, 72.1, 72.0, 17.89] 671¢] sugar carbones &<ls}Sit}.
o2 wgow E3'%y wlwste] compound 9%  kaempferol 3-0-a
-L-rhamnopyranoside (afzelin)® &% 3}%t}.

Compound 10¢ 'H % C-NMR dataZ #]w3dle] ¥ compound 99
aglycone T7%2E & kaempferoldS F%33th. Compound 109 'H-NMR
spectrumell 4] &y 5.55 (1H, br s), &y 5.39 (1H, d, J = 1.4 Hz)9 F+ 719
anomeric proton®] #&EFAo™ &y 1.26 (3H, d, J = 6.4 Hz), &4 0.93 (3H,
d, J = 55 H29 2709 methyl ZE2ES 3+ttt Compound 109
BC-NMR spectrumel A 8¢ 103.6, 100.0 27H¢] anomeric carbon¥} &¢
73.7-71.4 8709] peak 1¥]3l §¢c 18.2, 17.8 F+ 719 WE7]|9 I AE T3}
271¢] a-L-rhamnopyranoside® o|43s}gitth. o] & nigro =z & 123 n)w st
compound 102 kaempferol 3,7-0O-a-L-dirhamnopyranoside (kaempferitrin
)2 F7 sk

Compound 112] 'H 2 C-NMR dataZ ®]uldte] B compound 102 +

£ H|8 Al kaempferol®] glycosidesdS 538t 184 compound 10

=
7 2 32 compound 119 FxeE 37) Fo] dZAHE Zoz RITH

t
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Compound 11¢] 'H-NMR spectrumol#] &y 5.56 (1H, br s), &y 5.44 (1H, d,
J= 1.4 Hz), 6y 4.29 (1H, d, J = 7.3 H2)9 Al 719 anomeric proton®] ¥z
How, 1% 6y 1.00 (3H, d, J = 6.4 Hz), 6y 1.26 (3H, d, /= 6.4 Hz)2]
270¢] methyl ZZ2Eo] 3159t Compound 119 “C-NMR spectrumol 4]
§c 107.6, 103.3, 100.0 370¢] anomeric carbons 7FA]al doH, & 18.2,

7.8 F M9 wWE 79 dHTE Edle] 2719 a-L-rhamnopyranosideE o3}

Ak w3k §c 107.6, 77.9, 75.4, 71.1, 67.29] 5709 sugar carbon< xylose

S FolEtt. ol E wigo =z B3 %3 Hlwdte] compound 11¥ kaempferol

3-0-B-D-xylopyranosyl-(1—=2)-a-L-rhamnopyranosyl-7-0-a

-L-rhamnopyranoside® & % 3} t}.

6

Compou(;;'d 11

Figure 111. Chemical structure of compounds 9, 10 and 11
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Table 54. 'H and ""C NMR data of compounds 9, 10 and 11 (400 and 100
MHz, in CD30D)

Compound 9 Compound 10 Compound 11
No. 6y (nt, mult, JHz) 6c &y (nt, mult, JHz) & 6y (nt, mult, J Hz) §&¢c
2 159.4 159.9 159.9
3 136.4 136.6 137.2
4 179.8 179.8 180.0
5 163.4 163.1 163.1
6 6.21 (1H, d, 1.8) 100.0 6.43 (1H, d, 1.8) 100.6 6.45 (1H, d, 1.8) 100.7
7 166.0 163.6 163.7
8 6.38 (1H, d, 1.8) 94.9 6.68 (1H, d, 1.8) 95.7 6.72 (1H, d, 1.8) 95.7
9 158.7 158.1 158.2
10 106.1 107.6 107.9
1° 122.8 122.5 122.4
2° 7.70 (1H, d, 8.7) 132.0 7.76 (1H, d, 8.7) 132.1 7.79 (1H, d, 8.7) 132.1
3" 6.96 (1H, d, 8.7) 116.7 6.92 (1H, d, 8.7) 116.8 6.95 (1H, d, 8.7) 116.8
4° 161.8 161.9 162.0
5° 6.96 (1H, d, 8.7) 116.7 6.96 (1H, d, 8.7) 116.7 6.95 (1H, d, 8.7) 116.8
6" 7.70 (1H, d, 8.7) 132.0 7.81 (1H, d, 8.7) 132.1 7.79 (1H, d, 8.7) 132.1
1" 5.39 (1H, d, 1.4) 103.6 5.39 (1H, d, 1.4) 100.0 5.44 (1H, d, 1.4) 103.3
2° 4.21 (1H, dd, 3.21, 1.4) 72.2 4.23 (1H, m) 71.4 4.21 (1H, dd, 3.2, 1.8) 82.8
3 3.71 (1H, m) 72.0 3.72 (1H, dd, 8.5, 2.8) 72.2 3.83 (1H, dd, 9.4, 3.2) 72.2
4> 3.33 (1H, m) 73.3 3.35 (1H, t, 8.5) 73.7 3.33 (1H, t, 9.4) 73.7
5°° 3.49 (1H, m) 72.1 3.35 (1H, m) 71.8 3.68 (1H, m) 72.0
6" 0.92 (3H, d, 5.5) 17.8 0.93 (3H, d, 5.5) 18.2 1.00 (3H, d, 6.4) 17.8
1 5.55 (1H, br s) 103.6 4.29 (1H, d, 7.3) 107.6
27" 4.02 (1H, m) 72.0 3.19 (1H, dd, 9.2, 7.3) 75.4
3 3.83 (1H, dd, 9.6, 3.2) 72.2 3.30 (1H, m) 77.9
4" 3.48 (1H, t, 9.6) 73.3 3.40 (1H,m) 71.1
5 3.60 (1H, m) 72.2 368 (IH, m) 67.2
3.07 (1H, t, 10.78)
6" 1.26 (3H, d, 6.4) 17.8 - -
1 5.56 (1H, br s) 100.0
20" 4.03 (1H, br s) 71.8
3 3.83 (1H, dd, 9.4, 3.2) 72.0
4 3.48 (1H, t, 9.4) 73.7
5 3.61 (1H, m) 71.4
6" 1.26 (3H, d, 6.4) 18.2
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5) Compound 129 +% &4

Compound 12¢] 'H-7} “C-NMR data® #41ste] 2 compound 10, 113}
H] 528k 2= flavonoid?] glycoside FZ2E <43t th 'H-NMR spectrum®]
A 6y 7.81 (2H, d, J = 8.7 Hz2)%} 6y 6.95 (2H, d, J = 8.7 Hz)E2] signals
23l ZEH o= B3le] X2 ES| ME ortho-couplings 7HA 11 Y= A
Tx2E odstalen, &y 6.73 (1H, d, /= 1.8 Hz), 6u 6.46 (1H, d, J = 1.8
Hz)o] A19e Zgn-ol= ASle] L2 %o| X2 mefa-coupling 31 ¢=
TEE ddsisith =8 6y 5.67 (1H, d, J = 1.4 Hz), &1 5.56 (1H, d, J
1.4 Hz), 6y 4.51 (1H, d, J = 8.2 Hz)e] A| 7H¢] anomeric proton®] &z %%}
o, 183 §y 1.33 (8H, d, /= 6.0 Hz), &y 1.26 (3H, d, J = 6.0 Hz), &y
0.98 (8H, d, /= 6.0 H2)9 3702 methyl X 2EF0] &2ls}A ). 6y 4.35~3.35

32

9] signalE& T 3xF B9l protonl®E X3 2709 a-L-rhamnopyranoside
= gAEdnt. BC-NMR  spectrumoll A flavonoid®] aglycone %7}
compound 10, 119] 7} dlolgH e} div|s] BH vl JFE YepY, 2+7zt
6c 179.9, 163.7, 163.1, 162.0, 159.9, 158.2, 137.1, 132.2, 122.4, 116.8,
107.6, 100.7, 95.8¢ 1370¢] ¥ =AE &3 kaempferol®] 3z} 79 X 7}
7} a-L-rhamnopyranoside® Q25| &5 lsiitt. U= 670 JaE
A5 Byl ¢ske] DEPT-135°9F 2D-NMR (‘H-1H COSY, HMQC,
HMBO)E F4 skl

DEPT-135° spectrum= &3t & 21709 carbon®] oS Felst o, 1

N
-~

% methylene carbon®] §1%12™, 187 methine carbon®} 37l methyl carbon
o] VERRIL §c 205.89 ¥ A% DEPT-135° spectrumel Al 9|35 YepgA] ¢
7] w9l carbonyl carbon®. 2 #2132t} t}S HMQC spectrums E&|A §
ny 5.67 (1H, d, /= 1.4 Hz), 6y 5.56 (1H, d, /= 1.4 Hz), 6y 4.51 (1H, d, J
= 8.2 H2)9 Al 7§19 anomeric proton® signalS &7 23 carbon signal
< 7247} §¢ 103.0, 100.0, 108.1& =18k L &y 1.33 (38H, d, /= 6.0 Hz), §
gy 1.26 (8H, d, J = 6.0 Hz), 63 0.98 (3H, d, J = 6.0 H2)9 3709 methyl =

2 E] signale #AA W23t carbon signal2 Z+zZF §: 19.0, 18.2, 17.8% &9l
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stch Eek 6y 4.35 (1H, dd, J = 3.2, 1.4 Hz) ¥ &y 4.20(1H, dd, J = 7.8,
1.8 H2)9| signalE2 2% W23 carbon signale &¢ 83.03 78.95 <213}
t}.

HMBC spectrum< &3t 6y 5.67 (1H, d, J = 1.4 Hz)¢l signal< §¢
137.1, 83.0, 7229 A4 AT dERr] diiEel  sel o«
-L-rhamnopyranoside®| flavonoid ¢ 3¥ X3 AL A5 &<t
t}. 6y 5.56 (1H, d, /= 1.4 Hz)9 signal §¢ 163.7, 72.1 71.8%} 94 34
7} Yebd 7] W&o 3Fe] a-L-rhamnopyranoside©] flavonoid ¢ 79 Xl
AL o] &S A 6y 4.35 (1H, dd, J = 3.2, 1.4 Hz) signal ¢
A7 9o, 3o a-L-rhamnopyranoside® 2¥H 9] X
o AAEY A&S FHAsAch the 6y 1.33 (3H, d, / = 6.0 H2)9| signal&
S§c 78.9, 74.3¢F 44 #AAIF JeERH, mT=d HMQC spectrums £3o] 8¢
78.9 ¢} 6¢ 74.327F W53 proton °o|v] & Qo F Jf9 signal E
6c  205.8¢F dd  d#AVE UeS FAAsY. 2d9AM F 0 JF o«
-L-rhamnopyranoside®] A|¢|s}al X st} F+x2= 2"-Deoxy-ribo-hexos—3
—ulose® #2135ttt 'H-'H COSY spectrum< %3 aliphatic carbons2] Hj

g8 et o)xe] AFE Hlgo®  compound 12+  kaempferol

—
(@)
oo
—
ﬂ
w
()]
B
re
iy,
rH

3-0-ldeoxy-ribo—hexos-3-ulosyl-(1—2)-a-L-rhamnopyranosyl]-7-0-a
-L-rhamnopyranoside®  AAAIdA HSoz Eod  2lgfsistEolth
Compound 12¢] HR-ESI-MS #4241 A3 m/z [M+Nal]® 745.1956 (calc
745.1956)% A7 stgh=e] BAEI dAs= AS #Askqlth. Optical
rotation 427+ [a]®) = -71.1 (¢ 0.1, MeOH)O]E‘r

Figure 112. Chemical structure of cor(r)lpound 12
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Table 55. 'H and C NMR data and informations of HMBC of compound
12 (400 and 100 MHz, in CD30D)

