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Abstract

After ethanol (BM-E and RW-E) and hot-water (BM-HW and RW-HW) extracts were fractionated from two herbal mixtures (BM
and RW), their physiological activities were investigated. All extracts consisted of more than 50% of neutral sugar, with their total
polyphenol levels higher than flavonoid levels. Radical scavenging activities of EtOH extracts remained significantly higher compared
to that of hot-water extracts, and in particular, RW-E showed consistently higher antioxidant activity than BM-E. When
anti-inflammatory activities of the extracts were evaluated by LPS-stimulated RAW 264.7 cells at 10~500 pg/mL non-cytotoxicity
doses, BM-E showed significantly higher levels of TNF-a, IL-1[3, IL-6, and nitric oxide inhibitory activity than those of hot-water
extracts and RW-E. Murine peritoneal macrophage cells were shown to be enhanced in crude polysaccharides (BM-CP and RW-CP
fractionated from BM-HW and RW-HW) compared to hot-water extracts and polysaccharide K (PSK, positive control). Especially,
RW-CP exhibited higher activity than BM-CP, and component sugar analysis showed that BM-CP mainly contained galacturonic acid,
glucose, arabinose, galactose, and xylose (34.5%, 33.9%, 16.1%, 7.1%, and 6.3%, respectively), whereas RW-CP showed different
measurements (29.5%, 59.2%, 5.0%, 4.5%, and 0.2%). In conclusion, two herbal mixtures could contain varying sets of physiological
activities dependent on different extraction and fractionation methods.
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o]t} (Korea Health Supplements Association 2016).
Aok o] &3HS Eof Al5Z-E-(synergistic effect)
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Y7ol A, 9iE, diRRoE AT 9] 4% AY

%, B, 49k, & s, 4=
FBM) E}TE, A, ”V}%«l 3% AARWyE 24 Hl=
g Zosto] A AFEdE(Table 1)y FA|AHO|Q
(Chungbuk, Korea)ZF-E A|&Htofct. 14 Aok &+ A&
Y72 AE7Hs5lH EF-EL grinder(Bazzatra, Gyeonggi-do,
Korea)2 o435t & FHRFAIE Sl -70C2] F535 7100
BIslo] ARESI . Folin-Ciocalteu A|2F, gallic acid, quercetin,
L-ascorbic acid ¥ o]zt 24|19} {HA= ABTS(2,2-azino-bis
(3-ethylbenzotiazoline-6-sulfonic acid)?} DPPH(2,2-diphenyl-1-
picrylhydrazyly:= Sigma-Aldrich(St. Louis, MO, USA)Z}-E
AN}, T, BUE L PAAE BHZEES A A
IZHjoFo] AFEE RPMI-1640 @ DMEM HJZA|, fetal bovine
serum(FBS), penicillin?} streptomycin< GenDepot(Katy, TX
USAOA PSRl Al =701 541 8/d-8 EZ-cytox=
DoGenBio Co., Ltd.(Seoul, Korea)o| A 43} ct. T3k, Al
A5 0] AL assayA Q] AFHAT} FAHAYRTLOZA en-
dotoxin@l Escherichia coli O127:B8 3212 lipopolysaccharide
(LPS, Sigma-Aldrich)2 A}83}%t}.
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o
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Table 1. Composition of individual herbs for preparing
herbal medicine mixture (BM and RW)

BM RW
No Composition herb % Composition herb %
1 Angelica gigas 25  Angelica gigas 25
2 Cnidium officinale 15 Cnidium officinale 15
3 Cornus officinalis 10 Fallopia multiflora 10
4 Pueraria montana 10  Pueraria montana 10
5 Atractylodes macrocephala 10 Atractylodes macrocephala 10
6 Glycyrrhiza uralensis S Dioscorea polystachya 10
7 Paeonia japonica 5 Glycyrrhiza uralensis 5
8 Wolfiporia extensa 5 Wolfiporia extensa 5
9 Dioscorea polystachya 5 Sorbus commixta 5
10 Cinnamomum cassia S Zingiber officinale 5
11 Zingiber officinale 5
Total (%) 100 Total (%) 100
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A BA(MWCO 12-14 kDa, Spectra/Por™, Spectrum Lab.
Rancho Dominguez, CA, USA )3l1l BANS 5= 9 Y4 E
A% T 5T AEAL FAALS 0 20T EEBMCP
2} RW-CP)o. 2 B23&3}9c}.

