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Abstract: Molecular mass distribution of Astragalus polysaccharides is wide. Astragalus polysaccharides
prepared by conventional water extraction and alcohol precipitation are mostly mixture of macromolecules.

Although studies have shown that Astragalus polysaccharides have two-sided immunomodulation, the relationship
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between anti-inflammatory components and molecular mass distribution of Astragalus polysaccharides is not clear.
Therefore, Astragalus polysaccharides were extracted by water extraction and alcohol precipitation. The relative
molecular weight of them was determined by high performance gel permeation chromatography (HPGPC).
Astragalus polysaccharides with different molecular weights were separated and prepared by membrane separation.
RAW 264.7 cells were induced by lipopolysaccharide (LPS) to establish an inflammatory cell model in vitro and
the anti-inflammatory polysaccharide were screened. The anti-inflammatory regulation mechanism of Astragalus
polysaccharides was analyzed by the LC-MS/MS metabonomics technology. The results showed that APS was
composed of APS-I (> 2 000 kDa) and APS-II (10 kDa). APS-I was composed of mannose, rhamnose, galacturonic
acid, glucose, galactose, arabinose and the molar ratios of these monosaccharide of APS-1 were 0.54:0.26:12.24:
17.24:8.46: 1. APS-II was composed of rhamnose, galacturonic acid, glucose, galactose, arabinose and the molar
ratios of these monosaccharide of APS-II were 0.26:0.14:24.04:0.62: 1. APS-I and APS-II had no cell toxicity to
RAW 264.7 macrophage in the range of 0-100 ug-mL". Compared with the model group, APS-I at a concentration
of 0-100 pg-mL 'could significantly inhibit the secretion of NO and TNF-a by RAW 264.7, and can significantly
promote the secretion of IL-10. APS-I had better anti-inflammatory activity than APS-II in vitro. The metabolomics
results showed that 32 different metabolites were found between the model group and blank group; APS-I group
can significantly callback 18 different metabolites; mainly related to arginine biosynthesis, arginine and proline
metabolism, pyrimidine metabolism, citric acid cycle (TCA cycle), cysteine and methionine acid metabolism,
tryptophan metabolism. This study found that APS-I had better anti-inflammatory activity than APS-II in vitro, and
its mechanism may be closely related to amino acid metabolism and energy metabolism, which indicated the
direction for further clarifying the pharmacodynamic material basis of Astragalus polysaccharides.
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Bge. (AR 3 BAE (MR AT 2 ) b 51 o b
dn, I PR K, A 07 NI K, (R 3 1 1 /2
R — 252 380 2. 2020 AR 24 303 3% B
FA A 2 SR Th R, AR AN BH L[ R kT AR TR
IANE BT NG = (o € o S T N A
UEA I, 10 8 B T Mo PR Th &k e S I AE YR 97 .
Chb I (562%) Hid 80 B eia T, A
7 G AR B2 )t 5 L “ORH G, 32 98 E AW
B, HEfk LR, BARIX 6 Ty 2 T B B
A LT e S B, SR T R P AL ) A 5 R B R A 1Y
XL e) G 5 75 D REAH 5K

ESEEE L M WA ES NS SN | T &
B2 R T R BRI R EY. IR AR ERS
R B A T T PR A R I — R B, B B
Je DU BE O IR 22 R 90 A 2 A PR T AR
R L W (Astragalus polysaccharide, APS) 4 ¥ 5 4 Aii
] (5.6x10°~4.8x10° Da), J& T Ko FIR &Y, B2
A RKEWIE, HF RPN KA DR EE 5
ST T RZEA KOS, shZ AR T EH I
RGTE TR L. BeAh, WU, 2T

TEIE W2 M) e (2 Bk Thge b, BT RA B 2 Ml
B35 (24 1 7 220040086), 1 35 22 ] F i s Ak g7
JE TEE A, S R e K. % R EE A
10 kDa 43 T &AM, HAh 7y FEREKZHZ G AR
FHIFI B ZE S D) R, AN 48

AR SR, RSk 2 W AR B, S R 2 BETENLA
2 B B G 5 R Y B S TR L G R AT R R
i A5 28 Hp LA B S P G A o A P B R VE .
1% 45 % 4 (ulcerative colitis, UC) /& — R 3k va 18 1
ERE T Ve RE G TE S, H AT AR VA RS . A
FARIE, w2 T 2,4,6- = R KRB S 2SI
Wistar K iR UC #5584 HAG 1R 4 136 97 76 F; FEAE F LA
55980/ 285 i 28 23 9 RE DR 1 RE T80 T T AL B s Th e %
VIR SRU i PR E R I, ¥ B 20 BB S VR RT3 G
B PR 99 B R AR I 2O RS 2 TR
Z WEAE B R h R S RS R, T AR A g
TEFETIREMI2H 57, AT Re R L e oy TR A R AR
SHR P 2 0 ) B8 G 5~ T Y, B RS TR 4 4 2 B
FLEAE F A B0 R 0 H . DR, B R 2 b
HOAS ) T S L 40 PR 5 G 8 A 9 e, A 1
25 3800 IR Rt ) S 1) R

