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Abstract— Mori Cortex Radicis. the root bark of mulberry tree, has been used in the treatment of bron-
chial asthma and other lung diseases in traditional medicine. There was a recent report that the water
soluble part with molecular weight of above 10,000 has anti-allergic activity. Therefore, we intended to
isolate and purify the anti-allergic compound from hot water extract of the Mori Cortex Radicis. Crude
extract of Mori Cortex Radicis was prepared by hot-water extraction, and anti-allergic compound was
further purified by alcohol precipitation, successive ultrafiltration, anion exchange chromatography
and gel filtration chromatography. This compound had homogeneity which was shown by the sharp
single peak in HPLC chromatogram (TSK-GEL® G4000PW column, RI detector). The molecular weight of
the compound was estimated as 23 KDa on the basis of calibration curve plotted against protein stan-
dards. This compound was identified as complex of sugar, protein and lignin (19.2:5.9:72.7), and pro-
teolysis could not decrease the anti-allergic activity but mild delignification decreased the activity re-
markably. Therefore, we concluded that the anti-allergic compound of Mori Cortex Radicis was a lignin-
carbohydrate complex.

Keywords [ ] Mori Cortex Radicis, anti-allergic effect, compound 48/80, chicken gamma globulin (CGG)
and CGG-specific Ig E.
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5 FE2I325E 979 v

aHou tmfi *“’“JJ 1 & —rz%% 3z 857
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A 50 WE 33l CGG-specific Ig E(10 mg/ml)
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5 RRSAIATE Zhzhe] oA P& A o
|2Ep %ol BAL Harvima $'%¢) #hdS 54,
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Crude extract?] H|X - 3] gkgs doj25
[Z 33 "FE ¥ "140}93\3} Al g s %‘3}
o 423 FEHNOFE WE F 80% MeOHZE 43] g
gte] AAg A F A EYSt FAg Ak
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EtOHZ 33] wHEale HHE FPAT F dojdl A
AL FAAZRS Fr. P(137 908 {3lth.

EANR0| 2| - 50 mM tris buffer(pH 8.2) 2 1
#A)7l DEAE Sephadex A-25 ion exchange
column{(8 cm IDx30 cm)?l| Fr. P(80 g)& NaCl 0.1,
0.25, 0.5, 1.0, 2.0 MZ step gradient& Fo] £&A|A
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5 7] HEE de T 4 S ultrafiltrationdhd]
B2 10000 ojate) B3 Fy 1~52 <lo] 7} £3l¢)

o o 7P 2 EkebeiA] g
A& Yehli: 28 Fr. 41598 4% gol24
<l & &9 gdog HYPYAZ Sephadex G-75 co-
lumn (2.5 cm IDX92 cm)elA] £EA1A 4 7] &8
o Urm 7Zh BEo| ader] B4s gAsict
(Scheme D).
FMAMEO| homogeneity2| 201 3

Fr. 4-3& "ol

X1 &5 -
o] o} TSK-GEL® G4000PW(7.5
mm IDX30cm, Supelco, Inc.) gel filtration co-
lumn ol HPLCE 4 *13l%) homogeneityE #¢1
3951, BAle 4u ol wd EFEEAE mole-
cular weight marker® s+ 5% column AlA 0.5
M NaCle] &9 tris buffer® £%4)74 HPLCE 4
Alste] BAERE 23

WAYEO =M BN

Carbohydrate@| & - A58 6 N trifluoroace-
tic acid® 121°CelA] 6 A1ZF I Esiste @ &5
I g7 TLCE #7iste] anisaldehyde-H,SO, Al 2,
AgNO; A%, a-naphthol Aok G-of WajAjeko 2 5}
Q138+t Total hexoses?] T2 glucosed EFE
A & 3o phenol-sulfuric acid §*o| w&} 490 nm
o] A 2481931, uronic acids®] 33k glucuronic
acidE ¥FEAE sto] m-hydroxydiphenyl ol
w2} 520 nmell A 43819 21, hexosamine?] $aF
& glucosamined #2222 3l9 Morgandt El-
son™e] el Wl 520 nmol M EFasint. 4%
o] FFL GCE o) &3t AASIAL) AEE 6 N
TFA 2 121°ColA 6 Al &3 728l & o5}
o oJds F=3HY. myo-inositold WHREFEF
23le] & A8 2 FAY X224 L alditol ace-
tate FEH%E HEo] CHCLA 59 A8 & &3}
At GCw U3} -2 =4 oA Akt He
< carrier gas® AHESLL 4% 30 mi/min(split
ratio=1/100)2 &tem, SP™-2380(0.25 mm ID
X30m, Supelco. Inc.) capillary column AHoliA
250°Cell Al 5min &<t FAAIZL F 270°C7HA} 2°C/
minZ 258 28 GC-MSE AAsle =AES &
dlglon SYXTCE GCE ANt FFEA 9
peak WA} vl wsle] HFAE 18] FAGY] FFS
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Hot water extraction
Filtration
Evaparation in vacuo

