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Abstract Cortex mori radices, the dried root cortex of Morus alba L., is a clinically widely used traditional Chinese medi-
cine, with the effects of anti-tussive, preventing asthma, hypoglycemic, antitumor, antibacterial and antioxidative. Up to now,
its polysaccharides and their contribution to biological activities remain largely unknown. In this study, the root cortex was
extracted with boiling water, followed by ethanol precipitation, fractionation and purification by anion-exchange chromatog-
raphy on DEAE-cellulose column and gel permeation chromatography on Sephacryl S-300 column. Three polysaccharides,
CMA-a-1, CMA-a-5 and CMA-bl-1, were isolated from boiling-water extract, and characterized to be homogeneous frac-
tions by high performance gel permeation chromatography (HPGPC). Their structural features were elucidated by sugar
analyses, methylation analyses, IR, and NMR spectroscopic methods. Both CMA-a-1 and CMA-a-5 are found to be starch
fractions. CMA-a-1, with an average molecular weight (MW) of 224 kDa, is an amylopectin-like polysaccharide with an
average chain length (CL) of 23, containing 1,4-linked a-D-glucopyranosyl backbone, with 1, 6-linked glucose in the side
chains attached to O-6 of backbone residues. CMA-a-5, with a MW of 15.5 kDa, is mainly an amylose fraction with an aver-
age chain length of 30. CMA-bl-1 was isolated from 0.2 molsL ™' NaCl-eluted fraction upon anion-exchange chromatogra-
phy, and characterized as a RG-I type pectic polysaccharide, which contains a backbone composed of alternating 1,4-linked
a-D-galacturonic acid and 1,2-linked a-L-rhamnose residues, with various branches attached to O-4 of rhamnose residues,
comprising of T-, 1,3-, 1,5-, 1,3,5-linked Araf, T-, 1,6-, 1,3,6-linked Galp, 1, 4-linked Xylp, and 1, 4-linked Glcp. MTT
method showed that CMA-b1-1 could inhibit the proliferation of SMMC7721 liver cancer cells and showed no impairment to
L02 normal liver cells. This study suggested that the boiling water extract of cortex mori radices contains mainly starch and
pectic fraction as the major component polysaccharides, and that the RG-I polysaccharide in vitro can inhibit the liver cancer
cell proliferation, but the starch fractions cannot.
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Table 1 Yields and glycosyl composition of the polysaccharides iso-
lated from water-extract of cortex mori radices

Glycosyl composition/%

Fraction Yield/%

Rha Ara Xyl Man Gal Glc
CMA 9.4 45 102 437 51 7.8 286
CMA-a 26.4" 08 32 05 34 16 905
CMA-bl 18.0° 136 294 7.0 58 237 231
CMA-a-1 0.93¢ — — - - — 100
CMA-a-5 4.0° — — - - — 100
CMA-bl-1 24.7° 1.2 505 103 — 230 5.0
CMA-b1-2 22.4¢ 11.5 427 106 — 288 6.4

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Yields in relative to crude drug material;  Yields in relative to CMA;  Yields
in relative to CMA-a, CMA-b1.

BT, %2 B TR R Lowry O 5 B,
LB HAEG IR E A . % CMA-a-1 AT #,
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Figure 1 IR Spectrum of CMA-a-1
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Table 2 GC-MS data for methylation analysis of CMA-a-1 and
CMA-a-5

Molar ratio/%

Methylated sugars Linkage —————————————
CMA-a-1 CMA-a-5

Mass fragment m/z

45, 87, 101, 117, 129,

2,3,4,6-Me4-Gle  T-Glep 4.0 33 145, 161, 205
85,99, 101, 113, 117,
2,3,6-Me;-Gle  1,4-Glep  73.0 93.5 131, 161, 173,233
71, 87, 100, 131, 161,
2,3,4-Me;-Glc  1,6-Glep 18.4 — 191
85, 101, 117, 127,
2,3-Me,-Gle  1,4,6-Glcp 4.6 32 142, 159, 187, 201,

