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and Evaluation of Immunomodulatory Activity of Crude
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Abstract: To explore the optimal extraction process and rheological properties of crude polysaccharides from common
lopatherum herb and evaluate their immunological activity. In this experiment, common lopatherum herb was used as raw
materials. The optimal extraction process conditions for the crude polysaccharides from common lopatherum herb were
optimized by combining single-factor experiments with the response surface methodology, and the monosaccharide
composition was detected by ion chromatography. Moreover, the rheological properties of the crude polysaccharides from
common lopatherum herb were determined using a Malvern Kinexus Pro+rheometer. The effect of the crude
polysaccharides from common lopatherum herb on the proliferation activity of RAW 264.7 mouse macrophages was
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detected by the CCK-8 method, and their immunomodulatory activity was evaluated based on the expression levels of TNF-
a, IL-6, and NO. The optimal extraction conditions were determined as follows: extraction time of 92 min, extraction
temperature of 67 °C, alkali concentration of 0.04 mol/L, and solid-liquid ratio of 1:28 g/mL. Under these conditions, the
yield of crude polysaccharides from common lopatherum herb was the highest, reaching 3.21%+0.17%. The total sugar
content of crude polysaccharide from common lopatherum herb was determined to be 54.7%=+0.7% by the phenol-sulfuric
acid method. The monosaccharide composition mainly consisted of fucose, arabinose, rhamnose, galactose, glucose, xylose,
mannose, galacturonic acid, and glucuronic acid, with a molar percentage of 0.81:7.53:21.45:20.70:30.61:3.50:
3.05:9.52:2.84. The steady shear test results indicated that the crude polysaccharide solution of common lopatherum herb
was a pseudoplastic fluid with shear thinning characteristics. The dynamic shear test results showed that the presence of
high frequency could enhance the gel property of the crude polysaccharide solution of common lopatherum herb. The crude
polysaccharides extracted from common lopatherum herb had no significant effect on the proliferation activity of RAW
264.7 mouse macrophages. However, within the concentration range of 50~400 pug/mL, the crude polysaccharide solution
from common lopatherum herb could moderately promote the secretion of TNF-a, IL-6, and NO by RAW 264.7 mouse
macrophages. The research results can provide a theoretical basis for the development and application of crude
polysaccharides from common lopatherum herb in the fields of food and medicine.
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immunomodulatory activity
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Table 2 Results of response surface optimization design

FHS AR BIRIUREE COKE DRRRL MEREEER(%)

1 0 0 0 0 3.15+0.07
2 1 0 0 1 3.21£0.12
3 1 1 0 0 3.16+0.08
4 0 0 1 -1 3.06+0.15
5 0 -1 0 -1 2.91+0.11
6 0 0 -1 1 3.00+0.15
7 0 0 0 0 3.11+0.03
8 -1 0 ! 0 2.77+0.09
9 -1 -1 0 0 2.84+0.18
10 0 ! -1 0 2.76+0.17
11 0 1 0 1 3.19+0.05
12 -1 0 0 1 3.12+0.08
13 0 1 1 0 3.17+£0.04
14 0 0 0 0 3.09+0.06
15 0 0 0 0 3.13£0.15
16 0 1 0 -1 2.98+0.09
17 1 0 0 -1 3.02+0.07
18 -1 1 0 0 3.08+0.18
19 -1 0 1 0 3.09+0.08
20 0 -1 0 1 3.20+0.11
21 1 0 -1 0 2.90+0.14
22 0 0 1 1 3.21+0.16
23 -1 0 0 -1 2.84+0.19
24 0 1 -1 0 2.91+0.04
25 0 0 ! ! 2.67+0.15
26 0 -1 1 0 3.1240.13
27 1 -1 0 0 3.14+0.17
28 0 0 0 0 3.17+£0.04
29 1 0 1 0 3.20+0.13
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BE OB BE Y T Ay AR ALY Sy . Y=3.13+0.0683 A+
0.0492B+0.1533C+0.1208D—0.0375AB—0.0050AC—
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0.0363B%*-0.1025C>—0.0338D2, M3 3 Ay [E I J7
22(ANOVE) &5 50T LUE Y, BLI P<0.0001, A1k i
Z(P<0.01), MRPITA B3 P=0.4913>0.05, 7
FIPRAE BRB(R?) N 0.9765, B HXF R il 24 R
oA ERAR, WoN M ECE BORIBIARE . Rl A
BRI JEEE R? o 0.9530, 5 R* AHIT, X —2BUESE T
IR ER PRI AT S vE . AT G 2 08
PP T 25 ATl . e A3 F (B AT, s Ay et
B mm N EMADNHERER FEHEITT N C
(Wl B2 ) >D CRHA B ) >A (B2 EEHE] ) >B (BEHUE L) ;
FHIZAS I P B AT 15, ST 5 2 IS 2R A 45
NP, —IRIT AL B, C. D R Fy 25 50k 3
(P<0.01), —¥RHi B>, D* 3R Ky 22 57 W3 (P<0.05),
C*. A? | 2= F 4 W 2 (P<0.01), 22 H.IH AB.
CD FH 25 135 (P<0.05) .

