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Optimization of extraction process of Arctii Fructus polysaccharide based
on response surface method and its anti-inflammatory effect on cells
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Abstract : The aim of this paper was to determine the optimum extraction conditions of Arctii Fructus polysaccharide and to
explore the anti-inflammatory effect of its solution. The effects of different solid-liquid ratio, extraction time and extraction
temperature on the extraction yield of Arctii Fructus polysaccharide were investigated by response surface method. The levels
of tumor necrosis factor a (TNF-a) and interleukin-6 (IL-6) in different RAW 264.7 cell treatment groups were determined
by ELISA kit. The protein expression levels of myeloid differentiation factor 88 ( MyD88) , Toll-like receptor 4 ( TLR4) and
nuclear transcription factor-kB (NF-kB) were detected by Western blot. The results showed that the optimal extraction condi-
tions were solid-liquid ratio 1: 15 (g/mL) , extraction time 3 h, extraction temperature 80 °C ,and the extraction yield was
7.19% . Arctii Fructus polysaccharide groups inhibited the secretion of TNF-a and 1L-6 ,and played an immunoregulatory role
by regulating the expression of proteins in related pathways. This study can lay a foundation for the development and applica-
tion of new drug ingredients of Arctii Fructus.

Key words: Arctii Fructus polysaccharides ;response surface methodology ; extraction process; RAW 264.7 cells ; anti-inflam-

matory

BT AR 25 (Arctium lappa L. ) B
(MR RS, Wik T 2020 R E 2500 ) o BT
WFTER I, A4 25 1 DU AT 22 Ff 2y BRYE 1 fil an e
RGO HOE PRI P R e ) DU RE
LA RBR KSR il iz e . R R

Wk H 1#:2023-06-15 3% H #1:2023-11-15
T K A AR 2SS (81874338) s Yhinl 1 X ERAE X f 2]
BEIEAL A HE 4> (2019008 ) 52021 450 7 v B2 24 K22 K%
AR VI 314 ( X202110162027 )
# MEVEH Tel:86411-85890148 ; E-mail ; dadanzi2007 @ 163. com

RKFAZE TR T FERR R AEAR NG R IR
SR R N R 2 T S R
W2 —" TR B T AP R, RAE LA
TRIERG R — BRI, EHLRI—Fh B IR ORIk
SR AR I R] Fe) | 88 4 B SR A ] 5 OB Y e A
AR WM SR RERE AL SC T R A 2B AT IR
TR BIAE . F R T AR AR YT 32 A TP e ]
PN S [ BT 28 2590, (H DR LRSS 5 | b vy IfiL 1 B
JREAA BE] | e E R BB S TR
Ve G BEAE R, A RERII T Rk T % 1



Vol. 36

R PS5 < T e B TR O A2 3% T 2B SR U T RO AR 4 A FHAIFSE 103

— R AR EIR L AR, KRR ZHER
Hez bk Gyt Rt 3G P sz 20z ¢
S

PRI, AS RIS AE 25 B8 R 3R R A AR kil -, R
Wi 157 181 Y Box-Behnken J7 ¥, #47 = 2 =K1
SH T, LIRSS 2B ICR S BRI, i i
4B SRR T L AR i@ H# S LU 24
(lipopolysaccharide , LPS) “Jyifs § 551419 RAW 246. 7
N B A REAR Y, 0 2 3% 1~ Z2 0 0 AH OCHT A HL A kA 7
VLRI, I Rt R M G RN F3E 2%
WS LR
1 #R5FZ®
1.1 SSIe#r#

AT (LHEHRMEEARRAA) , &L 7
R 24 Ko A [ 20452 %2 7 9 4= 2% (Arctium lappa L. )
TR RS
1.2 K¥ 5%

