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Abstract

Comparative Studies on the Constituents and Bioactivities Using

the Extracts and Fermentation Products from ZLysimachia mauritiana Lam.

Ko, Ma Wo
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

In this study, the extracts and their fermentation products from
Lysimachia mauritiana, a wild plant native to Jeju, was investigated.
Especially, the chemical constituents and biological activities were compared
between the raw (before fermentation) and fermented extracts.

For the fermentation of Lysimachia mauritiana, a strain Aspergillus sojae
was selected under the condition of 30C temperature, pH 6, 3% inoculum
and 300 rpm agitation speed. Comparative analysis of HPLC spectrum
revealed that peaks at RT 31.7 and 33.4 minutes were dramatically
increased. And the compounds corresponding the peaks were isolated and
analyzed by 'H and ¥C NMR spectra, and finally identified as flavonoids,
kaempferol and quercetin. These results indicated that an enzyme
glucosidase from A. sojae hydrolyzed the glycoside to produce the aglycon
flavonoids. In addition, a flavonoid glycoside mauritianin was isolated from
the n—butanol fraction of the raw extract.

Bioactivities (anti—oxidation, anti—inflammation, anti—bacteria) were also
compared between the raw extracts and their fermentation extracts. For the

DPPH radical scavenging activity tests, ICso was lowered from 445 ug/mL to

- Xii -



121 pg/mL showing increased anti—oxidative activities after fermentation. On
the superoxide radical scavenging activity studies, 1Cso was also lowered
from 158 ug/mL to 104 pg/mL after fermentation operation.

For the anti—inflammation activity studies, a macrophage RAW 264.5 cells
were used. Nitric oxide (NO) production was monitored in the
LPS—stimulated macrophage cells. High degree of NO inhibition was
observed in n—hexane fraction of the fermented extract without
cell—toxicties. Inhibition of pro—inflammatory cytokines (TNF—a, IL—6,
IL—1B) were also observed in n—hexane fraction.

Anti—bacterial activities were examined using paper disc diffusion method,
and MIC/MBC were measured. For the strains of 2. acnes CCARM 9010 and
C. albicans KCTC 7965, n—butanol fraction of raw extract showed the
anti—bacterial activities. However, these activities were almost disappeared
in the fermented extracts.

The results demonstrated that the chemical constituents of the extracts
from L. mauritiana were changed by the fermentation process. Upon the
fermentation by A. sojae, the anti—oxidation and anti—inflammation activities

were Increased in the extracts.
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hesperitin ©]9] #l@A F el naringin?} hesperidin Bt} -3 3ats), A&

o

o, 3¢ EAS VEhlE Aow delA gt 2 LEE Bt

(bioavailability)o] #XR zolx]i= Ao g e }.2930

olA W AAE o] &3 thA HAA HHASH= superoxide radical (-057),
hydrogen peroxide (H,0,), hydroxy radical (:OH), singlet oxygen ('0,)3 7
2 &4 kA F (reactive oxygen species, ROS)2 343 E<HAste] A U A
d Frkstrh dojus F9 8 vk ofye} ol B o)
AhstE et olm e oF, nd, FHAst HES, AW T 2S A
g 2 EueFy ddo] He 9 B& AWE fastal =3E AT
th3097 Zeln ol =i o]edk Absld AEY A YUow X EHE ROSE Al
Ast=d 71ofsy] wel kst e Hdeks 7l E =7F vk E=3F ROS
T olEI RS, =g, A 55 FT B oEr7]al AIX Wl DNA 434
ek, R wests sk Y fdF AAHA
] Wk-(allergic responses)ol®= o]t vk W vk gluh*® ROSE A A8

= st =243 AW AR TheAel e w8 2de BHsta ol e

nflammatory processes)¥} <+¢]
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i=]
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o
ol

€3+ A)eFel gallic acid, quercetin, kaempferol, Na;COs, AlCl;, NaOH,
CH5COOH, 1,1—diphenyl—2-picrylhydrazyl (DPPH)-2 Sigma Aldrich (St.
Louis, MO, USA)l| Al G333t

w ATelM AR FE, SvlEE R e AHSE &vlE DAEJUNG
chemical 2 OCI9] A#& AFE3IS T VLC (vacuum liquid chromatography) el
+ silica gel (0.005—0.025 mm, Sigma Aldrich, USA), normal—phase silica
gel column chromatographyol+ silica gel (0.040—0.063 mm, Merck,
Germany)= AFg83+% 3l reversed—phase silica gel column chromatographyll
+ silica gel RP—18 (25—40 um, Merck, Germany)< AF&3t}y. #2343}
pattern Aol AR&¥ TLC (thin layer chromatography)i= pre—coated
silica gel aluminum sheet (silica gel 60 Fa54, 2.0 mm, Merck, Germany)& Ab
839ttt LPS (Difco, Detroit, MI, USA)9} MTT%: Sigma (St. Louis, MO,
USA)ol A %93+ a2, antibody® BD Bioscience (San Jose, CA, USA) 1g
3L FBS¢} Antibiotics¥ Gibco/BRL (Eggenstein, Germany) = F-E] Ql&}3itt.
TNF—a, IL—183, IL-6, PGE;2] ELISA Kiti= BD Bioscience (San Jose, CA,
USA)el A <18kl

2a A5 e 29 %2 245 #a AF8E 7171 HPLC (high
performance liquid chromatography, Waters alliance HPLC system)<}
LC—MS/MS (liquid chromatography—mass spectrometry, LCQ Fleet, Thermo
Fisher Scientific)o]®laL, &ej¥ 3tg&o A2 A+E AT 3= =4
= 34295471 (MQX—-200R, Biotek, USA)E AF&3}3 T},

TZEA o]8% NMR (nuclear magnetic resonance) spectrometers=
AVANCE III 500 (FT-NMR system, Bruker)< ©]&33lon, NMR 574 &
= CIL (Cambridge isotope laboratories, Inc.)®] NMR dA-&&wj= CD;0D,
DMSO—-dsE AH&3H3ith.
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Table 194 H

o

Q1 Lactobacillus sp., Sreptococcus sp. 27t

}

A=

X

Fig. 2. Picture of Lysimachia mauritiana Lam.
~

ATl Leuconostoc mesenteroides subsp. mesenteroides 1

Bacillus subtilis 11+,

3. AHEEF B A



Q1  Aspergillus oryzae, Aspergillus sojae, Rhizopus oryzae, Monascus
purpureus 4775 AFESISIYE F 8T EF v T U|AEHEAEAA &
kS wrol AML3EYUTE. B subtiliss nutrient HJA] (beef extract 3 g/L,
peptone 5 g/L, pH 7.0, Difco, USA)l, Lactobacillus <3 L. mesenteroides
+ lactobacilli mrs broth ®J*](protease peptone 10 g/L, beef extract 10
g/L, yeast extract 5 g/L, glucose 20 g/L, sorbitan monooleate complex 1
g/, ammonium citrate 2 g/L, sodium acetate 5 g/L, K,HPO, 2 g/L,
MgSO47H,0 0.1 g/L, MnSO44H,O 0.05 g/L, pH 6.5, Difco, USA)el
Sreptococcus 45 35+ brain heart infusion ¥j*#|(calf brains infusion from
200 g 7.7 g/L, beef heart infusion from 250 g 9.8 g/L, proteose peptone
10 g/L, dextrose 2.0 g/L, sodium chloride 5.0 g/L, disodium phosphate 2.5
g/L, pH 7.4, Difco, USA)ell zt2F At w3t & A& 25% glycerolo] 3
Shel A geho] ol -80Col| Huston, A9 ol Adl mF § starter=

Ag-3H 9

Table 1. Strains used for fermentation

strains KCCM No. taxon medium
Bacillus subtilis 11315 bacteria NB

Lactobacillus sp. 32821 bacteria MRS
Leuconost;ceiiizzjéfgzédes subsp. 11325 hacteria MRS
Streptococcus sp. 41831 bacteria BHI
Aspergillus oryzae 32319 fungi PDB
Aspergillus sojae 60354 fungi PDB
Rhizopus oryzae 60386 fungi PDB
Monascus purpureus 12002 fungi PDB
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Ao wE &uf F3 =& p—hexane %, ethyl acetate %, n—butanol =,

1.3 ¢ (1.1%),
6.9 g (5.7%), 25.1 g (20.9%), 85.7 g (71.4%)¢] E& &S A t}(Scheme
1).