Compound 12

No. :
° 6y (int, mult, J Hz) 5c HMBC (J 2) HMBC (J 3)
2 159.9
3 137.1
4 179.9
5 163.1
6 6.46 (1H, d, 1.8) 100.7 163.1 (C5) 95.8 (C8), 158.2 (C10)
7 163.7
8 6.73 (11, d, 1.8) 95.8 163.7 (C7), 107.6 (C9)  100.7 (C6), 158.2 (C10)
9 158.2
10 107.6
In 122.4
2 7.81 (1H, d, 8.7) 132.2 116.8 (C3") 162.0 (C4%), 159.9 (C2)
3 6.95 (1H, d, 8.7) 116.8 162.0 (C4") 122.4 (C1%)
4 162.0
5 6.95 (1H, d, 8.7) 116.8 162.0 (C4%) 122.4 (C1°)
6 7.81 (1H, d, 8.7) 132.2 116.8 (C5") 162.0 (C4%), 159.9 (C2)
1 5.67 (1H, d, 1.4) 103.0  137.1 (C3), 83.0 (C2**) 72.2 (C3°%)
2 435 (IH, dd, 3.2, 1.4)  83.0 108.1 (C1°°%) 73.6 (C4%)
3 3.82 (IH, dd, 6.9, 5.0)  72.2
4 3.35 (1H, t, 9.6) 73.6 72.2 (C3°) 17.8 (C6°)
5 356 (IH, dd, 12.8, 6.4)  71.9 73.6 (C4™%) 72.2 (C3°%)
6 0.98 (3H, d, 6.0) 17.8 73.6 (C4™)
1 451 (1H, d, 8.2) 108.1  83.0 (C2°%), 78.7 (C2°**)
9o 3.80~3.86 (1H, m) 787
3 205.8
4 420 (H, dd, 7.8, 1.8)  78.9 205.8 (C3°**) 108.1 (C1°*%)
5o 3.80~3.86 (1H, m) 74.3 19.0 (C6°**) 205.8 (C3°°)
6 1.33 (3H, d, 6.0) 19.0 74.3 (C5°°°) 78.9 (C4 %)
15 5.56 (1H, d, 1.4) 100.0  163.7 (CT), 71.8 (C2°***) 72.1 (C3°°")
9 402 (IH, dd, 3.0, 1.4) 718 73.7 (C4°)
73.7 (C4°°%), 71.8
3 384 (IH, dd, 9.6, 5.0) 721
€2 )
N 72.1 (C3°°°%), 71.4 o
4 3.48 (1H, t, 9.6) 73.7 N 18.2 (C6**Y)
(€5°Y)
72.1 (C3°°*%), 73.7
5 360 (IH, dd, 9.6, 6.0)  71.4
€4 )
6 1.26 (3H, d, 6.0) 18.2 71.4 (C5°°) 73.7 (C4* )
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Figure 113. 'H-NMR spectrum of compound 12 (in CDs0D)
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Figure 114. *'C-NMR spectrum of compound 12 (in CDs0D)
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Figure 116. 'H-'H COSY spectrum of compound 12 (in CDs0D)
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Figure 117. HMQC spectrum of compound 12 (in CD3;0D)
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Figure 118. HMBC spectrum of compound 12 (in CD3;0D)
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Figure 120. Total phenolic contents of extract and solvent fractions from

S. alnifolia leaves. The data represent the mean £ SD of triplicate

experiments.
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Figure 121. Total flavonoid contents of extract and solvent fractions from
S. alnifolia leaves. The data represent the mean £ SD of triplicate

experiments.
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(3) DPPH radical &7 &4
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Figure 122. DPPH radical scavenging activities of extract and solvent
layers from S. alnifolia leaves. The data are expressed as a percentage
of control and represent the mean £ SD of triplicate experiments.

Table 56. SCsp values of DPPH radical scavenging activities for extract

and solvent fractions from S. alnifolia leaves.

Extract n—-Hex EtOAc n—BuOH H>0O BHT
SCso (ng/mL) 117.4 150.2 66.0 72.5 287.7 39.5
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(4) ABTS" radical 27 &A

ZujupE o] FEE W B3I E tjste] ABTS radical 274 @4<& =438}
vl

Ak ZF ABEL 6.25-200 pg/mLe FEE AEE Wayston, zHzhe] o
S

A% A3 p-BuOH, EtOAc E8E3 FEHE9 SCs Ftel zZHzF 33.9, 64.9,
77.2 ug/mLz & B3 E S0 vld] 43 ABTS' radical 27 &Ao] e}
W TCHFigure 123, Table 57).

120~ [0 6.25 pg/mL @ 12.5 pg/mL M 25 pg/mL M 50 pg/mL B 100 pg/mL B 200pg/mL

ivity (%)

=h =] (=]

[ =] = =
| | |

.
=
|

ABTS" radical scavenging act
]
1

Extract #-Hex EtOQAc #-BuOH H:0O BHT
Figure 123. ABTS" radical scavenging activities of extract and solvent

=
|

layers from S. alnifolia leaves. The data are expressed as a percentage

of control and represent the mean £ SD of triplicate experiments.

Table 57. SCsy values of ABTS' radical scavenging activities for extract

and solvent fractions from S. alnifolia leaves.

Extract n—Hex EtOACc n—BuOH H,0O BHT
SCso (ng/mL) 77.2 97.2 64.9 33.9 150.2 14.6

- 205 -



(5) Al Be g3

O AX 54 H7F (MTT assay)

’ -1 i
go] BF 90% oo & yelgth(Figure 124). webA & Ao A AMEE A
29 FEE A BA4S UEhA 9 2 5, 10 pg/mLE 2B,
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= 40+

204
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Sample control 5 ‘ 10 5 ‘ 10 5 ‘ 10 5 10 5 ‘ 10
(ug'mL)

Extract n-Hex EtQAc #-BuOH H,0

Figure 124. Cell viability of extract and solvent fractions from S. alnifolia
leaves in HaCaT cells. HaCaT cells were treated with different
concentration of samples, and then cell toxicity was determined by MTT

assay. The data represent the mean = SD of triplicate experiments.
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Figure 125. (A) Cell viability on HsOs-inducted cell damage in HaCaT
cells. (B) Cell protective effects of extract and solvent fractions from S
alnifolia leaves on HaCaT cells damaged by HO.. HaCaT cells were
treated with different concentration of sample for 24h after being
exposed to oxidative stress. The data represent the mean £ SD of

triplicate experiments. “p <0.05;"p <0.01
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Figure 126. Cell viability of extract and EtOAc and n-BuOH fractions
from S. alnifolia leaves in HaCaT cells. HaCaT cells were treated with
different concentration of samples, and then cell toxicity was determined
by MTT assay. The data represent the mean *£ SD of triplicate

experiments.
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Figure 127. (A) Cell viability on HsOs-inducted cell damage in HaCaT
cells. (B) Cell protective effects of extract and EtOAc fractions from S.
alnifolia leaves on HaCaT cells damaged by HzOs. HaCaT cells were
treated with different concentration of sample for 24h after being
exposed to oxidative stress. The data represent the mean = SD of

triplicate experiments. “p <0.05;"p <0.01

- 210 -



2) &+t

(1) Paper disc diffusion method

Loy 9l FEE 2 BEE9 o A4S Felsty] fste IE AT
(resident flora)Q! Staphyiococcus epidermidis (CCARM 3709, 3710, 3711),

=249 Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089)= A}-&3}

M

o] paper disc diffusion method® clear zoneS ¢33t}

3 A3, T 9 p-Hexd H.0 #8&ES Al9stal, n-BuOH, EtOAc

5% 8 F220] AR B4o] $5etA tebuh
3]

Lok, Fulys Qo] FE5E 9 F8E9] C acnesol tste] H,0 825 A

Figure 128. Results of paper disc diffusion method of extract and solvent

fractions from leaves of S. alnifolia on S. epidermidis and C. acnes.
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Table 58. Antibacterial activities of extract and solvent fractions from

leaves of S. alnifolia

Bacterial density

Clear zone (mm)

S. epidermidis

(1.5%10°
CFU/mL) CCARM CCARM CCARM
3709 3710 3711
Extract 10.5 9.0 9.0
n-Hex Fr. N.A. N.A. N.A.
EtOAc Fr. 12.0 9.0 9.0
n-BuOH Fr. 14.0 11.0 10.0
H2O Fr. N.A. N.A. N.A.
Positive control 34.0 N.A. 33.0
Clear zone (mm)
Bacterial density C. acnes
(1x10° CFU/mL) CCARM CCARM CCARM CCARM
0081 9009 9010 9089
Extract 10.0 10.0 9.0 9.0
n-Hex Fr. 9.5 N.A. N.A. N.A.
EtOAc Fr. 11.0 9.0 9.5 9.0
n-BuOH Fr. 10.0 12.0 13.0 12.0
H2O Fr. N.A. N.A. N.A. N.A.
Positive control 64.0 N.A. N.A. 46.0
Sample : 6 mg
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Positive control (Erythromycin) : 60 ng

Disc size :

8 mm X 1.5 mm

N.A. : No Activity



(2) MIC % MBC

Paper disc diffusion& &3l Zvjivts- <le] I 245 Flsiglon, &4
= 7L e AR WE] FrHA R w5 A HA A % (minimum
inhibitory concentration, MIC) % 24 A2 FX% (minimum bactericidal
concentration, MBC)E =439t AFg3 A89 AW FX+ 10000 pg/mL
=2 3o HA FwE7F 9.76 ug/mL7} HEZE two-fold serial dilutions W
o= 3s|Aste] A5l
1 A3, S, epidermidis®] 7350l BHjuE <l FEw W A4F S ECA
AAT B 59 MIC @5 &lsilon, 1 & MIC @ oo A& Hgy
& HiAel =Rkl MBC k& #lsigivh. 1 Ay}, EtOAc w8EclA S
epidermidis?l MIC %5 625 pg/mLz SQlekla Ad 53 I+ 245 U
B3, n-BuOH &8 EA S epidermidise] MIC S 1250-2500 pg/mL
2 ol o, FEE A= S epidermidisd] MIC #S 2500 pg/mlL
2 ol MBC #te] A3+ EtOAc EE &AM S epidermidis® MBC
< 10000 pg/mL=z 1315131, FF&0°] CCARM 37099+ CCARM 3710
ol MBC %< 717} 5000 ng/mL, 10000 pg/mL& 135} tH(Table 59).
C. acnes®| 7ol Zuivty <19 HO0 #8&=5 Astar 5 ¢
g5 YeRAY. 53] n-Hex +8E9°] C acnesol| Wid MIC #kS 1250 p
g/mL= 21313 a1, EtOAc E&Eo] C acnesol Whdk MIC kS 1250-2500
pg/mL=  3}olstqlvh. spAwt Zujub 9l FEE 9 &nf EEEA C
acnes®] MBC #toll disll &40l gl= A= BAtH(Table 60).
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Table 59. MIC and MBC values of S. alnifolia leaves on S. epidermidis.

S. epidermidis

CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC
Extract 2500 5000 2500 10000 2500 >10000
n-Hex Fr. ~ >10000  >10000  >10000  >10000  >10000 >10000
EtOAc Fr. 625 10000 625 10000 625 10000
n—BuOH Fr. 1250 >10000 1250 >10000 2500 >10000
H.O Fr. 10000 >10000 10000 >10000  >10000 >10000

Unit © pg/mL

Table 60. MIC and MBC values of S. alnifolia leaves on C. acnes.