261

CMA-a-1 75 B /K R AR BERRAIR, 0 LA =
HU(DMSO-dg) A I 5E NMR. H: "TH NMR (4l Bh A4
Kl B S2)d, FskE Xt 5 5.43 Fi1 5.53 o 5E 1,4-
TERRN 1, 6-XEFE ) A PRI Sk AR, AT
B R AR N a3k B, BC NMR (1 2)F,
SR XA P AME 5 0 100.42 F1198.54, 435Il K 1,6-44
I 1LA-TE B o-D-F T BHARFE M C- 14545, 6 79.10 42 1,4-
A 1,4,6- A A BRI IE ) C-4 /55, 1% DEPT #E
5 66.33 (1155 5 A I, RN 6 A & AR 1) 4 258
BRILI C-6 Aif5 5, 0 61.18/60.85 2y C-6 7 AT 1) 76 %5
BEEEIECR G X 1 4-TEBEERDIN C-6 {55, %M
FCHRIALAS 5 T E & 3 prost 8,

T T T T T
100 80 70 60

B2 CMA-a-1 "C NMR Kl
Figure 2 "°C NMR spectrum of CMA-a-1
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MRIEX
#£3 CMA-a-1 "CNMR {55 1T/8
Table 3 '>C NMR spectral assignment of CMA-a-1
Residue C-1 C-2 C-3 C-4 C-5 C-6
T-a-D-Glc 10042 7222 7376 70.74 7196 61.18
1,4-a-D-Glc 10042 7222 73.62 79.10 71.96 60.85
1,4,6-a-D-Glc 98.54 7222 73.62 79.10 7196 66.34
1,6-a-D-Glc 98.54 7222 7375 7048 72.80 66.34

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 3 Proposed structures for CMA-a-1 and CMA-a-5
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FERECER 5. X CMA-a-5 BEATHELL T, KR IEAT
TLC 73 Hr, Joxf B THERERR I ZL (58 5, $iW] CMA-a-5
FONERE IR, AR K AR ) 2% BRI SR IR, JEAT
AR AT, 85 R BRI S A A

CMA-a-5 [MELAMGIE o T 3070 1) 2 i R 0fcks
HE( 4), {F 3403.7, 2929.3, 1371.1, 1022.1 cm ™' ALH 38
WISy sk B T3 O—H, C—H, ¥4k C—O fhi
W C—O HF4adesh. IR i 7E 858 em ™' AbAT — 59
(RIS e, 2 W 2% 22 B ) 6 B 1S LA - 5 Sk pg 2RI
CMA-a-5 Xl W 2R W 0, R CMA-a-5 W HENH
e R 2 B,
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Figure 5 '"°C NMR spectrum of CMA-a-5
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CMA-bl-1 7~ SR ) 2 B SRR 1R, 76 3426.9,
2931.3, 1419.4, 1024.0 cm™ ' AbFRI SR 006 43 5900k T 5%
5 0—H, C—H, #4hC—0 KPR AN C—O M gE 50,
fE 1735.6 cm ' A AT AT BB A B FE R 0, HROR
CMA-bl1-1 FAES A PR, 28 W) R LAY Lb (o i A I,
PEEE IR & o0 13.6%, 1ESE T EIRZ5 . CMA-bl &
DEAE-£F4 241 )28 0.2 mol/L NaCl 3t N 45 21 1
YLy, KPR H PS5 = LKA L HE-(DEAE-)H
LA IR FE (A1, T s 1 v 1 R
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Figure 6 IR spectrum of CMA-bl-1

X CMA-bl1-1 BEATHEA o B, 587K AR 5 JHEAT
TLC 4347, 455R%W CMA-b1-1 W& AR, 5 IR
T g IR — 3 R AR = % OB I SR IR, AT
SAREIE T, S50 B8 CMA-b1-1 H AR « ACHE
- FLOHE RN 45 B 41 B, n(Rha) o n(Ara) o n(Xyl) :
n(Gal) : n(Gle) = 12.0 : 54.0 : 11.0 : 24.6 : 54. [
Conrad VX8 Jit CMA-bl-1 FHHE IR IR IE, IR =G
IF=H1 8 CMA-bI-1R, ZL A3 o3 A7 AT LE (70l s &
HPR RS IR FEAIE SR ¢ 4. % CMA-b1-1R HEATHEZL % 5
M, H:AhE&45 Rha, Ara Xyl, Gal f1 Gle, #))ii )& 2 LK
Wh 8.6 1313 1 11.0 : 41.5 : 7.6. %F Lt it Ji i J5
CMA-b1-1 [BEZL e, 3 J5s 1 FLRE 0 & A T B 1)
TE, UEHT CMA-bI-1 H RRE 8 1R = 200 - FLBE I 1,
BT R AFTBE 5 R 2 3 T A BT RRAIG, X T REE T
A A R R 2R SR B D K R 2. 25 B B R TR I T 5
YRR 8 BT 45 K, CMA-b1-1 2B AR R 4 R h -
n(Rha) : n(Ara) : n(Xyl) . n(Gal) : n(GalA) : n(Glc) =
8.6:31.3:11.0:24.6:16.9: 7.4

