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Abstract

In this study, we investigated anti-oxidative, anti-inflammatory and
anti—bacterial constituents from branches of FElaegnus macrophylla and

Cinnamomum yabunikkei.

Twelve constituents were isolated from the extract of E. macrophylla
branches; ethyl oleate (1), ethyl linolenate (2), oleic acid (3), linolenic acid (4),
1-monoolein (5), 1-linolenoyl glycerol (6), PB-sitosterol (7), catechin (8),
epi—catechin (9), gallocatechin (10), epi—gallocatechin (11), caffeic acid (12).
The chemical structures of the isolated compounds were elucidated based on
the spectroscopic data including NMR spectra, as well as comparison of the

data to the literature values.

Upon the anti-oxidative studies by DPPH and ABTS' radicals, potent radical
scavenging activities were observed in ethyl acetate (EtOAc) and n-butanol
(BuOH) fractions. In the anti-inflammatory tests using RAW264.7
macrophages, the n-hexane (Hex) and FEtOAc fractions inhibited the
production of nitric oxide (NO) without causing cell toxicity. Also, the
extract, n—-Hex, EtOAc and n-BuOH fractions showed anti—bacterial activities
against Staphylococcus epidermidis, Streptococcus mutans and Cutibacterium

acnies.

Three phytochemicals were isolated from the extract of C. yabunikkei
branches; epi-catechin (1), 3'4'-dihydroxy-3,5,6,7,8-pentamethoxyflavone
4'-0O-B-D-glucopyranoside  (2), 74’-dihydroxy-3,5,6,8-tetramethoxyflavone
4'-0O-B-D-glucopyranoside (3). As far as we know, compound 2 and 3 were

identified as a novel compounds found in nature.
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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:0., the extract,
EtOAc fraction and isolated compound 1 indicated protective effects against
oxidative stress. In the anti-inflammatory tests using RAW264.7 cells, the
EtOAc fraction, isolates 2 and 3 inhibited the production of NO without
causing cell toxicity. Moreover, the compound 2 exhibited the prostaglandin
(PG) E; inhibition activity and compound 3 decreased production of interleukin
(IL)-18 and IL-6. Upon the anti-bacterial tests using S. epidermidis and S.
mutans, the extract, n—-Hex, EtOAc and n-BuOH fractions showed activities.
In addition, the contents of epi—-catechin (1) isolated from this plant was
determined by HPLC and the quantity was about 14.0 mg/g for the 70%

ethanol extract and 40.3 mg/g for the EtOAc fraction, respectively.

Based on these results, it was suggested that the extract and isolated
compounds from FE. macrophylla and C. vyabunikkei branches could be
potentially applicable as natural source for pharmaceutical and/or cosmetic

ingredients.
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FarstAl = AA 4 At HA FAsAR vew ¢ e, dAd &4

3tAdl== BHA(butylated hydroxyanisole), BHT(butylated hydroxytoluene),

¢

TBHQ(tertiary butylhydroquinone), PG(propyl gallate) 5.2 €93 g39} 7
A izl FHA o] &xHa ot mAdoR sk kA FAIZF dojA
At Hojgd AE=RY kst a7 e

L2
A% 2, olgaeis ARk B olFoAm A

i

Ae7bA Bag giiEe] dd dsiAds F2 e fdle Edde 3%

propanoid(lignan, flavonoid &)=

EA7IE Ag FEEN g4 At S8 7P dol dibE 34, ek
o BHE Ut e dow ookt spE 5 BS EoklA Z&
a1 rk®

T Astd 2EdAE d5NeS FXAYIVIE S d5Eke> A o
Edo] A e AYedAy 8 33 A4S JdAs " olE Wold)
As w2 Aol AR Hdo] AA o] whgE AF 4 FHdd de= A
24L& E3NA 9528S do? A A E(macrophage) = A 44 &
& dFHrgo] sy, TF X7l nitric oxide (NO), prostaglandin E,

(PGEy), tumor necrosis factor (TNF)-a , interleukin (IL)-18 &< A4 &H|3}t
of AA|ole] a8k 9&8 s} 0

2 A ol A] Alo] EF}Sl (cytokine) ] Y ilpoplysaccharide (LPS)$F #& =&
AZFukS HAFQI ARl nuclear factor (NF)-kBZE #A13} A|7]9, o]+ inducible
nitric oxide synthase (iNOS)¢} cyclooxygenase (COX)-2Z & Al 7] a1, iINOS$}F
COX-2% tAl NO9 PGE,Z2 A3t d5weS dozth(Figure 1. Ank
¢l NO9 A2 wltelgotE FolAY T4 AAANII= T3 &S shA v
ASAEH AN A INOSe 93] #Hidd NO= 958 FdAA =759 &4 74
A o] B AAFELS doFit Egk NF-KkBE w3 &43d Ao]E7RSlS
thA] NF-kBZ &4 3}A1A cytokine cascadeE ZZ &1l AZAHE FAA 7

Iﬂ— 9,11



Pro-inflammatory
cytokine

Transcription
factors

PGE,®

Nitric oxide

LPS": Lipopolysaccharide

TLR42: toll-like receptor 4

NF-xB? : Nuclear factor-kappa-light-chain-enhancer of activated B cells
TNF-a* : Tumor ncerosis factor-alpha

1L-6 : Interleukin 6

IL-1B% : Interleukin 1 beta

COX-27: Cyclooxygenase-2

PGI:,¥: Prostaglandin I3,

iNOS? : Inducible nitric oxide synthase

Figure 1. LPS-induced inflammation pathway.




nl A Eo] WH2alsl|o] dure AL FJAstH A, ST, AT 5
A A Aot
3] K of] dFs Aoy IRAIMMABEL  Cutibacterium  acnes®t

Staphylococcus epidermidis 7} tHEZ olw, o5& v} A& 7o) &3}
A olEm Rl JEES FRATLE of

CE2 BE-AAdA Bt 95 dEo=z A7 AL androgen®] I

A RAe oA, GF B RAE US A/ J=FS o5
q_'IS
7 el ThekE WA Ee] WA gom, ofEd oJuAq AoleAE 1

A7 2L oy Aol wrAlHEY. f 7} Alit S Streptococcus mutansSt
Streptococcus sobrinus7t A7Fe] 74 WA 7H wWo] WA E I 2§90
EA8E F8 delvoew dex Adrk 53] S mutansy glucosyltransferase
2 fructosyltransferase®} #2 9 #Ho] B4E AAksto] My e izi
B 584 glucans AT AAAE E8A glucanS UAE F o] X olo 4]
A 2 FAESE g {r)AkS AAsth o] f7|4te] ofs Fr|He] &3

b dofib Aol A F e oA A% Aohd FAsA AL
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o. A= 3 OH

oAl Alme F= &d 23 3 &4 AR Zgol AHEd EHEe
Merck, OCI ¥ thA@ 3}l #|%ES AFE3F T Vacuum liquid chromatography
(VLC)oll = silica gel (0.002-0.025 mm, Sigma Co.), medium pressure liquid
chromatography (MPLC, Biotage Co.)olli= FlashPure EcoFlex Ciz (220 g,
BUCHI, Switzerland) Z &< Al-83%aL, gel filteration chromatography (GFC)
o] & Sephadex™ LH-20 (0.1-0.025 mm, GE healthcare Co.)& AF&3at9ith &+
¢ Ao AFEHE thin layer chromatography (TLC):= precoated silica gel
aluminium sheet (Silica gel 60 Foss, 2.0 mm, Merck co.)E AF&3& o TLC
ol EelE EdES Felsty] fstel UV lamp (254 nm)E AR&sAL 2
A Aol AAAIZI F heat gung AEStel AXAIZU EA Ao w =
KMnO; &9 (3% KMnO, 20% K>COs 0.25% NaOH) % anisaldehyde (1%
anisaldehyde-5% HySO,)E Al-& 3191t}

etEe] P BAS 98] AFg® NMR (nuclear magnetic resonanace)
spectrometer= JNM-ECX 400 (FT-NMR system, 400 MHz, JEOL Co.)& o] &
st o NMR =4 £vl= CIL (Cambridge Isotope Laboratories, Inc.)2]
NMR & &"l=Z CDCl;, CDsODE AF&3tdth 2ld stgEo il
AF8-% high performance liquid chromatography (HPLC, Alliance 2695, Waters
Co.,)ol+= Kromasil column (100-5-Cis, 250x4.6 mm)S AF&3ta AE7]=

2998 PDA Detector (Waters co.) S A}-&3}%1



2. A9 24 H7}

1) & EY9s &FF 54

% ZYvE $%F 542 Folin-DenisH®S &85t At A4S 9l

(i
i
u

>~
=
ofo
Ol
o

¥+ 714 4 (standard calibration curve)oll = gallic acidE %+

At 1 mg/mL 559 Alg¢ wew® 343 gallic acid % €92 100 pL

o] 719l Folin—-Ciocalteu’s phenol reagent 100 plLE #H7}sle] Abo A 387+ ub

SA713L, 7% (w/v) NaxCOs & 200 uLE 7t &3 & S/ 700 uL=

Yol total volume®] 2 mL7} S =5 38|Aslo] 2o 1A17F &2k HESA]H T

o

o]Z 96 well plate] %% & microplate readerE ©]-&3to] 700 nmolA &3 %=
Ao ddsted A5 1 g 9 g3t A

A4 FA9 r? % 099 ool

i
e
2
ol
ol
2
o

= O ;L Z
W SAHFE 2T AF

K

=3
N

= gallic acid®] %oz Akt

(Figure 2).

y =0.0426x - 0.0252
R2=0.9986

—_
I

I
oo
1

Absorbance (700 nm)
£ =

o
[\S]
1

0 5 10 15 20 25 30
Gallic acid concentration (pg/mL)

Figure 2. Calibration curve of standard gallic acid for determination of total

phenolic contents



% TR rols &% AL Davis 59 WEYS S8t Aoy #
=242 querceting A&ttt 96 well plated] TFEZ 3 A 852 15 plA

23313 ethylene glycol 150 pL¢F 0.1 N NaOH 15 pL= H7}sle] & 180 uL
j

;

7F HEE EFsATh ol & A=Al 1A F9F WESAlZl ¥ microplate reader

= °o]&sto] 420 nmoll M FBEE FASA old AR & EffExolE &

22 quercetin®] FEo| wWE FFE S ol&dle] AAH TE HAH FA
(standard calibration curve)S Ea Fstaew EE= AR FAo r? e 0.99

o] o] A th(Figure 3).

035 1

y=0.0154x - 0.0204
R>=10.999

o e e g

— o [} N

“n S G S
I . I .

Absorbance (420 nm)

0.05 4

0.00 T T T T )
0 5 10 15 20 25

Quercetin concentration (pug/mL)

Figure 3. Calibration curve of standard quercetin for determination of total

flavonoid contents.