TR A A 08 B (At 5 MT1bv141284, 4l 7
=98% , bt Z K ERHIA R H]) ; CCK8 1207 &
(L5 : MAO218-Oct-171 , b 3% {8 B8 2% A My H AR A FR
JAF]) s 116 TNF-o ELISA &30 £ (412 : AD202112 .
AD202203, FIHHERECA FRA ) 5 288K (BTN
IERA PR A BRA F]) o UV-5100 #2858 1) 0L 435k
JERETH( B TTHT A A R A W) ) s FA210SL #Y 5
K- (B H FRHA R 7] ) ;s HH-ZK6 BU%E X
H, AP L K V8 B L LY 15-101-1 A g PAHE I 1 452 48
( R BRA R B A FRA F] ) s TDZA-WS BUAR i By
O TR WAL S 30 2 AT A TR A ) o
1.3 $FEFIRENRIHAR
1.3.1 %4693

PRAZE T TR R 10 g, I B2 (20 mL) #E4T
Il 4 R, R P R OB, K 2l T R,
L5 AR ZEIRK MBI 3 3k, K 2.5 h ¥ 3
ALK S5 I, SR TREDT, 2 L2
WIE R 80% BETad o K BT A e ik P I
PRI FE A TS R & T vE Hh A HILEA R T B
T Y UTVE DA AR By Ve B IR 15, 4 S 1oy YR € Ay ot
0, Z2 00 8 B N O AR T RRE I, By
ai O E AR5 TR 2 b
1.3.2 B4R AT

R RUBE I 5 35 (4,1 (high performence gel
permeation chromatography, HPGPC ) 2 | & 22 4 4li
JE o AEEARIBE A S me, AT 1 mL AR S AR

W (0.05 mol/L NaCl JF¥) ', B il B 5 mg/mL %
W, 7 10 min Ji,12 000 /min 2.0 10 min, PZHL
IEWL 0,22 pum (UK REFLIERGE NE RS .
W MR B A 0. 05 M NaCl % ¥ 0335
BRT105-103-101 HBECEERAE (8 mm x 300 mm) ; iy
#:0. 8 mL/min; #E 40 C; i FE & 25 pl; Kl
N 2SR RID-20A 5 43 A7 B[] : 60 min,
1.3.3 2REFR

FRAZETF T R 10 g, X2 M F b i
T By 3 A2 CRIB L B ) R BUR ) iR 7
WV LA 3E T 2R N S e A, T
ERERR I (1:10,1:15.1:20,1:25.1:30 ¢/
mL) FEHCHFE] (2.3 .4.5.6 h) FI4REUE B (60,70
80.90,100 °C ) Xt Z W B HE Ih 3 5 45 HR BUR 36
(1 Fe T L
1.3.4 5 R &Rt

A8 B PR 28 S0 i o 4 G R 2 5 L SR B Box-
Behnken ¥ 31775, Xt 5 Y 61T A0 RHA L | 2 B
Toi) R O A T 06 2H L, L 200 i B O i
(BT AR , 3 1 Xt S () 2B i 22 R, 75 3 B0 O ik
FE50 AT, BT =5 PR 245 o7 {22 ) A 805
T, 2B B 87 P R P T e A T2 4
1.4 GEFZIERINERMNNE

32T Z MR 1 L, {48 2500 R -1k
BRI A AR e 4o 2% I e R 8 T
LR TE 490 nm ZhWOY (R, 38 o B vfi ph 245 31
MR IE ARG A (D) T HARBUR

S BPRIRE = % x 100% (1)

Kfie(g/ml) REFEFFZETZHBREE,V
(mL) fRFFF T WA, m () R T4 35T
=
1.5 RAW 246.7 {HpatEF

[a] DMEM S 532 W i A & 10% 59587 A 7
A1 & 100 U/mL FAEER HE8 R, X6 RAW 264.7 4
MR TR IR, W3R %A 5% CO, R 37 C L BaK
POB R IR R RS A ) 2 KR
1.6 CCK8 j:E#&iM4paiE A