Add MeOH to make 80% soin

Lissolve In water and add EtOH ro make 75% soin

[

Supernatant
DEAE Sephadex A-25 Ion Exchange Chr.
with NaCl - Tris buffer (pH 82)

03 M 025-M 05 M 20 M

Fr. 1 Fr. 2 Fr. 3 Fr. 5

Ultrdfiltration
1
MW <10,000

Sephadex G-75

Gel Filtration Chr. with DW

Scheme I— Extraction and purification.

ZAstart
Cieli sl Hgt - g 2 bovine serum al-
bumin &4 ¥FEAE st} Bradford™9] el
w2} 595 nmell A S8ttt
oMl =4 B —- AE F9] ofu it
8 1mge 6 M HCI =91 ¥ 245
AlA 110°Cell A 4 AzE 745-R-algh o}5- o 7}ate] %
< AASIAT BAEFstd AT AlEE 0.08
M sodium citrate$} 0.2 M HClo] 48 &8
BAZ F o)t B4 7)o FYBte] B4
Lignin H& - A58 2 M HCIZ 100°ClM 24 A)
b bgAA JhrRalld F ethylether2 &3}

EEPDIE
P

4
=2
3
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TLCZ 3} phloroglucinol-HCl A|eke.g2 T4 XA
318kl 1, ligning) ¥#-2 vanilling ETE2 = 3
o acetylbromide B¥o] Wk 280 nmollH EF%
SAsto] AeFstdct,

HMMEO FHRAO0| SAYX WM OiX= H
& - Fr. 4-3& 7438k e Aio) gwA &4
u e QS Yol 7] 913 ofefje) vhyo R thilz
4 lignin F&& Faste 848 SH3E0

Proteolysis — 20 mM ' EDTA, 20mM cysteine
HCle] 9] 1= 0.5 M tris HCI(pH 6.8) &l ©t
a2 F 4] papaing ¥ 13 mg%(w/v)E4 &
ZAsAc. A2 3mgS papain £ 4mid) Y3
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60~65"ColA ¥Fg&-E A7l ThE, 100°CellA 20 &3¢
71date] F4E  denaturationAlATE W&
Sephadex G-100 column(1.0 mm IDx95 cm) oA
ol & FEAA AL AAS oS A f2
A g4& ZA3A

H
%A, Be¥sto) mild delignifications HA1% ohs
Sephadex (25 column(1.5 mm IDx50 em)oliA
£2AA Fr. 4-3-d1% Fr. 4-3-d2& do] 3=
F2 g4 242 A

Za W o

EMAMEO| ol Y 2K £ - e de &
ZE% 80% MeOH % 75% EtOH=Z IHAAA
crude extract¢! Fr. PE A%vh Fr. PE oA 0.1,
0.25. 0.5, 1.0, 2.0 M NaClZ salt gradientg& 5
DEAE Sephadex A-25 ion exchange chro-
matography2 25te} 5 7o) EH o2 e & 7t
B82S ultrafiltrationdtd] Fr. 1~58 44 7} &
oz BE CGGY CGG-specific Ig Eoll 9% 3]
b falol] diak JAEARE F3td S H(Fig. D,
1.0 M NaCl=2 &9 £43 10,000 o}/d<] 284
90% oliel & &AL Jehisidh Zh 2 8ol xA4e

Inhibition of Histamine Release (%)

Fr1 Fr2 Fr3 Frd4 Frs
Fraction Number

[. 10mg/m! O Img/ml @ 1x10'mg/ml 0] 1x10 'hg/nﬂl

Fig. 1— Inhibitory effects of each fraction from DEAE
Sephadex A-25 ion exchange chromatography
on histamine release induced by CGG and
CGG-specific IgE (n=3)

