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Monosaccharide compositions of Codonopsis pilosula polysaccharides and their
correlation analysis on cytotoxic activities against HepG2 cells

ZHANG Pei, ZHENG Xiao-ping, MA Yu-ling, BAI Rui-bin, HU Fang-di
School of Pharmacy, Lanzhou University, Lanzhou 730000, China

Abstract: Objective To study the correlation between monosaccharide compositions and their in vitro cytotoxic activities. Methods
Twenty-six Codonopsis pilosula polysaccharides (CPPs) were extracted by water extraction and alcohol precipitation method from C.
pilosula collected from 26 different habitats. Total carbohydrate contents of the polysaccharides were determined by the phenol-sulfuric
acid colorimetric method. The methods of m-hydroxydiphenyl and GC were all applied to the determination of the galacturonic acid
contents in polysaccharides, and the compositional analysis was performed using the aldononitrile acetate method while the fructose
contents was analyzed by the trimethylsilyl ether method. /n vitro cytotoxic activities against human hepatocellular carcinoma HepG2 cells
of the 26 batches of CPPs were evaluated by MTT. Then, hierarchical clustering analysis (HCA) was used to study the classification of 26
batches of C. pilosula and partial least squares (PLS) was used to investigate the correlation between the monosaccharide compositions and
in vitro cytotoxic activities of the polysaccharides. Results The results showed that all the 26 batches of CPPs possessed the cytotoxic
activities against HepG2 cells. The 8th CPPs sample, which was extracted from the C. pilosula collected in Wen county (Gansu province,
China), had the highest growth inhibitory rate on HepG2 cells and the inhibitory rate was 36.36%. In addition, the monosaccharide
contents of the 26 batches of CPPs were different from each other. The results of HCA showed that the C. pilosula could not be classified
according to the monosaccharide compositions. The PLS results indicated that galacturonic acid, arabinose, rhamnose, galactose, and
fructose were correlated positively with the cytotoxic activities, while mannose, xylose, and glucose were correlated negatively with the
cytotoxic activities. Conclusion The in vitro cytotoxic activities of CPPs are highly correlative to their monosaccharide compositions,
and the CPPs containing much galacturonic acid have the obviously cytotoxic activities.
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WS4 Wi (Codonopsis pilosula polysaccharides,
CPPs) AATHiaEtE" e, mHmmimrt 5vr %
AT, QIR Mo T Wbt
L S At (Al iy o o, PR R o3 B o2 20 50
TR EE N AT H AT T8 S 2R
8 B RIS PR SCRRIR I B 221, SR 2 i
(1) BRI () PR A 2 R L 5 L MR s PR I A
KRB G LTk, Waka HREES
FZ AR PErg R SCEL B R IRk
B LR Lvg ke 1B b Bt LS5 b ) 26 L5
ZRENh, KSR TUESE LA Z 0, R iR
HENGE D2 0E, SAHERE (GO AR RE
W5 Z 5 - FUPEIE IR, RIS CRRERAT AE A T
2R A BRI ARE. HERRE. AR
KR, = F IR AR RAT A A2 s 2 AR
BEIFIE, MTT AR5 2 2 B0 i HepG2 4H L)
M EEETE, SRR TSNS 26 fL3E 2 2 AT
FHHT, UMs/N 31k (PLS) AR S 2
Gy et Sl i N I VA (ST N N 1 N S % N v
B SRR P IURERERR S B i S HepG2 4HiL
BEE PRI AHOCE, RIS B 2 o0t HepG2 4H il
BEETERIEm, WA 2 2 R A RO R AL
HRSCRE, FEE— DX U LIRS
1wl
1.1 XE5RF

Hh PR BB O R A AR (Glu, #6'5 110833-
201205) HbE (Fru, #it'5 111504-200001). F-F

PEREIR (GalA, 15 111646-200301). FZ2H# (Rha,
fit 5 111683-200401 )« [l H7 1A (Ara, fit 5
111506-200001) - FL ki (Gal, fIt=5 100226- 201105)+
H#E (Man, fIb'5 140651-200602). AHE (Xyl,
fIL5 111508-200404) . A HEE R (GluA, fit's
140648-200602) $410 15 v [l £ i 24 S s e A B s
R LIR OFINB R TAHBR AT, shlFeh Ok
AR, WIS SBERE CERRA TSR
HEAFD, g, LRE (bR T) D; NaBHas
732 RIBH B A H AR 255 B BR A
A]D; NaB,O; CREMZEZAF =) D; DMEM &
PEREFREE [FEBR R AEM A S (bR AR
AF L BRAFINGE GINT BT RH A R A FD