AR LA _FAFF 5, R A0 2L 3 3o 7 i B T ) % o RS
S HE, KRR (g o L€ oy 1 & e A, A A



AR MRS BT 70T BE A0 AR BB 2 BB B0 200G ik 2 2 0 a0 K A A 2 2 VR LAk 7 - 785 -

PERER B B S AR TR 20, R
B 2H BSOEE AT 0 S, 1 E R EE I A MR . T 1 O I
J5 T, A7 LPS 5 3/ B % B R 40 il RAW 264.7 i
B AR SE LAY ) SR MTT v Aar 35 66 22 W% 0 5 Wk 4 g
(RAW 264.7) M4 58 1) 521, F) FH ELISA 57 & il 2
Xf 4B (NO) H 40 il 4 2 -10 (IL-10) i 25 56
(Al (TNF-o) B3R 1) 5200, 0 3 v 2 W5 h 32 2211
Bug s . [FIBS K A #7543 #% Thermo Scientific
Q Exactive J5t 5% {30 240 M AR 90 3047 2090 SR 4R, 45
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Figure 1
Astragalus polysaccharide-1; APS-I1: Astragalus polysaccharide-11
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Figure 2 Monosaccharide chromatograms of reference substances
by HPLC. 1: Mannose; 2: Rhamnose; 3: Galacturonic acid; 4: N-

acetylglucosamine; 5: Glucose; 6: Galactose; 7: Arabinose
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Figure 3 Monosaccharide chromatograms of APS-I (A), APS-1I
(B) by HPLC
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Figure 4 MTT assay results with various concentrations of APS,
APS-I and APS-II. n=6,% £ 5, P<0.05, P <0.01 vs control
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ZERAG R (P <0.05), $I6E 5 ] TNF-a (1)
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IL-10 97242 . APS 925 pg-mL" i, f23E IL-10 74 1)
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Figure 5 Effects of APS, APS-I and APS-II on NO (A), TNF-a (B), and IL-10 (C) of RAW 264.7 cells. n =6, ¥ + 5, P <0.05. "P <0.01

vs model group, “P < 0.01 vs control group
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Figure 6 The reliability investigation of the analytical method
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Figure 7 PCA (A) and PLS-DA scores (B) plots of cell lysate of RAW 264.7 in all of groups; model validation results (C), OPLS-DA scatter
plots (D) and corresponding S-plot (E) of cell lysate of RAW 264.7 in control group and model group
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Table 1

The differential metabolites in RAW 264.7 cell lysates detected by LC-MS/MS. T and | represent higher and lower level; Model

vs control: Model group compared with control group; APS-I vs model: APS-I group compared with model group

. . Model vs  APS-Ivs
NO. Metabolite t,/min Formula m/z Ton VIP
Control Model
1 Ng-Acetylspermidine 1.377 C,H,N;O 187.168 5 [M+H]" 8.04 1
2 4-Oxoproline 3.031 C,H,NO, 129.042 8 [M+H]"  6.86 1
3 Uridine 3.809 C,H,,N,0, 244.069 6 [M+H]"  6.41 !
4 Betaine 1.426 C,,H,,N,0, 234.1579 [M+H]"  6.17 !
5 S-Adenosylmethionine 1.484 C,,H,N,0, 249.086 1 [M+H]' 6.12 1 }
6 Citrulline 2215 C,H,\N,0, 189.1113 [M+H]"  3.90 1 1
7 Citraconic acid 6.818 C,HO, 130.026 8 [M+H]"  3.78 1
8 3-Indolebutyric acid 7.899 C,H,NO, 187.063 4 [M+H]"  3.72 1
9 dUMP 1.965 C,H,CIN,O,P 381.994 7 [M+H]"  3.65 !
10 D-Malic acid 1.761 C,H,0, 134.021 7 [M+H]"  3.49 ! 1
11 L-Tryptophan 7.898 C,H,N, 158.084 4 [M+H]"  3.45 I
12 L-Acetylcarnitine 2.573 C,H,,NO, 203.1159 [M+H]' 3.20 1
13 Thiamine 1.563 C,,H,,N,0,PS 381.183 4 [M+H]"  3.01 i l
14 L-Arginine 1.495 CH,,N,0, 176.079 7 [M+H]"  2.95 ! 1
15 Leucylproline 7.661 C,H,\N,0, 202.132 [M+H]"  2.92 !
16 Uric acid 2.92 C,,HN,O, 319.053 [M+H]"  2.61 ! 1
17 Propionylcarnitine 5.746 C,H,,NO, 217.131 6 [M+H]" 2.59 il
18 5'-Methylthioadenosine 1.495 C,H,,N,0,8 297.089 7 [M+H]" 251 I }
19 Guanosine monophosphate 3.803 C,H,,N,0,P 363.058 2 [M+H]' 2.23 1 i
20 8-Isoprostaglandin 14.862 C,,H,04 352.2253 [M+H] 2.09 1 !
21 L-Carnitine 9.795 C,H,,NO, 203.116 1 [M+H]"  1.98 ! 1
22 Uracil 2.337 C,HN,0, 112.027 5 [M+H]"  1.81 1 !
23 Methylmalonic acid 4.035 C,HO, 118.026 8 [M+H]" 1.46 ! 1
24 N-Acetylputrescine 1.887 C.H,N,0 130.110 8 [M+H]"  1.42 1 !
25 Leucylglycine 7.395 C.H,N,0, 188.116 3 [M+H]" 1.35 ! 1
26 5-(2-Hydroxyethyl)-4-methylthiazole 1.43 CH,O,P,S 141.940 9 [M+H] 1.31 1
27 3'-0-Methylguanosine 6.854 C, H,,N,O; 297.107 3 [M+H]"  1.22 1 l
28 Fumaric acid 3.188 C,H,0, 116.011 1 [M+H]" 1.21 !
29 6-Methylquinoline 7.897 C,,HN 143.073 5 [M+H]"  1.17 1
30 Oxoglutaric acid 2.065 C,H 0, 146.021 7 [M+H]" 1.13 1 )
31 Ornithine 2.005 CH,N,0, 204.111 1 [M+H]" 1.05 i 1
32 Indole 15.624 C H N0 174.079 5 [M+H] 1.04 1 |
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TIRAY, BARCH REHRE, H 3 B LR EX KA
Z WEEE B — R E o TR 2 FEH BT, S = A
Iy TR R GG PE TR LU . 2 A AR 45 3%
B HE FE LA 5] 51 2 2 Wl 0 2H R ) A, G
T R R L B T BOK P AN 43 7 B ) %, 19 31 APS-T AN
APS-I1F /N1 45, FE M4 /K S R0 3l 4 K P ik i T
APS-IT 2 R P S % e 0 AE F ) 2 B4 4y T w45
T G 2 A1 R b ) 25 36 A S5 R LRI AT 28 .