3 IR J5 25 B R e A
Table 3 ANOVA data significance test for the secondary
regression models

FERIE FHM HmE S FE P T
T 0.6373 14 0.0455 4154 <0.0001 o
A-REURTE] 0.0560 1 0.0560 51.13  <0.0001 o
B-H2BUREE  0.0290 1 0.0290 26.47  0.0001 o
C-IREE 02821 1 0.2821 257.46 <0.0001 o
D-BHEEL  0.1752 1 0.1752 159.89 <0.0001 ok
AB 0.0056 1 0.0056 5.13  0.0399 *
AC 0.0001 1 0.0001 0.0913  0.7670 NS
AD 0.0020 1 0.0020 1.85  0.1955 NS
BC 0.0025 1 0.0025 228  0.1532 NS
BD 0.0016 1 0.0016 146  0.2469 NS
CD 0.0081 1 0.0081 739  0.0166 *
A? 0.0146 1 0.0146 1336  0.0026 o
B? 0.0085 1 0.0085 7.78  0.0145 *
c 0.0681 1 0.0681 62.19 <0.0001 o
D? 0.0074 1 0.0074 6.74  0.0211 *
52 0.0153 14 0.0011 - - -
AU 00113 10 0.0011 1.13  0.4913 NS
R2E 0.0040 4 0.0010 - - -
MEE 06527 28 - - AR ZHICV=1.09%
R*=0.9765 R, ;7=0.9530 R%,,=0.8903

1 * PR 2T 3 (P<0.05); **FR 25 A R 3 (P<0.01), NSFE/R 225
AN (P>0.05),
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P B B A5 e £ PR TR S s e A A i 25 A 2R
SEE AR 265, A Z2 WA 3 A 520, i 137 T
LU, BB, 2R S i 555 A —AEdh sl b,
I T GE i A R AR, S TP PR 2R 1) 5 A e A

SR 2R v, BT O PR IR R, A
A HBT AR = HAE RS .t & 5 (A B
71N, PRI ()R G EE A2 E A FH ) — 20 )7 TrT 3
TR GE U, P PRI ER =2 18] i 45 e 2R S R ELAR
A, FRUIPEHU A5 PRIBGRE 958 BAEFIX AT
AHZ IR .25 (P<0.05 ) ; $RHUHE]AH Lb T HRIBGI B
g 7 FHE T30 1T S U, 150 T SIS (B X 7 P o
IR . & 5(B) Frs, Sl s
AR e B P B 2 TATE A, A5 ey 2R A 1
e HESEAR, SRS FURRR L s A Xt
A5 OO 2R I 5 25 (P<0.05 ) 5 B3R B2 Ay 17 i T L
AR L i 107 TATIE 1T 5 A SE U, 58 B B8 X A7 -
UM 22 R B M R B 2R TR L o AR e
I T P14 IS AR R L R 7 PR 2R TR 255 vy £ I T2 AR R
LERERE R, PSP Z0 AT EOM R A 52 )
W COHRAEE ) >D CBRE L) >A (FRHUR [E] ) >B
(PRIBGIRED) , iIX 538 3 Iy 2800t R —34

@ £
18z 3.3
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Fig.5 Response surface diagram of effect of interaction
of different factors on yield of crude polysaccharide
from common lopatherum herb

223 wAET 22 FIH Design-Expert 13 3K
14X 25 BB 2R 43 T, e 445 BIAT i 5 0 2 0 Y B
{25 R - $2 HUAS[R] 4 91.856 min. & HXUIE E K
67.377 °C, Bl EE A 0.038 mol/L . BJU&EL 1:28.063 g/
mL | SR AT A OO AR 3.21 %+
0.06% . MIRE i AT HRAEVES I, B AR I T 52
BB IE RPEEATE] 92 min, FEBUEEE 67 °C. Bl
0.04 mol/L. ¥ It 1:28 g/mL, TEIZ & T HEE I
B 3K, AT i A 0 2 OBl S PR A R 3.21%:+
0.17%, S5HIS{EICH] 25 5, L2 g AU 7T &,
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Fig.6 Monosaccharide composition of common
lopatherum herb
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Fig.7 Dynamic shear situation of crude polysaccharide solution
in common lopatherum herb
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Fig.8 Steady-state shear behavior of crude polysaccharide
solution from common lopatherum herb
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Fig.9 Effect of varying concentrations of common lopatherum
herb polysaccharides on the viability
of RAW 264.7 macrophage cells
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Fig.10 Efffect of different concentrations of common

lopatherum herb polysaccharides on cytokine
secretion in RAW?264.7 cells
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