(3) DPPH radical &7 &4

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical &7 &4 23 Blois 59
THP0e 3838kl AAlstolth DPPH A%k DMSOE AR&38te] 20 mM 5=
wolal o]5 EtOHS AM&3te] 02 mM=Z 343 5 Ao Al&39t} 96 well
plated] A& Z+7z} 20 L 93 0.2 mM DPPH € 9& 180 plL® 7Fshe] A

o A 30%7F WFE Al AT} o] 3 microplate readerE Abg3to] 515 nmol A FHE

01
10

£ ZASUT radical 24 BAL ThEF L A2 olgalo] %w A

ZF Al &9 radical 2 4 WE o] 50%Y W] AE F%(SCsxh)E oA

&

e
o4 Ase 33 vhE HYs

AAjste] H ks Fetow A ozt
(positive control) BHTZE A}-&-3}1t}.
. . .. AbssampleiAbSblank
Radical scavenging activity (%) = (1— b ) % 100

control

AbScontrol -+ 015 nmol| }‘1 DPPH 2] %%E
Abssample : 515 nmoﬂ /\1 }\] JEJ_S’,]- DPPH E]l—%gllJ gﬂ %%LE
AbSpank - 515 nmoll Al A5 ZA9] FH =



(4) ABTS' radical 24 &4

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] cation radical

7 g4 AP Re 59 WS $83o] AAEYTE. ABTS' radical &4

i X
2,
o
Ay

Ast7] Y8 7.0 mM ABTS €93 25 mM potassium persulfate=
112 &£%35te] A2 2 dholA 16417 Tk vbSA1A ABTS' radicalS A4

AlZAT ABTS' €92 700 nmoll A &3 %7} 0.78+0.027} ¥ =% ethanol® 3|4

5 3A% ABTS' &9 180 puL= H7ksto] A=olA 301+ w8AIH . o] %
microplate reader® AF&3te] 700 nmolAd THEE AN oH

radical &7 &4 WME&o] 50%Y Wel A5 FE(SCso)s ToEAT A d=x
7 (positive control)= BHTE AF&3t¥ 2™ radical 24 &4 o5 22 24

& olgalel %z AT,

Abs A

sample

bsblrmk’ )
Abs

X 100

Radical scavenging activity (%) = (1—

control

AbScontrol - 700 nmoll A ABTS 9] &34 %=
Astample 2700 nmol A AlE ¢ ABTS' lﬂ—%o_ﬂlg/] '1_3‘5761'1;_

AbSpank - 700 nmol A A5 ZA9] FF =

_’IO_



B) NE Bs &3
D HaCaT AlE njF

Immortalised human keratinocyte cell line?] HaCaT cell> Korean Cell Line
Bank (KLCB)Z% ¥ #9F wro}l Ao AFE39 o™, 100 U/mL penicillin, 100

ng/mL streptomycin ¥ 10% fetal bovin serum (FBS)e] &% dulbecco’s

modified eagle’s medium (DMEM) ®¥jX] & A}&3}e] 37T, 5% CO, =7 o2 Hf
ol a, 39 FFASE A wlEFS AASA

[¢]

@ HASpFAa(HO)ZFE 2 AE 4o dd Ax e 33

HaCaT cell& 96 well platee] 1.0 x 10* cells/well2 #F3}aL 37T, 5% CO,
21 Sholl A 24413 Auj etk Al A celle] wiAE A A S A ESA
Brte 249 s istsEaE Agste] st 308 §F ST LAE
A A3kl dulbecco’s phosphate buffered saline (1x DPBS)Z 23] Al 23}t
FBS7} $Hi¥A &2 wi Aol A 8E Agetal sz stoll A 24413 a &3t
MTT assay= AIEZ BE&(%)S Artste] Jisteiz fmd Alx &4l
St

AEREEAE FAsAT

l-H

o

Abscontrol : /\]JEJ'—% @7]’1:5]»21 %}'% HF-2

H
Abssample : /\]-‘EJ—% %7]'@' %%%QHQ %%E

_’I’I_



(1) RAW264.7 A3 vk

Murine macrophage cell line®! RAW264.7 cell2 American Type Cell Culture
(ATCC)ZEH-E FoFwol Ado AL&3F9lom 100 U/mL penicillin, 100 pg/mL
streptomycin®} 10% fetal bovine serum (FBS, Gibco Inc., USA)o] 3tf#
Dulbecco’s modified Eagle’s medium (DMEM, Gibco Inc., USA) A S A}-& 3}
of 37T, 5% CO, Zstol A wigstial 29 HA S 2 A wigS AAs

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

24 well plateo] RAW264.7 cell& 2.0 x 10° cells/well2 #5311 37C, 5% CO.
zZstel A 18A1%F A wiFatdth A v Al cell& 100 ng/mLe| LPS7F 23
H oA 2 uge & ZZF samples A glsko] 244]3F &< wgE At ol % A
d¥ nitric oxide®] ¢& =437l 91l 96 well plateo] AXE “Fs < 100 uLet
Griess Al ¢F(1%  sulfanilamide, 0.1% naphthylethylenediamine in 2.5%
phosphoric acid) 100 pLE &3} 1083F ¥H8-A171 & 540 nmolA] 3 =2
=43 gk AAE N0 %e AE wjkdld Fo] &3t NOy 9 = =A
3t o™ sodium nitrite (NaNOy)& ZTEH=Z
S B8 AFda zEAATA P F2 099 oldeldnt w7 Alm 9
NO A4 As&o] 50%d el A8 F=(1CxHE TaFAth ¥4 tE+*(positive

control) & 2% 2-amino—4-picoline (10 pM)= A}-8-3F

_’|2_



(3) PGE; % AA=A cytokine A oA &4

24 well plateo]l RAW264.7 cellS 2.0 x 10° cells/well2 HF3l1 37T, 5%
CO, xxstoll A 18A%F A wiFatdet. A v AR cells 0.1 2 1 pg/mLe]
LPS7F 234 WA= s $ ZH7} samples A glste] 24A17F &<t vl &3k ad
thoo]F M wig dF A PGE;, ¥ dASA cytokine S 27t PGE,
(R&D Systems, USA), IL-6 (invitrogen, USA), IL-18 (R&D Systems, USA),
TNF-a (BD Biosciences) enzyme-linked immunosorbent assay (ELISA) kitZ
AHgEte] SAstAh SARS 7] BEEd did 2F HdA FAe S

Aetel WMEgR Jepgdon mE A4 349 P ghe 099 o]l

nt

4) ANx 54 H7F (MTT assay)

ME A B7b= MTT (3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide) assayE ©]&3s9th 24 well plateo] RAW264.7 cell& 2.0 x 10°
cells/well2 53831 37C, 5% CO, Z738lol A 18417 1 wj sttt v
A2 cell& 100 ng/mLe LPS7F ¥3hd wfA = w2k § Z42b samples # 2]
ato] 2443F Fok vttt ol % 500 pg/mLe] FEE MTT Al oFS 3 7hato]
37C, 5% COy Z7A 3-4A1%F &t WHEAIZl & A& AASIATE o 7]
DMSOE 7}tste] Aoble= Azt whgste] A7 formazan I AES &2
°] = microplate readerZ ©]-&3 570 nmolA FHFE=ES =AU AE A

&S &y 2o Ao g %= A EAT.

rN o

. . o A Ssample
Cell viability (%) = mx 100

_13_



3) Tt

(1) dFF

g5 A1 Staphylococcus epidermidis (S. epidermidis) 3% CCARM
3709, CCARM 3710, CCARM 37113 Cutibacterium acnes (C. acnes) 3%
CCARM 0081, CCARM 9009, CCARM 90105 aAA W w523 (Culture
Collection of Antimicrobial Resistant Microbes) .2 F-F &¢rtol AFE-351% 2
W ZX el Streptococcus mutans (S. mutans) KCCM 40105 3= n| A&
HZEAE (Korean Culture Center of Microorganisms)=5-E #9Fultol AL-831%1
t}. S. epidermidis= ¥l% vlA|E TSB (tryptic soy broth)® 3d}eo] 37C, 57|43
Z7ANA 24A 7kabek AlY) v SE A, Cooacnese= WY HIAE GAM (gifu
anaerobic medium)2.2 st 37C, €7] = 4817wl At v ekt S
mutans= 1% ¥ %= BHI (Brain Heart Infusion)® 3&te] 37T, 37|14 Z4A<|

A 2441 Zbvket Al v F sk A

(2) Paper disc diffusion method

—~

SEE

oot

o XS =AHs7] 98l paper disc diffusion S A A|Ete] Z; o
sk S AR S &elste}. S. epidermidis (CCARM 3709, 3710, 3711) 2
S. mutans (KCCM 40105)¢] ¥

Aol Wi 15% agarE Easl= 1A wjx] o] Hith wix7} Z2ow AR

T= 24d3lo] 08% agars ET3E AZE

Lol 3= A7 8 mm paper discE 28] 37CoA 2447+ wjeksl &
FAE AS AR A7IE SAHTIY. C acnes (CCARM 0081, 9009, 9010)

= ek 22 e s AAsta 37TCAA 48A1%F F7] wiket & PAE s
S. epidermidis®= 15 x 10° S. mutans= 3.0 x 10° 18312 C acnes= 50 x
10" CFU/mLZ #+% %3dom, 44 thExd 25 erythromycing A3

7.

_14_



(3) MIC (minimum inhibitory concentration)

& Atk MIC 542 oA viAl MY ES HEsto] AFESH 96 well
plate®] two—fold-dilution Mo 2 A8 HEE F w® H3 wjx 100 plL<}
20 x 10° CFU/mLZ =43 & 100 pLs 2olFArt. S. epidermidis 2 S.
mutansi= 37TColA 24X 3F w3t on, C. acnes= 37TColA 48213 &7 =
Astoll A wjgsto] o] FAo] YeuA &= HAAx w=5 el

(4) MBC (minimum bactericidal concentration)

ARG Als SRS Hojulo] 1.5% agarg Egste A|wfA o] =g - S

epidermidis 2 S. mutans+= 37ColA 24A3F w43t o, C. acnes+= 37Tl
A 4A8AIZE 7] st A i Yste] colony7b BAE A e HA FEE FQ
SFA

Abscontrol - AlEE H7FeHA] &2 HHg &d9 FEE

_15_



3. HPLC &3 24

mL/min® F£5O02 408 FoF EASAY. A#HA FAS Y3 xEE<
epi-catechin(sigma., =90%)& AH83FAth. epi-catechin® 50, 100, 200 pg/mL
of TR ARG ARSI or, 7 B peak WHE T HITHAE

ol &3 AFHNE skl HFstsdth(Table 1-2).

rob

_16_



Table 1. HPLC chromatographic conditions of the control factors

Control Factor Conditions

Injection Volume 10 pL

Kromasil 100-5-C;5 (250 x 4.6 mm)
(AkzoNobel)

Column

A: 0.19% Actic acid in H»O,

Mobile phase o
B; Acetonitrile

Flow rate 1.0 mL/min
Column Temperature 40 C
Wavelength 280 nm
Detector Waters 2998 PDA (Waters, USA)
Separation Module Waters 2695 (Waters, USA)

Table 2. Gradient elution condition for HPLC analysis

Time (min) Flow (mL/min) A (%) B (%)
0 1.0 90 10
40 1.0 83 17

_17_



4. A A

2 Y =3 dellA 33 wHE dAsgioen &

Al 2]

AT HEAE BE A
E B4 4 Excel software (version 2019, Microsoft Corp., Washington,
USA)E AH&3ste] student’s t-test® AAlste] 7t dixza3 A A}
= TAIACE on Qlvar dAdst

ole] AA A F p gl 0.05 olskd A=

Atk p < 0.05 “p < 0.01

_18_



B yS(Elaeagnus macrophylla)= B2 5U 5 3 (Elaeagnaceae)o] <3+
AE #E AEZ uig 9 A A A, F2 e T, 43, Brol g
o ;] AAsttt, RedhF 9 ofun He Jddom Ao spgta T

B RhF (leaves) FEE dalAE &4, m9 5o g5 dEA dx
gzl A tFe] methyl linolenateZ} ] ¥ o] w® &/do] -3 A
Hauwo]l 9ok zejvh Bt 7bA (branches) S tiAo & 3 & A

w ATE Ead vprb glom s wEyhy v B91E A A

ﬂd
ofo
P‘L
30
i

(3

Aol Abge ReEyuR PN EHE  492)E AFA dEE F5E
2019 149l AT AE AFAEALHZIEH FHFAL, T3 By

T 7HAE A AxRV|M Axd & Easte] AFEsEI tH(Figure 4).