P R 2354 wEae] 27}

= L=

=
o8]
o
N
o
fru
of
S
=
9
B
ofo

Dried powder of L. mauritizsal ke

1) Extracton with 80% EtOH
21 RHetting for 48 hr at recm temperature, 3 tmes
3) Vacuum filiration, evaporation

y
80% EtOH E=t. 275 g (27.5%)

80% EtOH E=t. 120 g

1) Suspension with 9 L water
218 L of +hexane addition, 2 times

y

a-Hezane layer

1.3g (1.1%)

9 L of ethyl acetate addiion, 2 fines

y

Ethyl acetate layer
B.9g (5.7%)

9 L of sbutancl addibon, 2 times

i

k!

aButanol layer Water layer

25.1 g (20.9%) 85.7 g (71.4%)

Scheme 1. Procedure of extraction and solvent fractionation from L. mauritiana Lam.
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=

n—hexane, ethyl acetate, n—butanol= A =
Aol me &rf 8 FE& T ol Fal 4 &vdE EI=S A4
0.22 g (0.44%), 2.29 g (4.58%), 5.48 g (10.96%), 12.87g (25.74%)& &
AT (Scheme 2).

Supernatant of fermented Ext.
(50 g/L)

1 L of s+hexane additon, 2 tmes

y

a-Hezane lawyer
0,26 g (0.44%) N

v

Ethyl acetate layer
2.29 g (4.68%)

1 L of ethyl acetate addiion. 2 times

1L of abutanel addition. 1 times

i

4
aButanol laver Water laver

5.48 g (10.96%) 12.87 g (25.74%)

Scheme 2. Procedure of extraction and solvent fractionation from fermented

extracts of L. mauritiana Lam.

4-3. FZ=5ENA compound 19 Fz] 34

HPLCE F98 Al#9] peak?’} n—butanol £EEd] 9L 3Helst & 771X

4=  n—butanol #EE 12 gO= Reverse phase silica gel column

chromatography (7 cm X 20 cm)E& AASIT. olsAS 20~100%

methanols T2 o2 AL83te] F 10719 +8& 49, 7k &
1

3
TLC ¥ HPLC #A4& AAJste] shgko] 7bg @ Aol x3he 61 #8(1

J

il
>
>
o)
o
&~
(@]

=]

g)oll W3] ©hA] sephadex LH—20 column chromatography

_12_



X 50 cm). ©]§/do® CHCl; : MeOH& 1 : 12 ARgstlon & 7719 2
s dArk 1 F 39 £F(GKS-B-6-3)& NMR&E +& SA3th

aButanaol layer
(12.0 g)

Reverse phase silica gel Column chromatography
Slze T oem x 20 om
Eluent : 20, 40, 60, 80, 100 % MeOH

| ) ! )

GKS-B-1 st GKS-B-5 Ggsaiga GKS-B-7 s GKS-B-10

Gephadexz LH-20

Colurmn chromatography
Bize td em x B0 em
Eluent : CHClo/MeOH=1/1

gst 259 2IFES HPLCE #2313 S ul ethyl acetate 3 & ol A
N2 peaks g 4= A, o] 3] Y8l VLC (vacuum liquid

stttk a5 ethyl acetate #+38& 2.0 g

(@)
=
—
o
8
)
5
o
0Q
=
o8]
=)
=
<
\/
e
ol
o2

methanols ©] &3t HHF9 silica gel (5~25 um, pore size 60A,
Sigma—aldrich, USA)o] &2A]7]aL, o]& 80 g9 silica gel® &%3F glass
filterol gk HHFSA ZFHSAY. &vlE  step gradient WHOR
n—Hex—EtOAc (100~0%), EtOAc—MeOH (100~0%)°] == &3 300
mLA 8&35to] F 32719 #8E& A%t VLC #8558 Z5F TLCE pattern
S 89Qlstar TLC spoto] FAbslar &4 AdEo] 3ty Zog Hols= #389l
Fr.23~25% X9} reverse phase silica gel column chromatography (3.5 cm

X 30 cm)E AAEE . =34 LiChroprep RP—18 (25~40 pum, Merck,

_13_



Germany)Z AF&3F a1, o]%AE 10, 30, 50 80, 100% MeOHE w37 o

S
- —
2 Abgstel F 5709 285 Aotk 7F 28 die) TLC R HPLC Z12]al

FAS Ethyl acetate layer
20

Wacuum liguid chromatography
aHexEtOAc (100~0%)
EtDacMeOH (100~0%)

Step gradient (add & or 10%), 300 me

! ! !

GEEZ-F.E-23 GES-FE-24 GES-F.E-25 i
SRR (39.6 18) (26,7 1) (19.2 ue) SRR
GEE-F.E-m
(85.5 nsg)
Reverse phase silica gel colwmn chromatography
Gize 1 35 em = 30 em
Ehaent : 10, 30, 50, 80, 100% MeOH
Scheme 4. Procedure of isolation for compound 2, 3
T R R =



5o AFES A 5 Y] wFe SFHF 5% FEES FH7Me
2ehE 7] (DH.WACO1100, Daihan Co., Korea)ollA 121C= 15% Hsh

721% GKSBBR 71813 H4 2 942 918 713 w42 A8319h,

2%E A7rete] ZAsEa Hit § petri dishel 15~20 mL& #F3t Al =}s}
AL, GKS2A2 (2% extract, 2% agar)® X% 7|3F3t}h. 3k 7] 9] plate= 45 %
sto] 78l & 19 FF streakingstQlil, T 8¢ FE L¥hAQl =4

urE

=]l 25C, 30°C, 37Col Z4z AA|sho] 4813 nj ka3t

=
oAl i xelA FAol &1 | #F Aspergillus sojaes HE A9 3}

At} (Fig. 3).

Fig. 3. Eight strains cultured at different temperatures in GKS2A2 medium.
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5=3. A7A 49 F=&

1o,
o
X
1
fol
BN
A
iR
o,

2 Al HAe] Fitshe das Fdsr] fdste] AAGE FEEAA
o) Aspergillus sojae H# ¥ £1E& AL shte] als A9l U

%] 9158 1A= OFAT (one factor at a time) method®S 283}

forming unit)/mL¢] 1t}

HA HA g 2k 21S 3] fete] S WSR-S GKS2A2 wiA| o=
100 uLE, GKS5B wixol & 4% (v/v)E AEsta wgr|E o] &3t 247 2
0C, 25C, 28T, 30C, 35C =AlA A 3lo] 4247F wikaldtt. A. sojae
T fungizx ¥A2 Aoz Aol e Ao WS filterdt
g Azt SHI #A FAE S5t AFAHEE FlEedh
GKS2A2 wiA| &= v 5 Al Mol #ALe] dolE FA st vlaskgitt.

T HAZ WY A pH =1S E7] $8te] pH meter (3510, Jenway
Ltd., USA)E ©°]&3to] GKS5B wi#¢] pHE 20% HCI 20% NaOH=Z ZHz}
3, 4, 5, 6, 782 ZA3taL F¢ %N 4% (viv)E FE3A . 30C, 200 rpm
O R A2AIF " ekl 5] A5 wjFoe] pHE S sGiTh

Al AAZ A sojae®l FEFol oA A5 pHAl WA+ TS Lo}
7] $18ke] GKS5B iAol F4to] AEHFS 27 1, 3, 5, 10%(v/v)7t HES
HE F 30CeA 200 rpm o= 42A13F X1& vl Faqleh. vids whxd
Fo] A5 wjgee] pHE 4353

vl A2 ndk o] wpE s dolr ] $135k4 100, 200, 300 rpme
= 30ColA 4227 1 wjFataint. ks v 759 A% wf oo
pHE SA 33T

e

4

d
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npAjEko 7 oba 3k vty FH A AL A 85t A7to] wE WIS ol
3t7] $eto] wE wjFN S 1, 2, 3, 6, 12, 24, 48, 72, 96, 120, 144, 1684]

Aol AHste) FF) AR pll, DAY BFS FAFAT,

l

5—4. 3]52](batch) W&ol thak H7}

5—4-1. &g 24

Hj kel o] A (reducing sugar)S ®A317] $3te] dinitrosalicylic

Aol = o] FAolH, glucose, fructose, maltose, lactose, galactose
So] ¥3H ). saccharidesdl] free carbonyl group (C=0)7} ¢lo 3skgle

o] Yeldt} o]zt 3YdHS o]&ste] WAIAIeRQl 3 5—dinitrosalicylic
acid (DNS)®} rochelle o= <&Zal 7oA 2A]7]WH o] DNS&
3—amino—>5—nitrosalicylic acid® FUEF WA 540~575 nm B HE F

FoA Ha o] FYEE FAse] BAL AF RS Pyolth

$AZ F oW RAE s Ago
spectrophotometer (Ultrospec 2100 pro, Amersham Biosciences Co.,
Sweden)E ©o]&3lo] 540 nmolA FFE=E A3}
SD—glucoseES FFEd = AFE3le] A7]o] HbH o