3. MOISBIE SHIEESC THE U ArigeRo| T
N =4

SAY, AT U ez $1EL- glucose(Gle), galacturonic acid
(GalA) ¥ bovine serum albumin(BSA)S EFE2 2 phenol-sulfuric
acid®H{(Dubois 5 1956), m-hydroxybiphenyl (Blumenkrantz &
Asboe-Hansen 1973) 9 Bradford¥ (Bradford MM 1976)0. & £
A5kt 3 2% AFELES] desESEREREH 294
Zog3 o] e 2ot A|FE 2 M trifluoroacetic acid
(TFA)Z A T|5le] @gH aldoseZ E3f5H & NaOH?} PMP
(1-phenyl-3-methyl-5-pyrazoline)S d7}5to] @59 PMP
LA 2 AZA Itk Honda 5 1989). TS0 2 -PMP &
A HClz Foekl &3 SR22E S48l =
Z1HS 3]4=5}o] PVDF membrane filter(0.45 pm, Jaema Trade
Inc., Gwangwon-do, Korea)2 ]3}-3} & Thermo Scientific Accaim
120 C18 column(5 pm, 2.1x100 mm, Thermo Fisher Scientific,
Waltham, MA, USA)o] &= HPLC(YL 9100, Young Lin
Instrument Co. Ltd., Gyeonggi-do, Korea)oll4] UV(254 nm)Z
B35 B9 mole%= peak area?} response factor= -

Bl 24stAnt.

2= B7Fol7] fiste] WA,
ArEGE EMFEEC ad EYded EgE ol
AL R0 dhgE A4S & &bl eRbEY]
o= 2% AAETE BiFEE 100 pLofl 2% Na,CO; 1
mL¥} 50% Folin-Ciocalteu A]2F 100 pL-& ¥F2-A]7] & 750 nm
(Nanoquant Infinite M200 Pro, Tecan, Mannedorf, Switzerland)
of| A 43} (Marinova 5 2005), gallic acidg§ FF=ZAZ
AF8-5k0] mg gallic acid equivalent(GAE)/-81|S:&5 g0 2 H
S EF, B Behuiols YL 2% BRTE §
Wl&EE 100 pLof 80% ogh=, 10% AINOs); - 9H,0 H 1

M potassium acetate &Y-S HH-3-A|71 & 415 nmo|| A 435}

ARG - ol - 3 A=A EIYeEA

I(Stankovi¢ MS 2011), quercetin® FZFEZZ AF8-5F0] mg

quercetin equivalent(QE)-&MFEE ¢ 2 UEqlth S,

2% AYFERE SUSFEEY A 842 potassium per-

sulfate?}9] ¥ 072 FA= ABTS Zt]ZH(Choi 5 2006)7}

A3 DPPH 2+ Z(Goupy 5 2003)2}9] W3- &3t &8

T ZF W3S 734 nm@} 517 nm= 23 5}31, L-ascorbic acidS
=27

HEEAE A5} mg ascorbic acid equivalent antioxidant
capacity(AEAC)/ -S| F&E&E gO 2 HA|SIY T}

5. Mol=glE SMFES2 &

2% AFEFES FES L A EF25(Seoul,
Korea)ol| Al LSt RAW 264.7 AN ZE2E LPSE A5t
ASZHolA H7FotATE HA AF9] RAW 264.7 A2
of gt EAJoj e} RE=A A7 BEE 5] Yt 47
9] EMiFEES AN EFL} v Yet F saline SN
3} A2 AF2E&-S v W5 Th(Ishiyama 5 1996). $HH, o]<k
Zo] 42 F=544 A8sro HYoA FES &4 o
3} o] MP=]9l=tl, DMEMH|Z| o] 4] HjFEE RAW 264.7

o_l

ol

HRZEFZE 1x10%mLE 3]4]5}0] 96 well plateo] 200 pLA &
F & 12A17F viQFstal A2 DMEM Hi A& Eojal A
=