-

Figure 4. Picture of Elaeagnus macrophylla.
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o,
o,

2]

Mo

)=
RS

M
_I {
5,
m {

2. 7,
D By 7pA e 25 32 & 28
T WHE7IE o] &she] 2ol A 2447 FeE FEEAT FEE AIRE Y o

719} filter paperE o] 43te] sl on, onsla Fe Al tiate] T4
Aoz =% 9 o712 13 vtE Ag31PT) Ao oJde 40 T o]52

rob
BN
N

& Ao A 3A 7 H=7|(rotary vacuum evaporator) & FE3de] FEE
H

1209 g Ath AR FEE T 160 g& THF 10 Lol dgA 7]z, &
7w 7] S o] &3te] FA Ao wiEl £xH oz HE3Elo] p-hexane (7-Hex),
ethyl acetate (EtOAc), n-butanol (7~-BuOH) fractions At} o]¢} #& HH
o2 53] Wt AAsle] FEE F 960 g& &0 #33S th(Figure 5).

Dried branches of Elaeagnus macrophylla 2 kg

70% EtOH 40 L, stirring, 24 h, 2 times

Extract 120.9 g (6%)

Extract 96.0 g
Suspended with H,O
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.

3.5g(3.6%) || 11.0g(11.5%) | | 11.3 g (11.8%) | | 65.9 g (68.6%)

Figure 5. Extraction and solvent fractionation of E. macrophylla branches.

_20_



2) n-Hexane ¥ 3%

n-Hex

n-Hex:EtOAc (0-30%)7} =

10096 MeOH=
VLC fraction

2

J&%-ﬂm;z

i)

S

Ho

(o]

2]

e

)=
RS

o

o

= 23 ¢g
sXske] VLCE

e
ot
ﬂll

w7k ]

&=t F

A

AHAL

Fr. HV14 (92.0 mg)+
ol = 1t} (Figure 6).

rr

Jﬂ

1570 ¢] fractions A
< Fr. HV4 (125.1 mg)+=
o2 gyt Fr. HV6S ©@d 313E2 compound 3 (129.6 mg)
ow Fr. HV10S @< 3}3tE<l compound 4 (424 mg)= el 5

compound 5¢ compound 6°] E3EH o] 2

Ao wet Yr7] el 3 glass columnoll 4
ZgstAct &we] S48
100 mL*

3%

ol

ko3

8247 ¥

tH(Fr. HV1-15).

-

1

n-Hex Fr.23 g

VLC

n-Hex:EtOAc (0-30%),

EtOAc—MeOH (100%),

Step gradient (3%),

100 mL each

Fr. HV4 Fr. HV6 Fr. HV10 Fr. HV14
Fr HVLE el 125 1mg) 7] (129.6 mg) || (42.4 mg) (92.0 mg) Fr. HV1S
Compound 1 \ \ Compound 5
+ Compound 3 Compound 4 +

Compound 2 Compound 6

Figure 6. Isolation of compounds

from E. macrophylla branches.

_2’]_

o e

100% EtOAc<t

compound 13 compound 27} &3t




3) Ethyl acetate 8 &2 &4 A& &

EtOAc 8 %& 50 g& 4o wet A&Esstr] sl &4 silica gel2 F318
glass columng ©]&3te] vacuum liquid chromatography (VLC)E 433}t
Suje] FA4S 5% Eolvs WH oz n-HexEtOAc (0-100%), EtOAc:MeOH
(5-50%)< 7+ 300 mLA &F3te] & 31719 fractions AUTHFr. EV1-31).

VLC fractiong & Fr. EV3 (684 mg)T compound 13 compound 27} &% 5
o] A& ZoR FAHAUTH Fr. EV6 (1289 mg)S CHClMeOH=40:19] & =
A9 2 Sephadex LH-20 column chromatographyS <=333}o] compound 7 (26.8
mg)S A3tk Fr. EV7S @ 3sHE<] compound 3 (97.1 mg) o & 3lE o Fr. EV9
= o2 FerEel Compound 4 (H5 mg)E ERIFAE Fr. EV13 (458 mg)
compound 5% compound 127} Z3tH o] A& FHoz FHU Fr. EVI14
(474 mg)x= &< 3tstE<l Compound 622 el¥ At Fr. EV17 (55.8 mg)d}
Fr. EV18 (89.9 mg)& Compound 8% Compound 97} &3t5 o] &= Aoz &
o1E At Fr. EV19-2 (2062 mg)e CHCl;MeOH=4:19] &1 %27 9 2 Sephadex

¢

LH-20 column chromatographyS 4-33}%] compound 107} compound 11 &3H&=
(31 mg)es Tt tHFigure 7).
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EtOAcFr.5.0 g

VLC

n-Hex:EtOAc (0-100%), EtOAc:MeOH (5-50%)
Step gradient (5%), 300 mL each

FrEV1 |- Fr.EV3 | | Fr.EV6 Fr.EV7 | | Fr.EV9 | | Fr.EVI3
’ (68.4 mg) (128.9 mg) (97.1 mg) (35.5mg) (45.8 mg)

Sephadex LH-20 CC
CHCl;:MeOH=40:1

Compound 1 Compound 7 Compound 3 Compound 4 Compound 5

+ (26.8 mg) +
Compound 2 Compound 12
Fr.EV14 Fr. EV17 Fr. EV18 Fr. EV19 + EV20 Fr. EV31
474mg) || (55.8mg) (89.9 mg) (205.2 mg) ’
Sephadex LH-20 CC
CHCI3:MeOH=4:1

Compound 6  Compound 8 Compound 8

Compound 10
+ + +
Compound 9 Compound 9 Compound 11
(3.1 mg)

Figure 7. Isolation of compounds from E. macrophylla branches. (VLC)
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1) Compound 13} Compound 29 T+% &4

Compound 12¢] ®C NMR spectrum®l 4] §¢ 174.1 932 E E3&) 3 719 carbonyl
. §c 130.0, 1285 I A=
Fal shufe] olFAdto]l AS Ao=R JdstAY. wek &y 410 (2H, q, J=7.3

Hz) 2 §c 604 9 2Z Z3] A7SAHAE7F 2 A4 7F Bojgle sp’EA carbonol

Q
=
o
c

(s}
o
Sh
)
=
=2
ke
i
)
2
%0
ftlo
P
o
AL
£
o2

ol

ol
&
o

ASS s, 6y 0.86 (BH, m) % &¢ 145 y=2E E&] 3 79 methyl
group®] Y AoT Gt o2 wgow FIAPMa wlwd Ay

compound 1< ethyl oleate &= 2215 ) h(Figure 8-10, Table 3).

Compound 2+ NMR dataZE %3 compound 13 fA}eE -2 & o438t o,
BC NMR spectrumel 4] 1322, 130.5, 130.2, 128.5, 1279, 127.3 9= Z Ea) A
Aol olFAF ] = Aoz e ols wygom FAPy wwd Ay

compound 2% ethyl linolenate® 2F¢l 5 9l tH(Figure 9-11, Table 3).

O

R )MWV
20/\0 1 —

Compound 1

O

19 )WQ 10 1213 15 16
20> — — —

Compound 2

Figure 8. Chemical structure of compound 1 and 2.
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Table 3. 'H and *C NMR data of compound 1 and 2 (400 and 100 MHz)

Compound 1 Compound 2
o Su(int., multi., J Hz) 8c Su(int., multi., J Hz) 8¢
1 1741 1741
2 2.26 (2H, t, 7.6) 34.6 2.26 (2H, t, 7.6) 34.6
3 1.61-1.58 (2H, m) 25.2 1.61-1.58 (2H, m) 25.2
4 274 274
5 29.3 29.3
6 29.6 29.6
7 29.9 29.9
8 2.08-1.98 (2H, m) 274 2.08-1.98 (2H, m) 274
9 5.36-5.31 (1H, m) 130.0 5.36-5.31 (1H, m) 132.2-127.3
10 5.36-5.31 (1H, m) 128.5 5.36-5.31 (1H, m) 132.2-127.3
11 2.08-1.98 (2H, m) 25.2 2.08-1.98 (2H, m) 25.2
12 30.0 5.36-5.31 (1H, m) 132.2-127.3
13 29.8 5.36-5.31 (1H, m) 132.2-127.3
14 29.7 2.08-1.98 (2H, m) 274
15 29.5 5.36-5.31 (1H, m) 132.2-127.3
16 29.4 5.36-5.31 (1H, m) 132.2-127.3
17 22.9 2.08-1.98 (2H, m) 22.9
18 0.86 (3H, m) 14.3 0.86 (3H, m) 14.3
19 4.10 (2H, q, 7.3) 60.4 4.10 (2H, q, 7.3) 60.4
20 0.86 (3H, m) 14.5 0.86 (3H, m) 14.5
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2) Compound 39 +% A

Compound 3¢ C NMR spectrumel 4 % 1870 ¢] carbon ¥ =7} #ZE Ao
S 1799 3325 &3 3 /19 carbonyl groupe] ExF Wol E3E o] ¢SS
ol dsheltt. mEdE, 6c 1302, 1299 M AE Fdf o] o]e Aol & Aom
oAt o, 6y 0.86 (BH, m) 2 &c 14.3 =2 E F3] 3 7§ methyl group<
e P22 qAstdn ol s g o® F3*y uag A3, compound 3

< oleic acid® &9l ¥ ¢ th(Figure 11-13, Table 4).

bl
i
Ot

Figure 11. Chemical structure of compound 3
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Table 4. 'H and *C NMR data of compound 3 (400 and 100 MHz)

Compound 3
No.
Sulint., multi., J Hz) Sc

1 179.9
2 2.33 (2H, t, 7.6) 34.2
3 1.66-1.57 (2H, m) 24.9
4 29.3
5 29.4
6 29.5
7 29.9
8 2.06-1.97 (2H, m) 27.4
9 5.37-5.32 (1H, m) 129.9
10 5.37-5.32 (1H, m) 130.2
11 2.06-1.97 (2H, m) 27.4
12 29.9
13 29.7
14 29.8
15 29.6
16 32.1
17 22.9
18 0.86 (3H, m) 14.3
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Figure 13. ®C-NMR spectrum of compound 3 in CDCls
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3) Compound 49 +% &4

Compound 4+ C NMR spectrumol] Al & 187§¢] carbon ¥ =7} #&HH o
o §c 1794 3135 E3 3 7l carbonyl group®] A Wol E3tE o] S
sttt ek §¢ 132.2, 130.5, 1285, 128.4, 128.0, 127.3 I 2 E &3l A 71¢
o]z Al A& Ao ddatden, §y 096 (3H, t, J=7.6 Hz) 2 6 145 9

2 23] 3t 789 methyl groupS E3Hstal U= FXE GAEATE o] nv}

=
go g RHYa vt 23} compound 4% linolenic acid® 2<¢1% 9 tHFigure

14-16, Table 5).

