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Abstract: Objective Astragalus polysaccharides (APS)-II was isolated and prepared from APS, and to investigate the changes in
structure and immune activity of its products after in vitro digestion. Methods The changes of molecular weight distribution,

monosaccharide composition, reducing sugar content, functional groups and surface morphology of APS-II after digestion in saliva,
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gastric juice and small intestinal juice were studied by in vitro simulated saliva, gastric juice and intestinal model. At the same time,
the in vitro immune activity experiment was carried out to compare the changes of form and activity of APS-II after in vitro digestion.
Results  Saliva had no significant effect on APS-II. In the process of gastric digestion for 0—6 h, the molecular weight of
polysaccharide decreased from 5.956 x 103 to 3.745 x 103, the content of reducing sugar increased from 0.333 mg/mL to 0.348 mg/mL,
and the infrared spectrum showed that in the range of 1 649—1 029 cm’!, the absorption peak intensity was different, and the free
monosaccharide galacturonic acid (GalA) was released. In addition, the methylation results showed that the glycosidic bonds were
mainly 1,4-glucose linkages after digestion with saliva and gastric juice; The glycosidic bonds in the digestive products of intestinal
fluid were connected by 1,3 galactose. In vitro immune activity experiments showed that the intestinal digestion product had a strong
ability to promote the phagocytic activity of RAW264.7 cells and the release of nitric oxide (NO), interleukin-10 (IL-10) and tumor
necrosis factor-o (TNF-a). Conclusion APS-II can be digested in the gastrointestinal tract, and the immune activity is enhanced after

digestion in the gastrointestinal fluid, which is speculated to be related to its molecular weight, monosaccharide composition and

glycosidic bond connection.
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PE Carabinose, Ara, flt'5 A610071). - FLHE
(galactose, Gal, fit'5 A600215). %% bl 1% IR
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FIREARM. HIE 2-A FTHI, APS-IT £ 8 i R b
B R E I I AR R AR R, Rk, B
B R R ) R 25 AR 2> T R R E . 0
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> A
9.52 /
0 2 4 6 8 10 12 14 16 18 20

t/min

A-MER A 35T B-FEGH AL
A-saliva blank medium; B-saliva digestion.
El 1 APS-II ZIMELIERH KGR ERE S HEX 2 F RE/R HPGPC &ikE

Fig. 1 HPGPC chromatograms of APS-II molecular weight at different time points after simulated saliva digestion in vitro

A
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— AW
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t/min

B —— APS-II-G O h
—— APS-II-G 1h
—— APS-II-G2 h
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—— APS-II-G 6 h

A-B T AR B-HWRIEK.
A-gastric juice blank medium; B-gastric juice digestion.
2 APS-II ZR# B iRHLERERE S8 2 FRER HPGPC &iEE

Fig. 2 HPGPC chromatograms of molecular weight of APS-II at different time points after simulated gastric juice digestion
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4.783X 103, 4.549X 103, 3.745X 103, HAH* 41
JRETE 1 h WIRGE FBF.
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X RN R — 3. APS-II & B iHik 1h
Ja, B JERERR R E M 0.333 mg/mL 4N F] 0.342
mg/mL, 7€ 8 {4k 2~6h KRR, i JERE i ik
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- - // ) )
__/_/ RHH""‘H—_
0 2 4 6 8 10 12 14 16
t/min

PaViANy —

18 20

AN a¥ IR B/MNGTH L.
A-blank medium of small intestine; B-small intestine digestion.
3 APS-Il R RFEH L E A EIRE = A8%) 57 F FrEH) HPGPC &ikE
Fig. 3 HPGPC chromatograms of molecular weight of APS-II at different time points after simulated intestinal digestion

F 1 APS-II EMEER. BHA/ZELE A ERTIE ST EE
HETH
Table 1 Changes in reducing sugar content of APS-II at
different time points after digestion in saliva, stomach and

small intestine

ALY B WAL A & JE B /(mg-mL ")
MR T Ak 0 min 0.221+0.0012
2 min 0.21540.0022
4 min 0.22340.0012
10 min 0.221£0.004°
M- 5 Y AL 0Oh 0.33340.007°
1h 0.34240.006°
2h 0.346+0.008®
4h 0.34740.007°
6h 0.348+0.005¢
M- 5 -/ AL 0Oh 0.34440.006°
2h 0.356+0.008¢
4h 0.35740.002¢
6h 0.35440.007¢

AR B R, DR RUREEEZR (P<0.05).
Compared with same digestion stage, different letters represent
significant differences (P < 0.05).

