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Abstract: Objective To clarify the structure features of polysaccharides from Chrysanthemum morifolium (PCM) and to study their
activities against tumor cells and NF-xB. Methods Six homogeneous neutral polysaccharides were obtained from three kinds of C.
morifolium (Hangju, Huaiju, and Boju) flowers by successive hot water extraction, followed by ethanol precipitation, ion-exchange
chromatography, and gel permeation chromatography. Their primary structures were characterized by HPGPC, IR, GC, and GC-MS
analyses. Their bioactivities were examined by MTT assay using PANC-1 and LO2 cells. In addition, NF-xB signaling activation in
PANC-1 and LO2 cells treated by polysaccharides were also measured. Results The weight-average molecular mass of the six PCM,
CMTAO0S1, CMTA0S3, CMJA0S1, CMJA0S2, CMBAOS1, and CMBA0S3 was 7.523 x 10, 7.80 x 10°, 7.80 x 10, 1.04 x 10, 5.79 x 10",
and 1.35 x 10* respectively. CMTA0S1, CMJA0S1, and CMBAOS1 mainly contained galactose (Gal), arabinose (Ara) and glucose
(Glc) residues in molar ratio of 1.23 : 1.00 . 0.20, 2.18 : 1.00 : 0.53, and 3.30 : 1.00 : 0.75, while CMTAO0S3, CMJAO0S2, and
CMBAO0S3 mainly contained Gal, Ara, Glc, and mannose (Man) residues in molar ratio of 0.73 © 1.00 - 0.40 : 0.21,1.39 2 1.00 : 0.84 :
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0.55, and 1.19 : 1.00 : 0.48 : 0.19. Methylation analysis indicated that six PCM primarily consisted of T-arabinofuranosyl, 1,

5-arabinofuranosyl, 1, 4-galactopyranosyl, 1, 3, 6-galactopyranosyl, and 1, 4-glucopyranosyl residues. The biological activity study
suggested that all the PCM could inhibit the growth of PANC-1 cells. Among them the inhibitory rates of CMTAO0S3 and CMJA(0S2

were at most to 70% with concentration-effect relationship. The NF-kB inhibition test indicated that only the crude polysaccharide

CMBA had strong immunosuppressive activity, and homogeneous polysaccharides CMTAOS1 and CMJAOS1 showed potential

immunostimulation. Conclusion The six homogeneous polysaccharides share similar structures and inhibition on PANC-1 cells

growth. Meanwhile they also may regulate the NF-«xB activation.
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Fig. 1 HPGPC of CMTA0S1, CMTA0S3, CMJAO0S1,
CMJA0S2, CMBAOS1, and CMBAO0S3
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%1 CMTA0S1. CMTA0S3. CMJA0S1. CMJAO0S2.
CMBAO0S1 #1 CMBA0S3 BIE=HHE3 9 FIRE
Table 1 Weight-average molecular mass of CMTAO0SI1,
CMTAO0S3, CMJAO0S1, CMJAO0S2,

CMBAO0S1, and CMBA0S3
ZFE ¢/ min My
CMTAO0S1 35.61 7.52%X10*
CMTAO0S3 41.46 7.80% 10°
CMIAO0S] 35.61 7.80%X10*
CMIJA0S2 40.66 1.04x10*
CMBAOSI 36.40 5.79x10%
CMBAOS3 40.39 1.35%x10*

BEAELT AR B e MR S5 R, P 2 BTk, A
i R IKSE CMTAO0ST. CMTA0S3. CMJAOSI .
CMJA0S2. CMBAOS1 fll CMBAOS3. 6 FhZHifr
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Hh 3415 em ! AR RSR TE IS O-H P 4RdR SN,
THRIEI R B AR T, N2 B 43 T TR 5
TAESEIIAELE; 752 927 em ' AbR PRI i i
HIBBEH U2 (-CH,-)C-H {4idikzh 515, & C-H
(RIRFAEDE s 1730 e ' ARRIIGE C=0 B 45 R 3N
WU s 1 634 cm™ AL IR SR> T rp A5 A K IR
U s 1420 cm ™' T 1 060 cm™ AL FrIWR LU K B ER A1
C-O KHE Y C-O W 4adieahid, FJma Atk
(RFAEUEE s 1375 em ' #1255 em ' Ab 1) 2 /MR SC UG
J& C-H 25 IR 5hIE; 890 cm ™" AbrjIE 2 B-3ii k2
IR C-H AR FRBMIIE, 770 em™" AL
DM R R BRI B 5 TS, 1954250 Ry e e B 1)
FRAER I . 6 T2 BEAE 700~600 cm ' WRISCIA A AE 7=
SRR, Tl AL T BB AT
34 FHEZHEWTEEKRE RS
BAMIEE R EoR, 6 Fhigges—2 P 280
nm ALTCHE R, B AR A TR Y Lowry O 5
BT, W12 BEAS S RER R (5. )RR )