IR (B RIREAAES AEnD ARRAF
Shimadzu GC-2014 “AHEHE(Y (Shimadzu, HAO;
Agilent 7890 “TAH{ARE(Y-5977 FHERIZE (Agilent, 35
[E); LabServ CO150 —484LHE%FE4H (Thermo Fisher
Scientific, Z&[F); Bio-Rad 680 ¥ (Bio-Rad, HA);
RUEIMRE BT (PR A IR A D
1.2 KRR

26 #5228 Codonopsis Radix (% 1) 435
KAEBHMAEEL, Peri . Sci, w5,
ELo ok B DL R L4581 B ik as Uit EL 5
WG WK EE 25 B BB R e, SE i
HNA LB S HTESE AL S, ERRHEY %2
1t 5% 2 Codonopsis pilosula Nannf. var. modesta

(Nannf.) L. T. Shen [} H & m L Bt L.

x1 RSUMER

Table 1 Information of Codonopsis Radix

W5 KAEH SRAERT ) W5 RAEH KA i)
1 HR A T U SR SR R 2014-10-05 14 Wi s B AT EEH LN 2014-10-09
2 2 VR R LB SR AR 1 2014-10-05 15 Hiaaa s xR 2014-10-09
3 R A T U LB S WA R 2 2014-10-05 16 il A O S Rk 2014-10-09
4 kA e I w2 m s T 2014-10-06 17 HRA Rk B 2K 2014-10-27
5 Hol A b B A RE 2014-10-06 18 Tl Aok s o8 2014-10-27
6 HiNasBEERZ RN 2014-10-07 19 A TE R KPR 2 B 2014-10-27
7 Wil s B ErSIEH Bk 2014-10-07 20 Hl A EEEACZE Z B LA 2014-10-28
8 Hl & SCE 2014-10-08 21 HR A T B A S T 2014-10-28
9 HR A SC L T ZE UG BT 2014-10-08 22 H A R B 2 M A 2014-10-28

10 ok SR SR EUGE A RIE R 1 2014-10-08 23 Hm AR EEHREES RAERN  2013-10-20

11 A SR FE BRI VARG 2 2014-10-08 24 WG4 5 )1 BASJR 2 Fa iR 2014-11-22

12 Hol 4 s B e ging i A 2014-10-08 25 WL PE 48 1 )1 B 23 2 AR 0R) 2014-11-22

13 ol A SCE L BLIE A 2014-10-08 26 Ak Rt B 2013-10-20




* 2686 °

¢ %% Chinese Traditional and Herbal Drugs 3£ 47 % 25 158 2016 4E 8 A

a8 kR, WEARSYAALRES, &t
FERHEY) %5 Codonopsis pilosula (Franch.) Nannf.
T RN E5e S e 2, Wdba B
it B R e S, ¥ ORI Y i S
Codonopsis pilosula (Franch.) Nannf. TR, £
il (PE 258 2015 SERURCER
2 HEE4%R
2.1 REEZHEHERNGIE

WHSHMIETERT G, Wi, FRECES 256
Fridias, DL 95%ZMEMiNE ([Hl 2 ¥k, BER 1 h),
R, HETRE, Ll 120 100 8 ffE
JKHIA, BEX 40 min, & FF/KBURIFHAE, A 95%
LB LARTAN BN 80%, W E A, FEE LW,
DUEARTR, RS2, At E 28
R, SRNE 2,

