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Abstract: We previously reported that active Astragalus polysaccharides APS-1I generate strong immune
activity. Here we establish the optimal method for APS-11 acid degradation. After preliminary structural studies and
separation and preparation of the degradation products, the oligosaccharide active center with the strongest immune
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activity was identified by in vitro immune cell culture experiments. The optimum acid degradation conditions for
APS-11 were determined by a single factor experiment and an orthogonal experiment. Astragalus oligosaccharides
prepared under the optimal conditions were subjected to structural analysis by hydrophilic interaction chromatography -
electrospray ionization source - high resolution time-of-flight mass spectrometry. The products were separated
and oligosaccharide fragments with different degrees of polymerization were isolated by preparative purification
chromatography. Finally, fragments of the immunologically active centers were identified by in vitro immune cell
cultures from multiple perspectives. The results show that the optimal acid hydrolysis conditions for APS-II are
hydrolysis temperature 80 °C, trifluoroacetic acid concentration 1.0 mol-L™, hydrolysis time 1 h. The degradation
conditions have good repeatability. The degradation product is a six-carbon aldehyde glycan structure with the main
chain 1—4 connected. The immune activity screening experiment for six oligosaccharide fragments showed that larger
molecular weight oligosaccharides have stronger immune-promoting effects. It is speculated that the immunologically
active center of Astragalus oligosaccharide is located in the sugar chain of DP9-DP19. The animal welfare and the
experimental process in this study follow the requirements of the Animal Ethics Committee of Shanxi University.
This result suggests a foundation for the structural characterization and structure-activity relationship research of
Astragalus oligosaccharides, and may promote the development of Astragalus oligosaccharide drugs.
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Z K%, UPLC-CAD, 2 [E Thermo); GS-NF500 7 i
ARV B R 48, PES#4 % GS-10 wDa i (_F i
i A5 A= P B A BR A 7]); CPA225D B4+ 75 4y 2 — 4y



- 2268 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(8): 2266 —2275

B K~F (4% [F Sartorius); Neofuge 13R &% V4 14 B L HL
(IR AR A IR A F]); ZX-LGJ-18 % 18 A ¥4 1k
ML (i RS LI A H R BR A |]); RE-52 JiE
7R A% (LW s AE A A AR ) ), Infinite M200 i Fx
1, AR 288 (A T B ICA R A F).

MmSIRFA A S8 A AR S L T VIR B )
TR, HAEAE, KT 20174610 H, miL TG KRR 5 M
HIREE.

TR AR R B R =R R IR R
BE IR 7S RE VR R GO0 R\ BE VBT R U (AR
F-95%, #lt*5 201903, LU A AR A ), = L
% (452 KT 99%, it 5 201811, [ L HgRI+7 T); 4>
T oK B TE7K I (k45 201902, R T K %4k
R ) AR IR LV EE TR LN (it
202008, 3 [E Thermo A #); 43 1 2 W IR ¥ (Hit 5
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1.5 mLB4li /K27, £0.45 pm L eI g 5, 1B 4T
HPLC-ELSD 43 #7-
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Table 1
level table (APS-II: Active Astragalus polysaccharide)

APS-TI partial acid hydrolysis orthogonal test factor

Level A:Temperature/°C  B: Concentration/mol-L*  C: Time/h
1 70 0.5 1
2 80 1.0 2
3 90 2.0 3
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APS-113& &, LA £F 1R M 5% A KA, P AT N, 4T
UPLC-CAD 73 #7, % 255 VF 43 11 55 RSDY i 1A/ B it
FAFIE S .
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FEVERR: 0~55 min, 15% A~50% A; 55~60 min, 50% A~
50% A; Jiti#: 1 mL-min™; #3535 °C; #EF & 20 pl.
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(65% B); 7iti# 0.3 mL-min™; F i 40 °C; £ fh = L JE
4°C; FEFEE 2 pLo
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i, JE R A ] A S ORI A B . 1% FER A A T
FAR (1:10), BeA1 v 1135 B R FH v ROV R 8 25
R HICS RS I 2R AS I, B A S 10 P 5 i VAR 4f A ) 8
S ) B U R T B U OR AT, B S 4 T A e I A B
&9 N 6 AN FE B A B APOS-1. APOS-2. APOS-3.
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B (pH = 3.2, 100 mmol-LY); 63 0~100 min,
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44 it R Dy /s BB L 4

F RPMI 1640 £ 3% 3 (4 10% FBS 1 1% P/S) ¥t
/IN BR T IbK B 4 A A 5 9 T & 1x10%/mL, K 41 i b 2
96 FLHR 35 7% 24 h, £ FL 100 uL, 2R )5 2 5 I A A [
WL AR R A S A BOA W90 pl 5 ConA Vi iR
5 pl, 8 & FL A 25 24 BE % 24k B 9 0,20, 50, 100,
150 . 200 F1 250 pg-mL*, {H /& ConA f] & ik %~y
10 pug-mL*, W& 6 A FAT FL, 4k SR 78 K 7R A P 8 R
24 ho AR & 1 IH B LN\ CCK-8 20 pL, 8 FH
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JE24 10 ug-mL?, B 6 AN FAT AL, gk S AE 5 IR A R i
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s VRO AR K 7R S U B SE 19G A IR

