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Abstract

Identification of Anti—oxidative and Anti—bacterrial
Constituents of Sorghum X drummondii (Nees ex

Steud.) Millsp. & Chase

Hyeang—su Jang
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

Sorghum X drummondii  (Nees ex Steud.) Millsp. & Chase was
investigated for anti—oxidative and Anti—bacterrial activities. The dried
Sorghum X drummondii was extracted for 24 hour with 70% ethanol.
The obtained extract was successively partitioned into n—hexane (Hex),
ethyl acetate (EtOAc), n—butanol (BuOH) and water (H.O) fractions.
For the anti—oxidation tests, the ethanol extract, EtOAc, BuOH and H,O
fractions showed good DPPH and ABTS' radical scavenging activities.
The total phenolic contents for the extract and solvent layers (Hex,
EtOAc, BuOH, water) were estimated as 34.0, 36.3, 136.0, 39.3 and
17.7 mg (GAE/1 mg) respectively. In Anti—bacterrial activities, the Hex
fration, EtOAc fration showed the considerable inhibition for
Propronibacterium acnes and Staphylococcus epidermis.

Therefore, futher phytochemical studies were conducted for the ethyl

acetate fraction, which led to 1isolation of four constituents such as

- vii -



p—hydroxybenzaldehyde (1), Luteolin (2), Luteoloside (3) apigenin (4).

All of the compounds were isolated for the first time from this plant.
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%S NADPH oxidase®] 23t w7l chArRbgolu; 214 =29 cytochrome
P—450 o]&4 thAMHE-E, xanthine oxidase &°l 23t @Adks & XA,
WAL, 59 ol & A EH e, 441 gArg ol A o 2]
ojAl4el  dAF3tE A (superoxide  dismutase, glutathione  peroxidase,

A 584 & AFELA| (transferrin, ceruloplasmin, urate &) 1331
BHT %) ol AAL
A 2~® 8] T Al akstAl A o AT
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Figure 2. Chemical Structures of Anti-oxidants.



3. v

Abghe] IR QQF T Ao, A, Ay 9 e wet thEr, FY AlA

Holeh Ad, 17l wet =k 9 R4S Fu]o] EAjsks debdAE
(melanocyte) oA A= @ebd (melanin) M40 &%zt E3xo] od] tjFE
A= 99 3 Fof FHH sE=F=ZW (hemoglobin) ¥ ¥ gtx2 2] 7t=
gl (carotene) I} £ A0l oF IH O FAL WAL W d{FEH o QR
g FFes e aFel PE 8% dFE sk Aol HEd
(melanin) ©|t}. 7t QIFH IF-Ao] thE Z1& zxlo] A 374 53] 4o ¢F

of me 7bg AEe Webd F A FEE Qg A stk E1L of

Efo]ZAlobAl o ]3] Efo]ZAlo] Absly| o] T H(DOPA)Z ®shal, =347 Aks)
&t =3 +=(DOPA quinone) &2 vt} Z=39F= AEO0F AFFRESO]

doji} 5,6—dihydroxyindoles ™A FHFAow SZ4A0] depdS REE0]
LU=

Melanin®] ¥+ #FAS AHKBEWA tyrosinase?} TRP—-1, TRP—-2 (DCT)
7h ok Foe Agste A& B S Aok (Figure 3).



{ Tyrosine hydroxylase [ Tyr ] ( DOPA oxidase / Tyr

‘Q/\r COH E HO :©/\r COH E U\r Q/H’ COH
HO L HO Wi by glutathio[la "

Tyrosine DOPA DOPAqumnne cysteina X
: HN

CO,H

(( DOPAchrome tautomerase | TRP2 ) / CysteinylDOPA

@\_/Lco,n ‘L @\T/Lcou K:Q 0%

DHICA DOPAchrome : Ho COH
k"[DHICA oxidase | TRP1 j ((DHI oxidase / Tyr N P NL/ "
DHICA polymerase | silver :
D\N/Lco H oﬁﬂ Alanyl-hydroxy-

‘Indole-56 qumone Indole-S,B-qﬂuinone - Sreqthiacos
.. carboxylicacid ~ TPEEEATES G l ..............
Eu-Melanin Pheo-Melanin

Figure 3. Melanin synthetic pathway
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=
A=HE2o A A FEH A M EZE  nitric oxide (NO), prostaglandin
(PGE2), tumor necrosis factor—a (TNF-¢), interleukin (IL—1, IL—6)

5 ol 934 MAAES BEUD oA AFH WANES 28 49 B

N

1714 NO= d#shd 9 x7 &4l & wolstal, PGEx&= 5353 HdS
stk olE & NOE o8] %3 AEEA L-arginine® Z%E NOS
(nitric oxide synthase)ell olal A=W, a4, AAdE, A3, WY
e 22§ TS sk Aow delAd gtk NOSE= AA cNOSgH iNOS9
T 74 2FCE yYE 4 Qlth. =, neuronal, endothelial NOS&= cNOSeo| &
3t o]= Ca®*"—calmodulim ¢]&Ajolw HAA|o|E X&ZF o7 NOE Hn]s

HEd o] inducible NO (GNOS)+ INF-vy,

a9l e xHEdT o

©

IL-1, TNF—a %9 cytokineo]y} g o}2] LPS (lipopolysaccharide) ol
oA EAdstE ] AARESS Fall FAIZEESE dFe NOE AdstA Ert. ]

Fe VA EE 1Yo

off

2]t NO+ macrophage® cytotoxic activityel

B AZRRE £3E Yol Fou 48 dx Yok AW A
NO of lajH Frrhels #A9 2 9% WSS AN/ 2R AT 482

UeA "ok 99k 2ol =¥ INOS+ macrophage® hepatocytesol] <A
stAl Hw, dFo] ve Hed=d #ofshe wek NO AL dAASA Stk
I MESZE UepA do a8EE 954 A9 v3el g NO A4 9
Adls 954 AWM 54 WHo® A9 4 At” (Figure 4).
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Figure 4. Major production pathways of NO and PGE,