Iste] Geol FFS ANt

371 98 At

EYELA Co., Japan)E& &3 &S SHA|7]

-{oi
B

g

D“

SD

D

9

I

&

ﬁod

_EL
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mg/mLe] FEZ £As] TLC 24 e $EE 249 7

R
{

[e)

9 FZES TLC plate (silica gel 60 F254, Merck, Germany)ol 5 uL

&

= spottingd}al chloroform, methanol¥} acetic acid® 2 : 1 : 0.12 &%

AMEm S £3A71 TLC chamberdl] 2ol Astg . A&<S UV lamp

AFE-3Fe] 254 nmoll Al ZAFSE § ElEA L, visualizing agentol] 3 A A]

e

o

T heat—guns o] &3] AXAIZTE Visualizing agent™ 5% H,SO.,
10% CH3COOH, 85% MeOHZ Z 33k &
o Azt & Jgo wgt ARSI

Mol 0.5% anisaldehydeZS %713}

5—4-3. HPLC &4

Azl wg 5ok 28 A T =4 HaE flste] HPLC &4+
AT AR FEEY F9E, EEES  methanold] 59
10,000 =+ 5,000 ppmo =
Alg 2 AREsT. =
4.6 X 150 mm, 45C)< o] &3 HPLC (Waters alliance HPLC system)©l
10 uLEs F9ste] 248t oled2 1.0 mL/min® #F&H22 H0

&

(0.5% acetic acid)/ACN<

loky
12
o
ol
kI
o

45 um syringe filter= o ¥}3}o]

32 (C18 column (Cadenza CD—C18 3 um,

i

mZzAS 2 90:10904 20:807F4] 603t
gradientstith. A&7+ o8 S FAd 4T 4 J+= PDA

(photodiode array)E AF&3t9 1, IZvtE 1288 353 nm= ERHA T

6. A2l &4 Bla Hrt

=9 B gl os) AAdE Feo] dHIF Hstg
22k hARkE S stuk® AlAlaLe] (CeHe) o 4 T shuzE #2471 (OH—-) =

_18_



7}A1™ phenolic hydroxylo]

o

g

)

R

+

il

el

3
o

1IN

=

100

o
ar

ke
T

Fell =

A

=

=

1 mLZ 34

7}&}o]

of 0.4 M Na,CO; &9 200 uL2 57 700 uL

J

S
™

beieh 1 mg/ml 29 A
et

=
=

volume

],

°©

R

P
T

total

1]

S

ol

folin—ciocalteu's phenol reagent 100 uL

=

3 725 nmol A

900 uL

S

_zH

H

[e)
25

= 2~
T

I folin—denis®¥°'& &&
=

[e)

o
Elas

0

‘?4
uLol

q_ 48,49

S

Zlt}.

GAE (garlic acid equivalent)/mgS A}-&

%0
Ar
o

TR

B!

—_
file)

—

) _AO
_&O

el

A

B
i

el

A7 wen

A

fite)

A= EA 8

tof i

S

o

[e)

o

)
=

aluminum chloride colorimetric assay
- 19 -

1 mg/mLz 2% 2 ARE 100 ulA Fsha

&38+3t9tt, thA] oJ7]o] 5% sodium nitrate

[e)

] O,
=

<

bop 2

°

7}

=

=

SRR 671 2Eo R weal e wet
B o= e A

1‘44_]:"_.51—53
=5 400 uL



solution 30 upLE FH7lstar 583F AF2oA WESAIF T o]ojA] 10%
aluminum chloride solutiong 30 pL H7}8tal tfA] 587F Ao A w54
M®] sodium hydroxideE F7Fsbal 13F 7oA wkgA Zleh. wv}
O % FHTE 240 uL A7}kl micro—plate reader® 510 nmolA &

],

71

o

A
th. EFFH L ethanolol]l 3¢l querceting o] &3to] A

aL ofell tiYgste]l EetRmol= e (ug QUE/mg)s 7330t

s

ofd
o M1 2

il

[N

o

ol

o
5
oX.
of
ﬂ_,

6—1-3. DPPH radical &4 &4 =4

DPPH (2,2—diphenyl—1—picrylhydrazyl) radical &7 A A3 Az
o] free radical 24 THoly 4 ¥ THES Hristes W Fol sy
oltt. -9 radical> WkgAdol A v &b gsARt, DPPH radical<
b3k free radicalS 71 EZZA 517 nm A9 oA B3 FFE
el B2Ekde] stgEoltt, ARt free radicale &2AE 4 U= Al
SHA| 2 RE +4E &9 wol 2,2—diphenyl—1—picrylhydrazine (DPPH—H)
of HW w=wtAE WA ¥ 517 nmel Ao FF=7F dAas= oldd o

25 ol&ate] Almol kst FHS SAT 5 AUrh(Fig. 4).%

1.4 oM

121 .-a—r-.'uo‘ +A0-H —> + RO
1,0 -

.’ /

06

0.2

Absorption

I Absorptionsmessung bel 517 nm

0.0 - . ' : .
300 0 380 420 460 500 540 580 620 660

Wavelenght (nm)

Fig. 4. Graph showing the colour change of DPPH from purple to yellow
when it is exposed to an antioxidant substance. (2013 Mendoza

Pérez and Fregoso Aguilar)
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oj¢} L AYE o] &ste] kst FAF THES FAsua s
DPPH radical &7 &2l €3+ 3
A &3ttt DPPH 2 mge ethanol¥}
nm® gl 0.95~0.997F HIEE  xAHste  FH[EUTE AlEs
flat—bottom 96 well plated] % 1 mg/mlL FE&2 Y= 3 o]= 31.25,
62.5, 125, 250 ¥ 500 pg/mL ¥E & 3 A&} o]= Y8 413 DPPH
100 uLoell Al 100 uLE FH7kst™, whg-3 18 1023 A2oA A5k

t}. o]% micro plate reader® 517 nmolA SFE=ZE =A AT} blankol

>
g =
m {
oX,
o
1
rlo
=5
=
2.
)
=
T
o
]
oo
ol
ok,
9

+ DPPH €9 w4l methanolE AFE3} L, 72 Alg& 3

st o A= HA kS etk DPPH radical &7 &4 DPPHO &
FE7F 50% #AaT W dHEhs A5 $X(1C5)E etk FdEd
(positive control) ©&#+= ascorbic acid, kaempferol, quercetinsS A}-&

o,

Scavenging activity(%) = { 1— L(_:B) }X 100

A Al&9} DPPH W ole] &4 %(517 nm)
B : A& AA9 T3 =(517 nm)
C : DPPH &9 53%(517 nm)

6—1—4. Superoxide radical &7 &4 =4 (NBT/XO assay)

\,
o
o,

reduction WHTE AR FAsle] AN ARE HE FEs} 1
mg/mLe] HEE WE T o]E 31.25, 62.5, 125, 250 % 500 pg/mL &%

2 A% s ol5 98] 96 well plated] FEHR SAg A

bl
®°
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7} 50 ulL¢} 200 mM sodium phosphate buffer 50 pLE &3t 3 1 mM
xanthine (in buffer)? 2 mM EDTA (in buffer), 0.1 mM NBT (in
buffer)E Z33 &MNS 50 ul #H7etdeh. wpx=9to 2 50 mU/mL
xanthine oxidase® 717y 100 ul €3 A2olA 158 &< #b& A7 &
ELISA readerE ©]€3l4 550 nmolA] FH=E =

radiacal 22718 (%) otefjo] 2o o3 Attsidlon, ZF A 8E #8353
S W NBT/X09 FH4%7F 50% A we] A8 F%(IC50)E T3+

F ANss 33 ®iE AFE AANste] Hagks Tesiv dduEd

(positive control) &2+ ascorbic acid, kaempferolE AF&3}$it}.