C. acnes

CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC
Extract 10000  >10000 10000  >10000 10000  >10000 10000  >10000
n-Hex Fr. 1250  >10000 1250  >10000 1250 >10000 1250  >10000
EtOAc Fr. 2500  >10000 1250  >10000 2500 >10000 2500  >10000
n-BuOH Fr. 5000  >10000 5000  >10000 >10000 >10000 >10000 >10000
H,O Fr. >10000 >10000 >10000 >10000 >10000 >10000 >10000 >10000
Unit © pg/mL
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3) &4
(1) Nitric oxide &4 A 24

iy ol FEE % & £8E9 NO A4 oA @43 Ax AEE
(MTT)S &<213t7] f8te] vpg-2~ A A ERAW 264.7)5 o]&31lth. ¢4 F
Z83 gl 32> 100 pg/ml wE2 AdS AYsvy. 1 A3, n-Hex
2 EtOAc &= AE 54 glo] 3 NO B4 A &5 Hehdde
H, A Eo] 2+t 65.7%, 61.8%= 1= ATHFigure 129). n-Hex¥} EtOAc
L EANA NO A AdAIE°] 50%Y9 W sE(CnE &t #1stH]
Ao R p-Hex& 12.5-100 pg/mLe TE= A3 R3Ps9 o p-Hex 2
TR oJFEXHOoE NO A oA 84S HAa, ICsy a2 66.0 ng/mL=
shol &) A tHFigure 129). ml7FA 2 EtOAc £ E% 12.5-100 pg/mLe &%
2 Aiste, wE9E420 NO A oA &4 gelstdlar, IG5 #h2 82.3 n

g/mLZ YEF T (Figure 130).
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Figure 129. Effects of extract and solvent fractions from S. alnifolia

leaves on NO production and cell viability in LPS-stimulated RAWZ264.7
cells. The cells were stimulated with 100 ng/mL of LPS only, or with
LPS plus extract and solvent fractions from S. alnifolia leaves and
2-amino-4-picoline (positive control, 5 pM) for 24 h. The data are

represent the mean £ SD of triplicate experiments. “p <0.05; ““p <0.01
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Figure 130. Effects of n—Hex and EtOAc fractions from S. alnifolia leaves
on NO production and cell viability in LPS-stimulated RAW264.7 cells.
The cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
n-Hex and EtOAc fractions from S. alnifolia leaves  and
2-amino-4-picoline (positive control, 5 pM) for 24 h. The data are

represent the mean * SD of triplicate experiments. “p <0.05; *“p <0.01
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(2) PGE; ¥ A=A cytokine (IL-1B) A oA A

Lok 8 n-Hex 23 &9] &9 24 7I1dS d+sk7] #13] ELISA kitE ©]

43}o] PGE, 2
n-Hex F38E&E&

Exow Ad A

120 4

100 4

J

A=A cytokine WAAHFS =AsIet 1 Az, FuuT o
PGE,2] AL A a7/t 93 [L-189 AAHS 5 9

71 297 g Row st th(Figure 131).
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Figure 131. Effects of n—Hex fractions from S. alnifolia leaves on PGEo,,

IL-1B production and cell viability in LPS-stimulated RAW264.7 cells. The

data are represent the mean £ SD of triplicate experiments. “p <0.05;

p <0.01
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R 7RA 2 Zulu 2l EtOAc #E8E9 &< &4 7de dA7E] 94l
ELISA kitE ©]&3lo] PGE; 2 WS4 cytokine B ZFS SAsI. 1 4
7, Zuju 9 EtOAc 852 PGERe] S A & I
RS s oEFor A A= mdrt de Ao s vHFigure

132).
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Figure 132. Effects of EtOAc fractions from S. alnifolia leaves on PGEo,,
[L-1B production and cell viability in LPS-stimulated RAW264.7 cells. The

data are represent the mean £ SD of triplicate experiments. “p <0.05;

p <0.01
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4) w9

(1) Melanogenesis A &4

B16F10 melanoma cellS ©]-&3lo] Sy ¢ F&5& 9 &v] #3529 4

thd A A 4 Alx 5SS Flsit v FEE 2 A S8ES
100 pg/mL =2 2A¥S 283 A, p-BuOH #FE2 AX 54 gl
39.0% melanin A4 9A &9E YeEFATH(Figure 133).
B Melanin contents(%) @ Cell viability (%)
120 ~120
¢ ¢ .
100 * ) 100
_ e sk
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< 404 - 40
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0 T T T T T T -0
o-MSH = + + + + N A .
(lfu’:l";];,_) = + Estract n-Hex EtOAc n-BuOH H,0 ’gf]"l‘;"g

Figure 133. Melanin contents and cell viability of extract and solvent
fractions of S. alnifolia leaves in a—MSH induced B16F10 melanoma cells.

The data are represent the mean * SD of triplicate experiments. **p

<0.01
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Al ARE vy o g F71A< p-BuOH 8 &9 3t melanin A A

ARe APstgom, 7 Ast, 125, 25, 50, 100 pg/ml FEZ AT F A

£ 54 glol BE EAMOR melanin A4 oAl BHe] el

Sl & A tH(Figure
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Figure 134. Melanin contents and cell viability of n—~BuOH fractions of .S.
alnifolia leaves in a—MSH induced B16F10 melanoma cells. The data are

represent the mean * SD of triplicate experiments. “p <0.05; *“p <0.01
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(2) Intracellular tyrosinase A3l &4

Melanogenesis A4 &¥7} 9= n-BuOH E3Eo] tfst u¥l mAYUESS
3 geler] Yald AE WY tyrosinase A FAS SAsIT. 1 Ax
n-BuOH B3 ES 5% o&Foz7 ME W9 tyrosinase A AS &oly

1 tH(Figure 135).
120

100+

¥ %
80-
o
60 - ok
10
20
_ T g I i I + I 1 I i 1

a-MSH ¢

Intracellular tyvrosinase activity (%)

n-BuOH Fr.

+ 125 15 1] 100
(ug/mL) 3

Figure 135. Intracellular tyrosinase inhibitory activity of n—~BuOH fractions
of S. alnifolia leaves in a—-MSH induced B16F10 melanoma cells. The data

are represent the mean * SD of triplicate experiments. ** p<0.01
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(1) DPPH radical &7 &4

ot Qo g RE HEewH 47 flavonol viEA] 3HE<2l compound 9, 10,

) gy w

11, 12¢] W3t} DPPH radical &7 4L =Astgct. 7z s

500 uM9] sz A AFeglon, zhzel ts) SCs #h= Atskalt

R

A3, compound 9, 10, 11, 1294 SCso %kl
304.3, 310.7 pM= %A thx+ BHT (SCso 443.7 pM)oll H]3] -5

5

radical &7 &4 o] YElStH(Figure 136, Table 61).
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Figure 136. DPPH radical scavenging activities of compounds 9-12 from

S. alnifolia leaves. The data are expressed as a percentage of control

and represent the mean £ SD of triplicate experiments.

Table 61. SCs9 values of DPPH radical scavenging activities for
compounds 9-12 from S. alnifolia leaves.

Compound 9 Compound 10 Compound 11  Compound 12 BHT
SCso (uM) 256.4 372.8 304.3 310.7 44 3.7
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(2) ABTS" radical 24 &4 =4

Iy Qo g RE FEE 47] flavonol ¥iRA 33E<9 compound 9, 10,
11, 12¢] wi3sle] ABTS' radical 24 &4 438 7 &5 15.6-
250 pM9] s st om, Zhzke] s SCso k- AlFs3lTh

A9 A3}, compound 9, 10, 11, 12914 SCso #kel 2HzF 96.8, 190.5, 141.0,
109.7 uyM& Z& ABTS' radical 27 @&4eo] velwth(Figure 137, Table
62).
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Figure 137. ABTS" radical scavenging activities of compounds 9-12 from
S. alnifolia leaves. The data are expressed as a percentage of control

and represent the mean £ SD of triplicate experiments.

Table 62. SCsy values of ABTS" radical scavenging activities for

compounds 9-12 from S. alnifolia leaves.

Compound 9 Compound 10 Compound 11  Compound 12 BHT

SCso (uM) 96.8 190.5 141.0 109.7 45.8
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HaCaT AXEE o] 835t e 5Aa(0)2 FE8 AlXE &4 g Ax =
T a&nE SAsT. 94, A3 AHgE AlE] A
HaCaT Aol gk Zujuty Jowie ¥ stgE 9, 10, 11, 129 A=
=48 Hrtekoh 1 A, g3E 9, 10, 11, 12%& 25, 50, 100 uMe] & =9
YEH IS compound 10, 11, 125 AlX A
Egol BT 90% oldo =z yelwthFigure 138). wEhA 3HE 95 Al9fsaL
B Aol Abgd A5 FhE AX 5A4S YeEhlA 22 X9l 25, 50,

100 pM= st

Hed
.
oX
o
|\
o
_O‘L
L

mlo

4] compound 97} AE =

120

100
80 -
60 -
40
20
G T _

control 100 25

Cell viability (%)

30 100

Sample

(M) Compound 9 Compound. 10 Compound 11 Compound 12

Figure 138. Cell viability of isolated compounds 9-12 from S. alnifolia
leaves in HaCaT cells. HaCaT cells were treated with different
concentration of samples, and then cell toxicity was determined by MTT

assay. The data represent the mean = SD of triplicate experiments.
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B3 gy

foi

@ sk a (HO9)2 = AlE 4] et Al

TSt A (H00) 2 F 58 M & gist AlE 25 aas 187 oA,
Ao AHEE H0.9 $%5 As7] skl H.0, %o wel HaCaT celld]
AE AEES AT 2 A3 6 mMe] =2 APS u AlE AEE
o] 59.8%% &lstdler, E HIFoAE 6 mMY H:0.5 A v,
compound 10, 11, 12%& 25, 50, 100 utM9] sE2 £4% AXo A3 2
sttt 1 A3, compound 10& 25, 50, 100 pMe solA z+7; 65.
71.2, 84.9%°] AEX AEEo] FQHASH, compound 102 Hp0.= =¥
AE EAF tiete] 247k 5.4, 11.4, 25.1%2 A¥E BE a3Z &9, v
5 compound 112 25, 50, 100 uMe] &xoA Z+7Z+ 66.6, 80.4, 92.9%2] Al
¥ AEEO] FH3loH, compound 112 HyO0x® =¥ A &4fel dsto]
717y 6.8, 20.6, 33.1%9 AX Bs a¥ws 3Isqtt. =8 compound 12+
25, 50, 100 uM9] sxolA Ztz; 71.4, 79.6, 88.4%2] AE AE&o] F5 3]
o1, compound 12% H:0:2 FE¥ AMXE &4 diste Z+-2 11.6, 19.8,
28.6%°] A B35 adE 15l th(Figure 139).
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Figure 139. (A) Cell viability on HsOs-inducted cell damage in HaCaT
cells. (B) Cell protective effects of isolated compounds 10-12 from S
alnifolia leaves on HaCaT cells damaged by H:0,. HaCaT cells were
treated with different concentration of sample for 24h after being
exposed to oxidative stress. The data represent the mean = SD of

triplicate experiments. “p <0.05;"p <0.01
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2) &4
(1) Nitric oxide (NO) 234 ol#] &4

k-2 A A EZ(RAW 264.7)5 o]&ste] ZujuF SlomRE Fejd 47
flavonoid glycoside compounds®] nitric oxide (NO) A oA A3 AXE
548 S48t 47t SgES 25-200 pMe] FEE A¥E s
1 A3}, compound 9, 10, 11, 12+ EF AX 54 glo] &

TR NO B4 oA &dS B, 1Cs #h ZH2F 137.8, 117.4, 186.3, 128.3
2 gy vh(Figure 140, Table 63). ©] %= compound 9 ¥ 108 &3 160

o3 &8 Aol oln Riso 9oy compound 11, 125 7FAaL F714<

k1
lo
N
)
o
fu
o

d

o)

g 71l B ddS APl

B NO production (%) @ Cell viability (%) 140

NO production (%)

LPS
(100 ngmL)
25 50 100 200 25 50 100 200 25 50 100 200 25 30 100 200

Sample (M) 5 + picoline
Compound 9 Compound 10 Compound 11 Compound 12

Figure 140. Effects of isolated compound 9, 10, 11, 12 from S. alnifolia
leaves on NO production and cell wviability in LPS-induced RAWZ264.7
cells. The data are represent the mean + SD of triplicate experiments. "
"p <0.01

Table 63. ICsp values of NO production inhibitory activity of isolated

compounds 9-12.