927

CMBAOSI
—> CMBAO0S3

3000 2 000 1500 1000 500
WH /em!

E 2 CMTAO0S1. CMTA0S3. CMJAOS1. CMJAO0S2.
CMBAOS1 1 CMBAO0S3 9L IEE

Fig. 2 Infrared spectra of CMTA0S1, CMTA0S3, CMJAO0SI1,
CMJA0S2, CMBAO0S1, and CMBA0S3

SEREE, VLB ZBEASREERR, Hos K a
HEAT TLC 281, {ERERER 0T N AR TCLL A B £, R
6 Fh3g {38 — 2 W3 R v It 2 B B e 45 R R 6
Fih 22 BE I R AR L 2N IS (GaD . Pl Ak
(Ara) FIH 405 (Gle), Wk 2 fis, i CMTA0S3.
CMJA0S2 Fil CMBAOS3 i 47— & e Aol ity H- g b
(Man), CMTAO0S1. CMJAOS1 Fl CMBAOS1 %
H Gal. Ara. Glec MI/DEABE (XyD 4, Pk
B 1.23 1 1.00 £ 0.20 : 0.06, 2.18 : 1.00 :
0.53 : 0.16 #13.30 : 1.00 : 0.75 : 0.37; CMTAO0S3.
CMJA0S2 Fl CMBAO0S3 F % Gal. Ara. Glc.
Man FIZb& Xyl 4k, YmmELsHR 0.73
1.00 : 0.40 : 0.21 : 0.08. 1.39 : 1.00 : 0.84 : 0.55 :
0.12 F11.19 : 1.00 : 0.48 : 0.19 : 0.11.,
35 HEZHEBEREEZEAXNSM

X 6 Fhag{e3s)— 2 i FIEAR s WY 5 75 310550 0
FHIEAL BRI SRR IR = AT GC-MS 704, R4

=2 CMTAO0S1. CMTA0S3. CMJA0S1. CMJA0S2. CMBAOS1 #1 CMBAO0S3 FU#ELH R 45 R
Table 2 Sugar composition of CMTAO0S1, CMTA0S3, CMJA0S1, CMJA0S2, CMBAOS1, and CMBAO0S3

SRR el /%

Ara Xyl Man Gal Gle
CMTAOS1 40.24 2.41 - 49.46 7.89
CMTAOS3 41.16 3.49 8.64 30.15 16.55
CMJAOSI 25.85 4.12 - 56.24 13.80
CMJAO0S2 25.68 3.03 14.07 35.61 21.61
CMBAOS1 18.46 6.67 - 60.96 13.81
CMBAOS3 33.66 3.64 6.43 40.04 16.23
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T P U R 2H st R A SRS S e T 1, 6- AL, 3, 6-Galp, Hh A /DRI Galp HRIHEEAT

), a5 R WE 3. A KW, 6 Fisg by — 2 bk
BRI ER T AR Z LR 1) Araf b T
HIGZ —, FEA 2 MR, T-Araf F 5-Araf;
2) Xylp LA 1, 3- #HEAEET 6 FiZHih: 3) Galp
R ICY —, H 4 BT, T 1, 4-.

