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Isolation and purification of Codonopsis pilosula polysaccharide and its anti-oxidant
activity
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Abstract: Objective To isolate and purify the Codonopsis pilosula polysaccharide (CPP) and investigate its structure
characterization and anti-oxidant activity. Methods CPP was extracted by heating reflux, crud polysaccharide was refined and then
isolated by hollow fiber ultrafiltration experimental device, the anti-oxidant activity of polysaccharides was studied by in vivo and in
vitro methods. Results CPP was purified and obtained three ingredients named CPP1, CPP2, and CPP3. The anti-oxidant activity in
vitro showed that CPP3 had the strongest scavenging ability on DPPH, hydroxyl radical, and superoxide anion. /n vivo study showed
that high dose group of CPP3 had obvious protective effect on the mice induced by D-galactose. Conclusion CPP has obvious
anti-oxidant function. This study provides the theoretical basis for the development of CPP functional food.
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[F] My, CPP H [ SR A B S A I AP d s ik, A
H—PERR CPP MO R S AE LIS e il
1 X5
1.1 A5

W5, R ILTEEE, 2l RE 2K
Bt I B B 5K 2% B % O KSR R ) R &
Cdoonopisis pilosula (Farnch.) Nannf. [f]FJgH; Il
WSS, A TEBRA ;s R,
B My 500 000, FiAAIRHEABRA R %5
sell, WML THRAR; 4% C (VO),
D-F-FUEEIE H Sigma /A 7] S0 W S

B RAEMFARA AR FoAKTH A4 o 4l
1.2 (E5ERE

TU-1901 240 n] WAree e, b nt s ia H
G PR T AT Tensor 1T {HH AR 48
1%, 7 Bruker A ] WAL EIERE, Jbaid
BB T A LGI-10 AR THEHL, dbst
DUIRRL2ZEACZE DY) ; ML503 HL 1 K7, Mettler
Toledo 1 #s (_Lifg) TR Aw]; #8[H Heidolph Jie# %
Kok, Wk g (B AHRAF; Mill
QA Zli/KAbFL 2%, Millipore 23] . Bradford 5 [
B IRA . A (MDA) Kl &, A
B ARG (SOD) yEPER A & A PEH K
(GSH) e H Mt &bl (GSH-Px) A5k
FIEEIINE 3 KA ARG R A .

1.3 RIEFY)

1 S M ICR /MR, 3t 60 W, AR5
(20£2) g, W T ILARESLREY PO, VEaTiuFs
SCXK (£ 20140007 THFEHAEL 2, =il 25 C,
FANR AR oK.

2 FHiE
2.1 RSHEZENGE

60 CHEEMIEINES M, A 3 51k
TR AT (30~60 °C), AR 2 ¥, FHK 2 h,
ARG, IEEETEEA. B 500 g il AR BE ()
WS AR, VACHIEIURF, EFEHuR N
85 ‘C, RH&LEA 1112, REEUEA 1.5 h (15
RS 2 2, A IFRIGE, 425 000 r/min 20
10 min, 60 ‘CIkEHLT S 2 000 mL, A 4 fi5 A1
TR CBEER, POEZHE, TR aE e i
GIEZ 7R
2.2 CPPHIHDBE51EH
2.2.1 CPP [RPR§Hl S 7 B AR KB 5446 hr #

TS Z P INKEE, B, SR Sevage
Ut E A K EBREANZ RSN T DEAE-
Y EFE, 4 1 mol/L NaCl e, BEliikss
JEHENENTAE S, JEIIENT 24 h, BRZEFRE NaCl
Je HAb /Ny
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Fig.1 Ultrafiltration device flowcharts
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HINE, My, 30 000 Fil My 5 000 53515+ 2 L4748 B
RN 1.
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FLE— 8 Y ] P n] DA iy, (LB A R R ) R,
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1N T = /i D 5 NPT =42 < 2 N S N [ R P
PRSI 10 0.2 MPa 4516
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F1 TEMEHNBEESEBEMEBRENFI
Table 1 Effects of different sizes of ultrafiltration membrane

on rejection rate and membrane flux

B My ZRETUR KL RIS R
(mg'mL™") min %  (mL-cm *min")

300 000 1.208 4 90.45 0.96
150 000 1.254 8 92.96 0.89
30 000 1.648 20 93.28 0.62
10 000 1.845 28 94.65 0.40
5000 2.000 34 98.53 0.35
3000 2225 41 99.26 0.24

F2 BEENNEERMRBSMNZIME
Table 2 Effect of ultrafiltration pressure on retention rate

and membrane flux

HEVEI 2R BURIR ) EIE AR A

JiBIH =/

Ji/MPa  (mgmL™") [/min %  (mL-cm “min ")
0.10 1.926 48 95.42 0.34
0.15 1.895 35 95.65 0.38
0.20 1.846 26 94.60 0.42
0.25 1.752 20 90.20 0.43
0.30 1.635 17 85.40 0.44