Compound 9 Compound 10 Compound 11 Compound 12

ICs0 (uM) 137.8 117.4 186.3 128.3
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(2) PGE; 2 A=A cytokine A A &4

Compound 11 % 129 3¢ 24 71dS d7st7] 918 ELISA kitE ©]-&3}
o] dHAZA cytokine @ PGE, A ZFS S4s3th. 1 A7, compound 112
TNF-q, IL-6 % PGE:¢] A4S Asl Al7l= 537t sl Aoz sl
(Figure 141). E3F compound 12% TNF-q, IL-6, IL-18 % PGE.9 A&

AAN = AL BT & AAT (Figure 142),
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Figure 141. Effects of isolated compound 11 from S. alnifolia leaves on
PGE,, TNF-a, IL-6, IL-18 production and cell viability in LPS—stimulated
RAW264.7 cells. The data are represent the mean * SD of triplicate

experiments. “p <0.05; * " p <0.01
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Figure 142. Effects of isolated compound 12 from S. alnifolia leaves on
PGE,, TNF-a, IL-6, IL-18 production and cell viability in LPS-stimulated
RAW264.7 cells. The data are represent the mean *= SD of triplicate

experiments. “p <0.05; **p <0.01
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aAEA | olg T

s 29 70% EtOH F

=
n-Hex, EtOAc, n~BuOH % H.,O ¥ &S dAAY. o] T n-Hex 2 EtOAc

e
i
tlo
ofo
=
lo

TEEL2 4 VLCE o]8F 59 silica gele]y Sephadex LH-20 column
chromatographys <3ste] @d 4S5 Fgaiv. #8d 9o IFFES
1D, 2D NMR % HR-ESI-MS& o] &3te] 3tgt&e] +x5 glsiglen, &3
o skl F 12709 shgtes AT

wEE 3¥ELS ursolic acid (1), oleanolic acid (2), a-amyrin (3),
corosolic acid (4), (E)-phytol (5), a-linolenic acid (6), a-linolenic acid
methyl ester (7), 1-linolenoyl glycerol (8), afzelin (9), kaempferitrin (10),
kaempferol 3-0O-B-D-xylopyranosyl-(1—2)-a-L-rhamnopyranosyl-7-0-a
—-L-rhamnopyranoside (11), kaempferol 3-0O-[deoxy-ribo—hexos-3-ulosyl
-(1—2)-a-L-rhamnopyranosyl]-7-O-a-L-rhamnopyranoside (12)Z <1-&
o, compound 125 AAAANA Aoz HEld sgEol)

oo ole] ksl A% A, p-BuOH, EtOAc #3259 & ZYds I
o] ztzt 121.3, 109.2 mg/g GAEZ YEtwom, F ZdtR o= ggfo] 747}
44.7, 35.2 mg/g QE® uYEbwtth 3, DPPH radical &4 24 AgelA
EtOAc, n-BuOH #8 &2 tlxwQ BHT9 AL 2oz &7 248 Yep)
At ®E3ZH HaCaT AEE o]&sto] Histr2a(H0)% =¥ AxE &4
Hek AE HE madks Eelsigltt. 2 A, By Qo] FEES 40 pg/mL
oA AEEA flo] 17.5% AX Hi a¥dE Fstelen, EtOAc +3E2
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310.7 yM=Z YAtz BHT (443.7 yM)E.t} 53 D

ol Uetwtth. W3S HaCaT AEE o]&ste] Hibstaim Fd AX &4

st AlE RS a3E 3l A3 compound 10, 11, 12% 100 pMolA Al

EZ54 glol 2442y 25.1%, 33.1%, 28.6% AXE H3S

et S-S ket flste] oA=g Ak ddE 3 Aol &3 1Y

EEATHQ Staphylococcus epidermidis (CCARM 3709, 3710, 3711) 1]
A= FA Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089)& A}

al
f3to] 3 AW (Paper disc diffusion method)S 23+ BS54 A8 (clear

it

zone) A 94 FX (minimum inhibitory concentration, MIC) ¥ & A ApdE
%% (minimum bactericidal concentration, MBC)E =A3&lgct. 1 Ay}, )
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ge, Few AHE I S dEbleH, MIC g#tel 72t 625, 1250-2500,
2500 pg/mL=Z QI35 o, EtOAc +8&=29 MBC %ke] 10000 pg/mL=Z
olstgtt. w3k, C acnesdll 745+ n-Hex, EtOAc, F=& Ad = I+ A S
Uelll o, MIC kel Z+zh 1250, 1250-2500, 10000 pg/mL= 18}t
Compound 1, 2& &3!S F3lo] $3% I+ a%°] IS 44 U

npg-2=o A A ES] RAW 264.7 cell& o]-&3to] Zufjuhi glo] 3¢
gt 43, n-Hex, EtOAc #¥8+&°] 100 pg/mL °]ate] oA A=
glo] EHAQ NO A4 oA g4 Yeliden, ICs stel 42 66.0,
82.3 pg/mLE gelatitl, Zojuf JoziE He® 4 /) ZHol=
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Figure 143. Pictures of Sorbus alnifolia (Sieb. et Zucc.) K. Koch branches.

- 233 -



gs 70% (v/v) EtOH 16.4 Lo €2 ¥

dt

S Ao 8" HF FF7|(rotary vacuum evaporator)Z &%3F] 70%

70.7 ¢& AU AL 70% EtOH FEE 56.2 g2 T/l &
A7 F &2 A& o]gste] &r v SA SAFH #aAe® F96)
o] n-hexane (4.8 g), ethyl acetate (10.7 g), n-butanol (16.2 g) % water
(24.0 g) ¥ =S dAH(Figure 144).

Dried branches ot Sorbus alnifolia (0.82 kg)

70% EtOH 16.4 L, stirring, 24h, 2 times

Extract 70.7 g (8.62%)

Extract 56.2 g

J Suspended with H,O

n-HexFr. EtOAc Fr. n-BuOH Fr. H,O Fr.
48 g (8.5%) 10.7g (19.0%) 16.2 g (28.8%) 24.0 g (42.7%)

Figure 144. Extraction and solvent fractionation of S. alnifolia branches.
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A
i

2) Ethyl acetate w8 E=5E &4 A
EtOAc 8= 5.0 g& =4 HE U57] Sl &4 silica gels TX1%
glass columne ©]8-3}%] vacuum liquid chromatography (VLC)E Zl1e3}S]
ok grle] F4L 5%% n-Hex:EtOAc (0-100%), EtOAc:MeOH (0-50%)°]
2 o 717 9o 2 ¥ 100% MeOHS ZH2F 300 mLA &&3to] & 3270
9] fractiones EATHEr. V1-32).

VLC fractiong < Fr. V 6,7 (52.5 mg)< n-Hexene:EtOAc (10:1)¢] &wjzx
7192 Silica gel column chromatographys <335t compound 1 (12.6
mg)S AU

Fr. V11 (76.0 mg)e TLCE &F3A @Y & yehdl7] @&l compound
compound 25 ¥t}

Fr. V12 (123.7 mg)E CHCl3-MeOH (30:1)¢] &ujx=71 o2 silica gel CCE
333}e] compound 3 (18.4 mg)S AAT}.

Fr. V15~16 (120.7 mg)E CHCI3-MeOH (25:1)9] &wjx=Ho R silica gel
CCE F 33t compound 4 (12.6 mg)E LA}

Fr. V8 (32.7 mg)& TLCE &alA @d AS veErl7] W] compound
compound 5% It}

Fr. V18 (240.7 mg)E CHCl3-MeOH (7:1)¢] &wjx312 = Sephadex LH-20
CCE 33} compound 7 (45.9 mg)<S ¥AeH, Fr. V20 (320.3 mg)E
TLCol ol By @ A& yellr] mZols NMRE FallA 37 22 7=
compound 722 ATt T3 Fr. V25 (520.4 mg)E CHCl3-MeOH (5:2)9]
S A2 Sephadex LH-20 CCE 433} compound 7 (23.4 mg)¥}
compound 8 (9.2 mg)S E|sFA .

Fr. V26 (307.2 mg)& $-4 MeOHZ A4t} compound 6 (9.8 mg)<
AL ohgell, UHd FES CHCl,-MeOH (4:1)¢] &wjxz 2= Sephadex
LH-20 column chromatographyE 33} compound 8 (15.2 mg)s A2

ct.

- 235 -



EtOAcFr. 5.0 g

VLCYH

n-Hex — EtOAc (0-100%)

EtOAc - MeOH (0-50%
Step gradient (5%), 300

)
mL each

Fr. V1| Fr.Ve-7 Fr.veg Fr. V11 Fr.VI12 ||Fr.V(15~16)|| Fr. V18 Fr. V20 Fr. V22 Fr. V25 Fr. V26 |Fr. V32
52.5mg 32.7mg 76.0 mg 123.7 mg 120.7 mg 240.7 mg | 320.0 mg || 2329 mg | | 5204 mg || 307.2 mg
gelcoy ica o y MeOH
ifll-(xc;-;gocic:m-l l?ii?iﬁfa%:m 1 Sephadex LH-20 Cf z;,‘;?.?d:; LOI:IEG . { crystallizated
o J Jlica gel Sephadex LH-20 CC CHCL:MeOH=7-2 i .
Silica gel €C - o
Compound 1 C(O 111;1)402;_1:)3 CHOLMeOR=25-1 S MeOH=TL Compound 7 CTlgnl;mm? 6
B .8 mg
(12.6 mg) & :J;r:pﬁound 4 C Dﬂp;und) 78 Compound 7
2.6 mg) (45.9 mg 0.6 Compound 8 Sephadex LH-20 CC
Compound 5 ‘ | Compound 2 ‘ (42.6 mg) (9.2 mg) CHCI; MeDH=41
Compound 7
Compound 8
(15.2 mg)

Figure 145. Isolation of compounds from ethyl acetate fraction of S.

alnitolia branches.
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g SgEe) T2 24

1) Compound 1, 2, 3, 49 +% &A

Compound 1& 'H-NMR spectrum®l| A &y 0.77 (3H, s), &y 0.85 (3H, s), Su
0.92 (3H, s), 6y 0.95 (3H, s), 6y 1.00 (3H, s), &y 1.05 (3H, ), &y 1.11
(3H, s), 6u 1.23 (3H, s)9 signal&< &3t & 870 methyl protong 7HA
I lew, 8§y 5.16 (1H, t, /= 3.7 H2)9l signal olefin®] sp® &Aool #ois}
signal©. = o el om, o] datag HIH SR triterpene o2 o 33T

w3l §y 3.18 (1H, dd, J = 11.2, 5.5 Hz)9 signal& C-NMR Ho]g & 17

i

S o deshielding® Ao Z Hol AVSATET & AA7F A 9o sp°
S Ao #JEE protonlE A3 T

BC-NMR spectrum®l4 3+ 70 olefin group (4%} carbon 8¢ 145.4, 32t
carbon &c 121.9) ¥ AFA47F Q153 1% methine carbon$! §¢ 79.2 I A&
S FelEgith o)y AnE wgez #3%% wluste] compound 12 B
—amyrin .2 =43} t}.

Compound 2% "C-NMR spectrumol A & 30709 7} ¥a7 @25,
'H-NMR spectrumel A &y 1.27 (3H, s), &x 1.25 (3H, s), & 1.08 (3H, s), &
n 1.05 (3H, s), 6y 1.04 (3H, d, /= 6.0 Hz), 6y 0.98 (3H, d, /= 6.0 Hz), &§
n 0.91 (3H, 9)9] signalg> A #t& &35te] & 7709 methyl protons WIS
O F triterpenel & d|AFsFATE T3 &y 5.52 (1H, t, J = 3.4 Hz)9 signale
olefin®] sp” &4l #HestE signald dldstdien, §; 3.48 (1H, dd, J =
15.6, 6.4 Hz)9] signal> ""C-NMR tdlo|E]E& 18-S wl, deshielding® 2
2 Hol MVSAEI & atavt s glom spf EAe #efshE protone
= sttt

BBC-NMR spectrum®l 4] §: 180.5¢] signale carboxyl group?l carbon® =
diastsiom, sk 7l olefin group (42F carbon &¢ 139.8, 3%k carbon §&¢
126.2) 2 Ak7} 2153 91X 9] methine carbonSl §¢ 78.6% I AES &}

Att. oY A¥E migro g FEPla} Hlwdte] compound 2% ursolic acid
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(3B-hydroxyurs—-12-en-28-oic acid)= &3} t}.