FUAXT 4> F B R AR, T e R BRI (i A v
Ir AT IRE R
32 MINEHEIEFFERENT L

WRR, ZRERIMEIE TR T2
FEAE T B R . DRI, A SR T APS-IT 4244
AN A G TS AR T U RS L . Bl 4 5 APS-
11 G2 A4 A HOLT A0 S i 2 PR P v 5 A i
HAE 4-A. C LoRHIFE APS-TT 2 M A/ R AL
JE B AR L, HE 4-A IR AT, MER RS S
{EATEARE A 7y, I S AT, APS-II 7EMER 4L 0

min FFEEII3E] Rha. GalA 1 Gle, 31X F1UF 81 2H 77 1
TF 55 APS-11 B 2H R 285 S — 250, 1 B 5 M v AL
IS B PRV, RO (R R SRR B A I R IR AR 1k
TE/NRERLE G, 2 ES /N AL I HPLC-UV
3l B A AT X ), 3R APS-TT 28 Wi A/
AT A U S R R A

WK 4-B iR, APS-II 76 B H AL 0 h i~
AT AL 3 FhRE, ERAE B BAEA 1 h 5
A4 7 Rha. MYk, 7£H BB 6 h 5 APS-II-G
H1 Gle IS 2 BRI, R APS-I1 & B G
PR T RS R, APS-IT 4 B Ak 5 A T
Fp% Gle Al GalA, R H AT Ag /MRl IS
AIAL APS-IL 4 B A5 Gle 2240 A&, HED
B &5 Flg HAAAE Gle.
33 MINEU IR BREL R

T APS-Il & B iH A =42 T 5ubE, v T
E SRR IER T SR ML 7. GC-MS (1)
ST BN APS-IERAMER . B iEt)E,
APS-II-S. APS-II-G. APS-II-I [ 77 e
B 4 FEALEE Rl GC-MS H AL 43 M 1 i
W R PS5 CCRC ¥ F  (https://glygen.
cerc.uga.edu/ccre/specdb/ms/pmaa/pframe.html) H1[1]
JREEBAT . R 2~4 pRlagE T APS-IL-S.
APS-1I-G APS-II-1 (4 B 4207 Ko 75 MRV AL
FE APS-II-S W IERE T A S IR e —2,3)-
Gal-(1— (9.04%), Gle-(1— (12.12%), —4,6)-Rha-
(1— (3.66%), —6)-Gal-(1— (2.97%), —4)-Gle-(1—
(48%), —2)-Gal-(1— (24.21%); B BHEL=W
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‘ 7 ~————————————10 min L 10Amin
! e 4 min T ———————4 min
2 min 2 min
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: pene A2 3 aslie iy ME
Co e e I EEIENS
iln,, S N A N ,,J\J\ L N Y T . ‘ ' | . (TN
T T T T T 0 10 20 30 40
0 10 20 30 40 Y/min
t/min
C
‘ _‘J,] — AN 6h
I n N 4h
2h
0Oh
WIFEN
L . — '}'P\’J\' i \ VR
10 20 30 40
t/min

1-Man; 2-Rha; 3-GalA; 4-GlcA; 5-Glc; 6-Gal; 7-Ara.