25 94 sE@&FE s 10~500 ng/mL)E A 2sto] 3087k
BloFRic) TS0 2 PSS HelekT 2447 2% B
o QEuree fus T uorle] @A AlEstel
interleukin(IL)-183, IL-6 & tumor necrosis factor(TNF)-a+= BD
Biosciences(San Diego, CA, USA)A} W4+ o] wa} ELISAY
oz 2Xsly E thE 293t =227 QA2 nitric oxide
(NO)= GriesseH ©o]-&oto] EA45}9th(Tursun 5 2016).
THES G 5 T ARIEZRIT NO #EEHUEHE
A2 FAFTFAE ol§sto] 47| IS AT & dF5Rd

ojxel GuiFEEol diet AR s = e AT

6. Mot=5tE SFE22| HAME XI=2M

A% 533 349 BALBC WFS-AE FFHlo] QE)(Seoul,
KoreaAF2 5B GL9J5to] 9 Ag5E-8 HALE (Samyang
Co., Incheon, Korea)S AHr5godA AEHAE WA o
L& Footo] ASSlla, BE A2 A7 YTy A8E
E499938(2019-012)9] 521& AA st hAlA|
I 8L BALB/c tf2A E7Fo| 1 mL thioglycollate
medium(Sigma-Aldrich)= FAFSH] 39 &< B4 O 2 4]
A2E JEAIX] F RPMI-1640 B A = thA N ZE 3]5=51 0L
1x10° cellyRPMI-1640 mLZ HERE AZAEALS 96 well
plate]] 200 uLA 55Tt 37T, 5% CO, HiF7]olA] 24]
7t &<t viFsto] plate™of] F-2Hgk T A A3 monolayerE 3
5+ tHConrad RE 1981). RPMI-1640 B A S 0] 831 A&

Q.
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IHOE plated] RAEIA 4 AEE AAT F
RPMI-1640 B | E- plate wello]| 180 LA B335} o} Sufj>
ZE2 Y 37T, 5% CO, BiF7|oA 24A17F of
sferehct. SRAAE AFRES ARG FEAL A5
o] BD BiosciencesAl W4+ 0] whet ELISAH-S 0| &350 &
=4 FAFIALERE A|ETRR] S &R F A
Gol et gy AR RE AR GAHE 245 51
A}o) EF}RI(IL-6, IL-129} TNF-a0) A0z =33}9c}.

7. SHAzZ|

= A¥E 39 REESte] S5l o A= B A+
S.D.(standard deviation)Z UYEIH & §HZ3} A Z A=
A9 ZAEAL SPSS SA 7 73 (Statistical Package for
the Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)&
0]-83t Student’s r-test2 Al 22k p<0.05, p<0.01 %
p<0.001 =204 FIS AT W, A 4L &
o) H7IE FIl BAREA(ANOVAYS HAISH & 2k S44h
7H9] 8942 Duncan's multiple range testzZ p<0.05 S0 4]

A5

=
BM3} RWE ohigt &, 95% FAS o] 85t RAG 34
FEEY @R FET @FFEEE 44 AT 25, 2
T AFER}E BF FAFESERTE IFFEEA =
= FE=2 EUEUK(Table 2). BMO| FHFE=(BM-E)
RWY] FHZZERW-E)2 27} 18.9%%} 21.6%2] 82 K
Fom, RW-EQ] 80| ThAh &2 02 3HQI%| ] rH(Table

