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Bone Marrow Cell Proliferation Activity through Intestinal Immune
System by the Components of Atractylodes lancea DC.

Kwang-Won Yu and Kwang-Soon Shin*

Graduate school of Biotechnology, Korea University
*Department of Food Science & Biotechnology, Kyonggi University

Of hot-water extracts prepared from 10 herbal components of Sip-Jeon-Dae-Bo-Tang, Atractylodes lancea DC,
(ALR) and Panax ginseng C.A. Meyer (PG) showed the most potent bone marrow cell proliferation activity
through intestinal immune system whereas other extracts did not have the activity except for Astragalus mem-
branacues Bunge (ASR) and Angelica acutiloba Kitagawa (AR) having low activity. Especially, ALR had the
potent activity irrespective of classes of ALR, a place of production and the condition of breeding. In addition,
we found that het-water extract from Atractylodes lancea DC rhizomes (ALR-0) contributed mainly to Peyer’s
patch cells mediated-hematopoietic response of Sip-Jeon-Dae-Bo-Tang. ALR-0 was further fractionated into
MeOH-soluble fraction (ALR-1), MeOH-insoluble and EtOH-soluble fraction (ALR-2), and the crude polysaccha-
ride fraction (ALR-3). Among these fractions, only ALR-3 showed potent stimulating activity for proliferation of
bone marrow cells mediated by Peyer’s patch cells, dose-dependently. In treatments of ALR-3 with NalO,,
NaClO, and pronase, all significantly reduced the intestinal immune system modulating activity of ALR-3, and
the activity of ALR-3 was much affected by NalO, oxidation particularly. These results reveal that macromole-
cules, such as polysaccharide, rather than low-molecular-weight substances, are the potent intestinal immune sys-

tem modulating compound of ALR.
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3H barrier 7)%5& EREORL T, ©]
7= e) Hx2A T F Az
el gzt 247139 BALT(Bronchous Associated
Lymphoid Tissue)®, ¥x143 7t QA= e 7910 viad
YA} 779 NALT(Nasal Associated Lymphoid Tissue)® =
A YEA Z2A 029 GALT(Gut Associated Lymphoid
Tissue)Z TH-& 5= AtH®. 53] GALT= AA| HollA 7H
T ey AR AR Ao EAlsh A A
W IgA HWhe-2 vEEtd AAoox tids] Fa3k o
&5 FFsls Zo® A drtO. $H, GALTOIA¢] o
713 & Peyer's patch= A% W 4 F<l =73
o) ol )g} IgA AAHE -r]ﬁP inductive site®™ &#HA 2
WO lumen domed Y] Fol| F 3 specialized M
cell2 T-A% flattered epithelium® 2 HAJT®, oje} 7h-e-
M cell lumen® Z5-E 71874 &4, Ala= wlolgls 55
pinocytosist} phagocytosisoll 218l engulfmentd}e] H ZA o]
]E/\P’ lozm Mo & ”ﬂoﬂ 7130, =, AE )
& Peyer’s pach®] YZTEE M cellell &Jall H3HE 4
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Table 1. Yields of hot-water extracts from component herbal medicines in Sip-Jeon-Dae-Bo-Tang

Scientific name Korean name Yields (%)"
Roots of Astragalus membranaceua Bunge, ASR 2} 7) 18.1
Barks of Cinnamomum cassia Blume, CC A = 3.9
Roots of Rehmannia glutinosa Libosch var. purpurea Makino, RR =] B 20.0
Rhizomes of Paeonia lactiflora Pall, PR =} oF 8.0
Rhizomes of Cnidium officinale Makino, CR AF 18.8
Rhizomes of Atractylodes lancea DC., ALR A= 14.9
Roots of Panax ginseng C.A. Meyer, PG el At 13.7
Fungus of Poria cocos Wolf, PC 23 0.7
Roots of Glycyrrhiza uralensis Fisch et DC., GR & 17.1
Roots of Angelica acutiloba Kitagawa, AR 3 26.6

"Yields of hot-water extracts against each herbal medicine (20 g). Each hot-water extract was prepared by decoction (3 time).
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ARG 74 A8 955589 #3 A9ay &
e AN 98 1659 A2 Tsumura Co. Ltd.(Tokyo,
Japan)Z2H-E Y3 OB (Table 1), ©] FAFHAAA 3Hdo)
ARG B, A E FES ALY AR GE o
2 F5F9 HIES Tsumura, Uchida Co. Ltd.(Tokyo,