4 APS-II ZHER (A). B (B). /N (C) BHHETRERTIE SR LN HPLC-UV &iEE
Fig. 4 HPLC-UV chromatograms of free monosaccharides at different time points after digestion of APS-II by saliva (A),

stomach (B) and small intestine (C)
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Fig. 5 Changes in monosaccharide composition of APS-II after digestion in saliva, stomach and small intestine
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2 EERHEKY APS-II-S BENSITER
Table 2 Results of APS-1I-S methylation analysis of saliva digestion products

J¥5  w/min HH LA A YR R L% JFEREFT (m/z) EERETT
1 7.51 4,6-Mes-Gal 9.04 59,71, 86, 101, 112, 129, 143, 161, 172 —2,3)-Gal(1—
2 9.89 2,3,4,6-Mes-Gle 12.12 58,71, 87, 118, 129, 145, 163, 205 Gle(1—
3 10.06 2,3-Mez-Rha 3.66 59,74, 87,101, 113, 129, 143, 162, 173, 187 —4,6)-Rha-(1—
4 17.50 2,3,4-Mes-Rha 2.97 59,71, 87, 99, 118, 129, 143, 159, 173, 189 —6)-Gal-(1—
5 18.47 2,3,6-Mes-Gle 48.00 58,71, 85, 87,99, 113, 118, 129, 141, 151 —4)-Gle-(1—
6 23.06 3.,4,6-Mes-Gal 2421 59, 71, 88, 100, 113, 119, 145, 161, 190, 205 —2)-Gal-(1—
£3 BIRHKTY APS-II-G BEMSIRER
Table 3 Results of methylation analysis of APS-II-G in gastric digestion products
J¥5  w/min P I A YIS R L /% RS (m/z) 4750
1 10.95 3,4-Mes-Gal 4.78 60, 74, 87, 100, 130, 143, 159, 174, 190 —2,6)-Gal-(1—
2 13.65 3,6-Mes-Gal 3.68 59, 74, 88, 99, 113, 130, 143, 158, 190, 233 —2.4)-Gal-(1—
3 18.47 2,3,4,6-Mes-Gle 43.62 58,71, 87, 118, 129, 145, 163, 205 Gle-(1—
4 21.50 2,3,6-Mes-Gle 45.57 58,71, 85, 87,99, 113, 118, 129, 141, 151 —4)-Gle-(1—
5 23.07 2,3-Mez-Rha 2.35 59, 74, 87,101, 118, 129, 143, 161, 174,202 —3)-Gal-(1—
Fz4 DFEEKEY APS-II-T B RS ER
Table 4 Methylation analysis results of APS-II-I in intestinal digestion products
5 w/min H LA B oo 5 B /% JREREST (m/z) HERTT
1 10.74 3,4,6-Mes-Gal 3.16 59,71, 88,100, 113, 119, 145, 161, 190, 205 —3)-Gal-(1—
2 11.81 2,4,6-Mes-Gal 2.18 59,74, 87,101, 118, 129, 143, 161, 174, 202, 217, 234 —2)-Gal-(1—
3 18.84 2,3,4,6-Mes-Gle 4.81 58,71, 87, 118, 129, 145, 163, 205 Gle-(1—
4 21.19 2,3,6-Mes-Gle 89.85 59,71, 87,99, 118, 131, 142, 157, 173 —4)-Gle-(1—

APS-II-G | B 0% & 2 77 LA« —2,6)-Gal(1—
(4.78% ), —24)-Gal-(1—> (3.68%), Gle-(1—
(43.62%), —4)-Gle-(1— (45.57%), —3)-Gal-(1—
(2.35%); /NTEALT=Y) APS-TII-T 7 R 2
H—3)-Gal-(1— (3.16%), —2)-Gal-(1— (2.18%),
Gle-(1— (4.81%), —4)-Gle-(1— (89.85%).
3.4 {RINEIZFED APS-IT B9 FT-IR i35k
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s, R 6 s, APS-II 4 FWAGEHIL)E,
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Fig. 6 FT-IR spectra of APS-II digested by saliva, stomach

and small intestine
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Fig. 7 SEM images of APS-II digested by saliva, stomach and small intestine (x 200)
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Fig. 11 Effects of in vitro digestion products of APS-II on TNF-o and IL-10 levels in supernatant of RAW264.7 cells
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