*significantly different from control (P<0.01)
**significantly different from control (P<0.001)
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Table I—Total hexose and uronic acid contents of
each fraction from DEAE Sephadex A-25
ion exchange chromatography

Total hexose Uonic acid
(Wt %) (Wt %)
Fr. 1 8.6 1.5
Fr. 2 15.9 37
Fr. 3 8.2 2.6
Fr. 4 28.3 4.4
Fr. § 174 2.7

otolH 7] ¢J3}be] total hexose % uronic acid9]
S 243 A3 FYRE Fr. 4= 02 FA njs) 2
gtego] B aufa B4 FAEAHTable D.
olof] 7}4 &Ade] =& Fr. 42 AM&sle] Sephadex
G-75% ©] &3} gel filtrations A5t £2}e] 27
of w2 FAAE-] 8 AL, o|2 FE 4 7
o] B84 dof 7 2eof A4S FAEAY. AF 4
I} Fr. 4-304 717 & 45 vehIai(Table 1D,
positive controlZ #gzH-4-8 el ketotifend
AHE3t] §Y FR(1mg/mDolA 3B FEol
gt RzgS 4% A Fr. 4-3% ketotifen©)
Zbz} 72.7, 69.5% 2 Hl% e Ao 3| AP f2] A
228 "ot Fr. 4-3& t3A] HPLCZ gel filtra-
tiong 3te] RI detector2 ZAEFRE o Td3
peakE B A5E-2] homogeneityE 13 + U
H(Fig. 2). Fr. 4-3¢] =&l BA48 43171 9
& BExEs 9w Q¥ proteing EFERZ 39
gel filtration AA18le] Bl log T3 &A1
o] ARH oz e EARE 4% A3 Fr. 439
Bxleke 23 KDao] 1A Ba 2 34590}
RMMEO| XM BN - S REQ Fr. 4-3& 22

g w lglon, SR 24e £ 9

L

Table II— Inhibitory effects on histamine release of
each fraction of gel filtration chromatography

Inhibition of histamine release (%)
Histamine release

Histamine release

induced by induced by CGG
compound 48/80  and CGG-specific IgE
Fr. 4 44.1+0.5* 74.8+13.5**
Fr. 4-1 -75.0+0.7 -49.2+11.5
Fr. 42 75.8+9.8** 82.8+ 9.6**
Fr. 4-3 93.5+£1.5" 92.0+13.4**

Results show mean+S.D (n=3).
*significantly different from control (P€0.01)
**significantly different from control (P<0.001)
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Fig. 2 — [dentification of homogeneity of Fr. 4-3 using
HPLC.

SRS

3le] AAEsiste] TLC “dell A FeCls A2k, Dragen-
dorff A|oF 502 WAHAA HoLg of SA¥HE-o] YE}
oy Ninhydrin A12F, AgNO, A1¢F, a-naphthol
Al ek phloroglucinolfHCl Alefo 2 BhA)A S off o}
U]}J A]- 1:1» DJ lignina =Y ‘]a—l— Z= O]‘Rit}' EE—G]_ UV /\]—
ofa HAslg-E wl 200~300 nm 2AolA lignin-
carbohydrate complexollA] dutdog AzE= 7
—S—% S VERNRATE ol4te] AR Hol @RS
a2 lignin® 2 TS & Aoz FHH
Zhof thel e Ax Sd4ES 9, @A, lig-
nin°] 27} 19.2, 5.9, 72 %2 F45e] JATh
(Table IV). 743 24& 47| $13} uronic acid¢}
héxosamined] %S SA4sI01, FADY Fete
alditol acetate® FEAS THEo]
& EFF0 2 319 GC-MS=
AtH(Table IV). B3 ghg 5.2

o
Be) FFE BAS) 9l ofunt

2

ﬁlwrw

CHEREE

Table II— Purification protocol for Fr. 4-3 isolated
from Mori Cortex Radicis

Yield *Specifi
Purification (102) acpztie\(;;t;
Water extract 100
Alcohol precipitate 31.8 2.6
IEC and ultrafiltration 0.65 447
Gel filtration 0.15 82.0

* Inhibitory effects (%) of histamine release induced
by compound 48/80 in the same concentration.

