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Abstract: In order to improve the utilization value of Arctium lappa L. waste, the polysaccharides produced by
solid culture of Arctium lappa L. and Ganoderma lucidum were studied, and the effect of polysaccharide on
chronic inflammatory pain in mice was investigated. The Arctium lappa L. peel was used as the medium of solid
culture of Ganoderma lucidum, by optimization of single factor experiment and response surface. The
technological conditions of bottling amount, slice size, the ratio of liquid to solid were determined. The
polysaccharides content of the Arctium lappa L. peel —Ganoderma lucidum were extracted by water and
determined after extraction, alcohol precipitation and phenol sulfuric acid method. After Deproteinization,
decoloration and dialysis of polysaccharides, abdominal cavity was injected of chronic inflammatory pain in
mice with the injection of saline as control. The experimental results showed that the best culture process was
liquid solid ratio 0.5 : 1 (mlJ/g), the volume of the bottle 0.2 g/mL., the size of the slice 0.7 cm?, and the content of
polysaccharides were 21.87 mg/g. By statistical analysis, after injection of 130 mg/mL polysaccharide for three
days, 90, 110 mg/mL and 130 mg/mL polysaccharides were injected for five days, there was a statistical
difference in body mass between mice and other groups (P<0.05). The injection of 5, 10, 30, 50, 70 mg/mL
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polysaccharides had a statistical effect on alleviating the inflammatory response to the foot of the mice. The effect

was better than the injection of 90 and 110 mg/ml. polysaccharides. The injection of high concentration of

polysaccharide, 130 mg/mL, did not affect the response to the inflammatory pain in the foot of the mice.

Key words: Arctium lappa L.; Ganoderma lucidum; polysaccharide; chronic inflammatory pain; intraperi—

tioneal injection
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BRI, BRI T 50 CHLT SR A, i
60 H i .
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Table 1 Factors and levels of the experiment

e AW/ (mL/g) B3/ (g/mL) € Y KAV em?
-1 0.33:1 0.15 0.5
0 0.67:1 0.2 0.75
1 1:1 0.25 1

1.3.4  ZHEPE S R

PEEZ R KSR BT . W R 2 TR 22 M, Bk
5 ¢ THHRT A 50 mL KIE%A),60 C/KIE 1.5 h,
4 000 r/min .0 5 min, 8, WOTTEE G 3 Ik, &
FEEEBOR, BT 60 CHER e 4 2 PR T 175, We4i ik
T 5 AT 95 % T8 73 . 4 000 t/min 5.0
10 min, S EHCITE R Z 4, 60 CHEAEHE T, TnA
10 mL~50 mL 7K FE 435 fiff o I 7 Z2 W8 1 1R PR B -
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1.3.5 2Pt
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Fig.1 Effect of liquid—solid ratio on the process of Ganoderma

lucidum cultured by Arctium lappa L. peel
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Fig.2 Effect of bottling amount on the process of Ganoderma

lucidum cultured by Arctium lappa L. peel
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Fig.3 Effects of slice size on the process of Ganoderma lucidum

cultured by Arctium lappa L. peel
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Table 2 Analysis and results of response surface

5 Al Bllgnl)  Clont — )
FPME TIME
I 03%1 020 I 1937 1940
2 0671 025 075 1755 17.62
3 1 020 075 2141 216
4 033 015 075 1901 1904
5 1 015 05 1976 1977
6 033 025 075 1812 18.09
7 B 020 075 217 216
8§ 0671 020 05 1945 1941
9 1 025 05 1925 1922
10 033 02 05 1876 1881
1 0671 015 075 1818 1820
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Continue table 2 Analysis and results of response surface

K5 Al(mlig) B/(gml)  Clem? f*fgﬁg/(m’?/g)
SCPRE BUE
12 1:1 0.20 0.75 21.52 21.62
13 1:1 0.20 0.75 21.45 21.62
14 0.67:1 0.20 1 17.54 17.48
15 1:1 0.15 1 19.29 19.32
16 1:1 0.25 1 18.34 1833
17 1:1 0.20 0.75 21.54 21.62

2.3 [l () ST A 6
PV FE (A B & (B) AP F K /IN(C)3 A
KRR AT RS 15 2 S (V) H R
Y =21.62-0.334 —0.38B-0.34C +0.0904 B-0.63A C -
0.11BC-1.884°-1.5B>-0.96(>
IATGET RN 3 .3 4 iR,
#3 EERRFENT