FER511e
1 APS-IIF S BHl%

KRB LT3 (1 APS H AL B BN AN TR 4 7 R
(2 88, 23 51 9K T 2 000 kDa f) APS-14H 43 F1 43 1 i
H#)°4 10 kDa [f] APS-TI4H 4y, 858 JE AL, FE 45 21 APS-
T4 53, BV B8 o (1 G e it M 22 M
2 APS-IIERPERK AR R ERINIGLEER

PR 7K MR 2 22 B 45 K 20 BT (V) S8 B0 IR, Hoh 38 4 1R
7K i U 36 3 o KA o R e e T L S, i 2 W R
il NN R A FE I S RE, A BT S S HARF B
XoF 45 P A S DR VR TS T SR, S KR i
(hydrophilic interaction chromatography, HILIC) [ DL 5%
WP R A I 5 A, DA EA9] i A ML 70—k Ak 2 A
WA, AR H TR VR AR 2 KRR S
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Figure 1 HPLC-ELSD chart of glucose and dextran with different
degree of polymerization (1: Glucose; 2: Glucobiose; 3: Glucotriose;
4: Glucotetraose; 5: Pentaglucan; 6: Glucohexaose; 7: Heptaglycan;
8: Octaglucan; 9: Nona glucan)

5 22 R TR /K AR 1) 2 B2 TR 30 TR 0 P I LR R 2
IK AR R K g B ) 250 R R R S5 T HLIRR 1) R
PRI A, 7K I M DA o], R A 22 TR AN R TR 2
TE BGCHT 0 I, 5 1A 5 1 G W 45 44 43 A, 08 B R A Z
B, WK 2 B 450, 1A HLIR IR - LIRS MR MER 5, P4
filt e I o DR AR SR B 0k FH 23 MR BUIC L A PR 55 1Y
SR CERAE KRR, B RS R B, R 5
P25, AT DLERE A 7= 0 P e e 1k

R A T A 5 RV A B 1) — 350, %5 5% APS-ITTE AN [F)
R IR B R =R £ 5. 76 100 11110 °C F, APS-II
KA B, 100 °CIsf AL 4 58 & [ DP2-DP6 IR 5 &
FESERE, AN e 2 SERE I 3= E M DA R G 328 v M o
SFEWERIAFAE, 110 °CH ik i 7K iy BUpE A — B . 70 AN
80 °C TR R FEFEAH I, 2BUN & I ERE B, (H
70 °C A% 3R A FE SE 0 4% 4 o Ve TH AR e /1N, T REAFAE
APS-I PR TE AT L . 90 °CR& i 7= 4 11 43 125 &
U, (E RS E & A0 80 °CI I SERE S H , B A
JEE 5K IR B M A e — 20 B o DR O A 0BT A [0 R R et
APS-TTIR fift 7= B A5 W 5 35 (W e, =8 B2 R LA P&
JE SR EEUKEHE K Z D, 25 13 70,80 Al
90 °CAE Ry IE 2158 (1) =AM 7K o

TR TR A2 05 RV TR At ) 1) — 35, %5 8% APS-TITE AN
FIRRIKE R 2 5. b= ORI EE I8 n,
APS-TTR fif 7= v 4% S W 20 40 B0 H A AR e, R R
RIX G, AXAE 520 & & FAFAE— 2 X 51, 0.2 mol-L™

R Tk BE /N, 5 3G DU 14 93 W s LA, PT RE T
i P AN AR Bk APS-IU R B T 54 5 4 . DR oK 1R
W BE R (17 0.5.1.0 1 2.0 mol- L E R IE AT IR 1 =4
K

PR R A T FH R IR B — 3, 5 8% APS-TTIRZ fif AN
[FJ B [A) R P20 22 57 o Bl T AR I P A, S
B H Y SRS . BB f# 30 min ik, DP9-DP15
) €0 1 UG 3 B9 B2 AN, DPA5 DL b ) e BB B SR R 5
fIE 56 4, Uk B R Ak BN 18] 458 002, A3 — 3505 00 22 W ok oK 4 %
fift; FRARET A1 A 1 n B, SRR =) () i 0 2 H K i
51 B IR LT 1 43 B, APS-TUK 4 24 R ARt 1) 48 K &2
2F13 hisf, DP12 PA b (1) SE ik %% 41 70 W Th AR A0 /DS, b ef
TS TR (1 2F & 1R A 4k SR KR AR 7], 75 APS-TT
PR A 4 WIS, APS-TIRE M FE B2 n o, F=A= 1 56 2 16 — 0%
R DU BE AN TLRE, DPL0 DA L SEREIE AANAETE . N
TR R R AR A SR R R], PR K 1.2 F0 3 h AR IERE
R =AIKF o
3 APS-IIEBER K #REY IE I 45 R