Japan) % Tochimoto-Tenkaido Co. Ltd.(Osaka, Japan)Z -
B Fhstd ARG O (Table 2), AlEE AHES ZE A
oke] BE-S v AT AF/HFErATAd Bast
Aok A, 4424l AMS-E RPMI-1640 medium? Hank’s
balanced salt solution(HBSS)S GibcoAHGrand Island, NY)
BHE FYIUL fetal bovine serum(FBS)= Cell Culture
LabAHCleveland, OH), penicillin, streptomycin3t amphoteri-
cin BE Flow LabAl(Irvine, Scotland)ZHF-E T4t AR
sact. 23 X S SHske FEAA] Alamar
Blue™& Alamar Bio-Sciences IncAHSacramento, CA)2] |

F2 A8

Aniodod SAMZIMS 2[5l ZEE XMoiBo| YrFEEE TN
AHAdERe] 1050 74 HAAE 20 g A, FFHF 400

Table 2. List of herbal medicines on the different Lot No. and
company

Herbal Medicine Lot No. Company
093423 Uchida Co.
Roots of Astragalus 270296 Tochimoto-Tenkaido Co.
memb. ’“E’Xgﬁ‘)“ Bunge 1 4060061 Tsumura Co.
131023020 Tsumura Co.
US092327 Uchida Co.
Rhizomes of Atracty- 250496 Tochimoto-Tenkaido Co.
l"des(lg’fg;’ DC. 1406259 Tsumura Co.
131005010 Tsumura Co.
100010 Uchida Co.
092401 Uchida Co.
061095 Tochimoto-Tenkaido Co.
412-K086A-70824 Tochimoto-Tenkaido Co.
0780304-Z086  Tochimoto-Tenkaido Co.
Roots of 100596 Tochimoto-Tenkaido Co.
Panax ginseng C.A. 010995 Tochimoto-Tenkaido Co.
Meyer (PG) 180595 Tochimoto-Tenkaido Co.
CB-707-2 Tochimoto-Tenkaido Co.
511-C086 Tochimoto-Tenkaido Co.
80305-Z086-1  Tochimoto-Tenkaido Co.
14058551 Tsumura Co.
131015030 Tsumura Co.




2 HVISL SR ko g 7iAad wizkr] & &
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FEEE ST BT 1059 AAE I5FEE F B0
EWY FE(ALR), PG FHASR)E Aoke] k)9
TN w2t E4e] Zolzt g F el olF AE
371 Sl Ao whe ohFd BRe) ks oY 3
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AANEE 724 JAEe gkl /2R AAHdHY &
AN Fi HAe NE=E A4E Tochimoto-TenkaidoA}
o] Atractylodes lancea DC. rhizome(%Z, ALR, Lot No.
250496) 500 g2 FFF 10 L& 330 Az dZsa )
AEYsle] s It T BY 2 wAA%2S AA A
lancea®l BTFFZEE(ALR-0, €, 405%)2 ZA 319
ALR-02 THA] 5 L9 HEREE 1IN7 s3]0 44 855
AR T AdAE)Ee] Weke sk SR (ALR-1, $°&; 1.5%)
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NalO, 43} Yamada 5¢] whE(9o] o)Asle] 24319e
tl, & Zrhd FE(ALR-3) 50 mgoll 25 mM NalO7t g9
50 mM acetate buffer(pH 4.5) 40 mL-S F7Fsla. o4, 4°C
oAlX 96417k wRFEFA T} 7o periodateS A A 37 913
ethylene glycol= H7Fslal F4& dslo] e w|FA o
NaBH,Z 7ot SA7|2 ko2 $3 5 24 572
71zt ALR-39] NalO, 4F8}E (periodate-oxidized ALR-3,
TE; 622%)% ZA ATt

NaClO, #2]: Oka ¢ WHow Zrlgd FE(ALR3)
20mgs 4% acetic acid 20mLel §3lA1Z] ¥ 100 mg2)
NaClO,2 7Fsldict. o] E3e 70°Colla] A7) W o
7HA] BEEAIZL F 3M NaOHE Z3HA17)3 B4 BAA%
st ALR-39] NaClO, *2]%(chlorite-treated ALR-3, 58
50.7%)2 A 3F T,