®3 BREEMBERMREEZN
Table 3 Effect of ultrafiltration temperature on retention

rate and membrane flux
ISR PRI EIER &/
E/C (mgmL™")  [/min %

Ji5IH

(mL-cm > min)

25 1.765 24 93.42 0.39
35 1.780 21 94.50 0.40
45 1.775 20 94.45 0.43

WEERITE Ry, W RS LA S, A R 5 )
R TR, BRI CRIEAT — o 0 2 1155 O
N, EFE 25 CCAENEEIEELEE, DME T HEAE.

2.2.5 EBIELESE CPP MRE KAL) CPP
FHEEBCR FH S LF Y Ie sSe 036 1, Woe B uE R )
020 MPa, BUEEEEHR 25 C, @BIEELE M
CLN-300KD ( My 300 000). CLN-30KD ( My
30 000). CLN-5KD (My 5 000) 3 Fliygf, I
CLN-300KD [ JE & 41 &1, CLN-30KD
F CLN-5KD 435384 30 000 Ll =, 30 000~5 000
F1'5 000 LUT My 2L 3 44145, HI CPP1.
CPP2. CPP3, HfAuife LK 2.

2.3 OHMNRIED IR

WS 2 PS5 204181 3.0 mg 5 KBr iR & WF
YIS Ja s s A EERRAE 4 000~400
em ' REATEI, ACSRFIEE . K 3 A,
SR 3 418 om ' LA IRISCHR B K1)
U, & ZHHRAAEN O-H 44k shig, bl TN
431 AV S O-H M 45 R 5 5 R MR 2 930 em !
B 30T (TR AT g 9 L (-CHL) H-C-H [ 4ii 3R 5))
(IR i 1633 e ' BRI IR I Ky C=0 (4 #R
Zhg; 1056 cm ' PRI IR MU, IR I ER L AR
f¥Rzh; 923 em ! RIWL,  IHCIRS Ay LG IR B A Pk
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Fig.2 Separation flow chart by ultrafiltration
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Fig. 3 Infrared spectrogram of CPP

24 (KIMTENFE SRR
2.4.1 CPP X} DPPH HHIEERAEIMME B
1.0 mg/mL (K ZHER 2.0 mL, I 2.0 mL BRI
0.2 mmol/L DPPH-ZBEH, 4] fE##E 30 min,
LA 50%(1) CBEAEZ L, 75 517 nm P ERE S IEOE
B (4) fifi. LA 2.0 mL Z8M/KRA 2, Ha
BRAER FAE A B, VC AR I . #5005 DPPH
P 7R S (IS E NEER 8773

DPPH H &5k %Z(ADPPH —A su)/Apppu

CPP1. CPP2. CPP3 X} DPPH i 41 H 45
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Wik 4 froR. B 4 /A1, VC X DPPH [ BR1E
58T CPP. CPP 528 4y Bl o e v S 38 i B
WK, CPP3iHBR{EH T CPP1 Fil CPP2,
2.4.2 CPPXJJ& H NG FREE I ME B 10 mL 1
W, ®IA 2 mL 1) FeSO, % (6 mmol/L)
DA K 2 mL AN [A) R B2 (1) 2 B, ARG NN 2 mL 1)
H,0, (6 mmol/L) ¥, #&4))5iHE 10 min, PRl
A2 mL K (6 mmol/L) ¥k, ##4)J5HE
30 min, J5EHAE 510 nm &b 4 {8, DLZEIEK % FFE
JIEME E, BLVC ERHTERT IR . RN B
53 W, BUOLTE, TR A BT R
THERR=40—(4,—4)/4,
Ay HAMIRE R A . A J IR RV NG ) A
L, A AR BRI A i
FRZHENFE B LSRR E 45 R unsk 5
MNe HF S AIHD, Y VC FUEREEIA 0.5 mg/mL i
HXF PR AL H I BRFIE 95.33%. £ E L P

2B BRI 10 B L IR 0 Bt A TR P ) 1 K T 1 5
FHFEAEE S, CPP3 Jfkr{EMI5% T CPP1 #1 CPP2.
2.4.3 CPP B A AEERRAE e B
6.0 mL 50 mmol/L. pH 8.12 Tris-HC1 ZE1, 434
TINS5 59 5 2 B 0.5 mL, RAJJ5 37 C
AR 10 min, IO 37 C TG 7 mmol/L 4K
IR =Py ER PR 1 mL, WA, Wl HAE 325 nm 4k
(M)A ML Bk, FZEIRARAC eSS, il
13 Ao WA= IO, LA VC AR BHPERT
FEAFEMES 3k, BOCFIME, THEERE