5. g«
AES dod)e dAe T3] wou A, A, volgAg e AEA 9
/&= 1 F Syl IARAAE T EF gl #ojske

Propionibacterium acnes, Stapylococcus epidermidis 5= = T Uth A=

o MAANA WA BHZE FASAG MR BFo] FOIAEA uEA
HAZF wjZEH A Xl wep Aol SAsk] ol A7 Aot ol F=
AREZ] ol o] AbgellAlIM A sk=E of= AREZ] delell EHIET] AlAeks
Frzlolets YHEZE U, FEEAL IH BulE FAAYL, £

o] Z+a= goith A& EujErtel muztslE - A HdeA 9= 7}t A



A e o] Bgo] wkdle) whe} 2y W7} Propionibacterium acness H]E3F §
7170 Aol #& A 4 Qli= Ao " FAlo| Stapylococcus epidermidis
o} T2 Y& Adso]l B FH AFY AdF AT E dov|=d o
S Stk A= F A e A Al 7S Poacnes®] @4, Aol EFRRL

=
AL AT, E4E A 9 AlEeld E8]E cytokineFeol HFE

jad) OE]
o7)=d #ejsh= Zom AR glov, oA A& e e dEx
7 L e v B B e At R i R A5 gl ooAE SelA dlarel it

gyt g st FAVE dwbH o R AMgE I kY
P. acnes$} S. epidermidis 52 #S°] 9= HI2S Fudted FH o9

SHAE R IFA =g Xz AV AFEEHI Qlth Triclosan,

o

benzoyl peroxide, azelaic acid, retinoid, tetracycline, eryhtromycin,
macrolide, clindamycin 52 &AAA7F AFgE 3 Aotk Z28Y benzoyl
peroxide®} retinoidi= IFHAXFToIY AUFS

eryhtromycin, macrolide ¥ clindamycine & Ao dfst gt oz ols

of A&FA AHEol oHal k54 el AdstH, v 2 713 Aol

oWA RAgo] gl =B NBAZ Adstely wFolm, 2o o
AN E AZNAR A BulE oAet A 29 BAL Bod 24
o] WFolA it 1 olft cortisol WAAAL B NE AAAT HAE

o] w7 wo|t}?
6. T~

T 12} (Sorghum X drummondii (Nees ex Steud.) Millsp. & Chase) &
134, oy, G, W (Poaceae) ALRZAER FFAYE 7HE a2 7
sy AAFeRe $F, FoLHaA FFH Mxst Wk b8 kw9
yulel dol7p Fa1 #om #9L2 @k FFe] wEk Zpol= glon o FsHA
o 7~89e] o] ¥a 0] 150~250 cmel ©|2H F5, FoaEtAA



A obelzh Wl wEE Av) @ ol A, fFHe] R A
A BF 2 Adch HARs, oz B oulF G, Wam, 5%, ofx
g7 § BRI ARG AG0R S35 Aol BY mS st F5aol
i e AelN 715G ART ol MMtk Eokel tfd Aemest o
Ch(GHE ARG, WS AR A gE 2l uste] 9 %,

AQR u AR EFANE & g Holth ATt BAG FAB
H
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L. Alef 8l 717

= Aol AlRe] FE, SuiinE B el ARgE &viE2 DAEJUNG
chemical ¥ Merck, Junsei® A|&& AFE3}Sitt. High—performance liquid
chromatography (HPLC)ell:= silica gel (2-25 um, Sigma Co.),
normal—phase column chromatography (CC)ell+= silica gel (95—110 gm,
Meck Co.)¢] AF£-% %3, MPLC (Midium pump liquid chromatography) o+
reversed phase silicagel (C18HS 12+M1946—3, Biotage Co.) 2 ZA#HZ A}
gatgith A o7 aEwtE T8 9ol Sephadex LH-20 (0.1-0.025 mm)©]
AHEE Y. 8 Bl A8¥  thin—layer chromatography (TLC)+&
precoated silica gel aluminium sheet (Silica gel 60 Fs54, 2.0 mm, Meck
Co)E AH&aIGlth. TLC ZelA 28 =455 &Rlsto] flstel UV lamp
(254 nm) & AFE3FAY, visualizing agento]l FZAA]Z] & heat—gung ©] 43}
o] ZAZFAIFHT. Visualizing agent®2% KMnOs; FTE&H4(B% KMnO,;, 20%
K>COs, 0.25% NaOH) W 1% anisaldehyde—MeOHE HQ°| upe} AE-3H3

Aol= Sunrise™ (Tecan

Fe

5\

o geEay ATE 9@

oo

TZEA o] o]€¥ NMR (nuclear magnetic resonance spectrometer)-<
JINM—-ECX 400 (FT-NMR system, JEOL)2} AVANCE III 500(FT—NMR
system, Bruker)< ©] €329, NMR =% €1 NMR dE&E& =2 CD;0D

9 pyridine—ds S AFE3S T}
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T 18t (Sorghum X drummondii (Nees ex Steud.) Millsp. & Chase) <=
2012¢ 10€el AlF= AFAl d35 obfvula sl AT AA S
TR AFFAERE ¢ 349) = oA s AA Ax skgloH

wapstel ALgsch

Figure. 5 Pictures of Sorghum X drummondii

(Nees ex Steud.) Millsp. & Chase
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&&%7] (rotary vacuum evaporator)® &3t 70% A®E FEE
85 g < sl dgA7la, +E ZAur|E ol &
d SAsA e wel =380z F3FEe] n—hexane layer, ethyl acetate
layer, n—butanol layer, water layer % & 4709 £n] £33 =& At}

(Scheme 1).

Sorghum x arummondii (Nees ex Steud) Millsp. & Chase

70%EtOH, stirring, 24 hr, 2 time

Extract 184.5 g (13.28%)

Extract 131.85g

Suspend with 1 L water and add 1 L n-hexane, 3 times.

l l add 1 L ethyl acetate, 3 times.

n-hexane layer l l add 1 L n-butanol, 3 times.