Table IV -— Chemical composition of Fr. 4-3 (% by wt}

Contents (% by wt)

Lignin 72.7
Total hexoses 19.2
-Neutral-sugars 58
Mannose 13
Galactose 0.9
Glucose 3.6
Uronic acids 6.7
Hexosamines 49
Protein 59

Table V— Relative content of amino acid of Fr. 4-3

Amino acid % amount Molar ratio
Asp 16.3 3
Glu 17.3 3
Ser 6.8 1
Gly 18.9 3
Arg 517 1
Thr 4.2 1
Ala 6.5 1
Pro 5.7 1

o B3 A3 glycine H|#3H 8§ £9) ojn|ito g
TAE] g & T AU Table V).

MR THEFO0| AKX Mo Ojxl= F
& - Fr. 4-3& TA S A—L‘?_o] 3late)x] Al n] 2]
= S dotry] 93 o 9 ligning Fa8k3l
o} ARl ghilld 2§49 papainS A, ¢ald
HE2S AASY Fr. 43pE& 9L, NaClo,2

120

g

5 100 |

&

S

2 80 [

E 60 |

o

::é 20 |

2, i
Fr4-3  Frd-3-p Fr4-3-dl Frd-3-d2

Fraction Number

Fig. 3— Inhibitory effects on histamine release of pro-
teolytic and mild-delignified products of Fr. 4-3
n=3
** significantly different from control (P<0.001)

Fr. 4-3-p : The proteolytic product of Fr. 4-3
Fr. 4-3-d ‘ The mild-delignified products of Fr. 4-3
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mild delignification® AlA Fr. 4-3-d1. 4-3-d2& ¥
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2 FREAT

3. A EL carbohydrate : protein : lignin(19.
2:5.9:72. N E ol 7ol EFA ATt

4. B4R 240 B9 nA = FEE AP
g4 2 9L VXA Fsrevt
319 wolle &) dAeA A

ith )
K
av)
=
m,
tlo 1
dr e
& orlo N

5. o|de] Az B uf i) Fof gadelA &4E
el 482 lignincarbohydrate complex® 3
= et ‘

6. 84349 % ketotifenae] vlRAE S 1YL o
74zt 727, 69.5%2] 3| 2B oA 28-S Bt

UL W
£ Y RARKE AekgsbAle] @7 Ao
o A7 A ofo] A= M w2 AP 4

F4 FENEY WS

=
2 8

1) A o - Aok}, FHAL A& p 118 (1991).
2) d= Aost w3  Bxd tideprtal, ME
p 614 (1994).

Vol.

=

42, No. 4. 1998

3) Nomura, T. and Fukai, T. : Kuwanon G, a new
flavone derivatives form the root barks of the
cultivated mulberry tree (Morus alba 1..). Chem.
Pharm. Bull. 28, 2548 (1980).

4) Nomura, T.. Fukai, T. and Narita, T.: Hy-
potensive constituent, kuwanon H, a new fla-
vone derivative from root barks of the cul-
tivated mulberry tree (Morus alba L.). Het-
erocycles 14, 1943 (1980).

5) Nomura, T., Fukai, T., Hamo, Y. and Ikuta, H.
" Kuwanon M, a new Diels-Alder adduct from
the root barks of the cultivated mulberry tree
(Morus ihou Koidz). Heterocycles 20, 585 (1983).

6) Nomura, T., Fukai, T. Matsomoto, J. and
Ohmori, T. : Constituents of the cultivated mul-
berry tree. III. Components of root barks of
Morus bombycis. Planta Med. 46, 28 (1982).

7) Fukai, T., Hanno, Y., Hirakura, K., Nomura, T.
and Uzawa, J. @ Constituents of the cultivated
mulberry tree. XXV, Structures of two natural
hypotensive Diels-Alder type adducts, mul-
berrofurans F and G from the cultivated mul-
berry tree (Morus ihou Koidz). Chem. Pharm. Bull
33, 3195 (1985).

8) Nomura, T. ' Phenolic constituents of the root
barks of the mulberry tree. Proceeding of the
28th Symposium on Phytochemistry, p 1, Tok-
yo, Japan (1984).