LR R = SRR B )36 5 2R /505 20k R
22 H@mAPEHERNE
2.2.1 AR RO I ) ORE R
105 “C 8 2 18 Jot 1 1) DG 7K 3 6 0T HEL A 1.04
mg, & 10mL S, ZBKEMIEER, 75,
3 0.104 mg/mL 72 B0 SR 4 CORAF o
222 FRAEMZEIIEI R 2 SR 2 A% HOOA 25 B 5
I 04 0.1, 0.2, 0.4, 0.5. 0.6, 0.8, 1.0mL
T, INZEKHNE 2.0 mL. I 5%
W R 5.07 g BEZE KM H 28 R/K 245 T 100 mL
R 1mL, #2457, REINAKGRER S mL,
A, B 10 mine T 100 C/K¥ 4 30 min,
I, FAKPAENRER, T 490 nm AN
JE (AD {Ho UL A {E PR (YD, SRR RS
TR AR ER (XD, LIS RIbsrEfLL ) Y=
27.454 X—0.0172 (r=0.997 4,
223 FESVEIEI & D 43 kG B R T
PPN K 12.00 mg INZE /K I 2 21 25 mL
R, BCHSHRA R . RS2 F2HL 0.2 mL Ff 5
W, IZKANE 2.0 mL. #% “2.2.27 TR 5%, H “n
N S%ARBYH 1 mL” &, AT FEAE, e 4
B, FcHEARE T R P 2R R E. 45
B 2. g Ba A, 26 S I 2 B
T Z B R U A AR, Hrp, 26 SRS
A3 2 BE 0 i B AR, R 25.12%; 11 S35
FE SIS 22 05 00 0 2 B =, R 49.84%.
23 MHERBREENE

ARSI R GC M e AR RE AR5 2 iy ik

i

R2 60 HMRESHENEZHEERSRENY
Table 2 Yield and content of CPPs from 26 batches of C. pilosula

GiS Y% FESBU% | WS RE% ESE%
1 17.12 43.56 14 11.31 44.02
2 16.18 45.20 15 13.36 44.46
3 13.92 47.60 16 18.02 46.09
4 11.13 4132 17 19.29 42.49
5 10.37 45.71 18 25.82 37.16
6 24.67 45.97 19 15.67 49.36
7 16.10 44.12 20 11.04 33.31
8 15.42 46.09 21 14.09 28.53
9 11.90 36.36 22 13.48 32.04

10 11.92 47.20 23 23.45 39.30
11 10.67 49.84 24 10.53 31.54
12 15.87 38.70 25 18.27 37.63
13 19.73 45.17 26 16.95 25.12

Xf 26 #3562 20 R R RR 1V fE AT DU E
23.1 GCik

(1)GC £&AF: (43 OV-101(50 m X< 0.25 mm);
HEREAARR 2 uL; FEPTHE: 160 C{RE 4 min, D
5 ‘C/min F+#] 190 C{&F¥ 4 min, F¥LL 3 °C/min Ft
F]210 ‘CH#£H 15 min, PL 10 C/min F+5] 260 C{#
B 5 min.

(2) VR TR TR A R R T £ RS R PR
AR LR HERBE BURATRE . AR, R
PTG . 1 FLRHERE IR TS 45 20.00 mg, 76T
AKERT 10 mL 8=, FE4T, BeH SR & BT
WAL, 4 CHRAER

(3) FrAEMhZeiil g MR NG H R BUR S
PRI SR 2.0 1.54 1.04 0.75. 0.50 0.20 mL
T 64~ 2mL S, ZWAKER, Bl 2.00 1.5,
1.0~ 0.75. 0.50. 0.20 mg/mL 117 & X% B S -
SN Bk 6 MR, SAREBI 1 mL, R
6 1~ 10 mL [FEpeNiy, 23 e+ A 78 pL
0.5 mol/L BRI, T 30 ‘CLRFF 45 min J5, A
4% NaBH, %5 0.5 mL, =JHLBCE 1.5 ho N 25%
LIREBAT S A 1 LABR 25 2 R 1) NaBHy. ¥R
T BH B A At (732 BUBH B A D, LA 6
mL ZZWRKPENE . ZE T Vel (45 C), IMAFREE3
mL, FTEZ R LMRE:. 85 CEHA MM 2 h
VPRSI AR A NI BRIV T 1 mL mikerh, i
A1 mL IEAE, #6™)5 55 Chifi 30 min. A%
F 45 CLLFEFINME 55 CRAWT . bkt
S 0.5 mL BEBERT 0.5 mL ZREF, 95 Clhnd 1

&
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he AHIE, 045 um JEEIES, AT GC 2. R
A BB RT AR AL S R B LI 1, 25 HpiA 1
R UF A B, @RI IR E (O 5%
FUORERTAE TR (YD IEE TR Y=104 399
X—6236 (r=0.9961).