499 (3.69 %)
ethyl acetate layer
4.8 g (3.616 %)

h 4 A 4
n-butanol layer water layer
25.9 g (19.63 %) 93.0 g (70.485 %)

Scheme 1. Procedure of extraction and solvent fraction from Sorghum

X drummondii (Nees ex Steud.) Millsp. & Chase
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g B3 F dojx Z+ EI FE F ethyl acetate layer 4.76 g2
reversed phase silicagel (C18HS 12+M1946—3, Biotage Co.) 9 AHS A}
23ty MPLC (Medium Pressure Liquid Chromatography)& 10~100%
MeOH : 80 min, 100% MeOH : 10 min % &#15% MP-1~MP-48 7]
fraction 2% & 48719 fraction® 2 25 th(Scheme 2).

ethyl acetate layer
4.8 g (3.616%)

MPLC
10~100% MeQH : 80 min

100% MecH : 10 min

A T A A

MP 14-15 MP 18~20 MP 25~27 MP 29~30
MP1 " c69mg) | =" (1822mg) |~ | 4307 mg) | © | (3034mg) | = |MP48
Sephadex LH-20
Sephadex LH-20 ; g
CHCl;: MeOH = 15 : 1 lCHC%' MEDH =831
Compound 1 Compound 3
(18.7 mg) (7.9 mg)
Insoluble in MeQH Sephadex LH-20
CHCB:MeOH=10:1
& v v

Compound 2 Compound 4
(16.2 mg) (106.6 mg)

Scheme 2. Procedure of isolation of compound 1, compound 2, compound
3 or compound 4 from Sorghum X drummondii (Nees ex Steud.)

Millsp. & Chase

MPLCZ +#73 fractions HPLCE Method Set : 20~80% MeOH, Run

time : 40 minCZ =743}o] Z} Fraction® A &2 oS =435}

_14_



TLC (thin—layer chromatography)& &3to] &> A3 fraction”]®] FH$
A9S AVYs guixde F2F  Sephadex—LH 20 ZAHE %39
compoundE ##l st}

MPLC fraction MP—14~MP—15 56.9 mge TLCE &3dto] 2 AFUS
shelstel  olFAte] W& CHCl; : MeOH = 15 @ 1 9o fwjzzo=
Sephadex—LH 20 CCE #33}%] compound 1(18.7 mg)E &35t}
MPLC Fraction MP—18~MP—-20 182.2 mge &% MeOHE H7}8F5lS
W =AIL vialel Zhekeks d-E7E A EAAL, o] MeOH= o]&3te] A
A7 3ol compound 2(16.2 mg)E LAUTt.

MPLC Fraction MP—25~MP27 430.7 mg& TLCE &3t #e& AFUds
gQlsle] olsAe WS CHCl3 @ MeOH = 8 @ 1 9o gujxyo=
Sephadex LH—20 CCE $33}%] compound 3(7.9 mg)E 7|33t}
MPLC Frantion MP-29~MP-30 (303.4 mg)< TLCE %3t & A3
S #ste] olFAe] S CHCl3 : MeOH = 10 @ 1 9o $wjzde
Sephadex LH—20 CCZ 33} compound 4(106.6 mg)E +&3}dt}.

_15_



2 gufe] =<l v,

L Folin—ciocalteu's phenol reagents 7}ste] #-
] gl 7% Nay,CO; €< 200 xL

700 pLE& 7}8}o] total volume©] 2 mLo] HEZE 3|4 slo] 4

S Fsto] Sk T WHoZ 700 nmelA F%

44
4—1. kst &4 Ag
4—1-1. Total polyphenolic compounds & =74
Zo)vE 3959 $%2 Folin—DenisH'?S <zt Wdslo] AA 8%t
Al gallic acid 585 AH&ste] = =9 4% A 5342
o] g3FH . xFHAS AT Y8 gallic acid 1 mge DMSO:EtOH
=1:1 €9 1 mLe] =9 stock solutions A Z3t1, ©]& 0, 31.25, 62.5
125, 250 2 500 gxg/mlLe] ¥EE %3 UV-Visible spectrophotometer®
700 nmelA FFEE FHsto] BEIAdS AT A4 AEES 1 meg/mL
o] £ 100 xLZE micro tubedl FH31l FHF
7}ske] total volume©] 1 mlLo] HEE 3A3GTE o 7)o 100 p
g g & A2 383t
7hatel =9etal, TR
2o A 1AIZF
s =4

=
[¢)
900 pL
WA sl o
[S=NCR
Rl = =1

% g ausAc

EO*'

b, e
= 33
4—1-2. Total flavonoids compounds % 574
Davis'V¥g wWaale] AAstA 2 A
LN 15 L9 ethylene glycol
3to] 420 nmeoll

=
=

o= e
ke
| &3

o
, micro tubee°l A]

et

=
& % Al 0.1 N NaOH 154LE8 Y 37C &&x
o] &

Visible sectrophotometer®
% o

R -
quercetin

3
mg/mL £1f o]
150 pLE #H7bst

3z
O

oM 1A%

_16_



4—1-3. DPPH radical &7 &4 A3

DPPH (2,2—diphenyl—1—picrylhydrazyl) radical &4 A A3 A5 9
free radical &7 3ol F4 Fo] s Friek= WY Fol stdeld. o
F-9] radicalst= WHg/do]l AA w- =P tAIRE, DPPH radicale M3
free radicalZ 7H EAZM 515 nmelA 3 FF5 dehlls 2ebae 3
gEolth stANE free radicales &2AT T U= FASAZTEH FAE o] B
o} 2,2—diphenyl—1—picrylhydrazine (DPPH—H)©| ™ w=gMo 7 w3}y o]
515 nmellM 9] F3E7 HAHER, o3t A& o|&ste] Age FAlst &

e 54T 4 Ao (Figure 6).

Swe Swe

-

,ll o + AH <—E NH + A-
O,N NO, O2N NO,
NO, NO,
DPPH radical Diphenylpicrylhydrazine
(Violet, 515 nm) (Yellow)

Figure 6. Scavenging of the DPPH radical by an anti—oxidant.