CMA-b1-1R AT FEEAL /3 Hr, BRI &7 X
TEWR 4. FTHArpE LUARE oK o, 1,3-, 1,5-F1 1,3,5-1%
PR RAEAE, SoE S BEIE A 1o AT I 45 KA B sk
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LPTEG PR A 2 Mk 7 AR UK I, 1,4-,
1,6-, 1,4,6-, 1,3,6-7%4%), LILMREIRLL 1,4-1E 80 A7
16, AW, ALY 14368, WA 12,4349,
FEWIHAT T s b BEIELE AN bR A5 B I 1) 3 2 7
RIRRZZ AT 0 M RG-T B R 2 08 0
RIEA 1,4-¥4% 10 a-D-GalpA F1 1,2-34% ) a-L-Rha ¥y
T8, ERREN 4 AL S0, S HAA 2R,
A5 BT 37 A1 SRR ] 1 2 L SR AL,

CMA-b1-1 ] 'H NMR #(CGiBh A1kl B S4)h, 5k
AR I ZA 3k, SO EdE"Y, 6
5.23~~5.08 [M5A5 5 N A 8 T8 d s AN R S8 a-L-
BT AE IR H-1, 6 5.04 AR T a-D-FFLRHRE IR,
1M 6 4.63 MBEEESK T ANFIER N B-D-1-FURE iR
5% (Jum=28 Hz), 6 4.53 k5515 T RE & B-D-AKBH%
S5 50, §33~43 MHTMfES EE&mE, ikt
PWARRIAJE. 3L PC NMR (& 7)), Sk iifs £
MES, SHSCIREEE!, Hb 9 110~108, 104~105,
102.88 A1 100.23 43531 4 o~ LBl HEATTR IR B L -D-F-FL 0 o
B-D-ARHER a-D-1-FUHE I BRTRIE M) C-1 /5%, 5 99.21
98.94 (15 5 oKk H a-D-F B A o-L- S ASB K C-1.
5 17437 I LFUMERE IR C-6 155, §17.99/17.75 N B2
B C-6 155, IG5t T IR SCBEA A i
FIP). {E 6 85.27 F1 77.79 AGRAT 5 20 sl ok B T 9 AR
IR HAFRE C-3 FI-FLBEIE R C-4, 1f1 DEPT #Erh7E 6
68.10, 67.59 HIPHAMENEERT 73550 )1 8 T~ K A HUAR IR T 7
ik C-5 K 3B C-6.

LELTHEAL T NMR R AL M I 45 5, 7T LA
YILHEN CMA-b1-1 4 R HE A 1 1 28 Fl A= FLbH
BEPR SR BE(RG-]), 2R 2R iAe T, 8 1,2-1%
$% a-L-Rhap Fil 1, 4-38; a-D-GalpA 4118, Horb 28 1)
4 N FIUARA S P S BE, T SEE IR 43 B b AT A

K4 CMA-bI-IR FHEALI T GC-MS 453
Table 4 GC-MS data for methylation analysis of CMA-bl-1R
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B 7 CMA-bl-1 ) "CNMR K%
Figure 7 ">C NMR spectrum of CMA-b1-1

FUBE & AEHE— 194 2. CMA-b1-1 FEREREZE % T35 K
FOFIRE L 1R e Sk A RS 7 T34 756 RG-1 208 B4R AL
FILAE TR ] CMA-b1-1 (B R 2%, i T-, 1,3-,
1,5-, 1,3,5-%4% Araf, T-, 1,6-, 1,3,6-7%%% Galp, 1,4-i%4%
Xylp, 14-%4; Glep 41Kk, VAN ity feidt— 2t
.

CMA-bl-1 7£ 0.5, 1.0 mg/ml W JE ~, *fHF&
SMMC7721 4 Jf 3458 i 7 — 5 A E L, i 24
29.2%R1 32.6%, % LO2 1E% 4l aAaFsifE, &
HH e 0 iR AN A 3 R L AE . CMA-a-1
CMA-a-5 JUIS 1E 5 -4 0 H-Jes 40 i 50 e A 3 k.