Compound 3 'H-NMR spectrumol A 1.76 (3H, s), 6y 1.47 (3H, s), &u
1.34 (3H, s), 6y 1.15 (8H, d, J = 6.9 Hz), 6y 1.06 (3H, s), &y 0.90 (3H,
s), 6u 0.90 (B8H, $)9] signalE2 A& #s &3t & 7719 methyl protons
HIEL O 2 triterpenel. & o3 e 5y 559 (1H, t, J = 3.2 Hz)9
signal& olefing] sp’ EAd] #olslE signalo 2 At o, &y 4.23 (1H,
)] signal “C-NMR Hlo]EHE 2Le]3S i, deshieldingd o= Hol H7]
SR & A AAE o sp’ A6 #esHE protono® o AdEHSiT
YC-NMR spectrumoll A §c 211.89] signal> carbonyl group®. & o33} o
8 181.39] signal® carboxyl group¢! carbon® & o4&}, oo 3k
70 olefin group (42} carbon 8¢ 140.6, 3%} carbon &c 127.9) 2 AtA7F 1A
3 9129 methine carbon®l &c 84.08}1. quaternary carbon¢l 73.2 5 ¥ =
55 At oo A¥E nigeR '™y vjaste] compound 3
2-oxopomolic acid® E 743t}

Compound 4+ 'H- 2 BC-NMR spectrum H©o]Eo] tiv]&] X i compound
37 v 22 7SR 'H-NMR spectrumoll A 1.66 (3H, s), &y 1.43
(3H, s), &y 1.28 (3H, ), 6y 1.13 (3H, d, J = 6.4 Hz), 6y 1.13 (3H, s), &
1.00 (3H, s), &1 0.92 (3H, )9 signalE2 A& %S Estdd F 779
methyl protonS HFE O % triterpenel® AR Y. =3 &y 5.60 (1H,
t-like)®] signal& olefin® sp” £Ae #Hedsli= signalo @ o stl o, &y
4.32 (1H, m)¢ 6y 3.78 (1H, d, J = 2.75 H2)9 signals< BC-NMR Hlo]
£ 183 <S v, deshielding® Aoz Ho} AV SA= L  Abart AHE o
o sp’ EAo] HoJEE= protonl®E oA th

BBC-NMR spectrum®l 4] §: 181.2¢] signale carboxyl group?l carbon® &
Akttt oS 3 7 olefin group (4%} carbon 6c 140.4, 3% carbon ¢
128.4) 2 AFAa7F 1A% 91X methine carbon?l &¢ 79.8% §¢ 66.63FaL
quaternary carbon®l 73,1 & I AES RS STE o]Fe AHE nlHoR &

#1031 vl w&te] compound 4% euscaphic acid® F A3t}
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Figure 146. Chemical structure of compounds 1, 2, 3 and 4
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Table 64. 'H and C NMR data of compounds 1, 2, 3 and 4 (400 and 100 MHz, in pyridine-ds or CDCls)

N Compound 1 Compound 2 Compound 3 Compound 4
0 &y (int, mult, J Hz) 5c Su  (int, mult, J Hz) 5c Sy (int, mult, J Hz) Sc Sy (nt, mult, J Hz) Sc
1 38.8 39.6 2.50 (1H, d, 12.4) 54.3 2.50 (1H, d, 12.4) 42.8
2 27.4 28.6 211.8 4.32 (1H, m) 66.6
3 3.18 (1H, dd, 11.2, 5.5) 79.2 3.48 (1H, dd, 15.6, 6.4) 78.6 4.23 (1H, s) 84.0 3.78 (1H, d, 2.8) 79.8
4 40.0 40.0 46.4 39.3
5 55.4 56.3 55.4 49.2
6 18.6 19.3 19.7 19.1
7 32.7 34.1 33.7 34.0
8 41.9 40.5 41.2 41.0
9 47.8 48.6 47.9 48.1
10 37.2 38.0 44.2 39.1
11 23.9 24.1 25.1 24.5
12 5.16 (1H, t, 3.7) 121.9 5.52 (1H, t, 3.4) 126.2 5.59 (1H, t, 3.2) 127.9 5.60 (1H, t-like) 128.4
13 145.4 139.8 140.6 140.4
14 42.5 43.0 42.8 43.3
15 27.1 29.2 29.9 29.9
16 26.4 25.4 26.9 26.8
17 32.8 48.6 48.8 48.7
18 47.4 2.66 (1H, d, 11.4) 54.0 3.17 (1H, s) 55.1 3.06 (1H, s) 55.0
19 47.0 39.9 73.2 73.1
20 31.3 39.9 42.9 42.6
21 34.9 31.6 27.6 27.4
22 37.3 37.8 39.0 39.0
23 0.85 (3H, ) 28.3 1.25 (3H, ) 29.3 1.34 (3H, ) 30.0 1.28 (3H, s) 30.5
24 0.77 (3H, ) 15.8 1.05 (3H, ) 17.1 0.90 (3H, s) 17.4 0.92 (3H, s) 22.7
25 1.00 (3H, ) 15.7 0.91 (3H, ) 16.2 1.06 (3H, ) 16.9 1.00 (3H, s) 17.1
26 1.11 (BH, s) 17.0 1.08 (3H, s) 18.0 0.90 (3H, s) 17.9 1.13 (3H, s) 17.7
27 1.23 (3H, s) 26.2 1.27 (8H, s) 24.4 1.76 (3H, s) 24.4 1.66 (3H, s) 25.1
28 1.05 (8H, s) 28.6 180.5 181.3 181.2
29 0.95 (3H, ) 33.6 1.04 (3H, d, 6.0) 18.0 1.47 (3H, s) 27.5 1.43 (3H, s) 27.5
30 0.92 (3H, ) 23.7 0.98 (3H, d, 6.0) 21.9 1.15 (3H, d, 6.9) 17.3 1.13 (3H, d, 6.4) 17.3
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2) Compound b5, 69 7% A4

Compound 5% BC-NMR spectrumelxl & 29709 7}2 #3737 e,
"H-NMR spectrumell Al &y 0.66 (3H, s), &y 0.98 (3H, s), &y 0.90 (3H, d, J
= 6.9 Hz), 64 0.81 (3H, d, /= 7.3 Hz), 6y 0.79 (3H, d, J = 7.3 Hz), &y
0.82 (BH, t, J = 7.3 Hz)9] signalE2 A& #S &3t = 6702 methyl
protons HFE O 2 sterol Al%9 3F=dS o3t oh. =3k §y 5.33 (1H, d,
o] #o]dtE signalC 2 o Abslg on,
6 3.50 (1H, m)<] signal "C-NMR dl¢]E]E 1188 ul, deshielding® %
o2 Hol MVFAEIF Z 2tavE s o sp” EAJe #eIsti= proton
o® o sttt

BC-NMR spectrum®l 4] 3+ 7] olefin group (4% carbon &c 141.0, 3%
carbon §¢ 121.9) & Ak47}F 2173 91X 2] methine carbon®l &: 72.0% 3=
ES 3l oo AxE wpgor Fdy nludte] compound 5% B
-sitosterol® 5733t}

Compound 6 'H¢ C-NMR Hlo|EZ Z3%t8le] compound 59 A 7
& YERR S ™, 6y 5.09-3.620 F3E3H= signals Fste] 9o FEXE 7
A3 gl B-sitosterole] miF Aol dltsiqich. @e] FHFE PC-NMR
spectrumell 4] & 103.0, 79.0, 78.6, 75.8, 72.2, 63.3°14 6709 signal®}
'H-NMR spectrum®] 4] glycosidation shift® 7 &y 5.09 (1H, d, J = 7.8

L

J = 5.0 Hz)9 signal olefin®] sp° &4

[e5

o

Hz)©] anomeric proton® A=Y AAEBEZE 23l B-D-glucopyranosidedd
S dAaein. oo AdE wiygow ¥Vl nlwdle] compound 6

daucosterol (sitosterol 3—-O-B-D-glucopyranoside)® 573} t}.
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Compound 6

Figure 147. Chemical structure of compounds 5 and 6
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Table 65. 'H and ""C NMR data of compounds 5 and 6 (400 and 100
MHz, in CDCl3 and CsDsN)

Compound 5 Compound 6
No.
6y (int, mult, J Hz) Sc Sy (int, mult, J Hz) 8¢

1 37.4 37.4
2 31.9 30.5
3 3.50 (1H, m) 72.0 4.01 (1H, m) 79.1
4 42.5 39.8
5 141.0 141.4
6 5.33 (1H, d, 5.0) 121.9 5.37 (1H, d, 1.8) 122.4
7 32.1 32.5
8 32.1 30.7
9 50.3 50.8
10 36.7 36.9
11 21.3 21.8
12 40.0 40.4
13 42.5 43.0
14 57.0 57.3
15 24.5 25.0
16 28.5 29.0
17 56.2 56.7
18 0.66 (3H, s) 12.1 0.68 (3H, ) 12.5
19 0.98 (3H, ) 20.0 0.95 (3H, s) 19.7
20 36.4 34.7
21 0.90 (3H, d, 6.9) 19.0 1.00 (3H, d, 6.4) 19.5
22 34.1 32.7
23 26.2 26.8
24 46.0 46.5
25 29.3 29.9
26 0.81 (3H, d, 7.3) 19.6 0.92 (3H, d, 7.8) 20.5
27 0.79 (3H, d, 7.3) 19.2 0.90 (3H, d, 7.8) 19.9
28 23.3 23.9
29 0.82 (3H, t, 7.3) 12.2 0.88 (3H, t, 7.3) 12.6
1° 5.09 (1H, d. 7.8) 103.0
2° 3.92~4.63 (sugar H) 75.8
3° 3.92~4.63 (sugar H) 79.0
4° 3.92~4.63 (sugar H) 72.2
5° 3.92~4.63 (sugar H) 78.6
6° 3.92~4.63 (sugar H) 63.3
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3) Compound 79 +% A

Compound 7 'H-NMR spectrum ¥4 A3}, &y 6.97 (1H, d, J = 1.8 Hz),
6u 6.80 (1H, dd, J = 8.2, 1.8 Hz), 6y 6.76 (1H, d, / = 8.2 Hz)¥| signal&
coupling constantE %3l A= ortho-, meta-couplingS 3}il Y+ aromatic
ring 7+2E Jddstsi e, §y 5.94 (1H, d, J = 2.3 Hz), &y 5.92 (1H, d, J =
2.3 Hz)9] signal coupling constantE E3f A= meta-coupling= 3}l U+=
aromatic ring T2E& oSk &6y 4.82 (1H, )¢ &y 4.18 (1H, m)9]
signali= deshielding®l Z o2 Hol A7| A= & 227t -] o sp’
Ao #HAsE protonlo®E oAt BC-NMR spectrumol Al & 157 <]
carbon peak’} #FEJom 'H-NMR dataE Z3%3to] flavan-3-ol T%7}
A& Holgt T = drk. oo As nigezr Py vl

compound 7 epi-catechin® & A3t}

Figure 148. Chemical structure of compound 7
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Table 66. 'H and "C NMR data of compound 7 (400 and 100 MHz, in
CD50D)