9) Nikado, T., Ohmoto, T., Nomura, T., Fukai, T.
and Sankawa, U. ! Inhibition of adenosine 3, 5,
~cyclic monophosphate phosphodiesterases by
phenolic constituents of mulberry tree. Chem.
Pharm. Bull. 32, 4929 (1984).

10) Kimura, Y., Okuda, T., Nomura, T., Fukai, T.
and Arichi, S. : Effects of flavonoids and related
compounds from mulberry tree on arachidonate
metabolism in rat platelet homogenates. Chem.
Pharm. Bull. 34, 1223 (1986).

11) Fujika, H., Horiuchi, T.. Yamashita, K., Hakii,
H.. Suganuma, M, Nishino, H.. Iwashima, A.,
Hirata, Y. and Sugimura, T.: Inhibition of tu-
mor promotion by flavonoids. In Plant flavonoids in
biology and medicine-Biochemical pharmacological
and structure-activity relationships. Cody, V., Mid-
dleton, Jr., E., Harborne, J. B. (eds.). Alan R.



102 ol A8 - ol%at-olF - H E

Liss, Inc., New York. p 429 (1986).

12) Sergio. W. : Mulberry root and seeds may be ef-
fective in the treatment of AIDS. Med. Hy-
pothesis 29, 75 (1989).

13) Hikino, H., Mizuno, T.., Oshima, Y. and Konno,
C. : Isolation and hypoglycemic activity of mo-
ran A, a glycoprotein of Morus alba root barks.
Planta Med . 51, 159 (1985).

14) e, A% AUS, ol Abasz) uiA %7
HjRAlsEel lAlE el B AEFHsY A7,

HE) =524 10, 221 (1986).

A

15) A%, S« s)zh WA grbet vjekd o ]
)= 938 M Eou) =53 10, 231 (1986).
16) AHS, $835, HA4%, g, o] Tk Ay}

compound 48/80° 23] &X=¥ anaphylactic
shocks} H|gkAi 2o} 3] ~EM] felof w]RE AE
tigt sl 5-ek3) 2] 24, 193 (1991).

17) A3 A 2R s 27 a0E zhe 344
®o] T, ARigtn 318t MAFERe = (1994).

18) Cochrane, D. E. and Douglas, W. W. : Calcium—
induced extrusion of secretory granule (exocy-
tosis) in the mast cells exposed to compound 48/
80 or the Tonophore A23187 and X-537A. Proc.
Nat. Acad. Sci. U. S. A. 71, 408 (1974).

19) Harvima, R. J., Harvima, 1. J. and Fraki, J. E. :
Optimization of histamine radioenzymatic as-
say with purified N-methyltransferase. Clinica
Chimica Acta 171, 247 (1988).

20) Dubois, M., Gilles, K. A., Hamilton, J. K., Reb-

ers, P. A. and Smith. F.: Colorimetric method
for determination of sugars and related sub-
stances. Anal. Chem . 28, 350 (1956).

21) Montreuil, J., Bouquelet, S., Debray, H., Four-
net, B., Spik, G. and Strecker. G. : Glycopro-
teins In Carbohydrate analysis-A practical approach.
Chaplin, M. F. and Kennedy. J. F. (eds). IRL
press, Oxford, England. p 175 (1986).

22) Beeley, J. G. : Analysis of constituents In La-
boratory techniques in biochemistry and molec-
ular biology. Burdon, R. H. and van Knip-
penberg, P. H. (eds), Elsevier Science Pub-
lishers B. V., Belgium, p 111 (1985).

23) Blakeney, A.'B., Haitis, P. J., Henly, R. J. and
Stone, B. A . T A simplé ‘and rapid preparation
of alditol acetates for monosaccharide analysis.
Carbohydrate Res. 113, 291 (1983).

24) Bradford, M. M. : A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye bind-
ing. Anal. Biochem . 72, 248 (1976).

25) liyama, K. and Wallis, A. F. A. : Determination
of lignin in herbaceous plants by an improved a-
cetylbromide procedure. J. Sci. Food Agnc 51 145
(1990).

26) Asensio, A. and Seoane, E.: Polysaccharides
from the cork of Quercus suber, 1. holocellulose
and cellulose. J. Nat. Prod. 50, 811 (1987).

J. Pharm. Soc. Korea