3 it

K DEAE-£F 4 2 A B 3 1 28 e J2 #4025 Al
Saphecryl S-300 HEAE ZHT 7 B 2L T-BE, S K
PO Z Wb B3 3 3 Bl — 2B CMA-a-1, CMA-a-5
. CMA-b1-1, XFEMTHEAT T 8RNI 458 f# 7
CMA-a-1 #& L 1,4-3E 82 1081 25 0l D B ) 2, JLh
TR BEIE) O-6 N 1,6-3 4281 7 Bl A 1 1) S B A R
CMA-a-5 J& LU 1,4-3E 45 I 2500 D B 1030 SR, /3
5> FHEREIE O-6 A7 8% AN FEIIS. CMA-a-1 [P
BEKOh 23, 1T CMA-a-5 KIPBEK N 30, XA Ll

Methylated sugar RT/min Linkage Molar ratio/% Mass fragment m/z

2,3,5-Me;-Araf 17.69 T-Araf 7.7 71,87, 101, 117, 129, 145, 161

2,5- Me,. Araf 21.94 1,3-Araf 5.9 58, 85,87,99, 117, 129, 159, 201, 233
2,3-Me,-Xyl 23.41 1,4-Xylp 10.5 87,89, 101, 117, 129, 161, 189
2,3-Me;-Ara 23.70 1,5-Araf 7.8 87,101, 117, 129, 161, 189
2,3,4,6-Mes-Gal 26.85 T-Galp 7.1 45,87,101, 117, 129, 145, 161, 205
2-Me-Ara 27.74 1,3,5-Araf’ 4.1 58,87,99, 117, 127, 159, 201, 261
3-Me-Rhap 28.59 1,2,4-Rhap 9.1 87,101, 117, 129, 143, 159, 203
2,3,6-Me;-Gle 31.49 1,4-Glep 13.7 87,99, 101, 113, 117, 129, 161, 173, 233
2,3,6-Me;-Gal 31.98 1,4-GalpA 20.8 85,87, 101, 113, 129, 142, 173, 233
2,3,4-Me;-Gal 35.7 1,6-Galp 6.2 87,99, 101, 117, 129, 161, 173, 189, 233
2,3-Me,-Gal 40.53 1,4,6-Galp 3.1 87,99, 101, 117, 127, 149, 201, 261
2,4-Me,-Gal 43.53 1,3,6-Galp 4.1 87,101, 117,129, 159, 173, 189, 201, 233
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A TR B AT XS L N A [ 1 5 T, TR ST 2 B K )
CMA-a-1 8L T SCREVER, BT LA Y 2L,
CMA-bl-1 J&LL 1,2-3 80 o-L-FRAHER 1,4-1E 8211
o-D-2F-FUBHEE IR}y L4EF) RG-1 BURBRKELZHE, 4 S0
BERn AR A, SaEd T, 1,34, 1,5, 1,3,5-3%4% Araf, T-,
1,6-, 1,3,6-1%4% Galp 1,4-1%4% Xylp, 1,4-2%4% Glep 411K,
93 32 RAE RZEREIR O-4 A7 B3R5 - FUBE I O-6 i 1. X
— &5 R W 0 KR 288 = BN AN R 93 SCRERTTE #
REPER = RG-1 BRI HE. ARS8 s 56
KW, CMA-b1-1 XJ 40 i B A0 HIE, X iE & 41
IO 1) 403 B A AR

4 LEERS
41 ##l XTS5

AP T 2010 R T L EH P 2R G BR
AT, TR, EREY T, WS
IS WS HEE B
42 KWHE
42,1 BHE695 B 54

FLZ BEIHRIG: 3.0 kg B 250 95% Tk 41
FUL TR LABR L IR RN . Bl BTl KA T
SRIGH 30 LK 100 CHEHX, &F¢k 5 h, HZRM - IRIER
DPLIH P OB & 1, W SOV AN 1. RIS
MR AIE, kY 2= /MARL, YR AKIENT, T
PR LB 2SN, EIh IN = A5 AR 95% Tk
L, BOMRUIE, STK LEERNEVER 5 225 T4,
KPR Z B CMA (188 g, 15K 9.4%).

FHES FAC 20T KIBHLZHE CMA (64 g)/r 2k
F#F DEAE-£T4EFR B 728 #A4:(50 em X5 cm), KX
PLEB T7K. 0.2, 0.4 F1 0.8 mol/L ) NaCl ¥ vt M, &
My — i R VA R W, 43 WO AR TR I, 15 BIUKBEFD 0.2
mol/L NaCl ¥t %4420 53 (0.4 mol/L A1 0.8 mol/L YEfi
PR S N AN S, RUCER). DRI 25 1 1 AKGE T,
T A T AR A FEA TR T, 7KBEFT 0.2 mol/L NaCl
VeI P25y 9 dr 4 CMA-a (16.9 g) ) CMA-bl
(11.5 g).