N

i
g

Scavenging activit%) = { 1— —E }>< 100

A 1 NBT, xanthine 8ol AlZe} B W FF5=(550 nm)
B : AclA &4 dl4l bufferE 7heh E3ole]

C : AollA A= Al bufferE H7EHeE &3]

ol

%= (550 nm)

ol

% (550 nm)

oo

6—1—5. Xanthine oxidase A3} &4 =7 (X0 assay)

Xanthine oxidase purine ©AF] Fst= @4 ZE  hypoxanthines
xanthine .2 ZH3A| 7|31 AL AAE HAATEAZ o] 83 uric acid=
AbslebE WS EudkE &40|th Uric acid7b % W Z7lshd 244

o] Fdel FAHH FFE THEle §FE dovs Bash Yk o

el FhE ZEtRicols 3gHE FolA galloylZ|E I EEhEico]
= 3= ZYdE shgtEe] xanthine oxidaseE ZAAA o= A st

ATLE HaE n Yok
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of RaHAY. MRS

31.25, 62.5, 125, 250

B
o\

57 1 mg/mle] HEE WE Z olE
500 ug/mL 52 A% A5 o]l 93

96 well plated] s=EH=E 3|43 Alg &4 ZF 50 ulL¢ 200 mM sodium

B

phosphate buffer 50 uLE £33 %, 1 mM xanthine (in buffer)¥} 2 mM
EDTA (in buffer)E& g &S5 50 ul H7bepivh. kAo = 50
mU/mL xanthine oxidaseZ ZtZ} 100 pL ¥al Ah2oA 15% FoF k&
AlZl % ELISA readerg ©]83lo 290 nmolA JFHE=E

xanthine oxidase A3 &I (%)= ofgle] 2o ol&] AAtslHF o, ZF Als

A : Xanthine €90 A5 a4 ¥-S 4 %(290 nm)
B : AdlA &4 Al bufferE: H7Fsk &3l o] 533 % (290 nm)

C @ AolA A5 dlAl buffers H7Fst £3do] FH%(290 nm)
6—2. RAW 264.7 cells ©]&3 34 4 A
6—2—1. A|EujF
P2 A E AL (murine macrophage cell line)$l RAW 264.7 cell& ATCC
(American type culture collection, VA, USA)S ZXE FEoF o}
penicillin—streptomycin 100 units/mL¥} 10% FBS (fetal bovine serum)®]

5% DMEM 8iA](GIBCO, Grand Island, NY, USA)Z A}g3d}o] 37T,
5% CO-27]0 A wjstl o, 2~3do s+ MA Afu) S Al dYsFSIt).
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6—2—2. Nitric oxide A4 <A F7}

NO= NOSE el ofsf vbsofAH, Aol AFaHgolM = #=Fe] NO7L
oA HEAAE HES 4T 54 2 W A5 A T 9
Ao oA olvh NOSE 18, 113, IS 3FR/7E A, o
T AN A A BHEE T8 ATS "HHshe [Foly HIFH &
I3 INOSE cytokineolt} Ayt oA  EH]%+= LPSY  calcium
ionophore°l &3] Ui A3zoA AF=H™, AHHE INOS= #Fe NOE A

Aol A% Al AEsks Ao dEA vk

ofl

RAW 264.7 cell& 10% FBS7} #7F¥ DMEM BiA| S o] &3l 1.8x10°
cells/mLE ZA3 & 48 well plate o =381, AA+S =539 1

By waEy o 2IE F 1083 LPS (1 pg/mL)E EAl 2 sho]

24 X171 sttt AAAdE NO9 &2 Griess Al 2F[1%(w/v) sulfanilamide,

i}

0.1%(w/v) naphtylethylenediamine in 2.5%(v/v) phosphoric acid]< ©]-&
sto] Mzl Foll EAlsh= NO, o JeHi=E SAs it AMEmS

o 100 uLet Griess AJeF 100 uLE =3sto] 96 well platesollA 10%
b WESAIZL 540 nmelM FHEE SASIE AAdE NO9 &

offt oNf

rlo

sodium nitrite (NaNO,)ZE standard= H] L3} T},

6—2—3. AEEA H7F A (LDH, MTT assay)

@D LDH assay

RAW 264.7 (1.8%10° cells/mL)E DMEM Hi#|ol ZA7}x]4= &3}
HaE aga 7t #8E, F 1089 A554 LPS (1 pg/ml)E 41 A
sho] 24A17F Wk gk = wiF HiAE Dof 3,000 rpmell A 5 AR

3t9td,  LDH  (lactate  dehydrogenase)  assay+  non—radioactive
cytotoxicity assay kit (Promega)E o|-&3le] SAH IS, 96 well plate©l

A HEyste] A& wfF wix] 50 ul9} reconstituted substrate mixZ 50

o

uLE i, Ao A 308 WAl & 50 pul9 stop solutions ¥
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microplate reader (Bio—TEK Instruments Inc., Vermont, WI, USA)E A}
&3kl 490 nmelA FHEE SASAT. A4 Algdel ud B FE=
s Tekelen, iz (LDH control, 1:5000)9] &3 %= g3 Hlawste] A
%48 WrEsT,

B

@ MTT assay

MTT  [3—(4,5—dimethyl—thiazol—2—yl)—2,5—diphenyl tetrazolium
bromide] assayZ ©|839th RAW 264.7 cellS 48 well plateo] 1.8x10°
cells/mL= 5F3FaL 37C, 5% COy, Z7A3Fol A 24417 vl & samples
sEHEE 742 HTbslo] 24413 wistivh. vl F, 500 ug/ml E=

MTTE F7kste] 37Tl A3 &b vEAIZL 5, Asds AA A

ol 7)ol DMSOE 7}ste] 4ol Alxel Hbg-3te] A7 formazan I =S
LA v, ©olE 96 well plated] &% ¥ 570 nmollA FF=E SA3S)

ST

6—2—4. Pro—inflammatory cytokines (TNF—a, IL—6, IL—-1B3)3} PGE, 3

Aol W2 cytokine UEHAL} thefFst 952 A(pro—inflammatory
mediator) 59 % ol YA A= HFAA AAHS FHA Aot
A At cytokine S1A|el wioll 27t AFehA WHAAA L 7HsEH =T,
o] A A FHEHz= WAHEHES "t WYy dFd ddH" oy
cytokinez WA A Eo A AAtEE tfE Al AdFA cytokine IL—10,
IL-6 % TNF-aZ, tAAXE 95 Hbs Ao IL, TNF—a$9} #2
cytokines AJAtstal, COX-25 B4 PGE Aatstol Adzx7]e A
A gold Fad s FPt® ek COX-200 o3l M= PGE,
L SAE Hol, IS st T4

RAW 264.7 (1.8%10° cells/mL) A& DMEM HjA|E o]83}o] 48
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well plate ol HE3dtaL, 5% CO, F7]e4 1812k A sttt o] 5
A E AASZ 108 $X2(1 mg/ml)E ZAE A5 A=E4 LPS (1 u
g/mbL)E FFd M= wiAE FAl Agstel A widas 59 7oA
B Fskadeh. 24412 F w g wiAE AR (12,000 rpm, 3 min.)sle] &
o7 A5 N9l pro—inflammatory cytokines¥} PGE, A4 &S FAH3A
o BEE AEE AP A7 -20C olstel] Busiivh. AFe WS

manufacturer's instruction®] Wsro ™ standardel] W3+ FF==A9 r23ke

0.99 o]/e] At

g4t S Hrkstr] 98l S8 A T Staphylococcus  epidermidis
(CCARM 3709, 3710, 3711)%} A=F YAl Propionibacterium acnes
(CCARM 9010), 2}t Candida albican (KCTC 7965)& AH&-3F3dch.
ol AT AL AT (culture collection of antimicrobial
resistant microbes, CCARM)¥} A2} AlE (Korean collection for type
cultures, KCTC)Z ¥ EEWtty. S epidermidiss= TSB (tryptic soy
broth)® 37TColA 3 Ath wjdstel &4 A & Aol A&l P
acnesv= WA= GAM brothE AR&sto] 37CelA 3 A vk & AF
of AR&stlth. C. albicans + 27335 fl@ YM broths AR&3ke] 25C
oA 3 A viFete] Aol ARES Al WHomE Hatgh oA )
2] 10 mLell Ao 2 213 3 stock AE|e] #& 100 uL #BEstar z+ +
o AALIolA 24 AZF wigE AS oA wix ek HEFS 100:19 H

2 AT AES 2423 WS E 7 A o RS

[¢]
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6—3—2. Paper disc diffusion test

3 &4 =AHL paper disc diffusion assay®’ WS AF&stgTh ZF A
0 mLe] MAufA|o] HFakar 37 ColA 184174 33] Al =

stol FEey NFEFE Ao, 7+ A

il
Ml
N
i

=Y
off
ki
Ll

0.5 McFarland
2 10°~10°% CFU/mL A

WEol Mgt 37 BY BT ARE 5 mgml BEE £A o]

N

@]

=

D

=

g
Lo
AV
N
i
N
o
_O‘L
9
o%
=Y
m G
oX,
o
I
=2
_OL
32
v

6—3—3. Minimum 1nhibitory concentration test

MIC (minimum inhibitory concentration)™ "|A &2 A4S Y= A=
Aol HawZolth Al ol tigh v MIC #2 Als&do] 1 Aldd