Table 2. Yield and chemical component of solvent extract

2220 gejay 39

2). &3 BM EFFEEBM-HW)T RW EFFESERW-
HW)S 2H2F 273%2} 299%2] 588 Yeho] 24525
3} B7bA) 2 BMETRS RWe] 4-80] ezt ] %2 2oz
SelE ) 259] AorugE sy Az 459 Sz
20| EAohe PAHEE BT AT Y222 7
2 Z=AF(BM-E; 56.15% 2 RW-E; 56.88%)°] 714 =2 3t
TS B3 A F(BM-E; 3.88% U RW-E; 4.35%)1} =21
=4 3EBM-E; 77.2 mg GAE/g 2 RW-E; 89.1 mg GAFE/g)
| 2% 5ol Sl A2 E FRIFQItK(Table 2). 45
=L FAFEET AR 24E EoleT, S99 BM-
HW; 54.73% 2 RW-HW; 62.86%)°] 71 =2 3k HY
o, AAZHBM-HW; 5.87% Z RW-HW; 6.56%)1} Z2|3=
A SRME(BM-HW; 574 mg GAE/g ¥ RW-HW; 51.6 mg
GAE/g)o] Z3tH 0] Ql= AL & Yeigth EaFEs1 5
AFEES HIIs & 21, FHFEE0 TRE 5 &9
B4 2 @9FEE0lA At Ao yEhd vy,
AHgFe] Aol W R SRl w1 FHFE
ol At o= SRIFUTKTable 2). }HH, 45-2] 5
2 BT 1% nihe] STt ol TS HleH, 74
EE(BM-E; 3.4 mg QE/g & RW-E; 3.3 mg QE/g)Rtt= 4
ZFZ5(BM-HW,; 5.3 mg QE/g & RW-HW; 9.0 mg QE/g)o]| 4]
F ETELolE o] 2 0= FRIFIrh(Table 2).
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. stE SUFESQ gitst &M

ShH, A 59| gAY 2 23F 9 BZE o] 8%t S
A2AGP o= Uit BuiFEE 452 ABTS Sz &
A5-2 RW-E(59.5 mg AEAC/g) > BM-E(51.8 mg AEAC/g) >
BM-HW(43.7 mg AEAC/g) > RW-HW(41.3 mg AEAC/g)2] 40
2 UElston, DPPH gtz &AAEA A4 BM-E
(22.8 mg AEAC/g) > RW-E(19.5 mg AEAC/g) > BM-HW(18.3

ook
1]

EtOH extract

Hot-water extract

BM-E RW-E BM-HW RW-HW
Yield (%) 189 21.6 27.3 29.9
Neutral sugar (%) 56.15+0.81° 56.88+1.05° 54.73+0.52° 62.86£0.89"
Uronic acid (%) 3.88+0.09 4.35+0.03° 5.87+0.01° 6.56+0.06"
Protein (%) 0.32+0.00° 0.62:£0.00° 0.170.00¢ 0.61:£0.00°
Total polyphenol (mg GAE/g) 77.241.5° 89.1+2.9° 57.4+1.5¢ 51.6+1.0°
Total flavonoid (mg QE/g) 3.440.0° 3.3+0.1° 5.3+0.4° 9.0+0.2°

All results are expressed as meantstandard deviation for four independent experiments.

Y Yield (%) was calculated against the raw materials (BM and RW).

? The difference in the superscript letter of the content value means a significant difference at p<0.05.
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mg AEAC/g) > RW-HW(12.1 mg AEAC/g) <=0 & Zl%|Q)
T AR BF dHd AAZYAN EeFEERTE T
BAFEE0] 53 A28 UE oM, ABTSO|A = RW-E
7F BM-ERET fo]2 08 A UElg oy DPPHO A= Bt
o] dFer SAHJAHFig 1). o, drFESE=FH
223t 2R Aol @5FSEETE ABTSSt
DPPH 2tz £AZR] BF @A HFAEE 202 YE
Wedl(Fig 1), o # @tY 5 1824 280 F2 X
oHE 2O E RS FAkS Ao A ToSHA] Y= AL
2 ARE 5 QU0 gEtE o g AEo EAcks B2 &
AR AR 5 E9¥E ERtE 0|t AEE oY 7HA
Agofo] de] Exsto] A AR 2Hg5k Q= Ao
& d2A 7] WiZel, 35 AFEtE] EAsks Fa%t
Eus 9 ETE Lot HES BANOEN F4AEH &
g JHBAE Ak 2ol ZAY AR AlRE