Figure 14. Chemical structures of compound 4
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Table 5. 'H and ®C NMR data of compound 4 (400 and 100 MHz, CDCls)

Compound 4
No.
Sulint., multi., J Hz) Sc

1 1794

2 2.32 (2H, t, 7.6) 34.1

3 1.63-1.57 (2H, m) 29.9-29.2
4 29.9-29.2
5) 29.9-29.2
6 29.9-29.2
7 29.9-29.2
8 2.09-1.98 (2H, m) 274

9 541-5.26 (1H, m) 132.2-127.3
10 541-5.26 (1H, m) 132.2-127.3
11 2.80-2.77 (2H, m) 25.8

12 541-5.26 (1H, m) 132.2-127.3
13 541-5.26 (1H, m) 132.2-127.3
14 2.80-2.77 (2H, m) 25.7

15 541-526 (1H, m) 132.2-127.3
16 541-5.26 (1H, m) 132.2-127.3
17 2.09-1.98 (2H, m) 20.8

18 0.96 (3H, t, 7.6) 145
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4) Compound 5% 69 +x A

Compound 5¢] C NMR spectrum®l 4] &¢ 1746 3 A E E3& 3 71¢] carbonyl
groupe] A Well EFHE o] S st o, ¢ 1304, 1302 A5 F
ste] olFAdd o] S ASE oAt E3 6y 419 (1H, dd, J=11.9, 4.6
Hz), 413 (1H, dd, J=11.5, 6.0 Hz), 391 (1H, m), 3.68 (1H, dd, J=11.5, 4.1 Hz),
358 (1H, dd, J=115, 6.0 Hz) 3= e} §: 654, 705, 635 I AE T3l A7 =

7} 2 a7t B9l sp’EA carbono]l e RO s, &y 0.86 (3H,

t, J=6.6 Hz) ¥ &c 143 3125 F3 3 719 methyl groups> X3t = +
z2  qAastdn. o wigow E3H®y wwd A compound 5E
1-monoolein®. & 215 ¢l th(Figure 17-19, Table 6).

Compound 6= NMR dataZs %3] compound 59 FAFSF 22 o431 o,
Sc 1322, 130.4, 1285, 1284, 1280, 127.3 ¥ A= ZFa A 7|2 olFAT o] A=
TZ22 dqAstgr. o2 wygow FaA¥y mwd A3 compound 6

1-linolenoyl glycerol2 215 A th(Figure 17-19, Table 6).

(@]
3 > 1 9 10
Ho/\(\o 1
OH
Compound 5
(@]
3 > 1 9 10 12 13 15 16
Ho/\(\o 1 - - -
OH
Compound 6

Figure 17. Chemical structure of compound 5 and 6
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Table 6. 'H and *C NMR data of compound 5 and 6 (400 and 100 MHz)

Compound 5 Compound 6

o Sulint., multi., J Hz) 5c Sulint., multi., J Hz) Sc

1 2.33 (2H, t, 7.6) 174.6 2.33 (2H, t, 7.6) 174.6
2 1.61 (2H, m) 34.3 1.61 (2H, m) 34.3
3 25.1 25.1
4 29.5 29.3
5 29.5 295
6 29.7 30.0
7 29.8 29.9
8 274 2.02 (2H, m) 274
9 5.34 (1H, m) 130.4 5.34 (1H, m) 132.2
10 534 (1H, m) 130.2 534 (1H, m) 127.3
11 25.1 2.78 (2H, m) 25.7
12 29.9 534 (1H, m) 1285
13 29.6 5.34 (1H, m) 128.4
14 29.8 2.78 (2H, m) 25.8
15 29.4 5.34 (1H, m) 128.0
16 32.1 5.34 (1H, m) 130.4
17 229 2.02 (2H, m) 20.8
18 0.86 (3H, t, 6.6) 14.3 0.95 (3H, t, 7.3) 14.3
X 4.19 (1H, dd, 11.9, 4.6) 65.4 4.19 (1H, dd, 11.9, 4.6) 654

4.13 (1H, dd, 11.5, 6.0) 4.13 (1H, dd, 11.5, 6.0)

2! 3.91 (1H, m) 70.5 3.91 (1H, m) 70.5
5 368 (1H, dd, 11.5, 4.1) 635 3.68 (1H, dd, 11.5, 4.1) 635

358 (1H, dd, 11.5, 6.0)

358 (1H, dd, 11.5, 6.0)
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5) Compound 72 +% &4

Compound 7-& ¥C NMR spectrumol| A 2971 €] carbon ¥ =} methyl proton¢!
% 6719 6y 098 (3H, s), 090 (3H, d, J=6.9 Hz), 0.82 (3H, t, J=7.3 Hz), 0.81
(3H, d, J=7.3 Hz), 0.79 (3H, d, /=6.9 Hz), 0.66 (3H, s) 3 A& &3l sterol A&
I EAS dAdstarh. =3 §¢ 141.0, 1219 ¥ =2E Fa o]z A7 o] g 7

S gAetE A, ¢ 720 T AE T AR 2 Aav Ag8E pf &

Lo

facs
dlo

d carbon¢] U= oSttt olE wEe=® F3 ¥ Hluwg A3} compound

72 B-sitosterol® Q1= A th(Figure 20-22, Table 7).

Figure 20. Chemical structures of compound 7
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Table 7. 'H and ®C NMR data of compound 7 (400 and 100 MHz, CDCls)

No. Compound 7
Sulint., multi., J Hz) Sc

1 37.5
2 31.9
3 3.50 (1H, m) 72.0
4 42.5
5 141.0
6 533 (1H, d, 55) 121.9
7 32.1
8 32.1
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 56.3
18 0.66 (3H, s) 12.1
19 0.98 (3H, s) 20.0
20 36.4
21 0.90 (3H, d, 6.9) 19.0
22 34.2
23 26.3
24 46.0
25 29.4
26 0.81 (3H, d, 7.3) 19.6
27 0.79 (3H, d, 6.9) 19.3
28 23.3
29 0.82 (3H, t, 7.3) 12.2
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6) Compound 8% 9¢] +x A

Compound 8% Compound 99 &3t Fej2 2z =HArt 'H NMR spectrum
oA 6y 6.84 (1H, d, J=1.8 Hz), 6.76 (1H, d, J=8.2 Hz), 6.72 (1H, dd, J=82,
1.8 Hz) 9= 9] coupling constant #<S &3 A= ortho-¢ meta— coupling=
3Fal 9l& aromatic proton®] UYeS dArsIF oM &y 5.86 (1H, d, J=2.3 Hz)3}
593 (1H, d, J=2.3 Hz) 3]=2] coupling constant #t< &3 meta—coupling= 3}
i 0¥ aromatic ringo] 2} W]l EA)a Q&S oS AT 5y 456 (1H,
d, /=73 H2)¢} 418 (IH, m) I+ A7ISAAE7F & Yo e carbonel
AgtE o] & protono®  JAETE o]E nigow EFy muwd Ay}
compound 8- catechin®. 2 Q1% %l th(Figure 23-25, Table 8).

Compound 9% compound 83 A8 Fx& daaden, 'H NMR
spectrumol A 6y 482 (1H, s) ¥YIE T3 flavonoid 3 $IFe] ZAgH
hydroxy7]el 14l %7} t& Aolgt o st ol & wEoz 3%y nu
3t A3} compound 9+ compound 82 YA o] A A epi-catechin® 2 215

A oHFigure 23-25, Table 8).

Compound 8 Compound 9

Figure 23. Chemical structure of compound 8 and 9
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Table 8. 'H and *C NMR data of compound 8 and 9 (400 and 100 MHz)

Compound 8 Compound 9

o Sulint., multi., J Hz) 5c Sulint., multi., J Hz) Sc

2 456 (1H, d, 7.3) 83.0 4.82 (1H, s) 80.0
3 4.18 (1H, m) 69.0 4.18 (1H, m) 67.6
4 2.85 (1H, dd, 16.0, 5.5) 087 2.86 (1H, dd, 16.3, 4.6) 90.4

250 (1H, dd, 16.3, 8.2) 2.74 (1H, dd, 16.9, 2.8)

5 157.1 158.2
6 586 (1H, d, 2.3) 96.4 594 (1H, d, 2.3) 96.5
7 158.1 157.8
8 593 (1H, d, 2.3) 95.6 592 (1H, d, 2.3) 96.0
9 157.7 1575
10 100.9 100.2
1 132.3 132.4
2 6.84 (1H, d, 1.8) 115.4 6.97 (1H, d, 1.8) 1154
3 146.4 146.1
4’ 146.4 1459
5’ 6.76 (1H, d, 8.2) 116.2 6.76 (1H, d, 82) 116.0
6’ 6.72 (1H, dd, 82, 1.8) 120.2 6.80 (1H, dd, 8.2, 1.8) 119.5
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Figure 24. 'H-NMR spectrum of compound 8 and 9 in CD;0D
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7) Compound 103 119 % %A

Compound 10 Compound 113 Egg¥ FH= Zg¥Av. 'H NMR
spectrum®l A 6y 592 (1H, d, J=2.3 Hz)¢} 586 (1H, d, J=2.3 Hz) =9
coupling constant #< %3 meta— couplingS 3dFil Y+ aromatic ring®] A}
el &A1t J5S oddstdnt 6y 640 (CH, s) A9 AR FS S8 oA

| 7datslaL, Sy 453 (1H, d, J=6.9 Hz)¢} 4.16

%9 aromatic proton®] U<

o
2

(1H, m) Y3+ A7|SA=7F 2 920 2143 carbonol ZA¥HE o] U+ proton
o7 sttt ols wEoeRm ¥y wlwd AP compound 10
gallocatechin®.2 2215 2l th(Figure 26-28, Table 9).

Compound 112 compound 103 A Fx=2 daetgden, 'H NMR
spectrumol A &y 475 (1H, s) ¥ =3ZE %3] flavonoid 3 X0 AgH
hydroxy7]el 14l #+%7} ©& Aolgt ddstdr). ol & v oz Fa¥n njau
st A3} compound 11> compound 102] Ao @A Q1 epi-gallocatechin & =

3kol 5] 9l tH(Figure 26-28, Table 9).