BUEK 2 70% ~80% filv& T2 ) RAW 264.7
i, 0.25% R B fL . 4% B ik 5 5
x 10° 4~/mL B, A1 5] 96 FLAR P, 7595 24 h, &
BTN FEFZRREWREY(0,10,20,40.80,
160 320 pg/mL) B2 4 DNE L. 440 70530 BE



104 KIRF=YIB R 5T K

Vol. 36

Ja KL R B 454N A 200 pL J5 R, Horp
A AR BT R R BE 25 W, B AR 24 h SRR AL TR
G BEEFLMA 180wl B 58 4 Ky F5 FE A1 20 L (1)
CCKS8 ¥, 35 7% 3 h, FH bR AR T 2% L% % 2
(OD) {8, HE 4 A AN B AR R A5 0
1.7 $£ETF 3t RAW 264. 7 4R 58 5 2200

F RAW 264. 7 4H L REAIL 7 B2 L4, LPS 7
(1.0 pg/mL) , 4357 MK e R vk B 4
(20 .40 .80 pg/mL) , R E 3 MEfL. HLIME
RS 3RS (1A AN MG 24 b, 2 J5 30007 1 3 Sk dk
g% 1 h LPS RV 40 MU 75 T i i R R 552 24 h
J& A E 100 we/mL ) LPS BiFE 34k 15 5% 1 h,
A3 ML o AR A 20 .40 80 pg/mL 435 T
ZHEN G FRHEERE TR 24 h, Z 5 A F 100 wg/mL 1)
LPS JEFRIARZIEFE 1 h, F UK 450 nm b 1
JGEE (OD){E, 15 4 i) A= K A il =52
1.8 RAW 246.7 ¢HBE k% & B TNF-,IL-6 7K F
i

WCEE R R B ZH (1) RAW 264. 7 41 I 1% W (3
000 r/min B§.0> 15 min) , 28 ELISA 37 G5 W 143,
A A [] A B ZH 20 B b 35 TNF-o F IL-6 7KF-

1.9 Western blot i% # il TLR4, MyD88 #I NF-
kBp65 WEBARILKFE

Wi 4 B 2H 40 B 3 W, 3 000 r/min 5.0 15
min , U E W, R Western blot 4 2 (1 BT i o
12% —~+ — Joe KL Tt R 943 TN 445 T b 5 Je v, Dk ( SDS-
PAGE) 73 &5, B it 15 25 1 B 56 7 31 SRl — 9 & M
IR 5% AR WAy (WL £8 22 il ,0. 1% it il )
HIBEE o TR A3 AT B AS DU b, A TLR4  MyDS8
Fl NF-kBp65 1485 12235 K-, 8 2 43 #7 5 f0
G TR R F T
1.10 #ES5HitaHh

Box-Behnken % i1 2% F Design-Expert Soft-
warel2. O B Wi [0 17 S5 90 B8040 47 — k2 1t n] 5
WETT 2. 72250 fdi ] One-Way AVONA 555
HEEM,P < 0.05 REEFAAGIHTE L
2 EREHH
2.1 ZHEA4ENE

K H] HPGPC it A4 25 1 HL Z Wl A7 2 B2 22 7
(LI 1) o Sl 0 501 0 s HE 3 SR A Sl s 1
st , AR AF 7 SRMHEE e b i i 2 09I 5., 4 3% TR 2 0
2z 80.73%

fif ] Time (min)

B 1 #3FFiEZHE HPGPC
Fig. 1 HPGPC diagram of burdock seed crude polysaccharide

2.2 HEEILHRMRUER
2.2.1 RBHRILEA T A

I 0 A 35 22 B B AR TPOR R X —
R EFSE, RIAE 1:10.1:15.1:20.,1: 25 .1: 30 g/
mL X 5 ASENE RT3 T 2R R SR
PEMCR A e T, IS S A (LR 2) , 2R
L 1015 g/mL B, 4 3%+ 22 W i 4 BROR B g >
7.03% . HURAR PR ORI LA, 455 2 B 4
R R IR B 4, 3X AT RE 2 B T3k K A i )
IS T 22 ) RV B 2, IS M) 1 2F 3% 1 Z B AE K
TR BRI T 2 HE R