Pronase #3ll: Yamada 5¢] 29, & xohd BE(ALR-
3) 20mgel 30mg Actinase E(Kaken-Kagaku Co. Ltd.,
Japan)7} E3E 10mg CaClL7} &% 50mM Tris-HCl
buffer(pH 7.9) 20 mL-& H7}8} 37°ColA] 48417+ 28MA1A
ot B3> 0.1N HCIE FAA7IAL ¥, T47128le] ALR-
3¢ whild R3] E(pronase-digested ALR-3, 8 79.3%)=
ZA 8k,
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A8} Peyer’s patch A|¥2}e] whg: Aol gy
Hong 59 "Wiol" wet 43ttt & C3H/Hel vF9-2
(5-75%, 472 &gH Al EAS= Peyer's patchS &
2~HA Aehdlo] Hank’s balanced salt solution(HBSS)®] A
7 petri disholl %7131 44 (No. 100)E patch $lo &%
2 tE, AP AFePIE B8 2AE 93Eke] Peyer's
patch2 5B AZ2E WEAHY, Axdgd-e 43| (No.
20002 o743+ & RPMI 1640-FBS(5% FBS &% RPMI-
1640)%2 A3} 2X10° cells/mL RPMI 1640-FBSE A E5
EE XA F 96-well plateol] 180 uLR EFaT BAHS
S8R she AlEE AEe R st 20uly A
7¥3kaL 37°C, 5% CO, ¥ld71o)A 547 w3t & Adsol
< 3ot AR SR SF 802 ARSI
3]4% Peyer’s patch Al w3} FA)E2}e] whg:
AE b8 EF WE o] &3St FFMEE 343)
Hl, & FAPIE o] &3t W £02 HBSSE Yt Z
THES Al B2 5 A7]ef o] oz, AA st 2.5
X10° cellssmL RPMI 1640-FBSZ A ¥5%E X5 96-
well platel] 100 pL® Z8}3th thao 2 floA] A& Z
FAE S8 98 4595 RPMI 1640-FBSS 747t
50 uL® Hr¥EIL 37°C, 5% CO, wikr|olA U7}l ks
AT}

AAY P F4: e @Y= A8 Peyer's
patch AlZele] whe & % =
A FFAET e AEEA Yeied, 25 =4
2 Alamar Blue™2] &FA|oko] Mo} Sl= ZeA|ze] Hzp
AgAelA WEEe AAel o) gy o] @)= &7
HE ARSSITHY. &, ZpMel 9] Wik de A=) uf
FET 1247F Aol Alamar Blue™ 20 pLE 715 the- &
F =5 SPECTRAFluor Plus(TECAN Co. Ltd., Austria)2
©|-8-3}4] excitation 544 nm$} emission 590 nmol|A =7 3fo],
A A HTE AHE A AR 278} A 2] S
=& Haste] g FEstalv.
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AHAANEL HFX| +SD.(standard deviation)® FERN S
3 student ttests ©1-8, BTAIFEEA p<0.05 =2 p<0.01
FolX o4 A8kt

a3 o aF
05 AU=Eo| Lr-FES0| st FAMUY &Yl bl

1A RE2 37)(roots of Astragalus membranaceua
Bunge, ASR), Al¥|(barks of Cinnamomum cassia Blume,
CC), A& roots of Rehmannia glutinosa libosch var. pur-
purea Makino, RR), Z}2F(thizomes of Paeonia lactiflora
Pall, PR), #-F(thizomes of Cnidium officinale Makino,
CR), #-Z(thizomes of Atractylodes lancea DC., ALR), 9144
(roots of Panax ginseng C.A. Meyer, PG), =% (fungus of
Poria cocos Wolf, PC), Z¥Z(roots of Glycyrrhiza uralensis
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Fig. 1. Intestinal immune system modulating activity of hot-
water extracts obtained from 10 component herbal medicines
1, Control (Saline); A4 , Sample (10 ug/mL); B , Sample (100 pg/
mL). Values represent the means (n=4)xS.D. *, p<0.05; **, p<0.01:
Significance between the control and hot-water extract of each
herbal medicine. ASR, roots of Astragalus membranaceua Bunge;
PR, rhizomes of Paeonia lactiflora Pall; PG, roots of Panax ginseng
C.A. Meyer; ALR, rhizomes of Atractylodes lancea DC.; PC,
fungus of Poria cocos Wolf; CC, barks of Cinnamomum cassia
Blume; AR, roots of Angelica acutiloba Kitagawa; CR, thizomes of
Cnidium officinale Makino, GR, roots of Glycyrrhiza uralensis
Fisch et DC.; RR, roots of Rehmannia glutinosa Libosch var.
purpurea Makino