T ARE R A S 4) Glep W2 THE B A cr —,
16 6 Mg fes)— 2 It 3 BT, 1, 3-.
1, 4 M /DEHIE 1, 4, 6-Glep; 5) Manp &
CMTAO0S3. CMJAO0S2 1 CMBAOS3 HI4H b e,
IXEL 1, 4, 6- EHAFAE T I 3 B2 Hlirh

# 3 CMTAO0S1. CMTA0S3. CMJAO0S1. CMJA0S2. CMBAOS1 1 CMBAOS3 RYERE (L5 R
Table 3 Methylation analysis data of CMTA0S1, CMTA0S3, CMJA0S1, CMJA0S2, CMBAO0S1, and CMBAO0S3

WL B R Lo
CMTAOS1 CMTAO0S3 CMJAOS1 CMJA0S2 CMBAOS1 CMBAOS3

2, 3, 4-Mes-Ara T-Araf 22.0 8.1 14.1 5.7 14.4 8.1
3, 4-Me,-Ara 1, 2-Araf 5.9 — — — — —
2, 3-Me,-Ara 1, 5-Araf 12.0 324 14.5 18.9 9.7 23.9
2, 4-Me,-Xyl 1, 3-Xylp 1.2 9.0 2.8 33 154 7.3
2,3, 4, 6-Me4-Gal T-Galp 3.0 4.4 5.8 6.3 5.1 4.0
2, 3, 6-Me;-Gal 1, 4-Galp 6.3 14.8 20.2 252 — 24.7
2, 3, 4-Me;-Gal 1, 6-Galp 16.9 6.2 16.7 5.0 21.9 8.7
2, 4-Me,-Gal 1, 3, 6-Galp 24.2 7.0 17.5 39 18.7 6.0
2,4, 6-Me;-Glc 1, 3-Glep 8.6 — 52 — 5.5 —
2, 3, 6-Me;-Gle 1, 4-Glep — 13.1 32 24.1 15.3 12.8
2, 3-Me,-Glc 1, 4, 6-Glcp — 1.5 — 1.3 2.3 2.7
2, 3-Me,-Man 1,4, 6-Manp — 3.6 — 6.3 — 2.0

LS R AR TE S T

Wik MTT 7%, & T 3 Fhggderh 6 Forl 2 Bl
F 6 st — 22 Witk F e A0 B 2B I g i, 5 SR AL
Kl 3. WA A2 BHAE 37.0~1 000.0 pg/mL % PANC-1
0 I P 0 ) 2R o o R S R B T T v, IR R AT
(TR AHE, L6 PANC-1 40 i i it
ABEAL AT A =, ) — 20 CMTA0S3
7EILF) 1000 ug/mL IS, % PANC-1 41 Jfd i) 400 ) 2%
HIE 69.4%. A1 Z BEAE 12.3~1 000 pg/mL,
I R ) PRI B, o) PANC-1
00 6 400 1) 226 e v (1 22 B Ay O R A Ak 7K A R 22

3.6

-+ CMTA - CMTAO
- CMTAQS1»= CMTAO0S3

100 -+ CMJA

80

100
80

== CMJAOS1 == CMJA0S2

CMJAO, 42BN 1000 ug/mL i, HAh
HIZIER] 69.3%, HIJ—Z P CMIA0S2 %f PANC-1
0 P 110 0 1 2R A R () T R T iR, g A
66.0%. “Z5LKFEZ P CMBA 76 1 000 pg/mL
i), 5 PANC-1 40 il e mik 72.9%, (HAEAK
TR N LA 33 PANC-1 40 i A K v vk
HEEH AT, 2562 BE5 PANC-1 40 i)
IR TR, $275 CMBA X} PANC-1 4 g 146 11
I REATEA K B 2RI T .

FH T 15 T 400 56 A 5 400 1 40 i 2 T A A
JEK, WA SIZG 16 PN I JF 40 ik LO2 HEAT #3% 5E

- CMJAO 100

80

- CMBA -« CMBAO

== CMBAOS1=¢= CMBAO0S3

iHZ /%
2 /%

200

400 600

HIE /%

800 1000
800 1000

00

400 600

p/(ngmL™)
3 FIEZ PEING] PANC-1 4AREAYAE K
Fig. 3 Inhibition of PCM on PANC-1 cells growth



