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Abstract

Of solvent-extracts prepared from the 90 kinds of Korean traditional tea and rice gruel plants, cold-water
extract from peels of Citrus unshiu (CUI-0) showed the most potent intestinal immune system modulating
activity through Pever’s patch whereas other extracts did not have the activity except for cold—water extracts
of Laminaria japonica, Polygonatum japonicum, Poncirus trifoliata, and hot-water extracts of Gardenia
Jjasminoides, Lycium chinense having intermediate activity. CUI-0 was further fractionated into MeOH-soluble
fraction (CUI-1), MeOH insoluble and EtOH-soluble fraction (CUI-2), and crude polysaccharide fraction (CUI-
3). Among these fractions, CUI-3 showed the most potent stimulating activity for the proliferation of bone
marrow cells mediated by Peyer’s patch cells, and contained arabinose, galacturonic acid, galactose, glucose,
glucuronic acid and rhamnose (molar ratio; 1.00:0.53:0.45:0.28:0.28:0.19) as the major sugars, and a small quan—
tity of protein (9.4%). In treatments of CUI-3 with pronase and periodate (NalOs), the intestinal immune system
modulating activity of CUI-3 was significantly reduced, and the activity of CUI-3 was affected by periodate
oxidation particularly. The potently active carbohydrate-rich fraction, CUI-3IIb-3-2 was further purified by
anion—exchange chromatography on DEAE-Sepharose FF, Sepharose CL.-6B and Sephacryl S-200. CUI-3IIb-
3-2 was eluted as a single peak on HPLC and its molecular weight was estimated to be 18,000 Da. CUI-3I1b-3-2
was consisted mainly of arabinose, galactose, thamnose, galacturonic acid and glucuronic acid (molar ratio;
1.00:0.54:0.28:1.45:0.63) in addition to a small amount of proteins (3.29%). In addition, CUI-3IIb-3-2 showed
the activity only through Peyer’s patch cells, but this fraction did not directly stimulate proliferation of bone
marrow cells. It may be concluded that intestinal immune system modulating activity of peels from C. unshiu

. is caused by pectic polysaccharides having a polygalacturonan moiety with neutral sugars such as arabinose

and galactose.
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Fig. 1. Preparation of crude polysaccharide fraction from peels of C. unshiu.
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Fig. 2. Intestinal immune system modulating activity of sol-

vent-extracts prepared from peels of Citrus unshiu.

T, Control (only saline without sample); @, Sample (10 ng/mL);

@, Sample (100 pg/mL).

DThe proliferation of bone marrow cells was measured by a
fluorometric method, using the Alamar Blue™ reduction assay,
and each value was expressed as the mean®SD of quadru-
plicate assays.

DFor control, only saline without sample.

3)CW, cold-water extract; HEX, hexane extract; BOH, BuOH
extract; EAC, ethylacetate extract; EOH, EtOH extract; MOH,
MeOH extract; HW, hot-water extract.

PValues in parenthesis represent yield of each extract calculated
from raw materials.

5)*p<0.05; Significance between the control and solvent-extract.
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Fig. 3. Intestinal immune system modulating activity of
subfractions prepared from peels of C. unshiu.

0, Control (only saline without sample); @, Sample (10 pg/mL);
&, Sample (100 ug/mL).

The proliferation of bone marrow cells was measured by a
fluorometric method, using the Alamar Blue™ reduction assay,
and each value was expressed as the mean=SD of quadru-
plicate assays.

PFor control, only saline without sample.

3)CUI*(), cold-water extract; CUI-1, MeOH-soluble fraction; CUI
~2, MeOH-insoluble and EtOH-soluble fraction; CUI-3, crude
polysaccharide fraction; CUIV-0, hot-water extract; CUIV-2,
EtOH-soluble fraction; CUIV-3, crude polysaccharide fraction.

P520.05; Significance between the control and subfraction.
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Table 1. Physicochemical properties of the active fractions prepared from peels of Citrus unshiu on DEAE-Sepharose FF,

Sepharose CL-6B and Sephacryl S-200

Fraction” CUI-0 CUI-3 CUI-31Ib CUI-31Ib-2 CUI-3Ib-3  CUI-31Ib-3-2
Yield (%) 338 49 24 051 1.02 0.17
Content (%)
Carbohydrate? 576 456 60.7 65.9 69.3 70.1
Uronic acid® 247 40.7 30.0 27.1 50.3 60.6
Protein” 179 9.4 143 16.1 36 32
Component sugar (molar ratio)
Arabinose N.D” 1.00 1.00 1.00 1.00 1.00
Fucose " 0.07 0.02 0.08 0.01 0.02
Galactose " 0.45 0.57 0.31 0.70 0.54
Glucose " 0.28 0.09 0.23 0.13 0.14
Mannose ” 0.07 0.16 0.10 0.20 0.21
Rhamnose " 0.19 0.15 0.18 0.25 0.28
Xylose ” 0.09 0.09 0.45 0.13 0.08
Galacturonic acid " 053 1.39 0.34 1.64 1.45
Glucuronic acid n 0.28 0.64 0.69 0.75 0.63