Spe HS

Q1 ¥-golu} Hutg-o] dmof et 2E U FAF
gow EFPA Agtolu v A5l weEt oFE ek
T ThFe Ak AE o] Slof(Alazawi 5 2016), HLE7E
A 2H2 BAETE o thds] 523 AR
LA AtHCao 5 2015). |5 I3 RAW 264.7 Th A A L
of endotoxinQl LPSE HZE A & AFES SAsk=
nitric oxide(NO)2} 317 G2 3 Alo]E7}Q19l IL-1B, IL-6
2 TNF-a 5-9] JAto] F53}= LPS-8- & RAW 264.7 A X
F AFEIS o]&st= Ao] 7MY dubdo|nt. wEbA £
AlF o A= RAW 264.7 A A| 0] LPSE A g]sto] 93

70

WABTS

a
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Fig. 1. Anti-oxidative activity on radical scavenging assay.
The difference between lower (ABTS) and upper (DPPH)
case letters on the bar means that there is a significant
difference (p<0.05) among tested groups.

A7 F - AAG - ol - B SFAEIUIBA

(o]

= IR Al ZS0] 10~500 pg/ml 5= 919] ForEES
A7roto] viget & FAF EHES SHcIRlH T4, oy
g SO O FAF 42 LPS-A= A2 dF
A A4 AAE EH sk AFol7| o] AlE7F RAW
264.7 M| ol A EZ=FS UEH 95 T RS A
Abs FAa7F fEE o] @4l Uehts Ao AR wdd
4= 7] 2ol o]Ft QAE 15| f5ke] RAW 264.7
Aol tigt Al 89 540 7E WA B7okqltt Fig 2A
o] Yehd uke} 7ol 10~500 ng/mL2] %= 9Jo| A LPS
Zto] Hl5f ¥ AE2ES Kol AgE FRIFHA Aok
o), ol FAFEE, €528 4 2OFEE BF 274
g SR lolA AzEAo] gt ZAoE woEglow,
o] A3 AIEZIRIQI IL-1B, IL-6 X TNF-a2} NO°|| o
S AAZ/d-L 10~500 ng/mLo] w5} floflA XgPst7| & s}
Aot IL-1B XS B7F 3t 445251 BM-HW 2
RW-HWO A& LPS tf 23 tH] 52122 JAEAS Ho|
A AR OoY, F9FEE BME 9 RW-EoA] 52-0]2
1 Aol FA=|UTH(Fig. 2B). 53], BM-E?} RW-E=
500 pg/mL S Eo A ZHzF 70.8% 2 52.7%9] EASHH o=
gt AR S Bt IL-6 AAE B7 A3, FHF
59 BM-E 9 RW-E9AE 5E-9)&4 Q] A&/ o] 1t
EF=tl(Fig. 20), 500 ng/mLe] A4 242} 75.0% B
48.5%9] AAEFJo = FRIE U T8 EFFE=0lA
£ LPS ti=< djv] f93k A EAdo] UertA] gttt
TNF-a JA&/d9] -9, IL-1B 9 1L-6 Z7e} vz7A =2 &
FFEES AT FHFZEBME 9 RW-E)04] 5E-9
E221 AA G o] FRI= A=, 500 ng/mLe] FZo A=
27} 67.4% D 45.7%2] AAZAP o8 Q1% 9 th(Fig. 2D).
A9 &2, NO JA|1E/] ZaoA= BM-EE A&t v
A A BEEN4E LPS t2t ] 9420 AAE o] &
I=]A] gttt BM-E Aol = 5&-2E4 % NO A
o] FRlE o, £5] 500 ug/mLe] FEoA 26.3%2]
AA /o2 YERTHFig 2E). SF5) EH, BMI} RWY
FFEES 10~500 pgml 5= N4 FAF &4l A
9] YA = Ao R RIS oY, FAFEENANE