Compound 10 Compound 11

Figure 26. Chemical structure of compound 10 and 11
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Table 9. 'H and *C NMR data of compound 10 and 11 (400 and 100 MHz)

Compound 10 Compound 11
o Sulint., multi., J Hz) 5c Sulint., multi., J Hz) Sc
2 453 (1H, d, 6.9) 83.0 475 (1H, s) 80.1
3 4.16 (1H, m) 68.9 4.16 (1H, m) 67.7
2.81 (1H, dd, 156, 4.6) 583 2.84 (1H, dd, 16.5, 4.6) 993
250 (1H, dd, 16.3, 7.8) 2.73 (1H, dd, 16.9, 2.8)
5 158.0 158.2
6 592 (1H, d, 2.3) 96.4 593 (1H, d, 2.3) 96.5
7 157.8 157.8
8 586 (1H, d, 2.3) 95.6 591 (1H, d, 2.3) 96.0
9 157.0 1575
10 100.8 100.2
1 131.7 131.7
2', 6’ 6.40 (2H, s) 107.3 6.51 (2H, s) 107.1
3 147.0 146.8
4’ 131.7 133.7
5 147.0 146.8
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Figure 27. 'H-NMR spectrum of compound 10 and 11 in CDsOD
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8) Compound 129 +% &4

Compound 12%¥ BC NMR spectrumelA &c 1693 =2 E3] 3 749
carbonyl group®] d+¥ Ao=Z daetgdoen 'H NMR spectrumel Al &y 7.03

(1H, d, /=1.8 Hz)¢} 6.78 (1H, d, J=8.2 Hz), 694 (1H, dd, /=8.2, 1.8 Hz) ¥ =

rr

9] coupling constant #<S T3 A Z ortho-9¢ meta- couplingS &t U
aromatic proton®] AL oAFsFI T T Sy 624 (1H, d, J=16.0 Hz)¢} 752
(1H, d, J=16.0 Hz) ¥ =¢] coupling constant &< %3 trans—formo 2 AZAH

o]F 43 carbondl Eo]9E protonO ® o AStATH o] & wiglom EEMu

El
ro

A3} compound 12% caffeic acid2 #2135 I th(Figure 29-31, Table 10).

Figure 29. Chemical structures of compound 12
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Table 10. 'H and C NMR data of compound 12 (400 and 100 MHz, CDs;OD)

Compound 12

No.
Sulint., multi., J Hz) Sc

1 130.9
2 7.03 (1H, d, 1.8) 115.2
3 146.8
4 149.7
5) 6.78 (1H, d, 8.2) 116.7
6 6.94 (1H, dd, 8.2, 1.8) 123.1
7 6.24 (1H, d, 16.0) 147.0
8 752 (1H, d, 16.0) 115.7
9 169.3
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Figure 31. ®C-NMR spectrum of compound 12 in CD;0D
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4. Beiiuy 7] 58 2 28e &

o
1
jakcil
Ny
%)

F ZYdE FHFe BT EZ gallic acidd AR TAAE o] &3t Byt

29 1 g3 Tl Y= gallic acide] 4 (GAE; gallic
acid equivalent) .2 Ztste]  yElYTh 23 23, EtOAc 8 =0
225.3+0.8 mg/g GAE, n-BuOH 3 =°] 2052+0.6 mg/g GAEZ =2 Z¥d =
S et At (Figure 32).

300 ~

250 4
225.3

205.2
200 4

139.3
100 +

50 4
27.5

Extract n-Hex EtOAc  n-BuOH H,0

Total phenolic contents (mg/g GAE)

(=}
i

Figure 32. Total polyphenol contents of extract and solvent fractions from FE.
macrophylla branches. The data represent the mean * SD of triplicate

experiments.
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33l A+ quercetin® ¥ (QE;
quercetin equivalent) 2.2  24tsto] YElUIATY. A3 A3, EtOAc & E9]
[e3]

20.0+15 mg/g QER #3& F /M & EFdRxol= IEE YEUAY

=

(Figure 33).

50 ~
40 A

30 4

192 20.0
20 4
12.5
10 4 7.8
J :

Extract n-Hex EtOAc  »-BuOH H,0

Total flavonoid contents (mg/g QE)

Figure 33. Total flavonoid contents of extract and solvent fractions from E.
macrophylla branches. The data represent the mean * SD of triplicate

experiments.
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(3) DPPH radical &7 &4

5

ot

B 7px e FEE 9 859 DPPH radical 274 &84S =4
.7 A8 125-200 pg/mLe] xR AYS Agstgdon zhzte] gk SCy
S ARG, 28 Ay FEE3 EtOAc, n-BuOH ®3 &2 SCs kel 7+
7y 727, 303, 76.4 pg/mL=E, WFel BHT (SCx : 795 pg/mL)Rth $-5=3
DPPH radical 24 &4-& Ve oh(Figure 34, Table 11).

d

o

ol

)

B125uymL 925 ug/mL ®50 pg/mL 100 pg/mL 200 pg/mL

| ﬂﬂHmﬂ

Extract n-Hex EtOAc n-BuOH

P T R
e & o S
L L

=N
=)

DPPH radical Scavenging activity (%)
8 8 & 8

S

S

BHT

Figure 34. DPPH radical scavenging activities of extract and solvent fractions
from E. macrophylla branches. 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 of extract and

solvent fractions from E. macrophylla branches.

Extract n-Hex EtOAc n-BuOH H,0O BHT

SCso
(ng/mL)

2.7 >200 30.3 76.4 >200 79.5
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(4) ABTS' radical &7 &A

Bty 7k o] 255 9 28 E diste]l ABTS' radical 271 245 =
Aokt 2 Alg+ 3125-50 ug/mLe] w22 AdS sty o, Ztzbe] 4
Sk SCs #ts AR 23 2y, 559 EtOAc, n-BuOH &3 &E2] SCs
grel Zh7b 125, 69, 79 ng/mL=E $-53% ABTS' radical &7 245 e
tH(Figure 35, Table 12).

3125 pg/mL Y625 pg/mL ®12.5 pg/mL @25 pg/mL ™50 pg/mL

80 4
60 +
40 A

Extract n-Hex EtOAc n-BuOH H,0 BHT

ABTS" radical scavenging activity (%)

Figure 35. ABTS" radical scavenging activities of extract and solvent fractions
from E. macrophylla branches. The data are expressed as a percentage of

control and represent the mean + SD of triplicate experiments.

Table 12. SCsy values of ABTS' radical scavenging activities of extract and

solvent fractions from E. macrophylla branches.

Extract n-Hex EtOAc n-BuOH HO BHT

SCso
(ng/mL)

125 >50 6.9 7.9 29.2 7.3

_5‘]_



(1) Nitric oxide (NO) A A &4

™

&3}
=< 100
g/mL §%= o]kl Al FAgle] T oEAE NO A4S AL, ICs

e 247 222, 380 ug/mLE ¢l 5 A tH(Figure 36, 37).

AT, n-Hex EHFE AZHAo] eh} FH99 FroA 49
B

o]slo A, EtOAc 9

A . PN
120 - ® NO production (%) Cell viability (%) 120

]

. °
I

100 s

*
*

4 100
1 80
60 1 60

1 40

NO production (%)
Cell viability (%)

1 20

LPS (100 ng/mL) - + + + + + + +
Sample (100 pg/mL) - - Extract n-Hex EtOAc #»-BuOH H,O 2-Amino-
4-picoline

Figure 36. Effects of extract and solvent fractions from FE. macrophylla
branches 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
extract and solvent fractions from E. macrophylla branches and
2—amino—4-picoline (positive control, 10 uM) for 24 h. The data are represent

the mean + SD of triplicate experiments. ‘p < 0.05; “p < 0.01
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B NO production (%)  * Cell viability (%)
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20 o w120
o LD ‘ ‘ I e 0
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4-picoline

B NO production (%) * Cell viability (%)
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B 60t o 160 .S
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40 140 o
S @)
Z Bk
20 120
| -
0 : i |
LPS (100 ng/mL) - + + + + + +
EtOAc Fr. (ng/mL) - - 12.5 25 50 100 2-Amino-
4-picoline

Figure 37. Effects of n-Hex and EtOAc fraction from FE. macrophylla
branches 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
n-Hex and EtOAc fraction from FE. macrophylla branches for 24 h. The data

are represent the mean * SD of triplicate experiments. p < 0.05; “p < 0.01
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(2) A=A cytokine (TNF-a) A4 A &4

BEldhue 74 n-Hex w859 &9 &4 714d& d738H7] 9@l ELISA kit
£ o] &3t PGE, ¥ #9354 cytokine A HFS FA 3t 3
EfubA] 9k FEQl 125, 25, 50 ng/mLE o3ty A¥S 3y Ay, wayt
U 7HA n-Hex #8EL TNF-a9 PSS adH oz A A7|= 2oz 3

213} A v (Figure 38).

—_
(=3
=]

3
(=]
T

TNF-a production (%)

0
LPS (100 ng/mL) - + + + +
n-Hex Fr. (ng/mL) - - 12.5 25 50

Figure 38. Effect of n—-Hex fraction from E. macrophylla branches on TNF-a
production in LPS—-induced RAW?264.7 cells. The data are represent the mean

+ SD of triplicate experiments. “p < 0.05; “p < 0.01
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3) &t

(1) Paper disc diffusion method

guel FF BAE FAs) A8 AR

i

Bevhuy b4 FEE 2 &
A1t Staphylococcus epidermidis (CCARM 3709, 3710, 3711), oJ=&3r<l
Cutibacterium acnes (CCARM 0081, 9009, 9010) % Zx|3¢l Streptococcus
mutans (KCCM 40105)& AF&314] paper disc diffusion method® clear zone<
gdatdnt. 1 Ax FEE% HO0 #9&ES AYst BRE 298 S

epidermidis®] ™3k Hol AFI A &S e A tHFigure 39, Table 13).

Figure 39. Results of paper disc diffusion method of extract and solvent

fractions from branches of E. macrophylla on S. epidermidis and S. mutans.
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Table 13. Anti-bacterial activities of extract and solvent fractions from E.

macrophylla branches

Clear zone (mm)

S. epidermidis C. acnes S. mutans
CCARM CCARM CCARM i CCARM CCARM CCARM KCCM
3709 3710 3711 0081 9009 9010 40105
Extract 11 10.5 10 N.A. N.A. N.A. N.A.
n-Hex 95 85 N.A. N.A. N.A. N.A. 12
EtOAc 13 12 11 10 11 N.A. 16
n-BuOH 135. 12 11. N.A. 10 N.A. N.A.
H>0 N.A. N.A. N.A. N.A. N.A. N.A. N.A.
positive
35 N.A. 30 50 N.A. N.A. 46
control

Sample : 4 mg
Positive control : Erythromycin(+) (40 pg)
Disc size : 8 mm x 1.5 mm

N.A. : No Activity
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(2) MIC %2 MBC

Paper disc diffusion®< %3] a+ FAS 013 3 IS yEld A 5o

R

i (

g F71do2 FHA 94 T (minimum inhibitory concentration, MIC) %
HA A % (minimum bactericidal concentration, MBC)S =43¢t 2 ¥
& A= FEE twofold-dilution® &2 F w4 3| AetHA AT
S. epidermidis 2 S. mutans= 7MY =<2 X5 4000 pg/mLE sto] 7w
L F%7F 39 pg/mL7t HEE o, C acnest 7HE =& FEE 10000 n
g/mL& sto] 7P v FwX7F 98 ng/mL7t == sMste] dgstaih

1 Ay, S epidermidis®] 75 FEEY EE S8 EdA 4

FEE53 HO0 2FES Azt e B3 &9 MIC, MBC 32 &gt 4= %
CH(Table 15). S. mutans® 4% F+&E3 n-Hex, EtOAc, n-BuOH & & & A
MICE &Qlstsla 1 o9 &

7}, n-Hex 2 EtOAc #&8 &4 MBC #< &

r (o]
et
-y
%0
2
=
—
job)
=5
%)
—_
S
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Table 14. MIC and MBC values of FE. macrophylla branches on S

epidermidis.
S. epidermidis
CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC

Extract 500 1000 500 4000 500 2000
n-Hex 2000 >4000 2000 >4000 2000 >4000
EtOAc 250 1000 1000 2000 1000 1000
n-BuOH 250 2000 250 2000 250 1000
H:0 1000 >4000 1000 4000 1000 4000

Unit © pg/mL

Table 15. MIC and MBC values of E. macrophylla branches on C. acnes.