”CUI—O, cold-water extract from peels of C. unshiu; CUI-3, crude polysaccharide fraction from CUI-0; CUI-3IIb, 0.2 M NaCl-eluted
fraction by DEAE-Sepharose FF of CUI-3; CUI-3IIb-2 and 3lIb-3, fractions obtained by Sepharose CL-6B of CUI-3IIb;
CUI 3IIb-3-2, fraction obtained by Sephacryl S-200 of CUI-3IIb-3.

Carbohydrate content: phenol-sulfuric acid method (as galactose).
Uromc acid content: m-hydroxydiphenyl method (as galacturonic acid).

Protein content: Lowry method (as bovine serum albumin).
- .
N.D: not determined.

acid ¥ rhamnose(molar ratio; 1.00:0.53:0.45:0.28:0.28:0.19)
2 o] Felx %lEPL ¥4 AsH(Table )& Fsfe] ALl
T3 AeE BT

g3, €92 ‘ﬁ FZEZYE EtOH A A s 244
Zrhd ZR(CUI-3)9 FAHEAHE A ES)7] $3)e CUI-3
£ periodate(NalQ,) Ar3 2 ¥ ¥-3) & 22 pronase°l
A5 £3A1Z) F 2 HESALE Sl thete] SN R HE
3todt). Table 2004 Hol= ZAAH 2E He]Fel+ CUI-3
o] #Ado] Azt wdl, 53| periodate AHE7} M WS
g BAHAIEFRE 100 ug/mL, CUI-3 &4 2] 46.4%

‘Table 2. Effect of chemical and enzymatic treatments of CUI
-3 on intestinal immune system modulating activity

. Concentration Fluorescence intensity"
Fraction Treatment y

(ng/mL) (mean=*SD)
Control” - - 3,020150
No 10 4530120
treatment 100 5,190+ 160"
o Periodate 10 2,410+ 180
CUI3 cidation 100 2780+ 70"
Pronase 10 3870707
digestion 100 4390100

YThe proliferation of bone marrow cells was measured by a
ﬂuorometnc method, using the Alamar Blue™ reduction assay.
PFor control, only saline without sample.

¥ and '“', p<0.05; Significance between the control and treated
fraction, and significance between no treatment fraction (CUI-
3, crude polysaccharide fraction from hot-water extract) and
treated fraction.

7k22). Periodates @28} T2l A A& hydroxyl7| & 2z
E Bt gasatel g AT SAE #I d2nR
(31) FA ol Fa8HA o3t EAo] BHA 7HedE =
AT g, A o7 opdfe| i T2} 53] =
Aol had oz Az} 39, pronase A 2 off &3
A& B4 7 A 2] W 317} periodate 48R} 8] Ete] AbTA] o
2 3% Wgeb(AEFE 100 ug/mL, CUI-3 &4 9] 154%
Zha). o12lgk A w]Fo} CUI-30 234 oe] 84 &
B9 Y355 AAUY A FosA Hejste

AE ARG,

=22 E-' X1x115| Jél-_T'_

(e}

tojod M

2o =otg EEe A chet

29 YFFEFE2 5 3] A A Aoy &
o] 7k =otw &l ¥ CUI-3¢l o) s DEAE-Sephar-
ose FF(CI” form)% ©]%-% ion exchange column chroma-
tography & A A13}e] 17019 v]F2 3 E(CUI-3DH 371
F2 ##(01 M NaCl & 3¥; CUI-3la, 0.2 M NaCl
£2 3385 31be} 0.3M NaCl -2 &2 3lc)e 2 239
F.(data not shown), ©] 21 &+ & 2ol ts}te] Ao &AJ-&
ZAslodr}. 7 A3 (Fig. 4A), CUI-3lbell A 713 -2 &4
(A E%% 100 ng/mL, HE7 1.799) & e 5%
w3k 7P Eoh o n( R 24%), o] 9] HE-SeA= &
Aol ebA] 4] wskel A 32 CUI-3bis £ 60.7
%, AR 30.0% & DA 143% 2 FAE oS0t 34
Rl B2, T2 F£4 %] arabinosest AH3 w32l galac-

o :IHJ
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Fig. 4. Intestinal immune system modulating activity of A)

fractions obtained from CUI-3 on DEAE-~Sepharose FF, and

B) fractions obtained from CUI-3IIb on Sepharose CL-6B.

T, Control (only saline without sample); @, Sample (10 ng/mL);

8, Sample (100 pg/mL).