Foll W8l =2 Hade] Aok & 5 vk
3 A= EAA7 729 0.D (optical density)dte] 0.2~0.30] HE=
0.85% HHATAAdFE ol g3l Attt 183 96 well plate®] 7}
welloll BjA] 150 pulL® Yo]a1, o]o] A wellol +H]3F sample 150 uL
& $°olE& ¥ pipettingste] E3agith. 22 WP or wiEste] Addi=
samples W 3 Ash= S AAIG F, 7 welld]l 0.D #o2 s=5
E

WA A 15 uLY Astn 2 Fo FxhoR Mg F ANE I

Y

6—3—4. Minimum bactericidal concentration test

S MICZEe] 1 wEelq BE 7o AEE ejuais AL ojdd o

ol AES JPoz ABTY HFS Waste] A@irel AukA oo}



=2 ZAAYH HA £ A7 woltt. wegk4 MBC (minimum
bactericidal concentration)E &3 MIC #oz Ak 1 o]l Fxol A

Fex solgtow Fel ApEd Ha

[ B S = |

ol

252 plated] AEdte] colonyE FA4
SEE gRlstitt. WA agar plates FH|8FAL plate AW FE & o]
2 =23 5 79

bt

ZAE 5, MICE 83t 96 well platedlA] loop= Al &

2 streaking 3to] 7 o] Wiz o= gt AHE gl

ol
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1-1. Compound 19| 334

M7V A<=  n—butanol F&Eo] th&] RP-—silica gel, Sephadex LH—20
column chromatographyE &ste] shvhe] shetEs #esiglen HSQC,
HMBC¢ #Z2 2D NMR A37IHE& ol&sto] FxE&4S AAlsiith. =3
LC-MS/MS 45 & A2 35Sl

Compound 12 3 A FHEo] & dom 'H NMR 4 A3} &y 8.07

(2H, d, /=9.0 Hz) ¥ 6.90 (2H, d, /=9.0 Hz)¢ proton signal ©] A=

1=
i

coupling 3tal 0™, coupling constant #te] 9.0 Hz Q1 ZOo=Z Hol X=Z
ortho—couplingdl= flavonoid B-ring®] protono] &&= ch =3+ §; 6.38
(1H, d, J=2.0 Hz)e proton¥} &y 6.18 (1H, d, J/=2.0 Hz)dAx A=
meta—coupling 3+ flavonoid A—ring®] H—83 H—-62] A& A< peako] 3
ZEJok. 28 §y 5.62 (1H, d, J=7.5 Hz), 5.25 (1H, brs), 4.52 (1H,
brs)¢ 370¢] anomeric proton®} &y 4.07—3.25 F-+¢ A3 signal® W F
of Fo] Al J} XgE FEAS & F AU 53] 6y 1.18 (3H, d, J=6.5
Hz), 0.97 (3H, d, /=6.0 Hz)ollA doubleto® YE}= 5442 CH; peak
2HEHE A$E A M9 T S 27l rhamnopyranoside®l RAo2 FH3FA
o} C NMR9] ¢ 158.5 (C—2), 134.5 (C—3), 179.5 (C—4)<] carbon peak
S 2HH flavone—3—-o0l9] =4S & F UL} o] el A2 HE aglycon
S kaempferol?l Aoz o439 o™ kaempferol®] NMR spectrum} H] 1l 3]
S wl 39 carbon®] AAF shift HASEZ o] 3W whiel] XghE Ao
ARt @9 carbon signale C NMR ¥ DEPT spectrumol Al 27§ 9]
rhamnopyranose® &§: 100.9 (Rha—1), 99.9 (Rha—1'), 72.4 (Rha—2), 72.1
(Rha—2'), 72.5 (Rha—3), 72.3 (Rha—3"), 75.8 (Rha—4), 75.3 (Rha—4"),
69.9 (Rha—5), 69.7 (Rha—5"), 18.0 (Rha—6), 17.6 (Rha—6') signal= #|<]
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s 6 102.7, 77.6, 74.1, 73.9, 70.7, 67.19] 6709 signalZ2FE YA
sttbi= D—galactopyranose®]™, galactopyranose®] 2%, 6®Ho] Ax}go =
shift ® ZAo& Wol 23 69 9o Z}7Z} rhamnopyranose”’} X3¥ 7o
2 A F3FRd. ek HMBC spectrumol Al §c 77.69] Gal—2 ¥4} §y 5.25
(1H, brs)e] Rha—1°] co—relations A3}H o & 67.12] Gal—-6 Ao}t
Su 4.52 (1H, brs) 9] Rha—1'7} co—relations 213}t
D—galactopyranose®] anomer 6y 5.62 (1H, d, J/=7.5 Hz)2l coupling
constant® X.o} D—galactopyranose= kaempferol 3¥ 9| X|o] g Jej= A3}t
stal o™ 7} rhamnopyranose®] anomer 6y 5.25 (1H, brs), 4.52 (1H,
brs) signal®| broad singleto] 2= 27]¢] rhamnopyranoses= 22} a FE|=
1—2, 16 $1X]°l galactopyranose Agstil & ATt o] A
ZHE  compound 1S  kaempferol—3—0O—a—L—rhamnopyranosyl—(1—
6)—0—[L—-rhamnopyranosyl(1—2)]—-0——D—galactopyranoside,
mauritianin (Fig. 9)°2.2 54393, Ken 59 AdAF12 9} vluste] A}

29 g2l 93519 ion trap H=7]2] LC-MS/MSE o] &3} t}. #4]9
=

1%
ol
ol

ESI (electrospray ionization) negative mode® -
Aok 2 A F BAES 739 [M-HITE #EQlEgler o1 9 F
fragment ©]=°% 574 [M—H-rha]™, 472 [M—H-2rhal”, 285 [M—H—2rha-
gal] %= &13}5ItH(Fig. 10).

ko
o
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Table 2. 'H and *C NMR data of compound 1 (500 and 125 MHz, CDs;0D)

No. compound 1 references*?”
8¢ 6y (int, multi, J Hz) Sc Sy (int, multi, J Hz)
2 158.5 156.5
3 134.5 132.9
4 179.5 177.5
5 163.2 161.3 12.7 (1H, s)
6 101.9 6.38 (1H, d, 2.0) 98.9 6.41 (1H, d, 1.9)
7 165.9 164.0
8 94.8 6.18 (1H, d, 2.0) 93.8 6.21 (1H, d, 1.9)
9 158.7 156.5
10 105.9 104.2
1 123.1 121.3
2' 132.3 8.07 (2H, d, 9.0) 130.6 8.05 (2H, d, 8.3)
3' 116.3 6.90 (2H, d, 9.0) 115.2 6.88 (2H, d, 8.3)
4' 161.4 159.7
5' 116.3 6.90 (2H, d, 9.0) 115.2 6.88 (2H, d, 8.3)
6' 132.3 8.07 (2H, d, 9.0) 130.6 8.05 (2H, d, 8.3)
Gal—1 102.7 5.62 (1H, d, 7.5) 99.2 5.56 (1H, d, 7.3)
Gal—2 77.6 75.6
Gal—3 74.1 73.7
Gal—4 73.9 68.3
Gal—5 70.7 74.0
Gal—6 67.1 65.8
Rha—1 100.9 5.25 (1H brs) 100.7 5.05 (2H, s)
Rha—2 72.4 70.9
Rha—3 72.5 70.8
Rha—4 75.8 72.3
Rha—5 69.9 68.8
Rha—6 18.0 1.18 (3H, d, 6.5) 17.2 1.05 (3H, d, 5.4)
Rha—1' 99.9 4.52 (1H brs) 100.3 5.05 (2H, s)
Rha—2' 72.1 4.07-3.25 (sugar H) 70.9
Rha—3' 72.3 70.5
Rha—4' 75.3 72.3
Rha—>5' 69.7 68.3
Rha—6' 17.6 0.97 (3H, d, 6.0) 17.7 0.79 (3H, d, 5.4)

% 'H and ®C NMR data of mauritianin from reference (100 and 25.5 MHz, DMSO—d;).
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Fig. 5. 'H-NMR spectrum of compound 1 in CD;OD.
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Fig. 6. 3*C—NMR spectrum of compound 1 in CD3;OD.
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Fig. 8. HMBC spectrum of compound 1 in CD3;0D.
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Fig. 9. Chemical structure of compound 1.
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Fig. 10. Mass spectrum of compound 1.
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1—2. Compound 29 TF+Zx3}4]