° 2370 -

¢ &% Chinese Traditional and Herbal Drugs 3£ 44 % 25 178 201349 A

Ky, MTT SEEG4E R 4. BUAERI 1L L b,

AN ZBHIE Y — 2% LO2 gl ib s W i

P, TR 333.3 pg/mL I, K 2pi s

RIULH T3 LO2 A K IIMER - =516 2 Bl 1)

¥)—Z 8 CMBAOS1 1 CMBAOS3 75 %5t E ik B 14

AHARRE LO2 40K PER], (HFH 24 CMBA Fi

CMBAO 7£ 1 000.0 pg/mL I s X LO2 4ifig A K

AR PRHIEIER, #5508 31.1%H1 15.5%.
3.7 HILSHEX NF-«B HEER SR

N T HRBR A2 WP ReATAE I S s 1 Vs 1

100

80

60

40
20

-2-CMTAO 100
80

-+-CMTA
=+=CMTAOS1 =+=CMTAO0S3

400 600 800 1000 %

I /%
|

-+CMJA = CMJAO 100
=+ CMJAOS1=« CMJAO0S2

8 Bh W FH 293/NF-xB-Luc 41 fg 22 k0300 4% 25 11 2 Hi o)
% S R NF-xB FIHIHIE AR VR FR bR, 453
W 5. 12 Fhag e 2 bt R 25 K S p 2 Pl
I A 0 S e e 1, LV A TR P
hnmnag, Bon IR IR R, % CMBA
B 1 000 pg/mL B, HAHIZEK 56.2%. Mids—
Z B CMTAO0S1 FI CMJAOS1 T RJ BEA W LE 1Y S it
WSS . NF-xB #sgif i seie o Bk, e
Bl NF-xB (1 4061 4 F B A o 6 v 52 16 T s
(B AR RS B INTR s A A2 B AR A

- CMBA - CMBAO

60 =+~ CMBAOS1 =« CMBA0S3

p/(ngmL™)

4 FEZHEMSE LO2 AR EK
Fig. 4 Inhibition of PCM on LO2 cells growth

[CMTA CMTA0 CMTAOSI CMTAO0S3 100 CMJIA CMJAO CMIJAOS1 CMIJA(S2 100 r CMBA CMBAO CMBA0SI CMBA0S3

i /%

5 WHEZHEXXETF NF-«B BHIH1E R
Fig. 5 Inhibition of PCM on NF-kB

100
501
0

c\@ °o R

= S sof

¥ 3 —100r

& 1501 oaso pgmL ™ ® 500 pgml”  § —1501

—200 @ 1000 pg'mL ' —200}

250 L —250L

4 g

ASERG R 3 AR PR Ak IR 2 b, i
IKIRMEDIRAT 6 MfH 20, ARG & i (45 7%
ATy s aiifh, 3RAF 6 B g ik it B A S L v
PEY)— 28, PR H R IAT T WIS M. 45
KRN 6 Mo lerh 38— 2 P HA BT HiA0 - FL
WO SRR AL, ISR MIRRIE R WL 6 Bl 2 b
RFRF 2 RiE I 312 pE >, R WA e 2
BAiAb B R ALY — 20, R T 2R R A%
PE, AT I 6 T 22 W (RURS A0 45 ) AT 1 — 2P g,
FEFE T SR 1 SE G o 2 OO0 i 5 20 R /K i B
USRS 3 By 7 A TR AN 9T

[ i3 PANC-1 F1 LO2 ZH iU i) MTT 5256 K

NF-kB e 5600 1 S 50000 24 46 2 8 1K AR s e AT 1
M5E, 0T HAAF a7 IR ) 2 S 28, IR
LRI ReAEAE I S PV T S5 LRI IE 6 Fih
PR —Z W D BT, HAF PANC-1 46 i A
AW BAEER], Hrh LIS 1E 28 CMTAO0S3 Al
HAEZ B CMIAOS2 il fei, 284 1 000
ng/mL B, JHIFRIEF] 69.4%F1 66.0%, HHAGHK
FERANE, 1% 2 TS — 22 B0 PANC-1 4 Jia (¥ 2 0
R ) R L g v] fig 5 AR 2 R RN R
DA bS8 25 RO IR TT RS A6 2 HEEIT . Hh s de
SRR ISR T EAS IE R AN S04
Sk

(11 E J5. S T at g (7], b DR o218



¢ %% Chinese Traditional and Herbal Drugs

Fa44k BE17H 20134E9 A <2371 -

(2]

[4]

(10]

[11]

1z, 2008, 8(3): 23-24.