2
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i b
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R A d
€
AﬁL " h ———] f
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- 2-Bfihl 3-AHE  4-TFERpl s-daghl 63
W 7-MATRER 8- FLANEEIR  a-WR A SRR O AT A
b~h 735k 1~7 S5 S L RAKE T

1-rhamnose 2-arabinose 3-xylose 4-mannose 5-glucose

6-galactose 7-glucuronic acid 8-galacturonic acid a-stands for
gas chromatograms of standard monosaccharides b—h stand for
acid hydrolyzed derivatives of No.1—No.7 CPPs

1 FEEBBREENE GC
Fig.1 Quantitative determination of galacturonic acid by GC

(4) FF b P& B g . RS RITE 2 2 B
i 10 mg THREBRE T, A 2 mol/L =L
(TFA) 2mL, 120 ‘C/Kf# 3 h, ¥WHIE, JIEZET,
JIANHRE 1 mL, 2561, HE 3K, 5¢4kk% TFA.
$42.3.13) "I I7vEHEAE, B 78 uL 0.5 mol/L
Biclh” ke, TR NEAE. SRWE 1 PR, 5
Z: 2P IR & TR AR R R oy 1, Bl S
ZRETI A UG, 1 AN A B T TR
HE S RE b 2 FUBE I BRATT A= P T AR AR N R
T, WHHAA S 2RI R, 4R
%3,
232 [AIFRIEEERTE H “2.3.17 TR GC yENE
P R B2 AR 1) GC B mT A, S 2R &A1)
FUBERERR, AN A M4 P RR . ML, EFeP3L
P EE TR A 0] BT, SR FH TR BRI Bk GC v
JI DN LB T T (1) B R A T U0

(1) = FUH o] B S R ) T e BRI
()2 SRS R 0 IR 2.50 mg B 5 mL I, 28
TR IR E LS, $25), BEC 0.50 mg/mL ~-FL b
P RO A, 4 CRAF A H

(2) bl M. B8 S ikeE, Kik

R BEL0. 0.1, 0.2, 0.4, 0.5, 0.6, 0.8, 1.0 mL
e FUBH I RN AV, AMINZRTR KA 1.0 mL.
A 5 mL Na,B40,-H,SO, %5 (1.19 g Na,B,07 Fk
TR ERT 250 mL 30D, 2Bl FigsE & as LR
AJ, A5 min, PKAGHEA . 0100 uL 0.15%]A]
FRILIEZE (m-HDP) ¥ (15 mg m-HDP % 10 mL
0.5% NaOH ¥, J#%4J. 30 min J5 T 520 nm ALl
SEAMH. LA AAYARR (Y, FURERE RN i,
TR AR ER (XD, LIS RIbsrEfL ) Y=
19.473 6 X+0.004 8 (r=0.998 4).,

(3 BRI 28 S - RS 2RI 5.00
mg, FZEWIKGERT 25 mL St . RSB IRE S
VIR 1.0 mL, % “232 (2)” TR A, B “IA
5 mL Na,B,07-H,SO %7 2, HEATH FERAE,
T A AE, FEUHERE S b FUR R R 1) B 45 R 3.

¥ “2.3.07 T GC kiD= S0 s 12 1) 5t 2
“2.3.27 T[] FESE D6 AT T N - LB I 1R 1) S R AT
eiss, BEEIRTR, 2 BRI = AR,
NI BAIE T B0 L 1 1 1) s M
24 HEZEHRBEARSIT

BTG R IEAT A A2 DR AT AT A= 4y i 5 fei 4
TR 25 15 SRR R B BE AT 21 50— 1) 8 15 G S A
T B FH T SR ) 7 1k e oM, (R Rl Can 2
B DR e =2 30 s o i sl AT 2, ARSI ikl 2,
20 58 A AN R R S, AT R —
FERETRAT AR AT, TR R 1) RE AT B4 1K o
B AHIIE R s T SRR AR AR
R E IR H 2 A R A, T T EOR
EYE e R R A STk, AR
FABE G CRRBEATAE AL E 562 2 b W20 BT
POAERE . ABE. H B, A AL s (R
I, A TR 565 2R A R, SR =
HISERERR T AR AL IR GC-MS X3S 2 Hlirh i)
B () AT I
240 FUBEAL S e e