Compound 7
No.
&1 (int, mult, J Hz) Sc
2 4.82 (1H, s) 80.0
3 4.18 (1H, m) 67.6
2.86 (1H, dd, 16.5, 4.6)
4 29.4
2.74 (1H, dd, 16.5, 2.8)
5 158.1
6 5.94 (1H, d, 2.3) 96.5
7 157.8
8 5.92 (1H, d, 2.3) 96.0
9 157.5
10 100.2
1 132.4
2 6.97 (1H, d, 1.8) 115.4
3’ 146.1
4’ 145.9
5 6.76 (1H, d, 8.2) 116.0
6’ 6.80 (1H, dd, 8.2, 1.8) 119.5
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4) Compound 89 T+% &4

Compound 82 &6y 7.58-7.60 (2H, m), 6y 7.45-7.47 (3H, m)e] signal<
YC-NMR dle|EE 38t §: 135.0, 131.2, 130.3, 129.1¢] H3E F3}o
4 sF+= aromatic ring TEFE AAsE o, §: 102.1, 78.5, 78.0, 74.9,
71.6, 62.9914 6719 signal?} 'H-NMR spectrumoll A glycosidation shift &y
4.24 (1H, d, J = 7.3 Hz)9 anomeric proton? A=Y AXGTEE Fslo] 3
-form®| glucopyranosideZ} 3+ 7i AZAE] U5 ottt S Sy 5.92
(1H, s)¢] signal2 "C-NMR dl°|EE 118 u, deshielding® Zo& Ho}
A715w7h 2 Abark A8 elom sp” E4go $edsh= protonO & oSt
Attt ol Ate]l AnE niEro g FEFHD¥y wluwsle] compound 8C prunasin® 2

bt

(o3

AN
Rt

ol

Figure 149. Chemical structure of compound 8
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Table 67. 'H and ""C NMR data of compound 8 (400 and 100 MHz, in
CD50D)

Compound 8
No.
Su (int, mult, J Hz) 8¢

1 119.6
2 5.92 (1H, s) 68.5
3 135.0
4 7.58-7.60 (1H, overlapped) 130.3
5 7.45-7.47 (1H, overlapped) 129.1
6 7.45-7.47 (1H, overlapped) 131.2
7 7.45-7.47 (1H, overlapped) 129.1
8 7.58-7.60 (1H, overlapped) 130.3
i 4.24 (1H, d, 7.3) 102.1
2 3.20-3.35 (1H, overlapped) 74.9
3 3.20-3.35 (1H, overlapped) 78.0
4 3.20-3.35 (1H, overlapped) 71.6
5 3.20-3.35 (1H, overlapped) 78.5
& 3.92 (1H, dd, 11.9, 2.3) 69.9

3.70 (1H, dd, 11.9, 6.0)
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Figure 150. Total phenolic contents of extract and solvent fractions from

S. alnifolia branches. The data represent the mean *+ SD of triplicate

experiments.
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Figure 151. Total flavonoid contents of extract and solvent fractions from

S. alnifolia branches. The data represent the mean * SD of triplicate

experiments.
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(3) DPPH radical &7 &4

Loty 78] 52 B 28 =l skl DPPH radical &7 &4+ 54

SR 7 AR ELS 25400 pg/mLe sE= AdTS Agsilon, Zzo o
gk SCso #h= ARttt
A3 Av EtOAc, n-BuOH #3%9] SCy #tol 27 66.0, 72.5 ug/mL= tt
2 B3I EZo H3] 953 DPPH radical 274 &4o] YeElStHFigure 152,
Table 68).
i E 25 pg/mL B 50 pg/mL B 100 pg/mL B 200 pg/mL B 400 pg/mL
0
g
E 80
E ']'(],_
-
s
50
§ 40 -
5 30-
=
& 2(],_
=]
10
93 Extract n-Hex EtOAc n-BuOH . H,O BHT

Figure 152. DPPH radical scavenging activities of extract and solvent
layers from S. alnifolia branches. The data are expressed as a percentage

of control and represent the mean * SD of triplicate experiments.

Table 68. SCsy values of DPPH radical scavenging activities for extract

and solvent fractions from S. a/nifolia branches.

Extract n—Hex EtOAc n-BuOH H>0O BHT

SCso (ng/mL) 74.0 178.5 26.4 38.1 300.6  44.0
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(4) ABTS" radical 27 &4

otk 7 AlRES 6.25-200 pg/mLe] FEE AFS Hsiglon, Zzte|
gk SCso #bs A

23 A3, p-BuOH, EtOAc #8E3 FEE9 SCs atel 77 33.9, 64.9,
77.2 ug/mLE t& FYEE HlE 9738 ABTS' radical 24 4] e}

Wik (Figure 153, Table 69).

W6.25pg/mL M 125pg/mL. M25 pg/ml. B 50 pg/mL. 100 pg/ml. B 200pg/mL
100

90+

ABTS+ radical scavenging activity (%)

Extract n-Hex EtOAc n-BuOH H,0 EHT

Figure 153. ABTS" radical scavenging activities of extract and solvent
layers from S. alnifolia branches. The data are expressed as a percentage

of control and represent the mean * SD of triplicate experiments.

Table 69. SCsy values of ABTS' radical scavenging activities for extract

and solvent fractions from S. al/nifolia branches

Extract n—Hex EtOAc n—BuOH H,0 BHT
SCso (ng/mL) 82.3 >200 34.5 40.9 >200 17.0
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(5) Al Be g3

O AX 54 H7F (MTT assay)

3, BUT A S
A

8ol BF 90% o

)

ARS FEE AL 242 delA %S e 5, 10 ug/mLE ATk
120
100 1
_ 80~
S
:'C.
ﬂ 60
=
=
=
="
o
40
204
D_
Sample control 5 10 5 ‘ 10 5 10 5 ‘ 10 5 10
{ug/mL)
Extract n-Hex EtQAc n-BuOH H.0

Figure 154. Cell viability of extract and solvent fractions from S. alnifolia
branches in HaCaT cells. HaCaT cells were treated with different
concentration of samples, and then cell toxicity was determined by MTT

assay. The data represent the mean = SD of triplicate experiments.
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AE AEES SAsAY. 2 A3 6 mMe 5% 38 AE AEEo] 57.8%%
golatglth. webd 2 AFgAE 6 mMo H0,5 Agd ok Zujubi 71

22 5 10 pg/mLe FE=2 &AM Ao AFS A3

3;:]] =
Ui 7F4 9] EtOAc #38&E2 5, 10 ng/mLe] F=olA 7}

H AME E&Abe il ZHzE 3.9, 15.6%9 AME HE 5yE delstodrh. =3l
T 7HA 9] -BuOH 3 &2 5 10 pg/mLe =%dA 217} 66.6, 76.5%
o] MY AELo] FeFgon p-BuOH EEFEL HyO0% X3 AXE &4

ste] ZhzF 4.9, 14.8%2 HNE H3E G392 82189 HFigure 155).
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(B)

120 7

100 4
60
40
20+

0_

H,0. (6 mM)

=]
<
|

Cell viability (%)

# 2k
I

10 5

*

10 =}

| I I I

5 ‘ 10 5 ‘ 10 5

T

Sample 10

(ug/mL) Extract s EtOAc #-BuOH H:0

Figure 155. (A) Cell viability on HyOz-inducted cell damage in HaCaT
cells. (B) Cell protective effects of extract and solvent fractions from S
alnifolia branches on HaCaT cells damaged by HyO,. HaCaT cells were
treated with different concentration of sample for 24h after being
exposed to oxidative stress. The data represent the mean = SD of

triplicate experiments. “p <0.05;"p <0.01
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2) &+t

(1) Paper disc diffusion method

Zuju 7] FEE 2 £8=9] 3 @AS gelstr] st oF A
(resident flora)Q! Staphyiococcus epidermidis (CCARM 3709, 3710, 3711),
A= E9Ql Cutibacterium acnes (CCARM 0081, 9009, 9010, 9089) % %]
3l Streptococcus mutans (KCCM 4015)E AF83}l4] paper disc diffusion

method® clear zoneS 3F¢1s}%Th,

B3 &o| S epidermidisd] W3 EtOAc

n-BuOH, F=% % n-Hex #3¥

Figure 156. Results of paper disc diffusion method of extract and solvent

fractions from S. alnifolia branches on S. epidermidis and C. acnes.
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Table 70. Antibacterial activities of extract and solvent fractions from .S.

alnifolia branches

Bacterial density

Clear zone (mm)

S. epidermidis

(1.5%10°
CFU/mL) CCARM CCARM CCARM
3709 3710 3711
Extract 12.0 9.0 9.5
n-Hex Fr. 9.5 9.0 9.5
EtOAc Fr. 16.0 13.5 12.0
n-BuOH Fr. 14.5 14.0 10.0
H,0O Fr. 9 N.A. N.A.
Positive control 30.0 N.A. 31.0

Clear zone (mm)

Bacterial density C. acnes
(1x10° CFU/mL) CCARM CCARM CCARM CCARM
0081 9009 9010 9089
Extract 13.0 10.0 12.0 10.0
n-Hex Fr. 11.0 8.5 9.0 9.0
EtOAc Fr. 15.0 11.0 14.0 11.0
n-BuOH Fr. 16.0 14.0 15.0 14.0
H;0 Fr. N.A. N.A. N.A. N.A.
Positive control 64.0 N.A. N.A. 46.0

Sample : 6 mg
Positive control (Erythromycin) : 60 ng
Disc size : 8 mm X 1.5 mm

N.A. : No Activity
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(2) MIC % MBC

Paper disc diffusion®§S &3l ZujuF 7Hx]9] s A4S gRlstglon, &

e T Qe AR Ba FAH0R FF 4% Ak 94 B% (minimum

e

inhibitory concentration, MIC) % A APE #% (minimum bactericidal

concentration, MBC)E SAsISG . A3 AJ89 Hd 3=+ 10000 pg/mL

2 Fgon, Hi F%rb 9.76 pg/mL7t H%% two—fold serial dilutions

o2 343t ¥t

T A¥, S epidermidis®] 7d-5-olv FujuT 7HA o] FEE 2 &0 28 =9
<

H Age vE gFe] MIC e dsgon,

wE =AM S epidermidisol W MBC #& 2000-5000 pg/mL& 2138}l
3, FEE ASd= S epidermidis®l W3 MBC 4= 5000-10000 pg/mL
2 1A Table 71).

C. acnes® 735-ol+= 2wy 7kA¢] n-Hex, EtOAc #38=, F&&

n-BuOH B8 E2L C acnesol thak 2 3 AL B G tH(Table 72).

5
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Table 71. MIC and MBC values of S. alnifolia branches on S. epidermidis.

S. epidermidis

CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC

Extract 1250 10000 1250 5000 1250 5000
n-Hex Fr. 2500 >10000 2500 >10000 2500 10000
EtOAc Fr. 625 2500 625 2500 625 2500
n-BuOH Fr. 1250 2500 1250 2500 1250 5000
H,0O Fr. 5000 >10000 5000 >10000 5000 >10000

Unit @ pg/mL

Table 72. MIC and MBC values of S. al/nifolia branches on C. acnes.

C. acnes
CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089
MIC MBC MIC MBC MIC MBC MIC MBC
Extract 2500 >10000 5000 >10000 5000 >10000 2500  >10000
n—Hex Fr. 1250 >10000 1250 >10000 1250 >10000 1250 >10000
EtOAc Fr. 2500 10000 2500 10000 2500 >10000 2500 >10000
n~BuOH Fr. 5000  >10000 5000  >10000 5000 ~ >10000 5000  >10000
H>O Fr. >10000 >10000 >10000 >10000 >10000 >10000 >10000 >10000
Unit : pg/mL
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3) &4

(1) Nitric oxide A4 <A &4

g/mLe =2 AFES APsigon, FujuF 7R FEELS T JEHOR
NO A A &S B, ICs a2 48.7 pg/mL= FAE Ao, n-Hex
I EL 5-40 pg/mLe TE=2 23S A3 A3 p-Hex EIFES HE &

AA FAE BPAL, ICs S 22.0 pg/mLE A E A tHFigure 158).