Compound 23+ reverse phase silica gel column chromatography %
23S TLC Aol @Y spoto & YEY 571 |9 =& Aoz wuslo]
'H 2 C NMR £4& 28t 2 23 '"H-NMR spectrum (500 MHz,
DMSO—ds) Z5-¥ 6y 8.58 (2H, d, /=8.5 Hz, H—6'), 7.44 (2H, d, J=9.0
Hz, H=3")°] A& coupling 3}aL Q3L, 1 gko] 8.5¢9F 9.0 Hz= 5 ghkol %
33] AAsHA = ZAIRE doublet9] HOo = Mol AMZ ortho—coupling$hS <
Askeltr 18]ar &y 6.94 (1H, d, /=2.0 Hz, H-8)¢] proton¥} &y 6.69 (1H,
d, /=1.5 Hz, H-6)olX A& meta—coupling®t}il XS w flavonoid
A-ring®] H-87 H-69 #FA<l peak@ o= Atk =S &y 12.72 (1H,
s, H=5)¢] peaks T3t FHlol A7|SA=7F 2 Atar Ags)

H
257} 137

[

protong oA g 4 At BC-NMR spectrum #4418 Z3f &

¢}
olgd Aoew

o Z35al, C—39] § 136.022 A= shift¥ o] proton©]
hydroxyl7] 2 X[ &5 o] &S & 7 AN, 6 176.1914 C—49] carbonyl
712 A F= AAT. T G 159.9914 C—4'9] carbon signale] Tz o]
proton®] X|&Eo] LSS & F JAY. 28 § 146.7 (C—2), 136.0
(C—3), 176.1 (C—4)¢] carbon peak&.ZXE flavone—3—o0le] TFZ o A3t
T AdArt. o3 AnE 313 vlwEte] compound 2% kaempferol (Fig.
1R FA3AT

kaempferol ©T&g AEvo=28YH FHE v Jom 53 wFHE
(Araliaceae)®, &2\ 5(Rhamnus taquetin)’, 23}(Carthami flos)™, ¥}
(Hibiscus cannabinus L) 2 WA EUT(Cudrania tricuspidata)”™ ‘sl &
27 Bawo] glvt. o] 3igtEe] Ag@ded ik A7 Es kst &4, 7
W aear gigetelyr AEAS Tl tiE F &3 Fol Ead w9
]:]_'74*75
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Table 3. 'H and ®C NMR data of compound 2 (500 and 125 MHz, DMSO—d;)

No. compound 2 references®®”

8¢ 6y (int, multi, J Hz) Sc Sy (int, multi, J Hz)
2 146.7 146.8
3 136.0 135.6
4 176.1 175.9
5 161.6 12.72 (1H, s) 160.7 12.60 (1H, s)
6 98.6 6.69 (1H, d, 1.5) 98.2 6.21 (1H, d, 2.0)
7 164.8 163.9
8 93.8 6.94 (1H, d, 2.0) 93.5 6.43 (1H, d, 2.0)
9 157.0 156.4
10 103.3 103.2
1 122.4 121.8
2' 129.7 8.58 (2H, d, 8.5) 128.6 8.02 (2H, d, 8.8)
3' 115.7 7.44 (2H, d, 9.0) 115.0 6.86 (2H, d, 8.8)
4' 159.9 159.2
5' 115.7 7.44 (2H, d, 9.0) 115.0 6.86 (2H, d, 8.8)
6' 129.7 8.58 (2H, d, 8.5) 128.6 8.02 (2H, d, 8.8)

* Reference compound (kaempferol) was isolated from Cornus officinalis (400
and 100 MHz, DMSO—d;)

Fig. 11. Chemical structure of compound 2.
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Fig. 13. ®C—NMR spectrum of compound 2 in DMSO— d;.
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1—3. Compound 39 TF+Zx3}4]

Compound 3+ reverse phase silica gel column chromatography $-°i
compound 2HT} 9tA HElojx dojxlom 1 FRE Felsty] &) 'H 2
YC NMRS #4& Fdst3ith. '"H-NMR spectrum (500 MHz, DMSO-d;)
ZXE flavonoid B ringdll M@= 3%F<¢] sp? carbon proton signals [8y
7.66 (1H, d, /=2.5 Hz, H-2"), 6.88 (1H, d, /=8.5 Hz, H-5"), 7.53 (1H,
dd, J=8.5, 2.5 Hz, H-6")]& Akl compound 29k w9~ {FAFSERLAL
protonE°] chemical shift, &< 3® @ coupling constant gt =F-E o] 3}
SEL2 C—-3" 9ol hydroxyl group®] £A]38F+= quercetin®.= |43}t o]
¥ =3¢ NMR data®t Hlashglar Aapel Ax1ghs Q1] we} compound
3& quercetin (Fig. 14)0. 8 =A<t}

Quercetine 7Fg B3E7F 52 flavonoid® 70F°] Y& B2 9 m3AE
At 9o, ERX(Rubus coreanum Miquel)™, A& (Jindalrae) 2",

S| Y (Fagopyrum tataricum)™, & WFol7(Climacium dendroides)™

il

D IV (Stewartia pseudocamellia)®® Sl A AR He] @ daksl g4 o)

LIRS
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Table 4. 'H and *C NMR data of compound 3 (500 and 125 MHz, DMSO—d;)

No. compound 3 references®®”

8¢ 6y (int, multi, J Hz) Sc Sy (int, multi, J Hz)
2 146.9 146.6
3 135.8 135.8
4 175.9 175.7
5 160.8 12.48 (1H, s) 160.8 12.50 (1H, s)
6 98.2 6.18 (1H, d, 2.0) 98.2 6.18 (1H, d, 1.8)
7 163.9 163.9
8 93.4 6.40 (1H, d, 2.0) 93.4 6.40 (1H, d, 1.8)
9 156.2 152.4
10 103.1 103.2
1 122.0 122.0
2' 115.1 7.66 (1H, d, 2.5) 115.0 7.68 (1H, d, 2.1)
3' 145.1 145.0
4' 147.8 147.5
5' 115.7 6.88 (1H, d, 8.5) 115.6 6.89 (1H, d, 8.5)
6' 120.1 7.53 (1H, dd, 85, 2.5) 120.1 7.54 (1H, dd, 85, 2.1)

* Reference compound (quercetin) was isolated from Cornus officinalis (400 and
100 MHz, DMSO—d;)

Fig. 14. Chemical structure of compound 3.

_39_



o
el (=] (= =
& GBIGRNSEESEE T BEB%Y
— r--r--rl—r--r-uruu:lmcflmmm e R
h\-\_"‘-\-\_ /
V= e
S - L_-'.Il'\_ . A V-
T T T T T T T T T T T T T
13 12 11 10 9 8 ¥ 6 5 4 3 2 Ppm
/__:L\_ ki LA
sz B 58
—l= =l =]l

'_':'|| N ﬁ"'

el !

T T T T T T T T T T T T T T T T T
180 170 180 150 140 130 120 110 100 a0 a0 TO 60 50 40 30 ppm

Fig. 16. “C—NMR spectrum of compound 3 in DMSO— d.
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Fig. 17. The selected culture conditions for mass production of A. sojae by
using one factor at a time. Each temperature, pH, inoculum and rpm
conditions for optimal culture were determined by simple changes in

mass and pH.
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Fig. 18. Time profiles of residual glucose concentration (H), pH (A) and
D.C.W. (@) in the batch culture at 30C, pH 6, 300 rpm of

inoculated with 3% A. sojae.

ANAGE FEE] wa d3 2a Fo HPLCE Hud 23 (Fig. 19)

g Ao vla] wa FoA WEEAZ(RT) o 23.1%, 27.0%9 a7 =

3
Atk B AT A E mauritianintFe 9E& 5 YPAwE EFH4O

ZAbo w2 AR5 (Lysimachia mauritiana Lam.)oA Egld =28

» Quercetin—3—0—galactoside,
» Kaempferol—3—0O—robinobioside,
» Kaempferol—3—0O—a—rhamnopyranosyl— (1—2)— G—galactopyranoside,

» Kaempferol—3—0—(2,6—di—O—a—rhamnopyranosyl——galactopyranoside)
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Fig. 19. Comparison of HPLC chromatogram of non— and fermented extracts

and solvent layers from L. mauritiana Lam. White and black arrows

represent decreased and increased peaks, respectively. NF

Non—fermented, FAS : Fermented with A. sojae.
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Fig. 20. Prediction of the role of fermentation in compound changes. The
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Total poly phe nolic compound conte nis
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21. Total polyphenolic compound contents of non— and fermented LZ.

mauritiana Lam. extracts and solvent layers.
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22. Total flavonoid contents of non— and fermented L. mauritiana Lam.

extracts and solvent layers.
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Table 5. Changes in total polyphenol and total flavonoid contents after

fermentation of L. mauritiana Lam. extracts and solvent layers

total polyphenol contents (a) total flavonoid contents (b)
composition non—F. F. rate of non—F. F. rate of
conc. conc. change conc. conc. change

(ug GAF/mg)  (ug GAE/mg) (%) (g QFme)  (ug QUE/me) (%)
extract 19.15+0.1 24.69+£0.2 28.93 16.01+£0.7 22.12%+1.2 38.16

n—hexane

layer 28.98+0.4 26.15%0.2 —-9.77 36.42+1.5 23.92£0.6 —34.32

ethyl acetate

layer 29.78£0.1 65.02£0.4 118.33  26.41£1.0 52.05%0.1 97.08

n—butanol

layer 34.00£0.6 22.65£0.1 —33.38 42.95%2.1 28.65*x1.8 —33.29

water layer  25.88%+0.3 25.95+0.3 0.27 15.45£0.5 19.76%*1.9 27.90

The values are expressed as meanszxstandard deviation of triplicate tests.