Table 3 Regression model analysis of variance

T2k CFOrR A B FAH PH

FEEHY 33.84 9 3.98 67.64  <0.000 1"
A 0.87 1 0.87 1480  0.006 3"
B 1.19 1 1.19 20.14  0.002 8~
[ 0.90 1 0.90 1525 0.005 9"
AB 0.032 1 0.032 0.55 0.482 3
AC 1.59 1 1.59 2697  0.001 3"
BC 0.048 1 0.048 0.82 0.394 7
A? 14.87 1 14.87 25253 <0.000 1"
B 9.46 1 9.46 160.71  <0.000 1™
c 3.87 1 3.87 65.78  <0.000 1"

5k 0.41 7 0.059

AT 0.02 3 0.38 0.069 0.973 7

R 0.39 4 0.098

SR 36.25 16

T o FORA G225 (P<0.01)

x4 FINRBE A RS
Table 4 Reliability analysis of prediction model

Bl BN BUNERZE L, .,
YT g pyar B R R R

024 1958 1.24 0.94 09886 0.9740 09742 22210

H12¢ 3 AT, AL IS PR AT, Y R
R4 0.988 6, P {E.<0.01, 1Bz 5 #5 SE PRI U AR AT
HA G FE S, 40T P>0.05, AN 535 . TR L 5
A V)R KN PAEER/IN T 0.01, X5 24 5% 52
A G0 S R LR R AR Y] AR
/NP SE AR IR 205 S A et
TR EE AR /N 1 28 ELAE R 22 e 5

At L (P<0.01),
2.4 WA A H BN 53T

WE L (A) 2R (B) VR R/ANC)3 A ZE W
P AE TR TR 72 22 22000 0 5 1 52 Wil 45 1 286 1L i) i
1A, ULEL 4,

0.25

0.234

0.20

B #Jifiit/ (g/mlL)

0.18

0.15 T T T
0.33:1 0.41:1 0.50:1 0.58:1 0.67:1

A W H/(mL/g)

REZWEE R/ (mglg)

1.00

[
B

0.90

0.80

0.70

C YRR Mem?
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0.50 T T T
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K
W

A (mglg)
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Fig.4 Response surface analysis and contour map
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FH 1 4 AT, S8 H s E TR/ INHERE W L 5
YIRSt S50 R R/ L S0 . 34
FSESOEA T Eoe il (P NN/ IR i o3I
ISR T L o
2.5 mAERMLAL SR uESS

Il R (R T2 i . 0.49:1 (mlsg ),

M 0.19 g/mL, YT H K/NA 0.71 em?, FUNASE] 1) £
W el 21.68 mglg, XFILARALSAFEATIRIE, % 1E
SEBRERME VR 1 0.5 : 1 (mL/g) , 25 0.2 ¢/mL,
YIRK/NHK 0.7 em? 5048 R AT 3 REHIEE , B2
AT & RN 21.87 melg, MIXFRZE 0.898 %, Fl
T 25 S ELACRR A, [l USRS TR (7 000 4 R A g, v
TS AR TR R 2 T2

2.6 CFA AU 255

ST CFA A5 /NRZE 5 IRIB AN UL S

I 5

L gt

5 EHFBRENRENMNAZREREE
Fig.5 Contrast of left hind foot in mice before and after injection

of Freund’s adjuvant

M5 T LA Y e 90 AR AT, /N SRZE 5 A2
Tol KBS, TESS CFA J& , /NS J5 A2 S ik
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OISR 2 d GERLEER 1.3.5 RN/
i SR IR 5.

X ) — IR ] — 2 A AR5 22 S PG, 2R R
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Table 5 Determination of body mass in mice

ke L e A g
415 TR A (I IR(E ) /g o P o

AR K 20.26+0.89* 20.68+0.94 20.96+0.93* 21.23+0.87

IGF 22 (S mg/mLL) 19.62+1.72 19.86x1.82 20.17+2.00° 20.34+1.86°

IR 241 (10 mg/mL) 19.86+1.37° 20.3021.47° 21.02%1.71° 21.40%1.77°
P 2 M4 (30 mg/mlL) 19.48+2.08° 19.742.15° 20.12+2.26° 21.58+1.12°
P 22 B4 (50 mg/ml) 19.04+1.05* 19.32+1.21° 19.64+1.36* 19.88+1.39*

rhFliE 242 (70 mg/ml.) 18.93+0.82¢ 19.14£1.19* 19.57+1.08" 20.03%1.39"

rhiFliE 244 (90 mg/ml.) 18.82+0.97* 19.18+1.61° 21.89+1.92° 23.39+2.41"