Fisch et DC, GR) % JHAroots of Angelica acutiloba
Kitagawa, AR)2] 10%5¢] HAER FE FA= I Uck(Table
1). @& Hong §%o] g AHulRee] ZAHY &
Aol F2 o AAER HE {5t U=rE HEI
st 105 A HAES IFFEES A o F
Eo] g48 st Table 1o VERd upel o] W
£8 H9l PRB.0%), CC(3.9%) & PC0.7%)E A s}
e HIAEC] 10%014e] &S Holx e
ARLS 71 L $8(266%)S JERAUTE 39, €
F2Eo 4L AT 27, ALRY PGY A AR
= oA FE o] vEhd ¥k oy

FEoME oy tE Aokunt
TS BAL 4SS & F AN, ASRI AR E oFS
At AAHS GAo] PR} 28 HoFThFg. 1).
a2y 2 99 AlefellMs Ao 84S HolA &4ken
PC, CCS RR S9lMEs 23|8 dxzHu® €353 @2
ZrA R ZAMHE RAFT e ov ErFEEl
AZERE 2 E4o) FiHo e AeR FHArhFig.
1. 38, AAEe] Bole AFAAZY AR e} A
A & ZolE BHY F 7] wEel £ Az &4
o] %& ALR, PG ¥ ASRo| #3ld 2 FEA|7| v A7}
o2 o7 FF9 Aokl B3l SF2AC wE 2439
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Fig. 2. Intestinal immune system modulating activity of hot-
water extracts obtained from various Panax ginseng C.A. Meyer
1, Control (Saline); & , Sample (100 pg/mL). Values represent the
means (n=4)+S.D. *, p<0.05; Significance between the control and
hot-water extract of each herbal medicine.
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Fig. 3. Intestinal immune system modulating activity of hot-
water extracts obtained from various Astragalus membranaceua
Bunge and Atractylodes lancea DC

(1, Control (Saline); E2 , Sample (50 pg/mL); B , Sample (100 pg/
mL). Values represent the means (n=4)£S.D. *, p<0.05; **, p<0.01:
Significance between the control and hot-water extract of each
herbal medicine. ASR, roots of Astragalus membranaceua Bunge;
ALR, rhizomes of Atractylodes lancea DC.

131023020'
14060961
250496

= ™
= o
3 e}
e} N
g =)

=3
= @
fact =

ASR ALR
Samples

ol

(ALR), 213HPG), F71(ASR)S] @FFEE tiste] B4E
AT Az, 2 849 Ao)E Kol o] FEAZIVG b
Ao el GHEA] FHaFol Wiyt S AT
PGoll ¢ ojA= Tochimoto-TenkaidoAl2] Lot No. 0780304
7086 = 511-C0862] 4 =& AL AU HE F
£9) PGolME W oFe BAS RITHFig 2). =3 ASRe
oJAE TsumuraAle] Lot No. 140609618 A7} &2 &
e e A W) 2 9 Adedls A E4¢] AU
(Fig. 3). 28} ASRF PGV} )& A3 Hole A= &
7] ALRS Ao #AQe] B 4L HAF T (Fig.
3), E3] Tochimoto-TenkaidoAte] Lot No. 2504962 &2



ALR (Atractylodes lancea DC rhizomes) - 500g
I Addition of DIW (10L) and boiling to the half vol (decoction)
_Filtration with the metal mesh

i |
Filtrate Residue (decoction and filtration, 3 times)

b - - e
|
'

— Filtrate Residue

Centrifugation (7,000 rpm, 30 min, 4T)
|

I N
|
Supernatant
1 Lyophilization
ALR-0 (Hot-water extract, 40.5%)
MeOH reflux (5 L, 1hr, 60TC)
| Filtration

i
Precipitation

SR

Residue Filtrate ——

i ALR-1 fration
[
(MeOH-soluble, 1.5%)

LMeOH reflux and filtration (5 times)
! \

Residue

Filtrate — -——

Addmon of DIW and centrifugation (7,000 rpm, 30 min, 4T)

Supernatant Precipitation
Addition of 4 volumes EtOH and stirring
Centrifugation (7,000 rpm, 30 min, 4C)

|
ALR-2 fraction (0.2%, MeOH-
_insoluble and EtOH-soluble)
" Addition of DTW and dialysis against DIW for 5 days
! Concentration of non-dialyzable part by evaporation
Centrifugation (7,000 rpm, 30 min, 4C)

Precipitation Supernatant —

Supernatant
: Lyophilization
ALR (Crude polysaccharide fration, 5.3%)