Bl W) 6 95 BUF VAL TS
o @, IpRFEERRE 2YE 20hFER BMCP U

RW-CPE] 4% EAEEASIN foHel FAZ B
ERAA] 2k th(data not shown). Lee 5(2011)2] T AYoF
A%} AorEgARRE 2A 732220 BAZ T
oA e GLE T FrEGA 2] B/o] FHEUZC] L
A Qo B3 4R} FEe] 2ERE A2t 742 B
T &Y FEE AP0 vls) AlE=4E FaAZIHA 7
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Fig. 2. Anti-inflammatory activity of ethanol and hot-water extracts in LPS-stimulated RAW 264.7 cells. (A) RAW 264.7
cell viability and inhibitory activity of (B) IL-183, (C) IL-6, (D) TNF-a, and (E) nitric oxide were estimated by WST and
ELISA methods. NC means negative control treated with only saline. LPS means inflammation-induced control treated with
only LPS (1 pg/mL). Different asterisks on the column indicated significant difference between LPS and each sample by
Student’s r-test. "p<0.05, “p<0.01, “"p<0.001.
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HA SORRE S YALRSE ol > F35HA thFol
A1 Jth(Jackman 5 2017). £3] AHAHGA 9] A Z=
u|A oLt vholglA 59| AA| 2 283} FU-FAEA
o] AAETE oflzt d FHAGA 2Fo]| Hofot= FaT
Az d3A At & AFof|A= BALB/c TR-2A0fA &
et 57 tfAH o] BMIF RWO| G4 2 FHFEZES A
oty WAL Ao|EZIR] BG5S B7IsHth |A &
9 FHFEE 452 107 100 pgmLo] FER AlZo] A
e Ql=t, 2740 = 100 pg/ml 5= RW-HW A7}
saline T3 H]wsto] F-o]H 02 F7He TNF-a 45
= Hl AS AQskil(Fig 30), 459 &MFEE2 BF
IL-6 9 IL-12 A4 SXE3E e A 2kth(Fig. 3A, Fig.
3B). AH o=, FHFEES BM-E 9 RW-E A= o
3t AGE/ Al E7FQI A SR1ER] k9k7] wi2o, o]
T oA f 5 AARE o83t HEdY At
oA dutd o g HAgdo] Lpsittal K Zrbge]
22 2Yste BrsE siglth olE flsl BM-HWeF
RW-HW=Z R ofjgtg A% 5o ZrhdEE(crude polysac-
charide, CP)S £35}9th. BM-HW 2 RW-HWZHE E3
H 203 EQ] BM-CP($& 3.3%)2} RW-CP($8& 4.2%)=
| 2 EE0| A9} vIIA 2 RW-CP7} BM-CPETH o &
G &S HIth(Table 3). R HAZYS Fig. 3
9] A3+E Farste] 54 FEHYE 10~1,000 pgmlE 2ot
Fou, FYYPRFOZ AT HYZTHAZ AREEE= polysac-
charide-K(PSK)E AM&-5to] Al&o] HAL/J¥} H| Wt
(Tzianabos O 2000). WA, E/J3tE tAA|ZERE EH||
of JEHAA Y FaT AEQ] B Al FA|3t A ABA
o 7lofsk= Ao Ie7 IL-6 BAtsS ST 2o, I
) 291 PSKE 10~1,000 pg/mL 5= Qo)A 71.9~1,722.6
pgmL9] FE-9JEA09l L6 P4 FAL HoH, ol
saline T & H] 4.6~1118] SR E Ao =2 30| 9] ch(Fig.
4A). BM- HW2} RW-HWE 55l YoM Z2F 18.2~
163.3 pg/mL (1.2~10.58] Z31) = 20.3~398.6 pg/mL(1.3~25.7
v Z20)9] IL-6 A/d5-= UEtiio] PSKE} H|w3HS o 32
Hog 2 5207 IR QIrh(Fig 4A). ¥FH BM-HW=
HE B35 2opgElE el BM-CPO|AL 10~1,000 ng/mL %
T QoA 43.3~1,759.4 pg/mL(2.8~113.58] Z2)9] IL-6 A
d &/3& Ko BM-HWO] B]s| /o] ¥535] S71E AL
2 Uegon, ol 54504 PSKe] &/} FAF
3 EO0E WetE QT RW-HWO] ZrhgslE 9l RW-CP2)
739, LPS 272 AlQgh BE SHAES FolA 7FF ¢
=3} IL-6 A E4J(121.2~1,932.0 pg/mL; 7.8~124.68 Z7)
o7 ZRIFA=H, 53] 10 pgmL FEoJA= 1,358.0
pg/mL2] B/d5(87.6H] XS Ho] UL PSK(736.8
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Fig. 3. Effect of ethanol and hot-water extracts on the
production of IL-6 (A), IL-12 (B), and TNF-a (C) in murine
peritoneal macrophages. Saline and LPS (1 pg/mL) were
used as negative and positive control, respectively. Different
asterisks on the column indicate significant difference
between saline and each group by Student’s #-test. “p<0.05,