DPPH radical 27 &4 Ad& Blois HYS 8391, Agie o
=7 2o

96 well plated] HEH=ZE 343 sample £ 20 pL(in EtOH) £ 0.2 mM
DPPH(in EtOH) €9 180 pLE E%sto] A2eolA 2687F RESA %
ELISA ReaderZ ©]£3}% 515 nmollA S35 =743t

2oz AAE (%) o Aol o8] AxtEgon, ZF AR AAZA o
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8ol 50% oA W AR FE(SCs)E TEth A dlxT (positive

control) &3+ BHT (butylated hydroxytoluene) & AF&3}3it}.

A -A

sample

Radical scavenging activity (%) =(1- blank § . 100

control

515 nmelA DPPHO &34 %

Acontrol :
Agample © 515 nmollA] sample¥} DPPH ®h-goHo] &34
Apiank © 515 nmollA sample AA Q] &4 %=

4—1—4. ABTS radical cation &7 &4 A3

ABTS [2,2'-Azino—bis(3—ethyl benzothiazoline—6—sulfonic

radical 27 &4 A3 total antioxidant activity (TAC) 2] &A= =9 3t

]
F==

A E FA0 g ABTS7E Atghewd 544 A

(ABTS radical cation)e] dAE+= AL 9]

ABTS*2 Atstd 4 Q= 543 wkgsha 29 ¥4 ABTSE ¥ 1

9} WES-sk =29 Al
4% 4% 5 U
ABTS radical cation &

A2 o33 2,
ABTS radical cations %&57] #ste] 7.0 mM ABTS (in D.W) &3}
7H=0

2.45 mM potassium persulfate (in D.W)&N& 1:18 ZE3tsto] 164 7HEt
oA WHSAIZITE WEE A7) ABTS €93} ethanold 1:60°0% 3]43}]
FE7F 0.78+0.0027F HEE A3t A AFE-3FIAT

700 nmell A &%
96 well plateel %W Z 3A3 sample €9 20 p¢LGn EtOH) £ ABTS

ojr
|1

gM 180 pLE =3dlo] 1587 otirolA HEeA71l & ELISA ReaderZE 9]
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23te] 700 nmelA &3
gz 2AE (%) o
B80] 50% 4 o ANE F%(SCs) = 739 tt. X (positive control) &

Z+ BHT (butylated hydroxytoluene) & AF&-3}%t}.

[e)
=

+ AH

ABTS" radical
(blue green, 700 nm)

+ A

ABTS*
(colorless)

A A

sample

A

Radical scavenging activity (%) =(1- blank § . 100

control

Acontrol : 700 nmoﬂj\‘] ABTS‘O/] g‘%E
Asampte - 700 nmeollA sample?} ABTS ®b
: 700 nmeoll A sample #A}A9] &

O ol
S 1

)

=
O -

Ablank
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=4

4—2. RAW 264.7 cellZ o] €3 dod g4 23

4=2-1. A Ew

n9- 2 A M A (murine macrophage cell line)?l RAW 264.7 cell
S A EF28 (KCLB; Seoul, Korea) SZHE] #oF wo} 1% penicillin—

streptomycin® 10% fetal bovine serum (FBS)¢] 3$H3-% Dulbecco's
Modified Eagle Medium (DMEM, GIBCO, Grand Island, NY, USA) Hj#| &
A} 238ke] 37°C, 5% CO, incubator 7oAl wjekstgl o, 39 1A= A

WS A ekt

4—2—2. Nitric oxide A A H7}

6 well plateel RAW 264.7 cellsE 3x10° cells/mLE #5F3st1 37T, 5%
CO; incubator FZdstellA 18A1F wjeFst £ Ao AREsEATE A AT
cellse 1 pg/mL LPS7} 83 wjx2 w3 3 samples x5HZ 77 3
7bastod 24A17F vkttt A E NO2l & Griess A19F(1% sulfanilamide,
0.1% naphylethylenediamine in 2.5% phosphoric acid)S ©]g&3slo] A Enjk
N Fol =M= NOz o Fulz FAHskvh AlZujeF s 100 Lo}
Griess Al2F 100 pLE £33}y 96 welll plateo]d 108 FoF HE2A71 &

540 nmollA SFEE S4sFA . A E NOY 92 sodium nitrite (NaNOy)

MTT [3—(4,5—dimethyl—thiazol—2—yl) —2,5—diphenyl tetrazolium
bromide] assays RAW 264.7 cell& 6 well platee] 3x10° cells/mLZ

Fola 37C, 5% COy ZA3Fol A 18A1ZF vk 3 1 pg/mL LPS9 sample

= FEEE Z47F HUbsto] 2443 wjFsSith. 24417 wieF -, 500 pg/mL

_20_



A ES A T, A

-

FEE MTTE H7Fske] 37TCeA]
o]7]o] DMSOZE 7}3}¢]
o]= 96 well plateo] %7 3 57

gazhasy

t} (Figure 7). Ao}l =

formazan I AEL &A1 7 t}&,

3ttt Cell viabilitys T2 2o 9& A

Asample x 1 OO

control

Cell viability (%) =

.
i

Acontrol © 570 1'11’1’101]}\'1 %—ﬂﬂ_ﬂ— LPSE ;‘qa]?l— COI’ItI‘OLg] _g‘
Asample © 570 nmolA A58} LPSE A et sample?] &

thplq mitochondrial INH
_N reductase N
N7y - I
e N
S. /
Br T/L S{/P
o
yellow MTT

Sas

purple formazan

Figure 7. Principle of MTT assay.
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4—3. B16F10 murine melanoma cellS o] g3 njw ZAJAS
4—-3—1. Ak

B16F10 murine melanoma cell- 34132523 (KCLB; Seoul, Korea) 2.
ZHE EoF wol 1% penicillin— streptomycin®} 10% fetal bovine serum
(FBS)©] g% dulbecco's modified eagle medium (DMEM, GIBCO, Grand
I[sland, NY, USA) 8jA] & ARg3lo] 37T, 5% CO. incubator Z=Zlef|A] vljeFs}t
nom, 3d HASE A vk AWt