R Z 4 (110 mg/ml) 19.12+1.08" 19.37£1.66" 21.97+1.95 23.47+2.01"
2 E41 (130 mg/ml) 19.31+1.12° 19.87+0.62" 23.02+1.98" 28.28+1.93"

T RSB BRI NG PR 28 5 B0 G T2 L R AR AN R NG

B . AR TSRS , Ak BRER K 41 A 22 Bl 2 /N BUA = 4
W FEY KT 0.05, R A B2, i A 4 5 R4

FoRESFAFGZIE L (P<0.05).

B TR
M 5 A LIE H, 4 Duncan 55, OfE— K, 78
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TEABRT RIS ES 1, LR BRER K4 N2 M4 22 1, /)N
BRI 22 S T i R X QAR 3 K, AT
130 mg/ml ZHEA S5 HEHAZ W EZRAG G IT%E X
(P<0.05); @& 5 K, S 90,110,130 mg/mL £
Bl 5 e 2 2 18] 22 5 A e it 3 L(P<0.05) , B

90 mg/mL~130 mg/mL Z Bk B A5 fie 375 /1N B4 Jo 1 1

IR -

2.8 TRBREHERIN R AR IS R
SRERERERT 2 d. RS 1.3.5 R /N

TWL, 458 W% 6.

xo6 MRAGEBABHNESR

Table 6 Determination of thermal withdrawal latency in mice

T VR ORIV R /s

0 ST ST
215 TEASTHIT TR AR TR (R] (R HR () /s e A% PP

AR KA 9.31+1.45° 5.80+0.99" 6.82+0.85" 7.08+0.71°
IR Z A (5 mg/ml) 7.9422.23" 6.75+2.13 7.13+1.87* 7.26+1.95"
IEFIE Z A2 (10 mg/mL) 9.12+2.19° 6.95+2.34 7.28+3.04 8.17+2.64"
rhl i 242 (30 mg/ml.) 5.50+2.32° 6.31x1.76° 6.42+1.99* 6.51£2.31°
rhiFl i 244 (50 mg/ml.) 7.93+2.61° 7.01+2.88" 7.71+1.93 7.89+1.04°
PR Z AL (70 mg/ml) 9.08+2.85" 6.53£2.01° 7.78+1.67* 7.56+1.09"
P A AL (90 mg/ml) 6.13+2.04" 4.38+2.56" 5.26+2.14" 7.78+2.49"
R 2B (110 mg/ml) 5.97+2.44° 3.60£3.20 4.36+1.25% 5.86+0.87
R 224 (130 mg/mL) 7.40+2.54° 2.51+0.94" 6.78+2.13" 7.02+2.10"

T R R R AR NG T B 2RoR 22 S A B A GE 24 B SRR A RN 5 B3R 7R 28 5 BAT e i3 L (P<0.05)

X [)— K [ — LB s oy 25 55 R, 25 2R 3%
B FE AR, 2 AR /K 4 R 22 W 2H /N B TWL 41 7Y
FEHKT 0.05, HA B2, Ul 150 Rt 2
BN, TR E0A50

MFE 6 TTLLEH, £ Duncan #5564 FER K 2H
/NEUER 2.4 K TWL SIEBEFTFISE 6 K TWL Z[H] 22 5
BRI L (P<0.05), 5 6 X TWL 5Hi 3 X TWL
ZIZERA G L, U CRA XA 3R 7K 41/ B
SEFRBAG R A G220 L(P<0.05) , FE T B 56
6 K TWL [ A S S8 ATHT Y 15 7K 525.10.30.,
50.70 mg/mL Z 44 & A B IR TWL Z 0] 22 5 %A 40
TR R S B/ RAEREARER 2 K TWL gk & 3 E
WKV, B 4 4R M B Tl BUR F R
I S0 ;390,110,130 mg/ml ZAHAHAE A5 45 2 K
TWL ST A 25 5 HA Gei 242 50 UiaEs 2 K
ANEUE SRR 1 R AZ 590,110 mg/mLL 2241 7E i
BUES 4.6 K TWL S iiiAH b2z 5 g+ L,
T B /N B 38 R PR K2 1E 5130 mg/mL Z2 441
FEREAE S 4.6 K TWL 53 BEaTAH 22 5 oA gt
278 S0, B/ B 5 4 P 19 AWK A 38 A iy 1) 1
HIKF-. 2R BRI R i 2 A (5.10.30.50.
70 mg/mL) XYl BT AR R B 14 52 A G v
SR, HEE R TS 90,110 mg/mL 224, 24
T 130 mg/mL = 4k BE 2 0ET, hdie /N BRUR FR 4 1
i BV R AT G2 Lo