(1)GC 4AF: (434 OV-101(50 m X 0.25 mm);
HEFEARRN 2 ul; R THE: LA 1S C/min A 175 C
TH# 190 'C, f#£¥ 5 min; FLL 5 C/min T3
250 C, f&F 1.5 min,

(2D TRA RN R % R S PR EUA
B CEIURE. HERRE. PR AR RBE. REERE
% 100.00 mg, FHMLREER T 10 mL &2, #85),
A3 BIVE B BB GT Lt VA o
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Table 3 Contents of each monosaccharide in 26 batches of CPPs ( X *5)
- SRR 0%
Rha Ara Xyl Man Glu Gal GluA (GC) GluA (UV) Fru
1 058+0.09 2774021  0.0840.01 0.53+0.09 1.56+0.09 1264+0.05 238%+0.14  2.6840.49 3.49+0.11
2 0.69%0.14 237£0.18  0.08+0.01 0994006 3.69+023 223%0.17 1.5440.05 1274035 4.7040.25
3 074%005 293£0.13  0.07£0.00 0.584+0.03 2.04%0.16 1.88%+0.12  341+0.13 331%£014 3.95+0.22
4 088+0.09 2774012  023+0.01 0.681+0.04 3354011 2.65%0.21 2974020  2.1940.64 1.8940.15
5  106%+0.14 228+0.11  029%0.01 059%0.04 2.16+039 441+029 573+£027 447+021 2.0610.17
6  0.64+0.10 3.05+0.10 0.07+0.00 0.69+0.08 4.90+022 1964008  3.02%0.11 3.61£0.07 3.9340.26
7  087%+0.03 258+0.14 0204002 1.13+0.14 3.61%+0.15 2724017  3.53%£0.13 2554021 2.9240.10
8 086%0.09 4324023 0.08+0.00 0.60+0.13 4.07+£028 3.13+£0.14 13.18+1.20 14.66+0.42 5.49+0.23
9  094%+005 289+0.16 02240.02 0.69+0.04 220%0.15 1.58+0.08 4.96+031  5.05+0.28 3.53£0.13
10 098+0.13 3.67+022  024+001 0.71+£0.02 1.88+0.12 1.94+0.10  5.08+027  52240.21 4.6210.26
11 072£0.07 2661017 023+£001 060+0.04 2.75+0.15 1.16£0.04  3.01+0.11  2.83+0.28 3.71£0.12
12 1.08+0.12 2.824+0.12  025+0.01 0.89+0.05 1.66+0.06 2.094+0.12 4374033 49140.14 4.8040.29
13 0.70£021 2.7740.08 020+0.01 044+0.03 1914012 1.2340.08 3874022  3.3940.07 2.5940.11
14 0.69+0.14 2794021  025+0.01 0.53+£0.08 24840.08 1.30+0.09  2.69+0.18  2.4940.14 3794025
15  0.68+0.08 3424022  0.18%£0.00 0.67+0.04 3224013 1.78%0.15 1.8740.12  1.78%0.21 4.1940.22
16 0.86+0.05 3.13+0.13  029+0.01 0.81+£0.05 3.06+0.12 1.76+0.08  228+0.16  3.0840.49 3.70%0.19
17 0.63£0.09 2.7040.07 0.07£0.01 0.56+0.12 2.974+0.14 1.28+0.11 2.16+0.09  2.9240.07 3.65+0.27
18  0.61+£0.04 286+0.16 0.18+0.01 057+£0.06 3.53+025 1.21+£0.05 2914012  3.001+0.28 5.28+0.23
19  055+0.02 261+0.11 0.07£0.00 048+0.04 2.9040.12 0.9940.04 1.884+0.07  226+0.14 2.10%0.08
20 0.81%0.11 3.68+0.22  023+0.02 059+0.06 1.64+0.06 2.00+£0.17 4504023  4.71+0.14 3.65+0.23
21 1.07£0.04 3914012  023£0.02 048+0.02 2.00+£0.04 2.59+0.15 6294037  6.77+0.28 1.8440.06
22 0.65+0.07 2824025 0.08+0.00 051+£0.07 1.80+£0.12 1.08+£0.03  2.67+0.11  2.96+0.56 0.85+0.03
23 041£0.05 22440.08 0.07£0.01 031£0.09 3.19£0.19 0.73£0.02 1.1940.07  2.00%0.28 1.8040.12
24 0.74+0.05 3.71+0.17 026+0.01 0.65+0.10 5804022 2.13+0.11 1.70+0.05  2.5240.14 1.5940.09
25 0.78%0.10 2.62+0.10  022+0.01 0.64+0.04 2.75+0.14 2.38+0.10 1.69+0.06  1.8240.49 1.1040.07
26 0.86+0.02 3.07+0.19 029+0.02 1.04+£0.07 430+020 2.56+0.17 4524029  4.8710.21 3.77%0.23