THBRE=(4,—4)/4,
Ao J9 5 AR = I RO RE A A INRE
06

CPP1. CPP2. CPP3 X5 I & 1 i B A H
LERWE 6 Fion. HER 6 M5, WS 2B P
BTSRRI T IHMEX I VO, 248 Sl TR IR
F24 5 mg/mL B} VC [FIEFR#FIX 99.01%, CPP1 A

WA =5

%4 CPP 3t DPPH B HHEREREE
Table 4 DPPH free radical scavenging ability of CPP

DPPH H H3EH B R /%

Y
i 0.125 mg'mL " 0.25 mgrmL™"' 0.5 mg'mL™" 1.0 mg:mL™" 2.0 mg'mL™ 5.0 mgmL™'
CPP1 2.57 5.56 11.07 23.03 34.48 48.95
CPP2 3.58 7.56 14.86 29.23 54.25 61.34
CPP3 4.54 8.31 16.07 32.28 65.03 78.72
vC 98.99 98.97 99.04 99.05 99.05 99.06

x5 CPPXMEBEHEMEBREN
Table S Hydroxyl rdical scavenging ability of CPP

- ¥ 1 LR /%
Fed 0.125 mg'mL " 0.25 mgrmL™"' 0.5 mg'mL™ 1.0 mg:mL™" 2.0 mg'mL™" 5.0 mgmL™'
CPP1 4.56 11.23 20.21 26.32 34.48 4237
CPP2 5.52 13.57 22.55 27.43 36.55 47.58
CPP3 11.25 17.54 25.43 32.28 45.45 61.68
VC 57.80 73.54 95.33 96.89 98.02 98.81

&6 CPPBHEIAETRYFMRAE
Table 6 Superoxide anion scavenging capacity of CPP

L A B R %
Fed 0.125 mg'mL " 0.25 mgrmL™"' 0.5 mg'mL ™" 1.0 mg:mL™" 2.0 mg'mL™ 5.0 mgmL™"'
CPP1 5.52 11.02 20.21 38.29 59.05 71.02
CPP2 7.56 12.43 23.56 4231 65.24 75.52
CPP3 12.30 15.67 32.28 54.99 89.59 90.33
VC 33.01 78.09 97.30 98.01 98.72 99.01
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71.02%, CPP2 Jj 75.52%, CPP3 24 90.33%. 7EJi
BN 0.125~5.0 mg/mL I, CPP3 i&4F Mo
T CPP1 #1 CPP2.

2.5 CPP3xt D-FFAEBEZ/DNRREARIPIE
Fﬁ[14-17]

251 WRIECH]  D-"FILRRRS MR H . B D-
PG R, AR K B K 4 mg/mL %
W AEAET 4 CURMIh . CPP WKL FR
BB RS2 8 CPP3, ¥ T/ Kb id sl
Ji% 20 mg/mL [P, i T 4 CukFih&H.
252 SERAMIA K EREEES ICR BEE/N
B, 21 FIREGE PSR, BENL A 6 41: X
4, BIRY], VE FHPEXR4L, %28 CPP3 (K.
im0 B, TR,

253 432 BN RER IS sc A2 BEER /KA,
oAb 5 2134542 80 mg/(kg-d) FIFIER LY 4 sc D-FF
Wio SULRIE, 52228 CPP3 k. . mflEA
3 HILL 100, 200, 400 mg/(kg-d) ig 4524, VE P
XTI LA 25 mg/(kg-d) ig 42, X A RIEE LAY
ZH /N FRN ig AHAARRR 1) A PR ER K

254 AZWESEIGE SR 48 ROERI S 452
Bk 48 ), 25T, /N AE T 12 h, DURHE

S e NI, EBCfiL 5 SOME B8 A A BT/ N B, ECHE
IEFH 0.9% T4 1A BEER K il 46 10% 41235 %, &
FH o 43 500 5 M3 A P41 289 SOD. GSH-Px. GSH
S MDA 7K~F.

255 H4EabEe RA SPSS 16.0 R aEAT
ANOVA BRETFZH0r, By £5 %R, 40
FLCR ] ¢ /i, P<<0.05 b B #FMEZER, P<0.01
IR S

2.5.6 /DRUMIEFRARIIARN  HR 7 A5, S5
AL, BN SOD. GSH-Px #1 GSH
NE PRI B B AT (P<<0.05), 1l MDA /KF- &2
N (P<<0.05), UER] D-2f=FUH 805 5 /N U 2 A
RUIERI ). CPP3 il &4 R W % JHim SOD.