DRl 1k, A SC AT 46 3 14 5 4 T AL 9 AN 7 TR 43
BB R 2 BT TR . MWPTRIEME EFE, NO
S S SN AR ) EE B ORE (R, A 5 RORE SR
() R A, e/ ml DAPE S 2ORE e B AR B I 48 AR,
APS-17E Jif BV N 0~ 100 pg-mL™ i & 2 401 NO 1)
PR FE ORI T APS-1IT. TNF-a 52 4 5F Je 3
LR SRR I et o TR SR S X PN I I 2%
N, BAEERAEY T RS, APS-T/E R &K E N
0~100 pg-mL" B 2 3 ] TNF-o 7 A2, 100 1) 250 2R
T APS-T1o TL-10 2 — P 22 24 o Y 14 1 40 P DR, G
A% A D | A R L S R YR A . 7 AR
Jir A2 R A2 0 36 BT 980 RO HE, TL-10 B B L
P& FM I A T AR T RERY), APS-TTE i f ik
FE R 0~100 pg-mL" I & 25 2 gk TL-10 i 7= A=, {2 1 2%
RALT APS-II. ¢ B Rk, APS-T RSN 2 i PEL T
APS-II.

TP BA R 0T, S KB
TE BT, T ZH A 158 1T LC-MS/MS AR5 25 2% 75 V1T
FU T APS-T1R A% S (R E A FH B AR AL 2T, 25 3
R, APS-T1E Bl i 52 i = R IR A I8 42 B =R A
BEBMEDE REE BERAEERR SRS
- SR AN R B SR S AR R R R e (R R .
AHIEFE R AT LC-MS/MS AR 2 27 HORBIF 52 APS-1 K 4%
GBI E FH I VE FI ML . 45 R B, APS-1 £ B3l
IR R AW R R i 2 R AR =R R
PEIR 2 e 2 R AN Rt A BR A B R At A s g X
U R IE R IEIE A o IR, FE 3 HEDN 3% 1€ 2 B AN
FHn HEANFEIIR, HEEEL RS = RRIEA R
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AT RE 22 5 00 A SR () AU, K 2 R A I 2 IR AR U e

AT LA AN 77 THT 5 0 9 E RUBE: Ho—, 7EAE 20 R ARl 2
1% 1] NO [ 5403 2, TNF-a 7] LA I INOS 1) % ik
FEAE A0 L = A2 K B IR NO, N R 98 9 28 e =, K
AR AW A R R S Rk N IR = 3R, 33
JRETEH HBLR TR RGNS = RRIEH A %,
I H I — 8 PR B 1 Rk T e B 1, 2 KL 1k T e R A
7] 38 R 240 i 8 P DR 15 5 1 98 R R AR A
T EL R4 RAW 264.7 1515 f5 4 i A RS SR 7K T i 3
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W Fi 22 BH 98 0E S B 5 2 Pk 0 R AR 70 R R &), &
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