“p<0.01, *p<0.001.
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Table 3. Component sugar of crude polysaccharide on
HPLC analysis

BM-CP RW-CP
Yield” 33 4.2
Component sugar (mol%)
Arabinose 16.1 5.0
Xylose 6.3 0.2
Fucose 0.1 0.1
Rhamnose 1.3 0.9
Mannose 03 0.2
Glucose 339 59.2
Galactose 7.1 45
Glucuronic acid 0.5 0.4
Galacturonic acid 34.5 29.5

After crude polysaccharide was prepared into PMP-sugar derivative,
the component sugar was calculated as a mole % by comparison
with the peak of the standards.

Y Yield (%w/w) was calculated against the raw materials (BM and RW).

pymL; 47.58 S} Hlw3to] oF 188 &2 B0z B
7vE| lth(Fig. 4A). th3 0 2 AN E/d3} 7 Ao EFf
QloE AAAGhA Lt B2 T A9 Z&1 #3k5 &4
Sh= IL- 129] B4 E/4<S BH7eE 2= Fig. 4B YEty
2ith. BM- HWS} RW-HW= 10~1,000 pg/mL 355 5 9] of| 4]
Z+7Z} 30.5~ 58.7 pg/mL L 34.3~119.1 pg/mL2] &%-0]& 49l
IL-12 B4 S28/E YEHl o H, o] = saline tRo] H]
S 247 1.3~ 244 9 14494 F71E ACE ZRIE et
ZotggE2l BM-CPe} RW-CPoJlA= &4Jo] AA F7Fst
S04 ZHzE 47.1~551.3 pg/ml(1.9-22.78] &
Z) 2 1425~ 565.1 pg/mL(5.9~23.24 27 HgLd), o=
PN £ PSK thEH(4.3~10.98] S7)ofl HISjM = d5
3] 2 @AJo g HrtE Q) upA|go g2, S5t o AlA|
FZof|A FH|E|o] HPA|ES] A}4l(apoptosis)o| L HFo]H A
29 JAE FE5H= TNF-a B/d5= B7Iet Ai= Fig.
4Co] YERATE AR IR0 R AFEE PSKE 10~1,000
ng/mLO] 5= QJof| A 255.4~1,023.1 pg/mLe] TNF-a 345
£ 1] saline & ] 19.1~76.4]9] 2102 U= 9l
t}. BM- HWSF RW-HWOJ A& 10~1,000 pg/mL %% 9]0
A ZHZE 40.1~436.6 pg/mL(3.0~32.68] Z7) I 42.7-624.5
pg/mL (3.2~46.68] 5%1)9] FE-2&Z Q] TNF-a A4 53
dZ B3O, PSK 2] Hls] iAo E2 F
o= HrtE Ut SHA ol EERY E¥H 2otdgR
BM-CP 2 RW-CPoj|Al= &4Jo] I A Z7F5Fe] 71.9~880.
pg/mL (5.4~65.78] Z2)3} 217.4~720.5 pg/mL(16.2~53.84}
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Fig. 4. Effect of ethanol and hot-water extracts on the
production of IL-6 (A), IL-12 (B), and TNF-a (C) in murine
peritoneal macrophage. Saline was used as negative control,
whereas PSK (polysaccharide K) and LPS (1 pg/mL) were
used as positive control, respectively. Different asterisks on
the column indicated significant difference between saline
and each sample by Student’s t-test. p<0.05, = p<0.01,
"p<0.001.
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)] TNF-a B4 5748 RolFglom, ol PSK i}
ul@sto] fARE 20 BHo= AmE 4 Yot
2%0] AFEYE BMI RWERH 2AE §o)52%
45T} 2THY YR 250 WARYS AR AN B
B, 24 % 5ESBoE JHoE He BHE
EPYl v, Zohg SEolA 940 BHE ek,
5] RW-CP7} BM-CPRT}H AuEH 0 2 T 923t Al A%
JYYS U Bk oluet A BelE A2 A8
PSKETHE & FHL Ueh7|E shaich. theba] Aops
Y29 the EE WU 59 284 20 o3 4
A 232 oA o] BAste] Folshs thrat Aol
E71Q BHZ fEsto] RO Wkt Woxd 2
o lof 4 4eg HolFoaK WA V5L
Aol B B8 M54 g & 4 ckn Amt
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fr 24
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fo
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Jor
I
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al
0z
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z