3 Zigbitie

fege 3 T Arh, 435 BORRAE K 5249, TE
EHA . T A28 BORBUR PR & A O
A 2WE e R R SERRAE Oy , R LA [
PREE IR T B E IR AR, SR AR5 B [ A 57
RZ LR T 2 W S ARG A A R
TR 2E 5, T 205, AR R R, AT BN A
SR, B T RURHR AR | S BRI T AR IR
FR SRR HRAS SR 2 B 2 434 5, il
AR R T Rl AL AR R T A
He 0Bl a5 2 iR R, o i A2 B A
WL TR % 24 LT v EL AT ol ) LA P A
P R T ZHER B R H R SR S5 2sG AL
R - 25 1 B 2 A ORI 46 7 T TR T &R 1
LA E RSO mRCRL LS, RA R 1
ATt

2R G W5 R LR 2 A —E R & T e
/I B AR AR TR ORI 4% o 2 200 T A SR
N R Z ZRRE IS B/ UK A B R A R
ik FEARAR AN Ca Vi BE R IX BN /N 20T 1Y)
PRAPHE I s BT I 0 3R 2 22 ks /) BB R SSCR A
T ARSI, TR — 5 R R B LA
(5 mg/mL~70 mg/mL) , ZJI5 Ji 1 56 T L 2 W85, % /N B
PR SR TG T2 2 50, I Ui /N B AR R R
A BRI AE T, AT RE IR PR R 22 5 AT BUR M R
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BEME SCEREIR G EWER . A TFBECA R
E . ZFHEAAFIERNIIE R 2 2B R e, ZHE
S FE A 100 mg/kg PR E ~400 mg/kg RIS ; Z2 [ £1. 55
FERIFGT R 25 220Xk Il 200 . () A s, 2200 S o
A2 000 mg/kg!™; FEA SCEE VAT R 2 ZHHEEHU X /N
FR A E DI RE IR FE B 5 d5 R VR R 700 mg/kg , AH 2
TR I 30 A2, ASBIFSE i S 17 o o 22
EERIE AT 90,110,130 me/mlL, #5278 B4 B #5543
5124 9001 100, 1 300 mg/kg, ZIAH 24 F A3 7 1
30 f5~50 £, 5 — MRS R i s TR R SO
TEESFIE . 45 BR 130 mg/mL LISk, HAT Rk i
FRI) ek A T RN B A AR PR 9 A AR A L 16 A
eV B R B TR S 2 I S 4, (R ACRR TR h

o

FlHE4H, I 5 mg/mL~70 mg/mL T J5 2202 08/ Bl
P PE S MR i B A TR B

3 3 B PR 24 A O [ R A P4 i 2 3% R
BARE TR R A T AR E 0.5 1 (ml/g), 2%
M 0.2 ¢/mL, YIH K/ 0.7 em?, BLHFZHE S5
21.87 mg/g. MEHEEST 5.10.30.50 .70 mg/mL ZHHX} /N
BRI 242 X 35 130 mg/mL E2 x
3K, S 90,110,130 mg/mlL 445 5 K, /N UK i
SHEHZ R 2R BA G 1T245E L(P<0.05), BB
51 90 mg/mL~130 mg/mL 22 BH¥k 5 A fiE /)N B o i
WANRVER . B EST 5.10.30.50.70 mg/mL 24 XF
Uk A2 /0N SR 388 2 M S N R 2 R A e T2 3 X (P<
0.05), HFLMAZCRA T 14T 90,110 mg/mlL 205, 14t
130 mg/mL = Z2BHIE, RN B T 48 M S
I PRSI A e 7
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