YThe proliferation of bone marrow cells was measured by a
fluorometric method, using the Alamar Blue™ reduction assay,
and each value was expressed as the mean®SD of quadru-

o)plicate assays.

“For control, only saline without sample.

PA) Fractions obtained from CUI-3 (crude polysaccharide frac—
tion); CUI-3I (DIW-eluted fraction), 3la (0.1 M NaCl-eluted
fraction), 31Ib (0.2 M NaCl-eluted fraction) and 3llc (0.3 M
NaCl-eluted fraction), and B) Fractions obtained from CUI-3IIb;
CUI-3llb~1, 3lIb-2 and 3IIb-3.

4)*p<0.05; Significance between the control and fraction.

turonic acid$} glucuronic acid(molar ratio; 1.00:1.39:0.64)
T iyl FAEY ole Aoz A E e Table 1).

DEAE-Sepharose FF2] 0.2 M NaCl %98 £3}o] o
< &4 32l CUI-3lbel ®3te] Sepharose CL-6B col-
umn chromatography & ©]-83}ed gel filtrationS- 4l A] 3}
37§2] 3 E(CUI-3Mb-1, 3lb-29} 3lb-3)2 LUk Fig. 5
A). ol & 3ol thated Ao 843-& vjwdt A=, CUI-
3b-2(A E¥ % 100 pg/mL, tH3ET-2] 1.788))2} 31b-3(A]
H¥E 100 ug/mL, 1.9280)e] 52 &A4-& e i ch(Fig.
4B). o1& 24 #¥2 7z} £ 65.9%2}F 69.3%, 4%

0.4 - CUIL-311b-3
A)

0.3 l CUI-311b-2

Absorbance
(=3
[ )

0.1 1

0.0 -aasds

0.25
5 B)
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| I
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@ CUI-31b-3-3
E 0.15 ﬁ e
2
=
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Fig. 5. Gel filtration patterns of A) CUI-3IIb on Sepharose
CL--6B and B) CUI-3I1b-3 on Sephacryl S-200.

The symbol is V! void volume, Vi inner volume. Column size:
25%94 cm of Sepharose CL-6B and 1.7X82 cm of Sephacryl
S5-200, elution speed: 5 sec/drop, elution solvent: 0.2 M NaCl.

27199} 50.3% % A 16.1%9} 8.6% 2 FAE thdFr)
F FAAEAQ F RS2 (Table 1), CUI-3Ib-2+ 43
2.E. = arabinose, xylose, galactose, glucosed £3}3}9d 11,
glucuronic acid®} galacturonic acid(molar ratio; 1.00:0.45
:0.31:0.23:0.69:0.34)2} 4oz A€ vt CUI-31Ib-3
2 ZA4 72 2 4 arabinose, galactose, rhamnose 5%, AH4
3.2 2 A& galacturonic acid®} glucuronic acid (molar ratio;
1.00:0.70:0.25:1.64:0.75)5 74222 3t UM HTa-
ble 1). o]2igt AAR v]Fo] CUI-3b-2+v FA o] F
AAEA QY v)te] CUI-3Mb-32 AlA wo] Ao o)
= 2AEA FHEH ¥ AR FH=HH
Sepharose CL-6B& E-3}e o2& #4132 CUI-3IIb-
29} 31b-3 Foll A AFrelly & FAHABSE 10 vg/
mL, &7 1.858)(Fig. 4B)3 +=5( 89 1.02%)&
ebll CUI-3MTb-3¢l ?}3}9] Sephacryl S-200 column chro-
matography & A 3 3ke = t}& 370 9] & 1(CUI-3h-3-1,
3b-3-2 ¥ 3Mb-3-3)& U 27 (Fig. 5B), o1 & & 3ol o
glo] A S FA L Peyer's patchE "/ & &+ 713k
ol-g3lw AE T4l A% 5 9= FYEL £33l
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Table 3. Comparison of intestinal immune system modulating activity of subfractions obtained from CUI-3IIb-3 on Sephacryl
$-200 with their direct effect on bone marrow cell proliferation

Fraction” Concentraion Fluorescence intensity (mean®SD)”
(ng/mL) Peyer’s patch—mediated activity” Direct activity”

Control” - 2,350+ 60 2,580+ 130
P 10 4,060+ 380 2,880 110"
CUI-3IIb-3 100 4,440% 160° 3,020%330
I 10 3,420+ 360 2540290
CUL-3llb-3-1 100 3,820*+130" 2,790 100
P 10 4,250£160 2,910=100"
CUI-3lIb-3-2 100 4,580+ 160" 3,190£90"
e 10 2,550+330 2,640+80°
CUI-3lIb-3-3 100 2770+ 360 2610300

DCUI-3Ib-3, fraction obtained by Sepharose CL-6B of CUI-3Ilb; CUI-3IIb-3-1, 3lIb-3-2 and 3Ib-3-3, fraction obtained by

Sephacryl $-200 of CUI-3IIb-3.