4—3-2. Melanogenesis A3 &3 =73
B16F10 murine melanoma cell& ©o]&3t] FE83% +8E 4 F3
compound=2] AlEZelA ] wlg s <] 3l

a234s S48t

6 well plateoll 4.5X10* cells/mL7} ¥|%=% AXE #53taL, 37C, 5% CO
oA 24412 vigkE $of wjA|E A skal PBS (phosphate buffered
saline) buffer® AFH3tt. 181312 500 £ ME o -MSHE X&sh= Hjx =
w3 T ARE FEEE AEste] 72412 &b vk wjeke] v
WX E A A3t PBS buffer® &3 & trypsin—EDTAE #g3}e] AEE
3lrste] dAlEe]l AlA pelletihs F st} Pelletel soncation buffer (1%
triton X—100 and 0.2 mM PMSF (phenylmethyl sulfonyl fluoride in

4

|\

ol
ol
=,

melanogenesis A&l

_

sodium phosphate buffer)E Y11 A|3EZ sonicationdl] & Fof AEE AlA
23 pelleto]:= 1 N NaOHZ 300 pL #7Fsto] ELISA readerE ©]-£3}¢]

405 nmoll 4] melanin contentsE <13} o}
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NZ
oo

4—4-1. Paper disc diffusion method

FRags FEE W BEEY @S A el Propionibacterium
acnes 2 Staphylococcus epidermis®| ™3ale] paper disctH o2 AL A&
= S48t

P. acnest ¥H 1.5%%5 E¢3d= GAM 1A wiAlo] 10* CFU/mL P. acnes
7F ZFEOIQlE MAMA 200 £LE BT EREoE =Est. A7t
aAE A e TS S HH AR Rds

= &7 37T, 48717 Fob AUk & dAd 99 S AA
t}.

S. epidermidis= 33 1.5%% 3E3sl= TSA 2] wjA]e] 10° CFU/mL S.

epidermidis 7} E&E o= AA HlA 200 p#LE 9SS ¥ @i ow Tukd)

el
oh AA WA 7 A v R ol FaE sl Szt HE AR 9SS xdsteE A 8
mm paper discE =8 37TCoA 24217t EoF vjokslo] tlAa FHHo FAH

A9 wE AABY 2718 S

4—4—-2. MIC (minimum inhibitory concentration)

P. acnes®] MIC 7%& paper discd W FLstA S st 96
well plate $t=ol WX E 150 p¢LE Y% 2 mg/mL sample 150 p£LE ¥
o] 7} 1000 pg/mL & WEUCSH™ 1000 pg/mlL wellolA 150 L5 &
of W% 150 pLRF Q= wellel HFsto] 500 pg/mLE A6kt w3
WHog FeE 250pg/mlL, 125 pg/mlL, 62.5 pg/mL, 31.25 pxg/mL,
15.63 pxg/mL, 7.81 pg/mL, 3.91 pg/mL, 1.95 pg/mL % 0.98 pg/mLE
HEQlon A well>  control?  AREEATEH 343 sampleo] 10*
CFU/mL P. acnes 15 pLE Yol 48 A% o] AebHA] 942 & st
oq o] MICZ x% ]_oﬂ;].

o

il
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. 23 9 23
1 o#eree) vz 27
1-1. Compound 1¢] Z3]4]

Compound 1< 'H-NMR spectrum %4 A3 & 9.76(1H, s)°l signal
Z ¥ aldehyde® ZREYS oAatdch w8, ¢ 7.77 (2H, dd, 6.87,
1.83)% 6 6.91(2H, dd, 6.87, 1.83)2] sp” A& 2t protonEZF-H
coupling constant #< %3} protoneite] orth—, meta— couplings
3t Q= A X9 aromatic ringS A4S T

BC—NMR spectrum #4] A3} &4 F7F 57 o] 4dS oA 5= 93l

o]11, 192.99] signal proton NMR spctrumolA]l o433 @ aldehyde

2 oastadtt. vSef, 165.3, 133.6, 130.4, 117.09 signalse
aromatic ring? AlZ1E Y-S AAtsFSith
ol & v o2 Compound 15 = ) .5}

para—hydroxybenzaldehyde &< #2159t ? (Figure 8).

Table 1. 'H and *C NMR data of compound 1 (400 MHz, CDCls)

Compound 1

No. . .

Sc¢ S u(int, multi, J Hz)
1 130.4
2 117.0 6.91(2H, dd, 6.87, 1.83)
3 133.6 7.77(2H, dd, 6.87, 1.83)
4 165.3
5 133.6 7.77(2H, dd, 6.87, 1.83)
6 117.0 6.91(2H, dd, 6.87, 1.83)
7 192.9 9.76 (1H, s)
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shundmee

HO

Figure 8. Chemical structure of compound 1

=48
=8

il
e ——
)
s
pli

i
|

ol
4905 —
33048
33100
33068

win —
1780
I8
T8
275
9
3057

X r partsper Ciien = 150

o

Figure 9. 'TH-NMR spectrum of compound 4 in CDCls
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00

100

3

99 —

A o
180.0 170.0 160.0 150.0 140.0

1653427

Figure 10. 'H-NMR spectrum of compound 4 in CDCls

_26_

s — g



1—2. Compound 298] +3=3]4]

Compound 2& 'H-NMR spectrum ¥4} A% ¢ 7.52 (1H, br, d, 8.0, 2.0,
-6 )% & 791 (1H, d, 2.0, H-2" ), & 7.27 (1H, d, 8.0, H-5" )
ortho —coupling ¥} meta—couplings =33t & 5.85 (1H, d, 7.2, H—-
17 )obe %e] vaw Rol Bgyaz AzEgon 6 6.86(1H, br. s, H-6)
¢} 8 7.01(1H, br. s, H-8)9 =2 Ko} H-6Wz} H-8A}o]o Fo] Ay
o A& AS=E oAttt