(3) brAEh & il g 20 AR 2R TR 5 B R
X R R 0.4 0.3. 0.2. 0.15. 0.1. 0.04 mL
T 62 mL &, ZalnA 1.0 mL A bl
JiE 7 O THE TG () TLE WE 5 v RS 85 R B PN A UL IBEE 7S
LWENE 36.00 mg, HMERE €2 T 5 mL &),
FHREmE E 2%, Bk 2.00 1.5, 1.0, 0.75. 0.50.
0.20 mg/mL [V & FUBE X I m . R Bkt
TR RS S B 1 mL #8426 4 10 mL
B KT, 2N 10 mg R M5, H
1, F 90 CJM 30 min, WHIEEHE. MA
0.5 mL Z&HKF, 90 Cx M 30 min, JkEZET,
W U mL S AL, B3R A SOR T S 0 0 T
LRBERT AW, 0.45 um JEMEYERL, HH4T GC &

Mr, giRwE 2 Pros. REFEORE R £ RN
FTAEAE GC F3 AT IR #8 Ay F e o DL 25 b o FROBE
HIR 5 N bR IR B LU O R AR AR (XD,
B AT A 4 W T R/ PN A AT A A U T AR 1) B AR A
kR YD), MEDA TR, & R 4R BRI
A R 7 FE R 4 TR .

(4) FF b B85 S . A3 AR 2 28 10
mg THF e, I 2 mol/L TFA2 mL, 120 C
KA 3 he WHG, WEZET. IMAFE 1 mL, 7%
T, BmR 3R, 54kl TFA. BN 10 mg 3R
FERE, I 0.5 mL PIARIVLEE 7S SRR (IERE 7,
O % “2407 WURERAE, B “T 90 Ci
I 30 min” #2, HEATR NEAE, SRR IR
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D0 h 0 A0 O

7.‘0 7.‘5 8.IO 8.15 9.‘0 9.|5 1d.O 10|.5 11|.O 11|.5 12I.O 12[.5
t/min

L-EAERE 2-Barhoffl 3-AME  4-HEEsE  s-AiahE o-kal

B a- TR A B IBE IS ZIREERTAEY) b~h 2N 1~7 598

S PR IR IR 5 ROBEG LR IEAT A2

1-rhamnose 3-xylose  4-mannose

2-arabinose 5-glucose

6-galactose  a-stands for gas chromatograms of aldononitrile

acetate precolumn- derivatization of monosaccharides b—h stand
for aldononitrile acetate precolumn-derivatives after acid
hydrolyzation of No.1—No.7 CPPs
2 MERRCERERTTEY GC
Fig.2 GC of aldononitrile acetate precolumn-derivative
F4 o MRIEERCERERITEYMEITARE

Table 4 Regression equation of aldononitrile acetate

precolumnderivatives of six monosaccharides

L& U Frifl ith 2 r

B 4 Y=1.774 6 X—0.021 5 0.999 2
R Rz A 4 Y=1.970 4 X—0.099 6 0.994 6
pSi Y=1.6573 X—0.003 5 0.999 5
H Y=1.898 3 X—0.017 2 0.999 7
25 A Y=1.596 1 X+0.013 6 0.997 4
Sk Y=1.626 0 X—0.012 1 0.999 6

PREEATAY), 0.45 pm JEMSIELL, MHAT GC 24T,
SERWE 2 o, MRARREE I, WSS 2
B = BTRARE . AR LR > ER AR
H bl SRS ARG 25 T A= 4 ) e i AR
P AR AT AR (R e T AR 1) LA AR NS A 5 R, U]
WA BB R B, W3 3 PR, RS REA R
B =LA AR .
2.4.2 SR e