@ NO production (%) @ Cell viability (%0)

Cell viability (%0)

140 - ~ 140
®
120 4 . L] -120
™
100 A L - 100
g
= 20 . - 20
‘a
£ 60+ - 60
g
=9
o 40 - 40
=
20 ok %k ok ok 20
H B = e
G = T T T T T T -__ 'I:'
LPS (100 ng/mL) = - - +
Sample (100 2-Amino-
L) — + Extract n-Hex EtOAc n-BuOH H;O 1-picoline
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Figure 157. Effects of extract and solvent fractions from S. alnifolia
branches on NO production and cell viability in LPS-stimulated RAW264.7
cells. The cells were stimulated with 100 ng/mL of LPS only, or with
LPS plus extract and solvent fractions from Sorbus alnifolia (Sieb. et
Zucc.) K. Koch branches and 2-amino-4-picoline (positive control, 5 pM)
for 24 h. The data are represent the mean == SD of triplicate

experiments. “p <0.05; " " p <0.01

B NO production (%) ® Cell viability (%0)
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B NO production (%o) @ Cell viability (%)
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Figure 158. Effects of Extract, n—-Hex and EtOAc fractions from S
alnifolia branches on NO production and cell viability in LPS-stimulated
RAW264.7 cells. The cells were stimulated with 100 ng/mL of LPS only,
or with LPS plus n~Hex and EtOAc fractions from Sorbus alnifolia (Sieb.
et Zucc.) K. Koch branches and 2-amino—-4-picoline (positive control, 5
M) for 24 h. The data are represent the mean =+ SD of triplicate

experiments. “p <0.05; **p <0.01
(2) PGE; ¥ dH54 cytokine A4 oA €4

iy 7HA] FEEC 39 @4 71de A8kl el ELISA kitE o] &3t

o] PGE, ¥ H¥ESTA cytokine AAHS FHAHst. 1 2y, 2wy 714

FEEE PGE;, ¥ IL-1B9] AAHS & &40 A A7l axrt
o=

13t tH(Figure 159).

rr

%9,
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Figure 159. Effects of extract from S. alnifolia branches on PGE,, IL-13
production and cell viability in LPS-stimulated RAW264.7 cells. The data

are represent the mean £ SD of triplicate experiments. “p <0.05; D

<0.01

Fju 7HA] n-Hex #8E9 3¢9 &4 71418 A+s7] Y& ELISA kitE
o] &3l PGE, ¥ ALASA cytokine AAAZFS FA435ct 1 A3, Zuyy
7}A n-Hex #3822 PGE,9 AAHS =% &R oz A 7|= AL s

+ A Figure 160).
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Figure 160. Effects of n—Hex fractions from S. al/nifolia branches on PGE,
production and cell viability in LPS-stimulated RAW264.7 cells. The data

are represent the mean * SD of triplicate experiments. *p <0.05; D

<0.01

Lk, Fuju 7HA] EtOAc &8 &9 ¢ &4 71dE AF3s7] 98 ELISA
kite o] g3to] PGE, @ HZEA cytokine WAAHFS =As9ty. 1 A3}, )
HF 7EA EtOAc £8&2 PGE; 2 A 95494 TNF-q, IL-1B°] A4S

TR gEAom A A7lE 2t de Aew skl th(Figure 161).
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Figure 161. Effects of EtOAc fractions from S. alnifolia branches on
PGE,, TNF-a, IL-18 production and cell wviability in LPS-stimulated
RAW264.7 cells. The data are represent the mean *= SD of triplicate

experiments. “p <0.05; **p <0.01
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4) w9
(1) Melanogenesis A &4

B16F10 melanoma cell& ©]-83sle] Zujuy 712 52 2 S 859

debd A oA S AE 54S SAHAY. S FEE R 7 BEES

100 pg/mL == 23S sk A3 p-BuOH w8 A=
;I

o] 42.0%% melanin A oA dAS Yoy, =55, n-Hex 2 EtOAc

A 20, 30, 40, 50 pg/mLe] T==2 APS JIPsIsoy, FEELS T JE
Ao % melanin A A GAS 13Tt =3 p-B
= 12.5-100 pg/mLe =

h
2 0 % melanin A A4 FAS 213 H(Figure 163).
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Figure 162. Melanin contents and cell viability of extract and solvent
fractions of S. alnifolia branches in a—-MSH induced B16F10 melanoma

cells. The data are represent the mean £ SD of triplicate experiments.

p <0.05; " p <0.01
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B Melanin contents(%o) ® Cell viability (%0)
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Figure 163. Melanin contents and cell viability of Extract and n—BuOH

fractions of S. alnifolia branches

in a-MSH

induced B16F10 melanoma

cells. The data are represent the mean £ SD of triplicate experiments.

p <0.05; " p <0.01
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(2) Intracellular tyrosinase A& A
Melanogenesis &4 &37F A= FE55 2 p-BuOH #E &9 digt v o
AUSES gdet7] AsiA AE W9 tyrosinase A& &S SAAT 1 4

3 FEE 2 p-BuOH BEIELS % FE ooz AE Y9 tyrosinase

A A7l &7 g Aor FeAst9dth(Figure 164).
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Figure 164. Intracellular tyrosinase inhibitory activity of Extract and
n—-BuOH fractions of S. alnifolia branches in a-MSH induced B16F10
melanoma cells. The data are represent the mean £ SD of triplicate

experiments. “ “p <0.01
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Loty 7HA FEEE5E ZdE 2709 triterpenoids 3hetEel Wi @
s ety flstel 9§ At (resident  flora)?l  Staphylococcus
epidermidis (CCARM 3709, 3710, 3711), o=&+Sl Cutibacterium acnes
(CCARM 0081, 9009, 9010, 9089) #F A% #H& oAl %% (minimum
inhibitory concentration, MIC) % 4 AF2 %X (minimum bactericidal
concentration, MBC)E =A3g ). AF&3F A 89 Ho T+ 2000 yM=E 3}
Rom, Hix vE7F 1.95 uM7F H X5 two-fold serial dilutions ¥'HOo =2 9]
Aate] AR

1 Ax, S, epidermidis®  Z-ole EiuF M RFE EEd 2719
triterpenoids 3= A compound 32 MIC &S 250-500 pM= &213}% o
™, compound 4¢] MIC #-& 1000-2000 pM=Z <1331tk o compound 3
2D 4= S epidermidisll Z47F MBC #hs &<18t7] 918k MIC 3t o]de] A=
S iAol =dsle] AHES Xag A3, compound 3 3711 Rk
g3 4S8 el MBC 32 1000 pM& 3elsld o, compound 4% &
T ool digk 2000uM Sl A MBC #h& ¢F el Ao g Hith

LSk, C acnes® 7A5-olT Tulvy ZHAZFH E2E 2719 triterpenoids
3}gHEolA  compound 3¢ MIC #S 62.5-1000 pM= 2l o,
compound 49 MIC %S 125-2000 yM=Z F<lstt}t. o2 compound 3 %
4= C. acnes®l Z}7F MBC #k& g13t7] $18te] MIC %k o]d<] Al
S Ao =Esle] AES WEystR o, compound 3L 9010 #FE A9
YA BE w5 @48 e MBC k2 500-2000 uMZ #1313
o1, compound 43= 0081, 9009 #FE Alejstar yw#] F5e tigk MBC
= 250-2000 pM= 151t}

ol

il

Hj <

o 12

Ot
4t

- 268 -



Table 73. MIC and MBC values of compounds 3 and 4 from S. alnifolia

branches on S epidermidis and C. acnes.

S. epidermidis C. acnes
CCARM CCARM CCARM CCARM CCARM CCARM CCARM
3709 3710 3711 0081 9009 9010 9089
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC  MBC
3 250 >2000 250 >2000 500 1000 250 500 1000 2000 250  >2000 62.5 500
4 1000 >2000 2000 >2000 2000 >2000 | 2000  >2000 1000 >2000 250 2000 125 250

Unit: pM

2) &4

(1) Nitric oxide (NO) A oA &4

k-2 A A ERAW  264.7)5  ol&ste]  HiuT JHHAEREH 849
compound 3, 49| nitric oxide (NO) A4 A &4 L Ax 5SS 2lst
t}. A compound 39 thdte] 25, 50, 100, 200 yM FEE 23S 33t
A3, 200 uM o]t sl AE =4 glo] vk oEH R NO A4 oA
23S ML, [Cso #h2 94.4 uME FAH AT wEz7EA &2 compound 40l o
ate] 2.5, 5, 10, 20 uM9] Fr= AES AP A3}, 20 uM o] FI:olA
AE 54 glo]l sk oEAo® NO B4 A A4S sk, 1Cs @b

13.8 pM=Z et (Figure 165).
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Figure 165. Effects of isolated compounds 3, 4 from S. alnifolia branches
on NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
1solated compounds 3, 4 from S. alnifolia  branches and
2-amino—4-picoline (positive control, 5 uM) for 24 h. The data are

represent the mean £ SD of triplicate experiments. “p <0.05; *“p <0.01
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(2) PGE; 2 A=A cytokine A A &4

NO A4 A &Ado] 38 compound 3 % 4] tiste] &4 &4 7|HS
AT3t7] #138] ELISA kitE o]-83ste] AHdEA cytokine @ PGE, S
Akt 2 A3, compound 3& TNF-a, IL-6 % PGE,9 S A3 A7)
E g g Aor 3Halsldth(Figure 166). T3+ compound 4% TNF-aq,

IL-6, IL-1B89] AAS AN 7= AS AT 4 AN (Figure 167).
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Figure 166. Effects of isolated compound 3 from S. alnifolia branches on
PGE,, TNF-a, IL-6 production and cell wviability in LPS-stimulated
RAW264.7 cells. The data are represent the mean * SD of triplicate

experiments. *p <0.05; " " p <0.01
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Figure 167. Effects of isolated compound 4 from S. alnifolia branches on
TNF-a, IL-6 production and cell wviability in LPS-stimulated RAW264.7
cells. The data are represent the mean £ SD of triplicate experiments.

p <0.05; " p <0.01
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RePsto] oFF, 7eA S R ASE T Eokl Y AAEMNEY o] The
A gotrR izt skl

Fuju 7H4] 70% EtOH FE=+ &vie] =4 we} x4 o= g ste
-Hex, EtOAc, n~BuOH % H,O0 &8 &S 43tk o] 5 n-Hex ¥ EtOAc
52 4 VLCE o8 th&of silica gel B+ Sephadex LH-20 column
chromatography® 33l @ Ed& Zqit 29 dd 382 'H
2 BC NMRE o]&3dte] 3tg&Ee +25 dsigion, a7 du|ste] F 12
Mol shtEs skt

g9 3ES B-amyrin (1), ursolic acid (2), 2-oxopomolic acid (3),

q g

euscaphic acid (4), B-sitosterol (5), daucosterol (6), epi-catechin (7),
prunasin (8)& 1S ¥t}

Sy 7Ex) 9] ggaksl A¥ A3, p-BuOH, EtOAc #3859 & ZEdE 3
ol 747} 241.1, 222.9 mg/g GAEZ YEelwton, T ZgfHcol= 3hgfo] 7}
7} 75.3, 37.2 mg/g QEZE YERwTh S, DPPH radical &7 &4 A g elA]
EtOAc, n~BuOH #2&2 ti=¢ BHTET 53 oz 27 48 e