B RL I8 EMT: CMA-a (6.3 g)7r 2 T EZ-H 1t
K5y B R G54E Sephacryl S-300 #_LHEAT /2 4lith, LA
0.2 mol/L NaCl ¥¥AE N P Ape i, FHos 2 FoR
Py B VA DU 5 2k, AR, ik BT
%G, 158 CMA-a-1 (58 mg), CMA-a-2 (2.14 g)fll
CMA-a-3 (629 mg), CMA-a-4 (150 mg), CMA-a-5 (255
mg)fl CMA-a-6 (45 mg).

CMA-bl1 (2.0 g)[A]_I=F Sephacryl S-300 #1(2.6 cm X
90 co)HEAT 4> B alifh, HIZRm—Bi A e & &, 192
CMA-bl-1 (494 mg), CMA-b1-2 (449 mg)H CMA-b1-3
(560 mg).
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422 BHBHEEEBLSTENE

% WE Al B ) oy 1 v R0RE I 98V (HPGPC)
FrEl Je 4y 1 CAN ARME pullulan B2 150
51k 805, 393, 210, 113, 48.8, 21.7, 11.3, 6.0, 0.667, 0.18
kDa)FlVEbRE 12k, AR5 HEHEAT: b PR e I 1) 55 b e
XTI, THEARRIZ RN . 2 B AR T
H A 1% %9, 10000 r/min 250 10 min, B IS,
UCHERE 20 pL, LA 1~5 (006 B0 0 A B I T 4 Ao v
2k, brvE bl A B K oy B GPC AT H
BlI5E K.

423  ZABLEMHH

20 WA JAY B N B OB I PR i
o) P 2R gy — ok P 2 AR () RS 2R My v 0 e, LT 26 R A
AR RR A T brdEl S B i DU s R Ok
FrifE ) Lowry vEi 5210,

PR R AT B 2 mg ZHEREM, IO 4 mL 2
mol/L TFA ¥, #4551 110 CNATIR KM [V 2
h. W TR R ST, NPT, BRI TRA.
IKFRFESIRIART /KR, I 25 mg NaBH,, % NV
4h, RIGH 25% L2 pH & 4~5, I S B2 00 2%
T 2 mL ZEREF, % M5, 100 C RN 1 h, JiF2E
REWIEZER, BREATE. H 8 mL & 0740, 5%
R B FKVER 4 Ik, S01E KB T8, SR
Je W4E 2 /MARUG AT GC .

BEGRIEIE R 7 oM I BEFE ) 6 mg, 1% Needs
i) Ciucanu vEZEAT SRS SR 28 K b 25 B
WA E IS, RO 2585 T AGE T, PRI IR 48 28 /A
B, AT R IR Gk e F R 2R e 4. 5642
AL IR 22 B RE i 26 L 90% R 100 “Ci#2E 6 h, WK
7T T 2 mol/L TFA ¥, £ 100 C MY 4 h,
2T, MR 28 & bR 25 TFA. ZKg41ahk
R M I 7 TR R . L BEAL, 152034 F IRk 1)
Wi CIRIEEHT A4, BT GC-MS 2347

PERE IR (138 Jit: 2 Wl OBl R (134 )5 ] Conrad ¥
HEATU: 2R 20 mg % T 20 mL £ B FK, A
CMC 200 mg, 4 J3%i+t T 0.01 mol/L HCI A pH
Rl 475, 4ERE3 h. 502 mol/L Al &AL B4 (20 mL),
4 mol/L HCI WK pH A 7.0, FFEide. M
BN e 5, fEEIE PSRN 2 h, %2 3K
FENT(2 LX3), WHIEERYE S 10 mL, A %T5.

IR X NMR: HU 1~2 mg Z¥EFE S, H KBr H ik
ATHRLIR 238, % A4 2 BAE i, UK P A i e o o
JaHEAT IR J61EI5E (Nujol 7). HXZ BHEEN 30 mg T
0.5 mL D,O 1, % TH)5 % T 0.5 mL D,O (AT
BEAH), INEMEE (D=3 mm), T % NEZREIL
P _F3ETH NMR, °C NMR, HSQC #1 HMBC 2553
M E . /b BN EA(L nL)VE A B S A 22 A 7% W 1
Fr(FIERR 5 17 6 31.5). &% LA HOD WA 4 & bk (r)
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