C. acnes
CCARM 0081 CCARM 9009

MIC MBC MIC MBC

Extract 10000 10000 10000 10000
n-Hex 5000 5000 10000 10000
EtOAc 1250 1250 2500 2500
n-BuOH 1250 1250 5000 5000
HO >10000 >10000 >10000 >10000

Unit : pg/mL

Table 16. MIC and MBC values of E. macrophylla branches on S. mutans.

S. mutans
KCCM 40105

MIC MBC
Extract 4000 >4000
n-Hex 500 4000

EtOAc 2000 2000
n-BuOH >4000 >4000
H->0 >4000 >4000

Unit : pg/mL
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ol
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2
HE
iy

B oA Ry A FEE JE % PF AWM 54

=
Aekst] Sla s Ae B4 493 4R ATE AP

3

Ol
o

M

Heyut 74 70% EtOH FE&<5 & =40 we} $x3 o=
o] n-Hex, EtOAx, n~rBuOH % H,0 #3 &5 At o] T+ nHex, EtOAc
352 VLC ¥ Sephadex LH-20 column chromatographyS <Fa3ste] ©d &
A Heath Bgd v¢d 22 'H 2 "C NMRE ol &3te] ggge] ¢

25 A4F F BN nwste] & 1249 HHES $H59

i

w23t 31352 ethyl linolenate (1), ethyl oleate (2), oleic acid (3), linolenic
acid (4), 1-monoolein (5), 1-linolenoyl glycerol (6), B-sitosterol (7), catechin
(8), epi-catechin (9), gallocatechin (10), epi-gallocatechin (11), caffeic acid
(12)& &< HAt

By 7hx e &atsl 243 Ay, EtOAc, nBuOH ¥ &9 F Zg|¥=
ko] z}z} 2253, 205.2 mg/g GAEZ YEstow, DPPH % ABTS' radical %
g4 AgoA EtOAc , nrBuOH #+3 &2 tjx2+< BHTREUY $-F3AY
GAFS radical 24 A4S YEY T Compound 8, 9, 10, 11& T3 S E3)

ot

)

-Hex, EtOAc #&=0°] B34S NO A4 oA 4=

11
b3, n-Hex B ES TNF-a9 A4S Zixoz oA Aoz &
A 6 <]

vt A S el s mFE A AT Staphylococcus  epidermidis
(CCARM 3709, 3710, 3711), =X*]3t<l Streptococcus mutans (KCCM 40105) 1
gla o] =53t Cutibacterium acnes (CCARM 0081, 9009, 9010)Z o]-&3}<]
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5t 3HAF W (paper disc diffusion method)S %3k A% %3}t (clear zone),
2 94 F% (minimum inhibitory concentration, MIC) % A AlE FT%
(minimum bactericidal concentration, MBC)E A3ttt 1 A3, HEyhvi
A FEE 2 BEES S epidermidise] W3 93 S YEFAS S
H, C acnes®l gt d3 A= EtOAc, o], S. mutans®| T3k

n =
Ao = n-Hex, EtOAc ¥ 8 Eo] 3t FA S Yel

-
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Figure 40. Pictures of Cinnamomum yabunikkei
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=, == H 3 S \n 9
2. 7%, &8 4 24 AF &

D AT AAe] F% 2 gul 23

& Aol 3 A 7t H=7)(rotary vacuum evaporator)® FE3dlo] FEE
1415 g& AU Ao FE2E F 174 ¢& S/ 1.0 Lol dEgA71a, &9
7w 71 S o] &3] FA Ao wEl £xH o R FE3Elo] p-hexane (7-Hex),
ethyl acetate (EtOAc), n-butanol (7~-BuOH) fractiong At} o]¢} 7& HH
o2 63 Wty AAsle] FEE F 1218 g& &7 3353 tH(Figure 41).

Dried branches of Cinnamomum yabunikkei 1.1 kg

70% EtOH 20 L, stirring, 24 h, 2 times

Extract 141.5 g (12.8%)

Extract 121.8 g

Suspended with H,O

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
6.0 g (4.9%) 16.2 g (13.3%) | | 40.8 g (33.5%) 49.6 g (40.7%)

Figure 41. Extraction and solvent fractionation of C. yabunikkei branches.
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2) Ethyl acetate ¥ 3 &9] &4 A& H

(1) VLCol <3t &2 74

EtOAc 385 49 g& Ao wg a8 0z AEsIs7] Y& glass column
of <% silica gel® X 3}e] vacuum liquid chromatography (VLC)E =3 d}
Aok fule] SAHE 5%Y  Eolv WWHoeR  p-HexEtOAc (0-100%),
EtOAc:MeOH (5-50%)< 7 300 mL* %3t ZF 317019 fractions L ATH
(Fr. EV1-31).

VLC fractionE % Fr. EV24 (9431 mg)¥= MeOH:H,0=2:3¢] &v] ZHAo =
Sephadex LH-20 column chromatography S <335t compound 1 (182 mg)S +
etk Fr. EV26 (3485 mg)e MeOH'H,0=2:3¢] &vw| X712 =2 Sephadex
LH-20 column chromatographyE 33} compound 2 (4.0 mg)¢} compound 3 (4.3

mg)S w2t Figure 42).

EtOAc Fr. 49 ¢

VLC
n-Hex:EtOAc (0-100%), EtOAc:MeOH (5-50%)
Step gradient (5%), 300 mL each

Fr. EV24 Fr. EV26
Fr. EV1 (943.1 mg) (348.5 mg) Fr. EV31
Sephadex LH-20 CC Sephadex LH-20 CC
MeOH:H,0=2:3 MeOH:H,0=2:3
Compound 1 l l
(18.2 mg)

Compound 2 Compound 3
(4.0 mg) (4.3 mg)

Figure 42. Isolation of compounds from C. yabunikkei branches. (VLC)
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(2) MPLCel ©]&F & #4

EtOAc 8% 90 g& SA° wet &xH ez AiEststy] 9@ medium
pressure liquid chromatography (MPLC)E F=3slth. EtOAc 8 & 90 g
MeOH 10.0 mLol|l *5o]a 045 uM filterE ©]&3&to] o33 5 FlashPure
EcoFlex Ciz (220 g) columnel FU3AT. GradientH S ©] 83 MeOH:H.O
(107100% MeOH, 120 min), MeOH (100%, 20 min)e] &u] A& A}&3% L
™ 20 mL/min® #%°2 717} 25 mLAY &A1 F 110709 fractionS AU
tH(MP1-110).

MPLC fractione % Fr. MP74-81 (397.6 mg)< MeOH:H,0=2:39] &w] Z71o
2 Sephadex LH-20 column chromatographyS <=33}%] compound 2 (9.5 mg)<}t
compound 3 (16.4 mg)S +&|sFAtHFigure 43).

EtOAc Fr.9.0¢g

MPLC (Cqg)

10~100% MeOH (120 min), 100% MeOH (20 min)
Flow rate : 20 mL/min

25 mL each

Fr. MP74-81
Fr. MP1 (397.6 ) Fr. MP110

Sephadex LH-20 CC
MeOH:H,0=2:3

l l

Compound 2 Compound 3
(9.5 mg) (16.4 mg)

Figure 43. Isolation of compounds from C. yabunikkei branches. (MPLC)
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1) Compound 19] +% A

Compound 1¢] 'H NMR spectrumol A 6y 6.97 (1H, d, J=1.8 Hz), 6.80 (1H,
dd, /=8.2, 1.8 Hz), 6.76 (1H, d, J=8.2 Hz) ¥ =2 coupling constant #< %3

A &2 ortho-9 meta— couplings 3tal = 3709 aromatic proton©] ¢SS o

et em, 6y 594 (1H, d, J=23 Hz)¥ 591 (1H, d, J=23 Hz) 3| =9

=

coupling constant #< &3] meta-couplings 3}il ¢ & aromatic ring®] #A}
ol EAst S 48ttt 6y 482 (1H, s)9F 418 (1H, m) A= 7]
SAETE 2 YdAaol 2AHE carbono] A E ] A= protonlE AT o]
2 nlgto 7 B3 wwd A compound 1& epi-catechin® & 22l¥ Tt

(Figure 44-46, Table 17).

Figure 44. Chemical structure of compound 1
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Table 17. 'H and C NMR data of compound 1 (400 and 100 MHz)

Compound 1
No.
Sulint., multi., J Hz) Sc
2 4.82 (1H, s) 80.0
3 4.18 (1H, m) 67.6

2.85 (1H, dd, 16.9, 4.6)
4 29.4
2.73 (1H, dd, 16.9, 2.8)

5 158.1
6 594 (1H, d, 2.3) 96.5
7 157.8
8 96.0
9 591 (1H, d, 2.3) 1575
10 100.2
1’ 1324
2' 6.97 (1H, d, 1.8) 1154
3’ 146.1
4’ 1459
o' 6.76 (1H, d, 8.2) 116.0
6’ 6.80 (1H, dd, 82, 1.8) 119.5
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Figure 45. 'H-NMR spectrum of compound 1 in CDsOD

T T T T U B R T T T T T T

60.0 150.0 140.0 1300 120. 110.0 100.0 90.0 80.0 T70.0 0 50.0 40.0 30.0
[= == L= (=] yy — - - Naat o oy [~ S —— (2]
$82 £5 g H8% S 22 2 3 RBIZRERZ 3
E55 g% g EEE: g 5% g s 33335992 g

Figure 46. C-NMR spectrum of compound 1 in CDs;OD
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2) Compound 29| +% A