T 7MA 2 BY % epi-catechin (7)% 3 P21MS Ealo] 523 343 2 A
X H3E g%° dS 49A Uk
5

G BAS A Aetel JuE Afe] A WY A S w1
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zone)F A YA #F% (minimum inhibitory concentration, MIC) % ZA ApdE
&% (minimum bactericidal concentration, MBCO)E Z743atitl. =1 A3},
U5 71X 9] FEE W &v] B ELS S epidermidis®] 785 EtOAc, n-BuOH,
FE=, nHex, H,0 28= zd2 v 245 dehdlen, MIC gl 77t
625, 1250, 1250, 2500, 5000 pg/mL= &13R oW, EtOAc, n~BuOH + ¥
=, F=59 MBC #kol Z+zF 2500, 2500-5000, 2500-10000 pg/mL= €1
sttt =3 C acnesoll -5 n-Hex, EtOAc, %%, n-BuOH #+3E x|
2 g @A4E YEeElW o, MIC #ke]l 717k 1250, 2500, 2500-2500, 5000 n
g/mLE gl vy ZEA A #8l¥®l compound 3, 42 S
epidermidis 2 C. acnesdl ¥+ A¥S 3+ A3, compound 3= S
epidermidis® C. acnes®| MIC %ko]l Z+z} 250-500, 62.5-1000 pM= &-els}
3, compound 4+ S epidermidis® C. acnes®| MIC $ke]l ZHzt
1000-2000, 125-2000 yM= &els3i T},
uh-g-2 o] A A EQ] RAW 264.7 cells o]&sto] Zujupi 7hx] o] 3¢l 24
AdS AP A9, FE5=E, EtOAc +9=0°] 100 pug/mL o]ste] sEelA Al
E54 flol &3Hd NO A4 oA 2d& dehilen, IC #hol 44
2.0 ng/mLE g1t eH, n-Hex +&&E°] 40 pg/mlL ©|ste] FEof
A AE=AG glol @34 NO A A 24 Hehller, 1Cs g#ke] 17.5
pg/mL= EIskAT. T3l &5, n-Hex % EtOAc 8 Eo] dA AFA Aol
1

E71Ql 8 PGERo] A oA A¥s A3}, 55, n-Hex ¥ EtOAc #3E2

25y 2% 2 7 tripertenoids 3}3&<¢l compound 3, 42 &% &4 A7
5l A3}, 2-oxopomolic acid (3)= 25-200 uM WHE FEoA AEEZA ¢l
o] Fx oJEAHo® NO A A &4& Jehliglen, 1Cs gkel 99.

stolsll o, A JFA Abo]EFFe1el TNF-q, IL-6 123l PGE.d] 3l s%

tlo

oA owm A oA anEs skl 3, euscaphic acid (4= 2.5-20
M B9 FEoA AESA glo] X oFEXH R NO A A4 FA4E v
Uiglem, 1ICs #kel 13.8 uME 2135l o, <78 Aol E7FQIQ1 TNF-q,
IL-6°] 3 5= oJEdor P4 JA av= A&t
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- 7px o] mw 24 548 ¢93ke] B16F10 melanoma cellS o] -&3}o]
melanin A ZFH Ax A4S SAHsIH AP A, FE2 45 50 n
g/mL §% o|atoll A AEZ=A glo] axpzl Hapd A A A4S e
Rom, AXY tyrosinased] Ud FE oEHoR AAAIZ] AL FRIE L
W, n-BuOH #8Eo] 249100 ng/mL ¥% o|atollA AEE5A flo] a2l

e A oA EAES YeEtdSl e, M3 tyrosinase] Tt w% o]FEF

o= AN Ae gl g, vy A ERRE 2EE §35E<
compound 3, 42 T3S 53] melanin A4 oA &%l &S LA
AT,

1748 ATE v ow iy A FEES ol&ste] dAks I, 4
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WoATE oJoRE, AF ¥ HgEe YR st e §4 AL WA
ooy AR HAR fU AAT 27 el REWEE (Epiobium

angustitolium L.) A, AW (Chamaecyparis obusa (Siebold. et Zucc.)

Endl) &x}, ZwWUS (Sorbus alnifolia (Sieb. et Zucc.) K. Koch) < 2 7}

Ao FEEF &l 2EAAA Fra 4ES £2ldte] NMR, HR-ESI-MS &
ojgste] TxE TR, s}, v, FH B M 5 oI A 24
< AT

TEERE AR 70% EtOH F&=S &ve] S uwet SAHos &9
st n-Hex, EtOAc, n-BuOH ¥ H,0 #g&& 4t F== % &9 +9¢

S. epidermidis 2 C. acnes 1%

3 Fx A #EE S mutansol e o A A A FEE, n-Hex
2 EtOAc #+9 =2 EE dFolA 8 &+ 248 el &3 LPSE
=¥ RAW264.7 AIXE o83 &9 &4 49 23, n-Hex % EtOAc &9
o] 100 pg/mL olst ®flelA AEZEAG glo] NOY S JAlsts Aoz
gelatditt. ol & vtgom F7kdl FY wAUSE A5 7] #18 ELISA 4
S TP, n-Hex #8ES PGE; ¥ cytokine(TNF-a, IL-6)2] A4
S gANTIE As Fs83a, EtOAc w38E2 PGE; B TNF-a°] A4S A

A7) = Aoz Felsdt). sl o-MSHZ A=% B16F10 AZE o] &3 7

A debd A 2 A EZY tyrosinase S AAIAT= Aoz FlEih

weHhEE AGEA 2 2 2 sA-E 3ES n-dodecane (1), lauric
acid (2), ethyl oleate (3), 1-monoolein (4), linoleic acid (5), coriolic acid
(6), ethyl linolenate (7), a-linolenic acid (8), 1-linolenoyl glycerol (9),
15-isopimaren-38,83-diol (10), a~amyrin (11), B-amyrin (12), ursolic acid
(13), oleanolic acid (14), maslinic acid (15), corosolic acid (16), B

-sitosterol (17), b—desmethylsinensetin (18), p—coumaric acid (19), caffeic
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acid (20), (S)-danshensu caffeic anhydride (21)Z 1o, 1
(S)-danshensu caffeic anhydride (21 AAANA Aoz FEd 33
ojt}.

EEuts3 AT ERE AdAdM Agoz Z2¥ (9-danshensu caffeic
anhydride (21)% DPPH radicaloll tha] Atz a<l BHTH Y $-5=3+ vzt
27 Aol e HozZ QA 400 pM o]l T HeelA @Al
NO 44 oA &4 vehdigler, 1G5 #kel 130.3 M= gl ATk 18 i
PGE, ¥ AAZA AIEACI(TNF-q, IL-6)°] tigte] s= oEH o=z AA
A &HE YeErd A ERF 200 M olske] oA AEZEA flo] =9
E4 02 melanin A 2 AXY tyrosinase GA A4S JERNSIY. o A
3o+ ursolic acid (13), oleanolic acid (14)& FA%S F3lo] -3 o
a0l ol dHA Uk

A\ F2 50% e FEE W &) £ Edd digte] ofE 2 e st
Fa Tobddl BEE AREMAL ol & TteAS dotralxl, vk A

Hrd A &3t W

sko] skt

Hu F2k 50% EtOH FE&+ 8o =4 wel ex4 o= g5t
n~Hex, EtOAc, n~BuOH % H.0 #3=& 4t F== R & Z3=9
gaksl 24 Ad Ay FE55 2 EtOAc, n-BuOH & & aaksl 4o
At =8 Aste AHE S epidermidis 2 C. acnes ~L

@)
©
gla A Hgo| #HAE S mutansol| Wg Pt
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" FEAo A BEE 3dgES (A-p-menth-1-en-4,7-diol (1),
(1R,2R,4R)- p~menthane-1,2,4-triol (2), a—eudesmol (3), y—eudesmol (4), B
—eudesmol (5), oplodiol (6), 4-eudesmene—-18,11-diol (7), ent-4(15)-eudes
-men-1a,11-diol (8), 3-eudesmene-1B,11-diol (9), hinokiic acid (10), la
-hydroxy-hinokione (11), 12-methoxy-8,11,3-abietatriene-783,11-diol-3-0
-ne (12), hinokione (13), 1,2-dehydrohinokione (14), la-3B-dihydroxytota
-rol (15), hinokiol (16), isohinokiol (17), sugiol (18), ferruginol (19),
cryptojaponol  (20),  7a,11-dihydroxy-12-methoxy-8,11,13-abietatriene
(21), 7B-hydroxydeoxocryptojaponol (22), 6,7-dehydrodeoxocryptojaponol
(23), trans-communic acid (24), chamaecydin (25), a-linolenic acid
methyl ester (26), a-linolenic acid (27), deoxypodophyllotoxin (28), yatein
(29), hinokinin (30), savinin (31), haplomyrfolin (32), sesamin (33),
aromadendrin (34), taxifolin (35), taxifolin-3-(O-B-D-xylopyranoside (36),
taxifolin—-3- O-a-L-rhamnopyranoside (37), apigenin (38), scutellarein (39),
quercetin (40), quercitrin (41)2.& 3o, la-hydroxy-hinokione
1D+ AdAlNA Aoz a9 sha=olt
AW F22= 5 LE]¥ haplomyrfolin (32)% -3 ABTS' #@tjzd &7 &
ol Au= et e, HY FARNE FoE Sgieols 3EE<d
aromadendrin (34), taxifolin (35), taxifolin—-3-O-B-D-xylopyranoside (36),
taxifolin-3- O-a-L-rhamnopyranopyranoside (37), apigenin (38),

scutellarein (39), quercetin (40) quercitrin (41)& 23 I4IBIGUTIES. &= 45)

drksl aso] dos FJelh 2 g A A, AW FAER
B 283 ferruginol (19), 1,2-dehydrohinokione (14), 7B-hydroxydeoxocry
-ptojaponol (22), trans-communic acid (24), la-hydroxy-hinokion(11),
hinokione (13), 7a-11-dihydroxy-12-methoxy-8,11,13-abietatriene (21), a
—eudesmol (3), 1la-3B-dihydroxytotarol (15), hinokiic acid (10),
12-methoxy-8,11,3-abietatriene-78,11-diol-3-one (12)&< #ldl2 53
gt 2AEs vEHiwth B 39 &4 A3 Ay, W FRESRH E9d

terpenoid 339! compound 14, 11, 17, 22, 13, 20, 157} &34 <1 NO A
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4 oAl & vERlen, ICs #kel 2447+ 2.4, 8.0, 23.2, 23.7, 47.7, 55.9,
62.6 M=z &2l% A}, £3] 1,2-dehydrohinokione (14) ¥ la-hydroxy-hino
—kione (1Dl Wiste] PGE; B AATA AtelE7IQIe] AAG A A4S 13
gk A3, compound 147} PGE; 2 A 54 Ale]E7FQIQlI TNF-q, IL-6= &
ZoEH 0T AAIA I E a7t AS5S &2l o, compound 112 TNF-a
A IL-65 % A2 AjA7|= A Gdsidvt. &3, A T2 5E
7% lignhan?l compound 29, 327} €342 NO A o4 &4 YeRS
o, ICs #tol 27t 0.04, 1.6 uM= FAHAT. F7H o2 HdSd AolE

7H1 % PGEz9 A4 A &4 HAPS Pt Ay}, yatein (29) #
haplomyrfolin (32)°¢] PGE,, TNF-q, [L-6<2 3% oJ&X o s AHJA7|+= a3}

7F oS sy ok A FA2HEEH #Eld terpenoid?] compound

e

18, 19, 21 ¥ 247} mushroom tyrosinase A S B oW [Cs Fhol
2b7k 1915, 376.8, 380.4, 160.9 yM2Z Fal=jglon, o= b4 ulzial
arbutin (ICso 395.8 uM)X.t} tyrosinase A &Alo] $-4=3t& 3FelsSit).

2y ¢l 70% EtOH FE&=& &vie] S4¢ wel &apdez 93
=]

t!

n-Hex, EtOAc, n-BuOH % H,O0 #3I&EE ddr}. FEE 2 & E3E9
ksl g4 Ad A EtOAc 2L p-BuOH 28 Eo|A] kst &ajo] 9438t

g Fsk e, HaCaT AZE o]&ste] HAtsrA(H09= =¥ A=
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