GSH-Px Al GSH [H35PE (P<<0.05), H B3 F#K
MDA 7KF (P<<0.05), 5 VE BHMHXT 41T 2 3% M
Z5 (P>0.05), iEW] CPP 414 CPP3 w7 4%}
NPT AE R 235 by ARSI AU /N U
PUAAAE AR .

2.5.7 /NERFIEFRbRIOARAL  thER 8 v, HXT
HELI, BEAIZH /N U I ZH 2R 4] %% SOD . GSH-Px
HGSH [P PERI B B BRI (P<<0.05), T MDA 7K
SEEREE N (P<<0.05), UFBH D-2-FLBEE0E /N R

7 CPP3 ¥/MRIL7E SOD. GSH-Px. GSH K MDA KIS0
Table 7 Effects of CPP3 on serum SOD, GSH-Px, GSH, and MDA in mice

25 53 SOD/(mU-mg ") GSH-Px/(mU-mg ") GSH/(mU'mg ") MDA/(mmol-L™")
of HE: 1.234340.194 5 337.968 7+92.105 1° 50.644 7+36.601 4° 20.675 9+10.861 5°
A 0.958 440.332 8* 244.869 7+27.171 2°¢ 20.649 2+12.171 0> 432353+ 7.778 5°°
VE 1.032 04+0.253 0° 336.797 1+49.287 9° 41.9422+15.786 3° 274377+ 1.723 8
CPP3 iG] 0.753 00.118 1*° 249.189 4455.610 0> 22.896 4+3.491 6> 43278 7+ 5.1553%°

&
CPP3 Hhiil|
CPP3 il

0.875040.192 8°
1.027240.149 8*

274.432 3+69.373 3%¢
331.532 6+74.343 9*°

21.712 6+5.322 5*¢
40.114 5+14.328 4°

40.228 1+10.675 5%¢
253442+ 2.495 6*°

EN AL

P<0.05: GG "P<0.05; L5 VE 41tk P<0.05, T
#P<0.05 vs control group; 5p<0.05 vs model group; ‘P<<0.05 vs VE group, same as below

%<8 CPP3 ¥/NEAFAEZEL 512 SOD. GSH-Px. GSH & MDA HI&20H

Table 8 Effects of CPP3 on SOD, GSH-Px, GSH, and MDA in liver homogenate of mice

A

SOD/(mU-mg ")

GSH-Px/(mU-mg ")

GSH/(mU'mg ")

MDA/(mmol-L™")

paylit

A

VE

CPP3 &+

CPP3 il
gty

CPP3 &7

1.855 8+ 0.635 3¢
12259+ 02150
1.483 7+ 0.6452°
0.992 7+ 0.351 0°¢
1.194 0+50.278 2°
1.425 8+ 0.365 4*°

774.738 3+£178.260 7°
470.283 4% 39.026 0°¢
691.039 3+182.041 3°
439.942 5+ 76.424 2%¢
476.037 74153.289 4*¢
623.557 1£164.702 5*°

217.955 5+17.055 1°
110.623 6+10.874 3¢
117.559 6 £25.496 1°
117.803 7£13.374 1¢
117.115 0+14.952 8%¢
165.385 0 18.778 4*°

113.082 7425.008 7°
189.804 7461.524 3%
113.438 3+31.594 3°
181.981 44+72.324 5°°
193.271 9462.393 7%
112.727 1£32.659 2°
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TE LR T . CPP3 sl A fE B 3R /N
JFEZH 2R SOD. GSH-Px F1 GSH g%t (P<
0.05), JffE i3 K MDA /K (P<<0.05), 5 VE
FHPEXT R AAH LG, B R R (P>0.05); T
RF L% /N U AEH SOD . GSH-Px Al GSH {135
PE ) MDA 7KFIIZ AL/ (P>0.05),
3 i

AHFFER F R b 2 4T iR g SE a0 25, LU
WEAFRRR, X CPPAHERBAT g AR T4,
WAGHE ) 3 414> CPP1. CPP2. CPP3. Hufi4l
B AT RTZLA R R 2 B, CPP1 nl g LU %
Bl IR A BRI 2 8%, 1f1 CPP2 #Il CPP3 1]
REAE LB FUB O T4 LR A 200, (k41
P SZa6 45 R W], CPP % DPPH. ¥ H fiJLAl
A BT A A RTEBRBE 99 T VC, AT
WPEIEHE N, CPP3 [iG A H 58 T~ CPP1 A1 CPP2,
RIAMK My %) CPP3 B AE i ARAR A4St
AR 25 L, TR PR SRR MU AR AN ) B 5 ) CPP3
X DU o 2/ N RS ERT, 453 CPP3 &
7 2H e 25 B v/ RIS AR ZH 2R 4 SOD.
GSH-Px #Il GSH [ [1)3&i 1, KB CPP3 X} D-f-F.4
FraosE 2/ WA 2 R ER

SE R
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