531 SC—NMR spectrum EAlo|A = €4 571 21719S 2218k 4= 919,
8 183.3°A4 W= 112l 4o carbonyl group®] =AeS o4 4 313
th. 100ppm~160ppmell Al YEF= signals &3 sp”Ed +2E5 2 TS
ne ] a7 EATE AT S Al

ol¢} e HARE EFHYI nwsdle] luteolosided S & F AUTh webA

compound 2+ luteoloside® 7% &3t} (Figure 11).
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Table 2. 'H and 'C NMR data of compound 2 (400 MHz,
pyridine —ds)

Compound 2
Sec S i (int, multi, J Hz)

Z.
e

165.8

104.6 6.96 (1H, s)
183.3

163.0

102.3 6.86(1H, br. s)
164.5

95.8 7.01(1H, br. s)
158.4

107.1

123.2

115.2 7.91(1H, d, 2.0)
148.3

152.4

1174 7.27(1H, d, 8.0)

i A0, 2 7.52(1H, br, d, 8.0, 2.0)
101.1 5.85(1H, d, 7.2)
79.8

75.3

71.6

79.0

62.8

©O© 0 N O O &~ W N =~

—
(@)

~ ~ ~ ~

~

~

N X N N

N

YOI WO O = W N
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Figure 11. Chemical structure of compound 2
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Figure 12. 'H-NMR spectrum of compound 2 in pyridine —ds
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Figure 13. C—NMR spectrum of compound 2 in pyridine —d;
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1—3. Compound 39| 334

Compound 39 %2 &lslr] 98 'H, °C, NMRS =43+ t}
'H-NMR spectrumel|A] & 6.50 ppm~8.00 ppmolA WE}+= signals =3l
vk 71219 FA4A7F A9JAE 5 6.43 (1H, d, 2.29 Hz), & 6.2 (1H,

1.83 Hz) oA meta coupling®] #=4¥ 1, 6 7.37 (1H, dd, 8, 2 Hz2) &} 6
7.37 (1H, 2.4 Hz), & 6.89 (1H, d, 9.16)°lA ortho—coupling ¥
meta—couplingS =533t

sl ®C—NMR cpectrum #AoA= 4 $7F 157198 &dadd & 99,
8 183.90)4 Wak= g Ao carbonyl groupe] A4S A = U
ot 2183 100ppm~160ppmol A HERFE signals 3l sp” =
WS 12l AT EAFS AT F AT

o1 e ARE A9 wlwae] luteolin® S & 5 Ak wEbA

compound 3+ luteolin®® % 4319t (Figure 14).
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Table 3. 'H and ®C NMR data of compound 3 (400 MHz, CDCls)

Compound 3

Z,
e

Sc S iy (int, multi, J Hz)

166.2

103.9 6.41(1H, s)
183.9

159.4

100.2 6.20(1H, 1.83)
166.4

95.1 6.43(1H, d, 2.29)
163.3

105.4

120.4

114.2 7.37(1H, 2.4)
147.1

151.1

116.9 6.89(1H, d, 9.16)
123 r 7.37(1H, dd, 8, 2)

© 0 3 O U1 = W N o~

—
(&)

~ ~

~ ~

S O &~ W N

~

OH O

Figure 14. Chemical structure of compound 3
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Figure 15. 'H-NMR spectrum of compound 3 in CDCls
3
3
-
i
| | i |
| \ ‘
| i | 1 |
= A Ao psbebidompach T W AN W o
220.0 210.0 200.0 190.0 ‘;80.0 170.0*‘ 1\60‘\.0 IS‘O.T 140.0 130.0 120.0 110.0 30?.0 | 90.0 80.0 70.0 60.0 o —10.0 —-20.0

I NN

g §33 2 £33 2888

Figure 16. "C—NMR spectrum of
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1—4. Compound 4°] 33} 4]

Compound 4¢] %5 #<lat7] 913 'H, "C NMR< 7433t

"H-NMR spectrum®lA ¢ 7.84 (2H, d, 9 Hz), § 6.92 (2H, d, 9 Hz) el
A B—ring®| ortho coupling®] #=%31, § 6.7894 YEY signals A A
Q1 apigenin H—-39% peak%l o™, A-ring® F 702 methine”|e] <%+
meta—coupling®] 6 6.45 (1H, d, 2 Hz)¥} & 6.21 (1H, d, 2 Hz) oA #Z
= AT

3tA, BC—NMR spectrum #A]oA &= flavonoid C—4¥2] 93¢ ketone”]
peak’} & 184.05°14 #=H o] flavonoid 3FEUS & 4 Sdor 99 H
B JZE apigenin®® FFXETA FFOon EFE H|WE aglycone 3FFEQ]
apigenin 9= ¢ 4 U wWEbA compound 4& apigeninl.® FExE4 o

At (Figure 17).
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Table 4. 'H and ®C NMR data of compound 4 (500 MHz, CDCls)

Compound 4

No.

Sc S iy (int, multi, J Hz)
1
2 166.4
3 104.0 6.58 (1H, s)
4 184.0
5 163.4
6 95.2 6.21(1H, d, 2)
7 166.2
8 100.3 6.45(1H, d, 2)
9 159.6
10 105.5
1’ 123.4
2’ 129.6 7.84(2H, d, 9)
3’ 117.2 6.92(2H, d, 9)
4’ 162.9
5 116.4 6.92(2H, d, 9)
6’ 129.6 7.84(2H, d, 9)

OH O

Figure 17. Chemical structure of compound 4
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Sudan MP29-30 Fr.3 CD3OD 26.7 mg 1H

AN

JLJLLM

T T T T T T T

: : : | | |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1 PPM
[ I RN
) =) ST
=1 = o.\O.Ec.\
S =l IZIZIS

Figure 18. 'H-NMR spectrum of compound 4 in CDCl;

Sudan MP29-320 Fr .3 /CD3@D &l mad oG

184.05
16618
163,37
“\-162.89
—159.57

—130.99

—129.59

—105.46
=—1103,99
—100.28
—95.18 &

116,88

1342
122,99
11716

/166.42

mew —n v

T T T T T
190 180 170 160 150 140 130

T T T
120 110 100 90 ppr

Figure 19. C—NMR spectrum of compound 4 in CDCls
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2—1. Total polyphenolic compounds % 574