FREZy L [S]. —#B. 2010.

Kidd P M. The use of mushroom glucans and
proteoglycans in cancer treatment [J]. Altern Med Rev,
2005, 5(1): 4-27.

Dale E, Davis M, Faustman D L. A role for transcription
factor NF-kappaB in autoimmunity: possible interactions
for genes, sex, and the immune response [J]. Adv Physiol
Educ, 2006, 30(4): 152-158.

Jemal A, Siegel R, Xu J, et al. Cancer statistics, 2010 [J].
C4 Cancer J Clin, 2010, 60(5): 277-300.

Fang JP,Liu Y, Li J, et al. A novel small molecule, HK-156,
inhibits lipopolysaccharide-induced activation of NF-kB
signaling and improves survival in mouse models of sepsis
[J]. Acta Pharmacol Sin, 2012, 33(9): 1204-1216.

Dubios M, Gilles K A. Colorimetric method for
determination of sugars and related substances [J]. Anal
Chem, 1956, 28(3): 350-356.

Bensadon A, Weinstein D. Assay of protein in the
presence of interfering materials [J]. Anal Biochem, 1976,
70(1): 241-250.

Dong Q, Jia L M, Fang J N. A b-D-glucan isolated from
the fruiting bodies of Hericium erinaceus and its aqueous
conformation [J]. Carbohydr Res, 2006, 341(6): 791-795.

Liu C P, Bao X F, Fang J N. Retention behaviors of
uronic acid-containing polysaccharides and nutral
polysaccharides in HPGPC [J]. Chin Chem Lett, 2001,
12(10): 909-912.

Jia L M, Liu L, Dong Q, et al. Structural investigation of
a novel rhamnoglucogalactan isolated from the fruiting
bodies of the fungus Hericium erinaceus [J]. Carbohydr
Res, 2004, 339(16): 2667-2671.

FRHMEAS. BEE S WD EOR M. S5 R -
WK B, 1999.

Needs P W, Rigby N M, Ring S G, et al. Specific

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

[23]

degradation of pectins via a carbodiimide-mediated
Lossen rearrangement of methyl esterified galacturonic
acid residues [J]. Carbohydr Res, 2001, 333(1): 47-58.
Sylvester P W. Optimization of the tetrazolium dye
(MTT) colorimetric assay for cellular growth and
viability [J]. Methods Mol Biol, 2011, 716(10): 157-168.
Mosmann T. Rapid colorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays [J]. J Immunol Methods, 1983,
65(1), 55-63.

Haxaire K, Maréchal Y, Milas M, et al. Hydration of
polysaccharide hyaluronan observed by IR spectrometry.
I. Preliminary experiments and band assignments [J].
Biopolymers, 2003, 72(1): 10-20.

Zhang Q, Qi H, Zhao T, et al. Chemical characteristics of
a polysaccharide from Porphyra capensis (Rhodophyta)
[J]. Carbohydr Res, 2005, 340(15): 2447-2450.
Blumencrantz N, Asboe H G New method for
quantitative determination of uronic acid [J]. Anal
Biochem, 1973, 54(2): 484-489.

James H P, Emest V G, Gyongyi G. New molecular
weight forms of arabinogalactan from Larix occidentalias
[J]. Carbohydr Res, 1997(301): 89-93.

Chandrasekaran R, Janaswamy S. Mophology of western
larch arab-inogalactan [J]. Carbohydr Res, 2002, 337(21):
2211-2222.

Zheng Y, Liu L, Fang J N. A Novel Polysaccharide from
Chrysanthemum morifolium [J]. Acta Bot Sin, 2004,
46(8): 997-1001.

Zheng Y, Wang X S, Fang J. Two acidic polysaccharides
from the flowers of Chrysanthemum morifolium [J]. J
Asian Nat Prod Res, 2006, 8(3): 217-222.

LT, WA, W, S EPAEPIEZ R CIP-C
(o B AL S SR AATT (7). sl 2 AR, 2012,
33(4): 755-760.