3—1-3. DPPH radical &7 &4l

27 2HE2 @AY Z(free radicaDoll AAE Foste] FE5= F9 It
3t g3 Al A w=5tE JAshE AR AFEET® DPPHE A
2]7]= cysteine, glutathione® %= 33hf olw|:=4k3} ascorbic acid,
aromatic amine (p—phenylenediamine, p—aminophenol) ol <]3] Y
of GAlEE®E Fikst EHo kst SA wWol o] &L Utk o]

DPPHH S o] &3lo] ZA7tx49 FEE3 v £35 dWa&y 71 grji

Ak 6 2 Fi
o, 0~1000 ug/mLel sk WM Fk oEA daE KT

DgE 314 &S MNAFE FEEY dud 24 dA &4 1C5
445.1240.85 pg/mL=z YERge] wa] Bast A7x¢d FEE9 16 #
S 121.06+£0.51 pg/mLE YElGow, AUz OR AFRSE ascorbic

N
1)
$
I\
9]
it
3
fol
o
)
J
o
T
K

acid, kaempferol, quercetin H.t}+= kX7t
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S g1e 4 ARt 53] ethyl acetate
SollX= wa d 61.59£0.37 ug/mLelA HaEa $ 43.164+0.33 ug/mLo=
g &7 A ZAo] Fokxl Ao ® UEbal, n—butanol FolA e
- 143.7810.41 ug/mLe= vz A&
7 A FAdo] wrobxl Ao 2 YEETth o] ethyl acetate FolA ¢35
B4 77 S AR AtmEnh ol AFYeA
= dakst AR g% free radical A2AF ] FHTAANA ZE v g
gt &Ado] Frhettta e, B Ao AE oot fARSE 2
g yeplon, wa Aol ofs) &4kt &Ado] FUtehe Ao FQly
of F% ZaAefel A3t T AvAdd i Bu AlFAd AT o]
Aop & Aow Atz E.
Table 6. The Anti—oxidant potential of the extracts and solvent layers as

calculated ICs¢ values from the DPPH assay

ICs0 (ng/mL)"

composition non—fermented fermented
DPPH radical DPPH radical
scavenging activity scavenging activity

extract 445.12+0.85 121.06£0.51

n—hexane layer >1,000 148.58+0.33

ethyl acetate layer 61.59%£0.37 43.16+0.33

n—butanol layer 63.76%x0.65 143.78%0.41

water layer 86.42%0.60 104.77%1.26
ascorbic acid 8.17£0.26
kaempferol 6.73+£0.42
quercetin 6.63+0.41

* JCs0 values were calculated from regression lines using five different
concentrations in triplicate experiments.
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Fig. 25. DPPH radical scavenging activity of L. mauritiana Lam. extracts and
solvent layers by concentration. NF : Non—fermented, FAS

Fermented with A. sojae.
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Table 7. The Anti—oxidant potential of the extracts and solvent layers as
calculated ICso values from the NBT/XO assay

ICs0 (ng/mL)”

Composition non—fermented fermented
superoxide radical superoxide radical
scavenging activity scavenging activity

extract 158.80+2.06 104.90+1.23
n—hexane layer >1,000 94.83+£3.47
ethyl acetate layer 83.20+0.73 58.99%£0.73
n—butanol layer 168.35+1.64 118.43%1.32
water layer >1,000 79.50+£1.72
ascorbic acid 11.25+4.51
kaempferol 6.21+2.20

¥ ]Cs9 values were calculated from regression lines using five different
concentrations in triplicate experiments.

[ Extract n-Hex. layer W EtOAclayer [l n-BuOHlayer [l waterlayer [ ascorbic acid [l kaempferol
100 +

I*{

50 I

:EHHMWMIWEM LI | Sl

0 15625 3125 625 115 250 500 1000 0 156325 3125 §25 125 250 500 1000 @ 15633125625 125 25 50 100

NF FAS Positive control
Concentration (ug/mL)

=]
T

Superozxide radical scavenging activity (%)

Fig. 26. Superoxide radical scavenging activity by concentration of L.
mauritiana Lam. extracts and solvent layers. The scavenging
potential for superoxide radicals was analyzed via a
hypoxanthine/xanthine  oxidase generating system coupled with
nitroblue tetrazolium. NF : Non—fermented, FAS : Fermented with A.

sojae.
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3—1-5. Xanthine oxidase A& &4

AAAGD #2587 &0 LB WA Aol WE X0 A DAL

Table 8 ¥ Fig. 273 o] YEST. Ethyl acetate FolA v &a 39

[Cs0 AE 9L 4 Ay, Ta A 594.18+2.68 pg/mLoA wa F
172.10+£0.54 pg/mLo.Z W3S A3t 1Cs5 ko] 4.40+£1.228 ®HQ

ol F7hhe Hel ¥ & A

Table 8. The Anti—oxidant potential of the extracts and solvent layers as

calculated ICs¢ values from the XO assay

ICs0 (ng/mL)*

Composition non—fermented fermented
xanthine oxidase xanthine oxidase
inhibitory effect inhibitory effect

extract >1,000 >1,000
n—hexane layer >1,000 >1,000
ethyl acetate layer 594.18%£2.68 172.10%£0.54
n—butanol layer >1,000 >1,000
water layer >1,000 >1,000
kaempferol 4.40£1.22

* JCs0 values were calculated from regression lines using five different
concentrations in triplicate experiments.
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Fig. 27. Xanthine oxidase inhibitory effect rates of extracts and solvent
layers from L. mauritiana Lam. Absorbance of uric acid produced by
XO was measured at 290 nm. NF : Non—fermented, FAS : Fermented
with A. sojae.
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Fig. 28. NO production inhibitory activities and cytotoxicity of extract and
solvent layers of L. mauritiana Lam. Sample concentrations : 200
ug/mL, NF : Non—fermented, FAS : Fermented with A. sojae.
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ox
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58+7.85%3} 14.47+4.53, 17.93+5.33% %
2AIA OFRe] A E4de dEhlle AE #Rleith n—hexane TolA =
50, 100 ug/mL
W wa A o
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ftl
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o,
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ro
off
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lo,
Y
Y
ro,
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=]
il
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fol
o

7} 118.7% 169.0%9] S7HS YEM AT (Fig. 29).
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3—2—2. Pro—inflammatory cytokines (TNF—a, IL—6, IL—-1B)3} PGE, 3

PGE2 release (%)
=

+ 50 100 200 50 100 200 50 100 200 50 100 200 50 100 200 50 100 200

n-Hex. EtOAc n-BuOH n-Hex. EtOAC n-BuOQH

NF FAS

Fig. 30. Effect of n—hexane, ethyl acetate and n—butanol layers from Z.
mauritiana Lam. on LPS—induced PGE, production in RAW 264.7
cells by concentration. Sample concentrations : pg/mL, NF

Non—fermented, FAS : Fermented with A. sojae.