Polyphenolic compounds+ 2] &Ae] €2 #3xEo] Q= 23 tA=E9] st
2 ooekst Fxel #AFHE 7AW s #xF dle] 27] ©]4de]  phenolic
hydroxyl7| & 7FA17] el & 51 718k Ad) w53 ddste 4ds 7t
Aw ger W FAks mael S g YA Vs e AR oy
A

1o
ofj

= polyphenolic compounds %2 Ao, FEE
9 % 1 mg ¢ Tkl A= gallic acid o Y (GAE) 2.2 #HAils)
of vebslth (Figure 20) A A3, FE=olM 24 pg GAE/1 mg, 8=
% EtOAc layerolA 1359 pxg GAE/1 mgl = H|WZF & polyphenolic
compounds HS UERHALH (Figure 21) ©l+= tE dArg A8 Ao x
o] Qe Flolgt o4kE ATk

Calibration Curve(gallic acid)

0.6

0.5 /

04
y=0.0009x +0.025

03
/ R?=0.998

0.2 /

0.1 ’/./"

0

0 100 200 300 400 500 600

Absorbance

Concentration(pg/mL)

Figure 20. Calibration curve for gallic acid of total polyphenolic
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Figure 21. Total polyphenolic compounds of extract and solvent layers.
2—2. Total flavonids compounds &% =74

SR ol == Hd7] 2707 Gy AbEe vilEke] A et Co—Cs—Co & B4

7 FxE o] glomn, o]Fo] oy @iFél oH = (ether) A& 3 WTA
(glycosides) 8] FHIZ EAlst= 457 Boh H2 gu| ZgR o=+ <t
EAFE F (anthoxanthins) & SFEA]obd 3 (anthocyanins), 7715 (catechins)
= ESeRAIEE, F2 grloA= FEAE

Fue wath 7 - @9 - ol
s ggdEr] W d9F BYL AU, 4 A et g gow w

1

Quercetin XT89S AFEst HA 4 (Figure 22)& 2Hdste] okt~
FEE 2 BEEY T EHExolE S SN, FEE Y 2EEY
1 mg? &rstal = quercetin® Fo® gHibsto] YeRfgit Addds F
==X 43.42 g quercetin/l mg, ¥+38& Hex, EA, BuOH, Water layer®l

A 242y 50.92 g quercetin/l mg, 186.75 g quercetin/l mg, 51.75 nug
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quercetin/l mg, 36.75 pxg quercetin/l mg® greF

layerol A vl 4 2 53 YERY T (Figure 23).

S
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ey
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/ K008
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Figure 22. Calibration curve for quantification of total flavonoids
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(mg quercetin/100 mg)
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Figure 23. Total flavonids of solvent layers.
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2—3. DPPH radical 27 &4 F=& 4 #3599 DPPH radical &4 &4

TS 70% AeE FEE 2 £ 59 DPPH radical 24 4S5 54
sttt FEE 479 w8 & diste] 400, 200, 100, 50 x#g/mLe %
2 AYHS AAEte] SCso a2 AAFsEAtH (Figure 24).

B50pug/mL W 100pug/mL ™ 200pug/mL M 400 pg/mL
90
80
N 70

- &

83

—

e

E g 50

¥,

& ‘@

() g 30

>
8 20
[7,]
10 +
0_
Extract Hex EA BuOH D.W BHT

Figure 24. DPPH radical scavenging activities of extract and solvent

layers

71 A3}, positive controlg! BHT(SCsp 191.64 pg/mL) e} Bl &
pg/mLE £ JUZ AATHS B
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2—4. ABTS radical cation &7 &4

FHEIEA 70% e FEE U w852 ABTS radical cation &~2A &

de SASAT. FEES U A E8Ee] ko] 100, 50, 25 pg/mLe &

N3-S AAEE] SCso we ARSIt 1 A3, EtOAcolA 10.24 p
g/mL (NZT BHT <25 pg/mL) 2 4L Yel o (Figure 25).

W25pug/mL  ®W50pg/mL ™ 100 pg/mL
120
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@©
e
ey 80
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()]
>
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7 B
c 8
27 1w
3
8
2 20
o
P ) ﬂ J
o0
< Extract EA BuOH BHT

Figure 25. ABTS" radical scavenging activities of extract and solvent

layers
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3. T &4 A A

RAW264.7 cell& o]&3to] Faaegtne] 70% et FE5E 2 3= o
St nitric oxide (NO) A4 oA @ ME 54& FAATE 94 sample 100
rg /mL o sEE HAPS Fdsto] Aol A Flatglet. 1 A3 LPSe}
Sriks Agd LPS(+) ¢k NO Ad&s vlusti= ™, n—Hex layerolA =
60.01 %, EtOAc layerol A= 23.79 %7} 7FA3A T o] 42 positive control
9l Melasolv®] 38.73 %Xtt =AY At Adlazs  gdskl ok (Figure
26).

B pg/mL
120
100 -
x
S g0 -
i
Q
S
60
2
o
(@) 40
2
20
0 -
Extract BuOH DW  Melasolv

Figure 26. NO production inhibitory activities of extract and solvent

layers.
B3E W Auerol it A3E EUE p—Hex layer % EtOAc layer

FEE 100 wg /mL, 50 g /mL 9 25 pg/mL 3709 sEwA T, F
#2344 AFE RAsle] p—Hex layer 2 EtOAc layerolA] % o&F o7
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e Hehl= Ao®E AT 5 Qe (Figure 27, 28), MTT % LDH
AL Fokol AXEAL S4F A3t 5 AFTHOE AXE BHS ehh:
RAo=x glst & 3tk (Figure 29, 30, 31).
B MTT [CILDH
120
F
‘i 100
£
g 80
O
g 60
2
3 40
8
= 20 I
()]
o
0
+ - === Hex EA BuOH D.W
sample : 100 pg/mL

Figure 27. NO production inhibitory activities of n—Hex layer.