v
g kRt YeiA 7] Bl Kim 5 2010), PMP-
FEASES B9 18 o] 2 HPLCUVDE o] 83}
o] F/d32 2A4I5H{THTable 3). BM-CPo]| Z3H=|0] Y=
8 FAF O 2= galacturonic acid(GalA; 34.5%), glucose(Glc;
33.9%) L arabinose(Ara; 16.1%)7} 1=} 0, galactose(Gal;
7.1%) 2 xylose(Xyl; 6.3%)7} 10% H]eko @ EAsl= Aoz
LEbt T} 5FA R thamnose(Rha), glucuronic acid(GlcA), mannose
(Man) 9 fucose(Fucy= AHA O 2 n|gF E3tE o] QA
RW-CP9] 8 TAY2 Gle?} GalAZ BM-CPQ} A
O, GalA® Ha: W3oH Gl A3 &4 ERI=UL
o, Ara®t Xyl7} @A]5] R oFFZ Ho RW-CPe BM-CP
= AR & ddRE Ao SS SR & qASlH
(Table 3). =, RW-CPO= Glc®} GalAZ} Z+2F 59.2%9F 29.5%
2 b Be L AN YUOH, At Gake 50%
2 4.5%2 RISt} Rha, GleA, Xyl, Man 2 Fuce 1% W]
TS SRS A0 UERITh 74T A0E F) %e
W, & $Ro] ZYANIA BE O YFS T
9= Glaa%} Gl YWHEoE A% AEAS FATH: 4
B O pectin®] FAAAEOCZE FE F A= homogalac-
turonan¥} glucan®] YFR1 B-glucan®] EAE F57 & 5
91910 H(Burton S 2010), Gal, Ara I Xylo] 242 E3
pectin = hemicellulose2] T-AJAJE- O & heterogalactan, hetero-
arabinan 2 heteroxylan®] 2215 &) 2 4 AATHKim
S 2016). =% tFF3t chromatographic separations 53+ &t
F8 5 0] E3 3} methylation analysis, mass chromatography -
9] 74l F2EAE 53l BM-CP 9 RW-CPof| EAj5}+=

oo Fggt 240l B8 AL g AlRHHKim 5
2017).

oA 2B FAZ B 40| g 10-500 pg/ mL
of SRR BTG, B3 EEA Vo) FH%E
E2 9402 =2 TNF-q, IL-1B, IL-6 E A5HA 4 o4
e BT, S8 BULETF BE 23S Fo] 713 S
o AE ehioch T fo 27 MRS olg
T WP AL BerEERYE 2oY 20u
E(BM-CP ¥ RW-CP)°] BM-HW2} RW-HW FE+= FAtZ
-0 2 ARE-H polysaccharide K (PSK)O] ]3] F-S]H 02 &
7t &4 H3lom, £5], RW-CP7} BM-CPHE T} §-=3F
GHoE RIFAY. 44T 4 23 BM-CP= galactu-
ronic acid, glucose, arabinose ¥ galactose(Z}Z} 34.5%, 33.9%,
16.1% 9 7.1%)E F2 Zgol= A7 YeRd HhdH, RW-
CP:= galacturonic acid, glucose, arabinose X galactose(Z+Z}
29.5%, 59.2%, 5.0% @ 4.5%) g-q5t0] T2 A0 7 39l
ot AEHow, B A7e 2% ARTRe 23
W Rao] ga ket el e ekl 4 e o
QIsHATt.

ZHARR] =
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