LPS #=ell 98] TNF-q, IL-1B, IL—6 %2 9S4 cytokineo] %]
W, phospholipase A2 (PLA2)7} &A43} w31 A|3E9e] phospholipidol A
arachodonic acid7} &H] = ©] cyclooxygenase (COX)ell <3l PGs7} A«
t}% wtg A-%9] p—hexane %, ethyl acetate &3 n—butanol 2] PGE,
ARHFE 548 A%, dEzaS 100.0£1.0%2 YeERSE o 50 2 100,
200 pg/mL F=A Fo4 Ae #HAEAE YHEAATH(Fig. 30). 573

n—hexane =9 7% 50 % 100, 200 pg/mLY FEoA g A=

ol

94.24+1.63, 89.6+£3.86, 83.6+4.34%, W& Fof = 100.9+3.21, 59.3+4.87,
52.612.06% % YEIY} PGE,9] A @g vtag o A Aa7F SUbske 4
g2 vhegin.
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Fig. 31. Effect of n—hexane, ethyl acetate and n—butanol layers from L.

mauritiana Lam. on LPS—induced TNF—-a, IL—-18 and IL-6
production in RAW 264.7 cells by concentration. Sample
concentrations : pg/mL, NF : Non—fermented, FAS : Fermented with

A. sojae.

aZ=H  cytokine & IL-12 3+

ol

o] 79 PG, leukotrienes,

platelet—activating factor, NO ¢ wWiEdATHS S7HAA FSHHES

ﬂJ

veldith £3] IL—1B+ monocyte, macrophage, B—cell, dendritic cell, 7+
ME SollA EHE™, TNF-q, IL-2, IL-69 $7 oz Wgsty #8&
ooAdEe Aok m3F IL-1P% T—cell?] 243}, B-cell?] A%, NK
cell9] activityS &43}3}al hypothalamus®l] 23t WS fx=3hc}, o
S A A oA EHEE IL-65 HXG5 A5
TN 7= Ao R IL-69] level2 AEA WWolA A
BaE s 9y ofo] E Ao TNF—a, IL-1B, IL-69] #HE 574
STt 21 23 LPSE Raw 264.7 cellsoll4] TNF—a, IL—-103, IL—-62] +

4
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H S FYstA SAAH o, ¢a -9 p—hexane %, ethyl acetate T}
n—butanol & F%E oEXHOZE TNF—q, IL-18, IL-629] AAZFS F23}t
Al oA A (Fig. 31). 53] n—Hex ZolAdE 50 2 100, 200 pug/mLe]
oA BYF fostA TNF—a, IL—18, IL-69 AAZS 7AA I, &

g %M+ cytokines AAAH TA7F 1S A A LERRT

b

3—3—1. Paper disc diffusionyoll ¢at &+ A

|\
ot

Staphylococcus epidermidisc= =52 Heldl #osiy T2 2212
A, o] v A8k, Pooacnes T4l ¥ A5
Aot myd ol Aet= @7\ o Propionibacterium acness= ©1# 7}HA]

AstEas Edste B dulds By o] BujstEd”, o] EAES

_l

g A5 WA FEE R BEES S epidermidis (CCARM
3709, 3710, 3711)¢} P. acnes (CCARM 9010), C. albican (KCTC 7965)
o gt g+t S FASE A3+ Table 99 23tk 24 A]|5E 5 mg/mL
2 3Asle] A A3 3 strain® S epidermidiso| A= HE AT RE
A&7t Adfsto] YelA] ko Pooacnest W& A9 n—butanol F9
Aqt 10 mm, C. albicans® ¥& 79| n—butanol T4 13 mme= 1}
12378
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Table 9. Representative results of effect of extract and solvent layers from
L. mauritiana Lam. and several antibiotics using paper disc

diffusion method

S Bhdermids S Epidemds S Ehdermids P Acnes C. Albican
OCARM 3709 COCARM 3710 COCARM 3711 COCARM 9010 KCTC 7965

extract”

n—hex.
layer”

EtOAc
layer”

© @ 80 © @ e
|
|
|
|
!

n—BuOH
layer”

water
layer”

15 mm 16 mm 19 mm 13 mm -

S = 6 @ O &
!
|
!
!
!

positive

o 18 mm 24 mm 8 mm 27 mm -
control

F - - - - 20 mm

— means no anti—bacterial activity at 5 mg/mL.
* Samples concentration @ 5 mg/mL
#% K (kanamycin) : 30 ug/mL, T (tetracycline) : 30 ug/mL, F (fluconazole) : 100 ug/mL
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3—3-2. MIC % MBC =4
vty W30 AR FE2E U B E diste] 2z 2000, 1000,

3L A= Table 103} Zokvh wa o A AmolA It 45 o

SANA P.oacnesel tis] 1000
ug/mLe, T3l wa A p—butanol FoNA C albicand] e 250 pug/mL=E
etttk BE $o 22 FelA s Fat @A o] YEhA] ekt

Wi, HAAsEE @& A p—butanol

Table 10. Minimum inhibitory concentration (MIC) & minimum bactericidal

concentration (MBC) of extract and solvent layers from L.

mauritiana Lam. against five disease microorganisms

S. Epidermudis S. Epidermudis S. Epidernudis  P. Acnes C. Albican
CCARM 3709 CCARM 3710 CCARM 3711 CCARM 9010 KCTC 7965

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
(ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/mL) (ug/mlL) (ug/mL) (ug/mL)

NF - - - - - - - - - -
extract
FAS - - - - - - - - - -
n—hex. NF B B B B B - B B h -
layer FAS _ _ _ _ _ _ _ _ _ _
EtOAc M - o~ 7 - s T T
layer FAS _ _ _ _ _ _ _ _ _ _
1—BuOH NF - - - - - - 1,000 2,000 250 500
layer FAS _ _ _ _ _ _ _ _ _ _
water NF T B B B B - B h - -
layer FAS _ _ _ _ _ _ _ _ _ _
K <15.6 31.25 62.5 125 <15.6 <15.6
positive <15.6 31.25
control
F 62.5 125

— means no anti—bacterial activity at 2 mg/mL.
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IV. 8¢k 2 A8

Eo was s Aspergillus sojaes AA3A I, 30C, pH

P
3
=
of
"
ri

6, 3% BFHF 28la 300 rpme] wHF £E2E HHY How AAHINPL. @A
A3} Fo HPLCE H|wd A3 RT 31.7%83 33.4%¢] peak 7|7} F7bstAY
ANZ AAGE Fskolal o] #este] 'H 2 °C NMR&2 x5 glg 47
kaempferol¥} quercetin® 2 EAHSATE. o= A sojae T HEIHNE

glucosidase?} ZF-&ato] A7kx|4 v Ao St ol =9 FAlolo] ZEFA

T A3s 7 EdEid s o ¢ A T wa A p—butanol SOl A

oA 34.0 ug GAE/mgo.= 713 =koy, 2g Fo= 22.65 g GAE/mgl &
ol A3l ethyl acetate oAl 29.78 pg GAE/mgell A 65.02 ug GAE/mg® =
A FobdE st T ZPE=ol= FqF SAHAME Ta Hole
n—butanol =94 42.95 pg QUE/mgl. = 7} ko) dg So= 28.65 ug
QUE/mgo & Yol a1, of7]o| A% ethyl acetate 5©°] 24.41 pg QUE/mgoll A
52.05 pg QUE/mg= A o= 23S AUtk DPPH radical 4271 &7
M= 1G5 #S 731, FEE°] 445.1240.85 pg/mLelA 121.06+0.51 u
g/mLe. &2 Z7}elgar, wa Aol n—butanol =°] 63.76+0.65 pg/mLolA 1t
g %o 143.78+0.41 pug/mLO 2 74, ethyl acetate o< 61.59+0.37 pg/mL
oAl 43.16%+0.33 pg/mL=E F7FgS 8218t} Superoxide radical 2~ 24
S

| A 3k ICs0 wS 73R, wa A FEFE0] 158.80+2.06 pg/mLolA W&



< 104.90£1.23 pg/mLoez F7FelAtt.  p—butanol S Ha A
168.35+1.64 pg/mLolA 118.43+1.32 ug/mLe. 2 F7}3}% AL, ethyl acetate <
L 83.20+0.73 pg/mLelA  58.994+0.73 pg/mLo=  ZF7}3Ft}l.  Xanthine

4o

oxidase A& A= ethyl acetate =7HY] 23S A& = A ¥ &

2

9] ICs02 594.18+2.68 pg/mLolA ¥a F 172.1010.54 ug/mLo=2 F715FS
t}. o)} e AIE wigow wgol 93k ethyl acetate 52 ALt &4 9
Z7}= kaempferol® quercetin &% Z7}o] 93 Ho = FAHFC)
=5 2 2929 I &4 H7E 98 LPSe sAlel 200
ng/mLel == Aglste] NO A FS vlawsilal LDHeF MTTHO = AL =
& A n—butanol 53 ethyl acetate =& AXE =
e Boy a5 Ax 548 HolX @4til, n—hexane FolA 7HE 2
132.8%° NO A4 oAle] FT7F %5 BT o3 ZAI}E ugo=
pro—inflammatory cytokines (TNF—a, IL—6, IL—1B)¥} PGE, A4 A &%
B7HE AASE AL 53] n—hexane oA % o|EFHo® A kA
ohompA o 2 b H-Fo] FEE Y & S-S paper disc diffusion™ &
2 g G4S SARL MICS MBCE A48 1 A3 P oacnes
CCARM 9010, C. albican KCTC 7965¢) tiste] #a A n—butanol FollA &
e ReloH HLANEEE Ha A n—butanol FANA P acnes®t C. albican

of A Z+ 1,000 pg/mL, 250 ug/mL= yvepwth @a o e FoA=
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