(D A4 Ai%Hh HP-5MS B41EH: (60
mXx0.32mm); AR 1 pl; MR, A
BRI ERIN 250 °C, FERASR AR P HE, K
UL 140 °C, 2 ‘C/min FHE S 198 C, {RiE 4
min; 4 C/min JFEZE 214 C, 1 C/min JHEE
217 °C, f#if 4 min; 5 ‘C/min JHE % 250 C, f#
i 18 min, FAMKFAE | mL/min, JiE4HE7EH]

m/z 40~650,

(2) JRA OB TR TR % R SRR
BT, IR 3L, H R Brhr AR
AR WA, B 4 20.00 mg, K ERT
10 mL S, FE4T, PCHRGR G S0 B i
4 CLRAF#EH.

(3D ArUEMZEIH % ARIR DR SR HUR &
BRI PR 2.00 1.2, 1.0, 0.8, 0.4. 0.2 mL
F 645 mL I, ZWAKER, 5. KK
b 6 NI B 2.5 mL W E A 10 mL
[ e, AR A, 60 CIREZET. N
A 0.5 mL 2.5%ERRFENLI ML, HHE, T
70 CHEFF IS 30 min, ZRJ5 I 0.9 mL /5
H O RERGBERT 0.1 mL =9 AR, T 100 CHUAH
HOINF Y 60 min, RIASFARIE FURH K = FH LR KT
W), AT GC-MS 73#T, ZiRWE 3 s, &3
PR 1 o s, ST R EIRIE (XD 5
FRERTAEDETIAR (YD) MRDE GRS, et A
Y=3X10°X+312585 (+=0.999 3).,

(4) FF i ()61 46 S 5 . FREUCRE i 10.00 mg
IR, I 5 mL 2 mol/L TFA ¥, 120 ‘C/K
fift 2 h, JKFFEE N 10 mL BB - s 25T,
BRARWItE “2.4.2 (3)” WURNTEERAE, B “IA 0.5
mL 2.5%#h R FR L MM E i e, KR A
st () = OSSR EREAT AR o B A e N 25 mL R0
MSEA 2, I 1 mL B2 10 mL, #H4T GC-MS
I3HTs TR HOBE FE L GC-MS EIILE 3, 4 59
S L WKIRIGRTEY GC BILKE 4. B SRR
FHEATAEYEARANT T, HHR&ERS 2R
PER R, Wk 3 iR,

2.5 RELEEMIFE HepG2 HIAMSEEMR

B H A KM B HepG2 40 iy 220 K2
P2 2E BedR D BRI T 96 FLEFFRAA , BEFL 100 pL (&
B SX10° AN MRS, AN 100 pL #-ik
FERFRILRLRIM S 20 (Rl 2.1 T4
W (28 0.22 pm JEMIDERD , A L2 sk 200
ug/mLPM Bk 2 2 48 A IR AR AR PR A g s
(MTX) %, FEAEHLRRUIE A 8 pg/mL”), 5%
WEFL U 200 pL #5774 AL U100 uL
YIMLATRAN 100 pL £557358), BRI 4 S TATHL.
37 C. 5% CO, ¥izefah#59% 48 h Ja, BN 5
mg/mL ] MTT 20 puL, F CO, RiF#Af P4k 7% 4 h
Ji > WA EE R BN O SRS, BEFLINN 150
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26 27 28 29 30 31 32 33 34 35 36 37 38
t/min

VAKEBTRATHE  2-BaRefiop 3. 4-Fl2hE 5. 6-4LbE  7-2LFL
8- LIl 92 Bk
1-xylose/arabinose 2-arabinose

3, 4-rhamnose 5, 6-fructose

7-galactose 8-mannose 9-glucose

B3 REREVRBMI=HAEERIITEY GCE
Fig. 3 GC of trimethylsilysated oxime of mixed mono saccharide

reference substances

: |

S o1 L . S SN | SO

L

USRS 1 W 1€ VIV W

26 27 28 29 30 31 32 33 34 35 36
t/min

VAKE/BTRACRE  2-FT Aol 3-R20E 4. S-SRBE 6-L3Lul
7B

1-xylose/arabinose =~ 2-arabinose  3-rhamnose 4, S-fructose

6-galactose  7-glucose

B4 RESEZERKBRREH=REERITEY GC B
Fig. 4 GC of trimethylsilysated oxime after acid hydrolyzation
of CPPs
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A A E,  FFrESEAR N AR

gERE 5 PR, MRS ARET, %%
ZZ R M TS YA AN . b, 4R
P E A 8 S5 Z Ao, HANH
36.36%, AT F 20 BH 1 25 41 (RT3 K
47.01%); A M BR3P AR 0 25 55 S 2 HEE N,
FLANHIA R 11.40%.
2.6 FRES