Precipitation

Scheme 1. Preparation of the crude polysaccharide fraction of
Atractylodes lancea DC. rhizomes

AIEEE 100 pg/mlol| A Bt
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o A8, 7)-UE

oh} 50 pg/mLe] FIZol A
& AT A, HA R
T AWEY FAo) 7 e ez A 01
2 AEL digestive medicine®]L} tonicO. 2 ARE-E AT
© Frefe] FAACko R dhlMe Axd HES 7}7<L1_
ojA 9 L-% H3sh= 98-S st HANE gAlshy upg
ol A w7t gREsA= A& A5shk=
Aoz ELE% A Aefolt}, Unbd o2 W (Anractylodes mac-
rocephale Koidz)3 E&317] 191 27 2] AAH o]
o] HIAS HEsh= 4
Sholl A AR Sl

HolA] ¢Fe FAE FoMx

AT Fe &S ZH= Tochimoto-TenkaidoAFS] Lot No.
2504962 4FZE(ALR-0)2 Scheme 13} 7Zro] Sujy &
gL HAlsl %J*DW P EES A Y. &, ALRO
gate] g 7l~‘l*4 ﬁv*i—(ALR-l), wek

— |
ANE B we B4S 2ORNE AL 5847
= AHE=

]a{?sy :qu-gtg ] q.]é],o:] AEe BAe
%785 éﬂr(ﬁg 4) 25 ug/mLe} e F=ox ALR-39
ko] AR d4FEEoY ALRO I8 W =
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Fig. 4. Intestinal immune system modulating activity of fractions
obtained from hot-water extracts of Atractylodes lancea DC
[1, Control (Saline); 74, SIDBT (100 pg/mL); &2 , Sample (25 pg/
mlL). Values represent the means (n=4)£S.D. *, p<0.05; **, p<0.01:
Significance between the control and fractions obtained from
Atractylodes lancea DC. rhizomes. SJDBT, hot-water extract of Sip-
Jeon-Dae-Bo-Tang; ALR-0, hot-water extract of A. lancea DC.
rhizomes; ALR-1, metanol-soluble fraction of ALR-0; ALR-2,
methanol-insoluble and ethanol-soluble fraction of ALR-0; ALR-3,
the crude polysaccharide fraction.
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Fluorescence Intensity
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Fig. 5. Dose-dependent curve of intestinal immune system
modulating activity of fractions obtained from hot-water
extracts of Atractylodes lancea DC

Values represent the means (n=4)+S.D. *, p<0.05; ** p<0.01:
Significance between the control and fractions obtained from
Atractylodes lancea DC. rhizomes. @ , ALR-0; hot-water extract of
A. lancea DC. thizomes: O , ALR-1; metanol-soluble fraction of
ALR-0O: A, ALR-2; methanol-insoluble and ethanol-soluble fraction
of ALR-0: &, ALR-3; the crude polysaccharide fraction.

S AL B 1 9] gRECAME 840 A it
EE A E8FEE 0 100 pg/ml7E W3 FHEA 7§
S 848 ARG AFg SNME ALR-3 &Euio)
Hrtele AlgEEe] Sl wet &40 FrhEeH o
& FRddAMe @0l Ao veh A gttt oleidk Ax=
ALR-0 €3%-¢] 3] @42 A7} EZ]EO] FE FF
He Wergol dekEe] RATE oAEs Hrte 9
SRR AR A e vk g8 ALR-3 o &
el Ao o] 7Ilsal e Ao Azkdrt
R G7A] AEZFEEIE sesquiterpenoids, triterpenoids®} acet-

ylene F-=4 22 AHE2 EZES] Na', K*-ATPase?] A3
24, anti-gastric ulcer ¥4 3! neuromuscle connection®]
AEAHS ke AR HuFEo| 9l vhHe) Alz]gy
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Fig. 6. Effect of chemical and enzymatic treatments of ALR-3
on intestinal immune system modulating activity

L1, Control (Saline); 74, Sample (10 pg/mL); N, Sample (25 pg/
mL); B, Sample (100 pg/mL). Values represent the means (n=4)
1S.D. *, p<0.05; **, p<0.01; Significance between no treatment
and chemical/enzymatic treatments of ALR-3. No treatment, the
crude polysaccharide fraction of ALR-3; NalQ,, periodate-
oxidized ALR-3; Pronase, pronase-digested ALR-3; NaClO,,
chlorite-treated ALR-3
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