2]’1 he proliferation of bone marrow cells was measured by a fluorometric method, using the Alamar Blue”

M reduction assay.

Peyer s patch-mediated activity; After Peyer’s patch cells were cultured with the sample for 5 days, resulting culture supernatant
(conditioned medium) were used for stimulation of bone marrow cells.

“Direct effect: After the sample directly was cultured with bone marrow cells

was measured.
SFor control, only saline without sample.
*p<0.05; Significance between the control and fraction.

wjmslelch 2 A3, CUI-31b-3-201 4 Peyer's patch& )
M & 712 Foted b 2 4 (A 8% = 100 ug/mL,
Q279 1950)E hep 9 oH, o] )@ sk AR
o] gAr\zte] AR Aoz AdE o] TFAES T
3 ehe v)2)% o] b (A B 100 ug/mL, &)
1.1390) Peyer’s patch®| Al 25 &4 3] A= F o]
g &A1 55 A £l A 4= cytokine H lymphokinef7t
F4AZ FA6l BFE AL A 02 39T 5 ArhTa-
ble 3). w3 CUI-3MIb-3-2% CUI-3Mb-3¢] ] Ahd = &
spo] A heht £ 70199 AT 60.6%2 o] Fo1 7
1A u}rzg;g gap s u) - kol © 1 (3.2%), F FRGo A
£ 4922 arabinose, galactose, rhamnose s, M4 &2
24 galacturonic acid®?} glucoronic acid(molar ratio;
1.00:0.54:0.28:1.45:0.63)7} &r=le14 9l xirH(Table 1). =3k
0]31 3 FAIe] BAS 23519 . A E_}_\?_o] CUI-3-1Ib~
3-2%= galacturonic acid?te] Z3t 2
rhamnose?}ts] TE Al ZA3to g o]Fofx]
oF8) 572} FA o) S 2 AgH e, &
el R ARAES) R -
urh RT3 1) F2E W) Ao EL me
3latA] o] FA B 9] 4] '% %L FA] Ao FEIEH(34)
o] o] Folxofst shy] Wl ol FEEAE Eote] BHRA
Z FAALz 937 & AFE AAsa ok
Ao &4 ohFel CUI-3b-33 31b-3-2< 3}
¢ Shodex OHpak SB-805 column-2- ©]-4-3te] HPLCE Al
sigbelvt. CUI-3MIb-3ell 41+ 471 9] peak @ o} F14 9l&
2 o gl o) Fig. 6ol A} Hole 7 A3 Sephacryl S~
200 column chromatography s £3}e] $1-& &4 FH ¥

1 galacturonic acid<}
F4(32)o] ¢}

£33} arabinose
RO FA

(without Peyer's patch stimulation), cell growth

CUI-3lIb-3-200 A = &+ peak®4 9] homogeneousdt oF
e i"%?“ﬂ WeREE ey dady g4 el v
L&;}D‘—ﬁ]—— 7% ]Eﬂ/ﬂ ZJzﬂE]o} ‘7"42.";2-‘ 62 O-LQ_ %/ﬂ
ol CUI-3Mb-3-2%& HYEAE FAEHIH & &
At =g ol o] EAHFL dextran?
ANEez 24 o oF 18000 Da®l ThF &

oA addRe 2 2] A" JdeFe SR 18,000 Da
o) He RS of £ 9ll o F3 IpEAkg &) AR o) &
150
*
1404
050
oot
250- K
s e At i e
s.00 ko] 1600 .00 2o
Wanubes

Fig. 6. HPLC profile of the active fraction, CUI-3IIb-3-2
purified from peels of C. unshiu on Shodex OHpak SB-805
column.

HPLC: Waters 2690, detector: Waters 410 (Refractive Index), flow
rate: 0.5 mL/min, mobile phase: 0.2 M NaNOs.
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90 Fe A5 Y FFE AZTZREH 24 % ohofsl &
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(CUI-0)°] Peyer's patch® "7] & 3 713 =& AAwd

24-¢ vepidem A vHL. japonica), FH(P. ja-
ponicum), BAHP. trifoliata)®) V43253 77\ 2L, chin-
ense) B XAHG. jasminoides)?] A4FEES A2 o}
HA] A5 SujFEEE A AL /MR Fshgdc)
CUI-0= MeOH-714-4 # % (CUI-1), MeOH-E 7144 o]
WA EtOH-7H4-A £ (CUI-2)3 £t F2(CUI-3)
2 FYEHA. o] g 25 F CUI-3S Peyer’s patch Al
EE IR = T4 AE FA 9 2GS o] M B9k
u| arabinose, galacturonic acid, galactose, glucose, glucur-
onic acid®} rhmanose(molar ratio; 1.00:0.53:0.45:0.28:0.28:
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