7

23
o
@

ate of Arctii Fructus
2
o
S

3T B HHRILR
polysaccharide (%)

o

o o

S ©

Extraction r:
o
o

Lol
9 ¢
by

1:10 115 120 1:25 1:30
FHE L Solid-liquid ratio (g¢ mL)
B2 FEBELSGEFSERRELNZMm
Fig. 2 Effect of different solid-liquid ratio on extraction rate

of Aretii Fructus polysaccharide



Vol. 36

T TS « T e B TR O A2 3% T 2B SR LT RO AR 4 A FHAIFSE

105

2.2.2 RIXETIE G H A

Lﬁxﬁtk%?zﬁ%ﬁ%ﬁ%qﬂ%lﬁl%z%ﬁlﬁa‘l‘ﬂii
— RS, ZIAE 2.3.4.5.6 h X 5 P HEHUET
HZET 435 Z B3R BORTE 3 h Bk B R K
6,87 11% . Z )5k P R gk s g, £
PERBCR 2T RS (LK 3) o ATBEEE 2B
PRBGT AR SR EU (B i Sy — e R A 2
GERE 2 e A PR IOR

72

7F

b A
o ®

polysaccharide (%)
o
2

P T LRI R
Extraction rate of Arctii Fructus

),
1%}

2 3 4 5 6
HRHU ] Extraction time (h)

B3 AEREE E X 4T SRR
Fig. 3 Effect of different extraction time on

extraction rate of Arctii Fructus polysaccharide

2.2.3 RIUBEM A
3 X A 2 T MR IGE AR AN [] 4R BGHR JBE X

2.3

—HAZERST, ZITE 60,70 .80 .90 100 Cix 5 4
PRBGR B 5F T 75 60 ~ 80 “CIRFETLE N, ZHEz
IR B A PR IR B A TR G . #E 80 C &4 F,
ZHERRIBCR e, N 7. 14% (WK 4) o TR E 4R SE
Fhii ], Z R ICR KM 230N R 3, il R &
) HRE BRI B 2 (1 22 W 5 vy 1l 38— FR B (W R IR, 5
M) 5 28 1) Z2 PR LR

73

o
o

N
W

polysaccharide (%)
]
»
T

T ERIRIE
Extraction rate of Arctii Fructus

v
w
T

=
o

” ff;(:)(mlﬁf Extractiso(; temperature (9:;)
B4 AERIEENGETFSERRENIMN

Fig. 4 Effect of different extraction temperature

100

on extraction rate of Arctii Fructus polysaccharide

MR GEEFESENRNIEABRLER
AT R =R ER OB EE 42 B B2 | 46 Bt
6] $EE S AE FI AY I 22 , 36 T Box-Behnken #5177
TR T R TSRS (WA 1) .

®1 4EFTFEERERZFHMMERERITRER
Table 1 Response surface experimental design and results table of extraction conditions of Arctii Fructus ploysaccharides
S ' ﬂ{&tlﬁ . %%EX?EE */‘EEEX'HTJ-I‘ET?I Tﬁ”r:ﬁys? '

No. Solid-liquid ratio Extraction temperature Extraction time Extraction ratio
(g/mL) (¢) (h) (%)
1 1:15 60 4 6.89
2 1:15 70 3 7.01
3 1:15 60 2 6.75
4 1:20 60 3 6.73
5 1:15 80 2 7.15
6 1:15 80 4 7.08
7 1:10 70 4 6.38
8 1:20 70 4 6.57
9 1:10 70 2 6.11
10 1:10 60 3 6.19
11 1:15 80 3 7.27
12 1:15 70 3 7.14
13 1:20 80 3 6.92
14 1:20 70 2 6.73
15 1:10 80 3 6.49
16 1:15 70 3 7.19
17 1:15 80 3 7.29
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