Compound 2+ C NMR spectrumol Al & 2670 ¢] carbon ¥ =7} ##E A
H, &y 3.96~3.402] proton ¥ =2} B9 anomeric proton®l| & @ sl= 6y 5.07 (1H,
d, J=7.3 Hz) ¥=ZE &3 flavonoid &2 B-form? Hetdo] AFgHo] &=
T2d AHolgk ol T ¢ 62.7, 624, 61.6, 60.8, 569 % Sy 4.10 (3H,
s), 3.96 (6H, s), 391 (3H, s), 3.75 (3H, s) ¥ A& T3l 5712 methoxy group®]
AL Aolgt Ao, §c 1809 ¥ AE F& A ol carbonyl group©]
EA%E AS5S ddstd Y. 6y 7.83~7.81 (1H, overlapped), 7.81 (1H, d, J=2.3
Hz), 730 (1H, d, /=87 Hz) I3 E T3 A& =Z ortho- ¥ meta- coupling= 3}
I Q¥ aromatic proton®] U&E dAEITE Sc 626 ¥ ZE DEPT-135°
NMR spectrum< %3] 2% carbono & elw o Fo] carbono]zt o Aasd
ok ¢ 626 AL} §¢ 102.1, 785, 78.0, 749, 714 ¥ AE T AFHAJNE T

< B-D-glucopyranose® |73} %1

483 Fx A4S 9 2D (COSY, NOESY, HMQC, HMBC) NMR<S =4

R spectrume %3& A= coupling 3l 4+ protons A
31911, NOESYZE E3to] ¥tz o=z 5 Aol 717hE 7gld] 9+ protond]
HAE, HMQCE FalA = wadd A3 23 ¥ o] 3= protons, HMBCE &3l

-

A& 7F 'hao didl long-range coupling< il 0+ protons &1sk T

COSY NMR spectrum +21 A3}, &y 7.83~7.81 (1H, overlapped)® 7.30 (1H, d,
J=87 Hz) 3125 YEIH+E= protone A Z coupling dFil USL Q5

NOESY NMR spectrum 41 Z3 4702] methoxy group® proton¢] A= <l
Ha Aoz FelxQow ol Ed] 4709 methoxy group< flavonoid?]
A-ringel 1A 383 Q&S dAdstslch E=&, HMBC NMR spectrum 4] 23}

glucopyranose:= flavonoid] 4’ $1xlo] A= o ASS &2lsit
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o)zt Ays Iy nmwsle]  FFeS  uw, compound 2+
3’4’ -dihydroxy-3,5,6,7,8-pentamethoxyflavone 4’'-0O-B-D-glucopyranoside® &

st on, o] sFES AAANA 5oz FeE 33E o tH(Figure 47-55,
Table 18). compound 2¢ HR-ESI-MS ¥4 ZA3 m/z [M+Na]® 589.1534

(caled. 589.1533)% of|Atal 3}stE o R atzkyl Axsts AL 3kelst 9t
OH
o OH

Figure 47. Chemical structure of compound 2
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Table 18. 'H and C NMR data of compound 2 (400 and 100 MHz)

Compound 2
No.
Sulint., multi., J Hz) Sc
2 157.6
3 1345
4 180.9
5 154.6
6 1375
7 150.9
8 140.3
9 150.1
10 108.6
1’ 1259
2' 7.81 (1H, d, 2.3) 123.6
3’ 1575
4' 150.8
5’ 7.30 (1H, d, 8.7) 117.2
6’ 7.8377.81 (1H, overlapped) 113.5
1" 507 (1H, d, 7.3) 102.1
2" 3.60-3.54 (1H, m) 74.9
3" 3.88-3.84 (1H, m) 78.0
4" 3.45-3.40 (1H, m) 714
5" 3.53-3.48 (1H, m) 785
6 3.96-3.93 (1H, m) 62.6
3.75-3.69 (1H, m)
3-OCHs 3.96 (3H, s) 56.9
5-OCHz3 4.10 (3H, s) 62.7
6-OCH3 391 (3H, s) 61.6
7-OCHz3 3.96 (3H, s) 62.4
8-OCHs 3.75 (3H, s) 60.8
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Figure 48. 'H-NMR spectrum of compound 2 in CD;OD
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Figure 49. C-NMR spectrum of compound 2 in CDs;OD
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Figure 50. DEPT-135° spectrum

of compound 2 in CD3;0OD
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Figure 51. COSY spectrum of compound 2 in CDs;OD
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Figure 52. NOESY spectrum of compound 2 in CD3;OD
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Figure 53. HMQC spectrum of compound 2 in CDsOD
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Figure 55. HR-ESI-MS spectrum of compound 2
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3) Compound 39 +% &4

Compound 3¢ ¥C NMR spectrumolA thdel 2/12 x3ste] Z 23709
carbon ¥ 37} #HEEPJ oW, 5y 3.86~3.409 proton I Z et T2 anomeric
proton®] 3d|@st= &y 51 (1H, d, /=73 Hz) I35 F3| B-ringe] A<
flavonoid =4l B-forme] Fetdo] A=l v F2Y Folet o3t
3 S¢ 627, 624, 616, 60.8 2 6y 4.09 (3H, s), 393 (3H, s), 3.90 (3H, s),
383 BH, s) =& &3l 4709 methoxy group®] & Zolz}t o4std o, s
1809 ¥ =& HEa& #A Yol carbonyl groupe] &3t ASS <A ATt 6y
814 (2H, d, J=87 Hz), 727 (2H, d, J=87 Hz) HAIZAE T3 A=
ortho—couplingS 3t 9+ WA F+%2 aromatic proton®] A5 AA3ATE §
c 626 ¥ =3+ DEPT-135" NMR spectrum= &3 22} carbon® @ &elx ¢l on
9] carbonel| g s Sc 626 =22 §c 101.9, 785, 78.1, 75.0, 71.4 I =

£ 58 Z2gHoidE G2 B-D-glucopyranose® <43k

B\
o

Ase T 4L 98 2D (COSY, NOESY, HMQC, HMBC) NMR<

spectrum< %3 A= coupling 3til U+ protons

M
1%

R
3t9la, NOESYE %3te] T2 o= 5 Aol 7p7he 7ol 3E proton?
HAE, HMQCE FallA & gid A3 2=l )&= protons, HMBCE &3l

- =]

A 7F 'haol didl long-range coupling< il 0+ protons 13k T

COSY NMR spectrum #21 23}, 6y 8.14 (2H, J=8.7 Hz)¢ 7.27 (2H, d, J=8.7
Hz) 33 al9d3st= protone A& couplingdtil &S &2lddtt. NOESY
NMR spectrum #41 ZA3} 2709 methoxy group® protono] A& <lH3 Z o
2 Zgolxglon ol F3 flavonoide] 7¥H Atgleol 1709 hydroxy group®] ¢

. eSS dAaEdt. ®=3, HMBC NMR  spectrum #24  ZA3}

Ol

A]

d

glucopyranosei= flavonoid?] 4" o] A3t o] &S gelstAdt)
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oled AnE BAVECEI vaste AR ),

compound 3=
7,4’ -dihydroxy—3,5,6,8-tetramethoxyflavone 4'-O-B-D-glucopyranoside® &%

st o, o] e AAA A AHL&or RywH F3Eo|thH(Figure 56-64,

Table 19). compound 3¢ HR-ESI-MS #4

A3 m/z [M+Nal® 559.1427
(calcd. 559.1428) & o A3t 3}g&Eo EA &} A= s

=

7] S

2 Ae FAs

rr

o

d

Figure 56. Chemical structure of compound 3
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Table 19. 'H and C NMR data of compound 3 (400 and 100 MHz)

Compound 3
No.
Sulint., multi., J Hz) Sc

2 157.9
3 134.5
4 180.9
5 154.5
6 1375
7 146.6
8 140.1
9 150.1
10 108.6
1’ 125.5

2', 6 8.14 (2H, d, 8.7) 1314

3,5 7.27 (2H, d, 8.7) 117.9
4’ 161.5
1" 51 (1H, d, 7.3) 101.9
2" 3.52-3.50 (1H, m) 75.0
3" 3.52-3.50 (1H, m) 78.1
4" 3.52-3.50 (1H, m) 714
5" 3.44-3.40 (1H, m) 78.5

3.86-3.83 (1H, m)
6" 62.6
3.77-3.70 (1H, m)

3-OCHzs 393 (3H, s) 62.4
5-OCHz3 3.90 (3H, s) 62.7
6-OCHj3 4.09 (3H, s) 61.6
8-OCHz3 3.83 (3H, s) 60.8
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Figure 58. C-NMR spectrum of compound 3 in CD;OD
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Figure 61. NOESY spectrum of compound 3 in CD3;OD
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Figure 62. HMQC spectrum of compound 3 in CDsOD
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Figure 64. HR-ESI-MS spectrum of compound 3
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4. HPLC 3#&4

ALy 7Hxo A E2ld ggEe] IS Flslr] 8 HPLCE Al&35he]
A BAS AAEAY. HPLC ¥4 23 F&5& 9 EtOAc #3E y39 o
2 ol shake FEE oA

14.00 mg/g, EtOAc 28 E A 40.34 mg/glo. & 25 tH(Figure 65).

o

) =

HEE A7 T 1638 epi—catechin (1)&

> 70% EtOH extract (S mg/mL)

0.25]
0.20
0.15-]
5> 1
< 4
0.10]
] ©
1 &
0.05] { . .
- e, epi-catechin (1)
0.00 T T T T T T T T T T
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> EtOAc fraction (5 mg/mL)
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0.057 <— epi-catechin (1)

%

0.00+= - - — — — » :
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Minutes

Figure 65. HPLC chromatogram of 709 EtOH extract, EtOAc fraction.
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Table 20. Content of epi—catechin (1) from C. yabunikkei branches by HPLC

epi—catechin (1)

70% EtOH extract

EtOAc fraction

14.00

40.34

_83_
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F ZYdE FHFe BT EZ gallic acidd AR TAAE o] &3t Byt

29 1 g3 Tl Y= gallic acide] 4 (GAE; gallic
acid equivalent)©.2 Z4tste]  YERYTh 23 23, EtOAc 8=
2485+2.6 mg/g GAE, n-BuOH &3 &2 243.71.1 mg/g GAES.Z =2 E7]3¥
= s YeEb vk (Figure 66).

[%)

(=3

(=]
)

2485 2437

176.3
] ) l
0 i L .

Extract n-Hex EtOAc  n-BuOH H,0

—_ —_ 353 [oe]
[=3 W [=3 wn
(=) (=) (=) (=]

Total phenolic contents (mg/g GAE)

Figure 66. Total polyphenol contents of extract and solvent fractions from C.
yabunikkei branches. The data represent the mean + SD of triplicate

experiments.
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(2) & ZgRwol= Sk
F ZPHwolE e FFEA quercetin® FF AA FAHAE o] &3l A
U 7z 2E28 9 B3Bo | g 93 83l 9 quercetin® % (QE;
quercetin equivalent) .2  2Atsto] YERNAT. H3 A3, EtOAc &9 &

232105 mg/g QEZ I & T 7MY =& SR o= S LEUYRY

(Figure 67).

50 4

[5%3 w B
[=} (=1 (=)
I I I

Total flavonoid contents (mg/g QE)

232
9.7 10.0
7.4
J . I 8

Extract n-Hex EtOAc  n-BuOH H,0

Figure 67. Total flavonoid contents of extract and solvent fractions from C.
yabunikkei branches. The data represent the mean + SD of triplicate

experiments.
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(3) DPPH radical &7 &4

A 7hx 9] 55 9 B8 E DPPH radical &7 A4S 439
7y A5+ 125-200 ng/mLe] FE2 AYES st o, Zhzbe] gk SCy 3k
S AxEdn 23 A3 523 EtOAc, n-BuOH 23 %9 SCy #tol 22z
84.6, 46.2, 85.2 ng/mL=, thx < BHT (SCs : 835 pg/mL)Et} $-53 DPPH
radical 227 /45 WERY I tH(Figure 68, Table 21).