FIF SPSS 16.0 # A4, DL S 24 1) FpH ot i 55
HONTERR, X 26 AR ESHATRIE T, 45
K6 s e ASEEG R, 1~7 5 I 14~23 5 A%
Z, NS 8~ 13 T HER S, Nol—2;
24~25 GBS, NI 26 5O LS,
Ny —K . G RBEGRTH, S 2HN
BRI BT 3 BOAN REAE N 38 5 4 R I T A o
27 RESZIEHEBETEERSHEN HepG2 AfE;
TEHIFE K 4T

B 3 K8 5 vlgn, 382 20 2 R A
BTRE AT . ACHE. H ek, maabl. L. 23
BT 1 S SR WR 2 R, (RN 56 2 2 0, o
Bl £ Joh) HepG2 4 M #5337 1 354 BT AN 7] o by B A
RN K i S HepG2 40 it #3 v M 1) & 754 K,
FIH Simea-p 11.5 AR PLS 70 Mot 562 2 8k
(BB RN i 5N HepG2 41 i #4505 Pk gk AT 48
KT, TRITPE RO R

PL5E 2 2 BE (1) S A o o AR (X0, AT
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Fig. 5 Cytotoxic activities of 26 batches of CPPs
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6 26 HRSBBASINGER
Fig. 6 Cluster analysis of 26 batches of C. pilosula

(Y), KH PLS JEATAHOCM T, 19305 ol alA
FH b REAE SRR 2 L B4 HepG2
A EEE R DTRRI N, [ R HEROR, BERH
FOCHEBOR R REIRFS el 5 HepG2 41
FREERETEAROCPE CEAHRE A . A HESZ
B R PR R K B Y Hep G2 4 33 1k 22 TR ([l )
JiFEH Y=0.124 Xgpat0.325 Xpr,—0.098 X —0.192
Xytan — 0.140 X1, +0.050 X+ 0.482 Xgya +0.120
Xprgo FHUETTFERTSN, 5 HOB0T HepG2 4 M eE& L)
DURR /N g 2 FUBHIE 8 > BT R Af b > H 8 Bl > 7 45
Bl > B0 > S > AR > 3. b, RILbE
WM BLZERE. PRApl. LB, SUREL 2R
Aot HepG2 4 M #3351 52 IEAH O, ABE . H #E i &
HIZHE S HepG2 41 i ih Ik 2 AT G
3 i

Yang a5 S 20 Bk ikAs T
VeI TS RIRZ R, TR Rl 2 i,
AL 25, R EEAas 3 R A
PEREIRRME (HG). B FLR IR IRRE-1 (RG-D
K2R U IR BT (RG-ID 'Y, Zhang %17
E R IR 2B E S Gal & RG-1 M &4
5, MR, ZRPUMRIIETEME; Gao &k
WASRIRZ MRS EIFIE RS GalA &
A%, Gal J Ara HATHUHI IR 40 3454 . Fan
2t LONIE sz N 2 SR T 2 400 4 J 987 40 i 7y 38 K 55
GalA {1 HG 2 RG-1 {8 B IE M %

26 #LIES ZHHIN SRR A, HE 2R
IR, & ZHR HepG2 40 i P 40 I 755 376 1 72 4
Ko HTINER) 8 FhEapeh, FFURH IR B H
Bl AFTBE - FUME . RS HepG2 4 i i im M 2 1E
S, M H Eebl . AR 28 5 HepG2 4i i #5:3%
PER AR, 10 GalA X 2245 (140 B 2535 1 Tk 5
K, BERE EIRSCERPTRIE 145 R A0 — 2. 8~
13 S5EZ 2R (7 XN SCED) 5 HARRE dh A
bE - FUBE IR A EEADO B w20 7 35 1 AT R A
e fHfFRIE, RE 26 AR ES 2
B OBl R 22 S UK, (BT ANRE S B SEBLH AT 2 Aol
TEIES M ——H &S MBS 7K
.
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