M pg /mL
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<
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Figure 28. NO production inhibitory activities of EtOAc layer.
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Figure 29. Cell viability & Cytotoxicity of extract and solvent layers.
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Figure 30. Cell viability & Cytotoxicity of n—Hex layer.
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B MTT [CJLDH
120
Fy
S 100
3
S
q; ,§. 80
© o
[*N-] 60
<
o Z
w3 40
8
= 20
Q
o
0
+ - 100 50 25
sample : pg/mL

Figure 31. Cell viability & Cytotoxicity of EtOAc layer.

o] A8 4d3 compound 3 %

[e] = -
4 A compound 3% AF HAS YERA ZUA T compound 491 735
e ZAS Hol= Zlog o 4 At (Figure 32, 33).
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Figure 32. NO production inhibitory activities.
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Figure 33. Cell viability & Cytotoxicity.
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5-1. 5% 9 2889 37 ¥4 97}

i B

)%

1o

9

AL

FHIgs FEE 4 e Sel T AR Poacnes
9 S. epidermidiss A&ttt of1Eiuy 7HA] #8&E 5 Hex w8E2 P
acnes LS. epidermidis®] paper disc diffusion test Z 7 Fto] zZHz; 1

mm, 19~20 mm= thZ+<¢l erythromycin¥ B stH S o, = wE 4

o] FA "2 A& FAstH(Tables 5, 6).

Table 5. Anti—bacterial activity of solvent fractions

Inhibition zone (mm)

S.Epidermidis S.Epidermidis S.Epidermidis
CCARM 3709 CCARM 3710 CCARM 3711
Extract 0 0 0
n—Hex 19 20 20
EtOAc 20 21 21
n—BuOH 0 0 0
D.W 0 0 0
Erythromycin 43 0 40

Table 6. Anti—bacterial activity of solvent fractions

Inhibition zone (mm)

P.Acnes P.Acnes P.Acnes
CCARM 0081 CCARM 9009 CCARM 9010

Extract 0 0 0
n—Hex 21 19 20
EtOAc 20 21 20
n—BuOH 0 0 0
D.W 0 0 0
Erythromycin 43 42 0
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5—2. MIC (Minimum Inhibitory Concentration)

MIC (Minimum Inhibitory Concentration) ™ w2 A2 oA 7)== H A3
9 & gelsl: Aol Hexdl B¢ EE welle] o] Aoz g 2
2] F7F e EtOAcE? A-¢ thx+2 erythromycind 72 5%
125 pg/mLe XA #S AdA7]= Ao Z HAAT samples <1 £uf
(DMSO : EtOH = 1 : Dol % 125 pg/mLO 2 Hol gujo] 23+ o

= Ao 7 #dsto] 90% DMSOE W2 Abgato] AdS xaekadtt.

90% DMSOQ! 4% gulje] st MIC7F 500 pg/mLeZ Y|V E
o] MIC#te] 250 pg/mLO® Yepgdo R Qlaf Aol las I F 3l
At

kit
il

O

S
=

i

Table 7. MIC activity of solvent fractions

Inhibition zone (mm)

P.Acnes P.Acnes P.Acnes
CCARM 0081 CCARM 9009 CCARM 9010

DMOS (90%) 500 500 500
n—Hex - - -
EtOAc 250 250 250
Erythromycin 500 500 500
DMSO : EtOAc =1:1 125 125 -
n—Hex - - -
EtOAc 125 250 250
Erythromycin 125 250 250
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FaeAs 70% oEE FEES 9] ZAsA o uel =xHd o7 B3I}

217
o] n—hexane, ethyl acetate, n—butanol, water layerS ¥3it}. o]

wHEEC Yol Fush 39 % FFBYL AP 22 o

T ZotH ol 3 SHANE FE=CIA 43.42 ng quercetin/l mg, &
% Hex, EA, BuOH, Water layerolA 47+ 50.92 pxg quercetin/l mg,
186.75 pug quercetin/l mg, b51.75 wxg quercetin/l mg, 36.75 pug
quercetin/l mg® &S YEl O™ 1% EA layerolA vlw3d =2 3&F

el

o

DPPH #ttZt 275 Ad o= EtOAcolA] positive control?l BHT (SCsg
191.64 pg/mL) s} ¥R PS o 91.44 pg/mLE F2 ) SAZHS B
o T8k 55 49 B3 E9 ABTS radical cation &7 443, EtOAcelA
10.24 pg/mL(HZ BHT (K25 pg/mL) = &4& byl

gd 25 AdelM = n—Hex layer, EtOAc layerol|*+ positive control?!
MelasolvEth =AW A Asjadts glstqltt. n—Hex layer$t EtOAc
layer®] Zd-¢-ol= cellel thigt 540] = o= vepstt

it A= n—Hex layer?t EtOAc layerol A & tjst &8 B o
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™ MIC (Minimum Inhibitory Concentration) 2] g2 3o EtOAc layer

oA thZ<Ql Erythromycin® B3t @A S HoJ 2= 9lojt},

rlr

oz gl

Jt
]

o,

o] &7 Rolx= EtOAc layer® 2 MPLCE E3&}o] 48719 Zaldo g

m (

32
o

o AYL %E3o] para—hydroxybenzaldehyde, Luteoloside, Luteolin,

apigenin & 4709 3= LYsklon o] e FHIAREE AS

e =dolth

e A olHE Kol dAkste] A-¢- EtOAc layerold =2 €4S HER
o & dl &4 289 A9 EtOAc layer?t n—Hex layersolA @84S H
Ao n—Hex layergsolAds =& 5485 UeW o™ EtOAc layerd A-$ 4
& sEoAME B0 Hol 2ot Ae B T AN B sdagas W
=9 Fuol 1del 4314 % AFH7F 7hsotal 7] 5ol Aaglo]l 2 Aghs A&l
7] Wil 928 FuF B3 TEE JoE A4En. o|Z I8, ofF At

SHAAT s lgtay SAFEY Ad FAEA, ¥ 2 S
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