5E

B125pgmL P25 pgmL ®50 pg/mL ® 100 pg/mL ™ 200 pg/mL

IS
S

o
S
L

80 A
70
60
50
40 4

30

. I

Extract n-Hex EtOAc n-BuOH H,O BHT

DPPH radical Scavenging activity (%)

Figure 68. DPPH radical scavenging activities of extract and solvent fractions
from C. yabunikkei branches. The data are expressed as a percentage of

control and represent the mean * SD of triplicate experiments.

Table 21. SCsy values of DPPH radical scavenging activities of extract and

solvent fractions from C. yabunikkei branches.

Extract n-Hex EtOAc n-BuOH HO BHT

SCso
(ng/mL)

84.6 >200 46.2 85.2 >200 88.5
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(4) ABTS' radical &7 &A
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(Figure 69, Tabel 22).

3125 ugmL ©625pgmL 125 ug/mL  ®25 pg/mL ™50 pg/mL

) I~
3 S

3
=1

'S
=1

ABTS" radical scavenging activity (%)
5] (=)
(=] (=]

0 L ‘H

Extract n-Hex EtOAc n-BuOH H,O BHT

Figure 69. ABTS' radical scavenging activities of extract and solvent fractions
from C. yabunikkei branches. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 22. SCsy values of ABTS' radical scavenging activities of extract and

solvent fractions from C. yabunikkei branches.

Extract n-Hex EtOAc n-BuOH HO BHT

SCso
(ng/mL)

10.7 >50 6.4 7.5 23.6 7.5
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b)) Ax Rs &3

O Ax =54 H7F (MTT assay)

oo ® uetutth(Figure 70). webA 2 AFolA AREE AR sEE AX

5‘10 5‘10 5‘10

n-Hex EtOAc n-BuOH
Sample (ng/mL)

Cell viability (%)

(=]

5 ‘ 10
Extract

control 5 ‘ 10

H,0

Figure 70. Cell viability of extract and solvent fractions from C. yabunikkei
branches. 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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@ Hirstrs (H0)® g Al E4e vt AlEX ns g3

HO0.2 =¥ AE &4 that AlE Bs g3 st oA, Ado A}
2 H0:0 %5 Ast7] 9l H:0p sk=ol we& HaCaT cell®] AlxE A&

S gelstdnt 1 23 4 mMe] FRolA AE AEE] 602%% glE At
(Figure 3). w&tq 2 Ao = 4 mMe H.O0.5 A gste] &£A9 A 3Eof 5
10 pg/mLe F=& 2 BIES Agsirt. 1 A%, AGUF 7HA FEEL

5 10 pg/mLe] FXlA ZH2F 66.6, 71.7%°] A3z AE&o] gl on, A

-
=)
o
q]
W
8
1o
X
e
o
riN
o
%)

EEel giste] Z2H7F 94, 126%9 AlE Be &7 e AoE ElEAT

(Figure 71).
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illllll
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120 1
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Kk *
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40 -
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Extract EtOAc
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[
(=}
L

Cell viability (%)

Figure 71. (A) Cell viability on HaCaT cells damaged by H:O. (B) Cell
protective effects of extract and EtOAc fration from C yabunikkei branches
on HaCaT cells damaged by H:0.. HaCaT cells were treated with different
concentration of sample for 24 h after being exposed to oxidative stress. The

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

0.01
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(1) Nitric oxide (NO) A oA &A

|l £3E2 NO A4

=]
s
I ES 100 pg/mL &

o
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3t tH(Figure 72). F7F4 ¢l sxolA 23S Maq3t A3 EtOAc &=L 100
ng/mL FE oldlollA] AE =A glo] T oFEH R NO AAS AAAIH o,

ICsp ES 384 pg/mL=E el ¥ A tH(Figure 73).

B NO production (%) e« Cell viability (%)

140 1 140
120 | ® o 1 120
@ <
< 100 =

=
1S 2
=80 =
S B
2 60 =
2 s
p—
40 >
) O
e
20
0

LPS (100 ng/mL) - + + + + + + +
Sample (100 pg/mL) - - Extract n-Hex  EtOAc #»n-BuOH H,0 2-Amino-
4-picoline

Figure 72. Effects of extract and solvent fractions from C. yabunikkei
branches on NO production and cell viability in LPS-induced RAW264.7 cells.
The cells were stimulated with 100 ng/mL of LPS only, or with LPS plus
extract and solvent fractions from C  yabunikkei branches and
2—amino—4-picoline (positive control, 10 uM) for 24 h. The data are represent

the mean + SD of triplicate experiments. “p < 0.05; “p < 0.01
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Figure 73. Effect of EtOAc fraction from C yabunikkei branches on

Cell viability (%)

NO

production and cell viability in LPS-induced RAW264.7 cells. The cells were

stimulated with 100 ng/mL of LPS only, or with LPS plus EtOAc fraction

from C. yabunikkei branches for 24 h. The data are represent the mean * SD

of triplicate experiments. p < 0.05; “p < 0.01
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3) It
(1) Paper disc diffusion method

Ayt 7H4] 355 2 & 2929 g GAS gelstr] S8 95 A
191 Staphylococcus epidermidis (CCARM 3709, 3710, 3711)¢} Fx]3tel
Streptococcus mutans (KCCM 40105)E A}-83}e] paper disc diffusion method
Z clear zones 13Ut 1 Ay FEE UL EE 2852 S epidermidis
(CCARM 3709, 3710, 371Dl wHall As<dA &4 el E3 n-Hex,
EtOAc ®#&8E2 S nmutansel W3 ASJA A4S e A cH(Figure 75,
Table 22).

Figure 74. Results of paper disc diffusion method of extract and solvent

fractions from branches of C. yabunikkei on S. epidermidis and S. mutans.

_93_



Table 23. Anti-bacterial activities of extract and solvent fractions from C

yvabunikkei branches

Clear zone (mm)

S. epidermidis S. mutans
CCARM CCARM CCARM KCCM
3709 3710 3711 40105
Extract 145 13 12 N.A.
n-Hex 10 11 85 10
EtOAc 15 13 11 16
n-BuOH 16 15 13 N.A.
H»O 125 11 11 N.A.
positive
36 N.A. 32 40
control

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 %2 MBC

3

= HER AR

g F71do2 FHA 94 T (minimum inhibitory concentration, MIC) %

o

ol F, @

ol
oX,

Paper disc diffusion® < &F3] I+

HA A % (minimum bactericidal concentration, MBC)S =43¢t 2 ¥
o A7 HEE two-fold-dilution®tH o= F WA 3 AstHA AAsH o 7}
T =2 FEE 4000 pg/mL=z sto] 7 vbe w7 39 pg/mL7t HEE 84

skl

o Ay S. epidermidis®] 4% 70% EtOH F%%, n-Hex, EtOAc, n-BuOH
T EAA APe BE 79 MICE Qs 22 MIC g o4 A
HjgkelS  o]g3 MBCE it 1 A3} EtOAc w8 =94 S

epidermidis 3%°] W3 MBC #S E5F &g 4 At (Table 24). S
mutans® 7% 70% EtOH F&=+=, n-Hex % EtOAc 8 EoA MICE &<ls}t

9, 7 olge] Fwel AR W g ol §3ke] MBCE <18 23, n-Hex %

O

EtOAc &8 =4 MBC @& &9 < Atk (Table 25).
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Table 24. MIC and MBC values of C. yabunikkei branches on S. epidermidis.

S. epidermidis

CCARM 3709 CCARM 3710 CCARM 3711

MIC MBC MIC MBC MIC MBC

Extract 1000 >4000 2000 >4000 2000 >4000
n-Hex 1000 >4000 1000 >4000 1000 >4000
EtOAc 1000 4000 1000 4000 1000 4000
n-BuOH 1000 >4000 1000 >4000 2000 >4000
H,O 2000 >4000 >4000 >4000 >4000 >4000

Unit © pg/mL

Table 25. MIC and MBC values of C. yabunikkei branches on S. mutans.

S. mutans
KCCM 40105

MIC MBC
Extract 4000 >4000
n-Hex 1000 4000

EtOAc 1000 4000
n-BuOH >4000 >4000
H->0O >4000 >4000

Unit : pg/mL

_96_



O Ax =54 H7F (MTT assay)

HaCaT MxE o]&ste #8d stg=9 HitsriAH0)=E Fd AxX &
el gk Ax e 5IE sttt WA, A3 AgE stdEY
Ast7] Y8l HaCaT Ao gk Alx 548 stk 7 23, compound 1
& 25, 50, 100 uMe] FEoIA HE AEEO 90% ooz el th(Figure
76). webd B Ao AlgE compound 19 FEE AESAS JERA &
< FE21 25 50, 100 pM=Z A A 3FA

e

ﬂlﬂl

120 ~

JIII

Control

(=} o®© S
3 S 3

Cell viability (%)

Compound 1 (pM)

Figure 75. Cell viability of isolated compound 1 from C. yabunikkei branches.
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 76. (A) Cell viability on HsO- induced cell damage in HaCaT cells. (B)
Cell protective effect of isolated compound 1 from C. yabunikkei branches on
HaCaT cells damaged by H:0.. HaCaT cells were treated with different
concentration of sample for 24 h after being exposed to oxidative stress. The

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

0.01
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(1) Nitric oxide (NO) A A &4

RAW264.7 A& o]&3ste] AEUF 7FA oA #2]%¥ compound 2, 39 Ul
gk nitric oxide (NO) A& 2 Mx SA4& dAeAoh 72 sF=S 25 50,
100, 200 uM¢] =2 AdS &g A3 compound 29F 32 200 uM 5% ©]st
ol AE EA Qo] T oFEHoE NO HAE oA AASH, compound 29 3

o] ICx #+& Z+7F 490, 73.3 pME <15 A tH(Figure 78).
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Figure 77. Effects of isolated compounds 2, 3 from C. yabunikkei branches on
NO production and cell viability in LPS-induced RAW264.7 cells. The cells
were stimulated with 100 ng/mL of LPS only, or with LPS plus isolated
compounds 2, 3 from C. yabunikkei branches 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 <434 cytokines (IL-1B, IL-6) A4 <A &4

NO A4 oA &4do] 43 compound 2, 3o thste] A 71HdS A3
?lall ELISA kitE ©]-&3to] PGE; ¥ dH54 cytokine® QS Flatqith
1 A3} compound 2% PGE:e] A4S, compound 3 IL-69 IL-1B¢] A&

goH o oA A A tH(Figure 79-80).
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Figure 78. Effect of isolated compound 2 from C. yabunikkei branches on
PGE; production in LPS-induced RAW?264.7 cells. The data are represent the

mean + SD of triplicate experiments. ‘p < 0.05; “p < 0.01
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Figure 79. Effects of isolated compound 3 from C. yabunikkei branches on
IL-1B (A), IL-6 (B) 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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