JULHLIE 28 R 56 R Al 45 1 T, APS-TIRR i 11 3 156 5%
B BUTE 7K B i A rp 23 8 2R R, 4 BEA 2 /S
B K T A0 IR A B G, S [R) 3R A5 55 S mT DA B 5 4y
o R2OMERER, LHIELZ RBP4 0 &
m A N IE RS 835, 2R A vE 4 N 23 259.89, LTS
H 11 B 1 TR i 4% 1F 9 ABB2C1, B K fig iR B 90 °C, =
T CTRIREE 1.0 mol- L, KARET[R] 1 he SR, HHER 211
W22 43 BT Rl 50, = A R 2= IR T B (BRIKRTE) >
C (MR W []) > A (B2 f# I F¥), H B2 >B3>B1,Cl>
C3>C2,A2>A1>A3 HItBHEMEETLZHEN
A2B2C1, Bl /K fifti FE 80 °C, =4 £ TR 1.0 mol-L?,
IR TE] 1 he PRAN B EEZE A A B, B2 DR 3R B K I R
P AR f IS T AR — B, W B2CL i sE 251, 5t T
SRR 2R /N A TR SRR AR IR, 3 — 2D R Bk B
YH %A A3B2C1 F1 A2B2C1 #EAT U6 AIF, DAk £ i 4 4%
o X SR o AT 7 Z AT R F AR S, FH FAE RV
fili 20 1) 22 55, FARDBROK, 15 0 12 2H 52 1) TR 3% 11) 22 Sk
=, HFEAT LA B, BRIR B (F = 1.156) > R fi i (1]
(F = 0.569) > MR iw & (F = 0.349), 50 K & HEFF [FH%
Zor T —

o W8 W fi# 2 1 A3B2C1 Al A2B2C1 HE 47 56 AIF S
U, 45 RN 41 & A2B2CL I 45 & 14 N 26 874.59,
FE AV IE RS 45 bR —H# w . [H L & APS-TT
1) B¢ A 358 40 R R 2% 1 A2B2C 1, IV /K fift iR & 80 °C,
=R BB 1.0 mol L, AKf#RIE] 1 he
4 APS-NIERERBEEGH THEEMITFMN

Wik 2 firw, B M S 45 R B, APS-TLE i i)
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Table 2 The orthogonal test results of APS-II partial acid hydro-
lysis (K1/K2/K3: The average of the three groups of experiments
at the 1/2/3 level of each influencing factor. R: The difference
between the maximum K value and the minimum K value of each

influencing factor)

A: Tempera- B: Concentra- . Comprehen-
No. . C: Time/h o
ture/°C tion/mol-L* sive index
1 70 0.5 1 13 647.19
2 70 1.0 2 18 353.44
3 70 2.0 3 21213.95
4 80 0.5 2 17 821.46
5 80 1.0 3 19 320.03
6 80 2.0 1 19 628.67
7 90 0.5 3 14 548.32
8 90 1.0 1 23 259.89
9 90 2.0 2 9685.38
K1 17 728.193 15 338.990 18 845.250
K2  18923.387 20311.120 15 286.760
K3  15831.197 16 842.667 18 360.767
R 3092.190 4972.130 3558.490

RR AR ZAF T PAT S IS5 B VE - B3 T IE AR R
AT i — 20, AR AH O 26 725.16, 5% & 1E 4 27 391.29,
SF¥JME N 27 171.25, RSD% A 1.6%, /)N T 3%, F & %
K, RUNZIR F Mk E S R AE

150

1204 ANLA A A A NAMAMA A =G
pd A A VVVVVEEE e
i A . n=3
904 , A AAANAANNNMMAmeme=—==

= A 2wk n=4
fY \""_,-"'. ANNNANN AN A
- = W

01" A A AAANM MMM
,r\"| A n=2
30 4 A ANANNNNMImeare—

W
04
0 10 20 30 40 50 60

Time / min

Current / pA

Figure 2 UPLC-CAD chromatogram of repeatability experiment
of APS-II acid hydrolysis

5 HEEKSENRILEN

HL I 25 R o 0 AT I T 0 5 R R 4
FEA N3G 5 B 88 I S B R, LA B I O =R
FE R 3 56, SR 43 BT T R 3 e BE B T e 2 A
ZUR R, 4 — BT 20— 2 AW 2R, R
PR B 1 I IS AR T REAR B REE T 5 1
THIRER, IS B SRR 87 BRI T, TERER
ST R R

APS-T1Z8 5 43 12 /K A A5 21 (1 4R E 14 S5 08 v B, R
JHl UPLC-ESI-QTOF-MS 7 9/t B 145 38~ ) 3 ik 47 4
P RAE, AN [F) 58 A5 JEE 10 7 SR M A i DA B APS-ITH 43 TR
RIS B TR E (TIC) W 3 s . X 3B I
st R B HEAT 20T, 45 SCRRPAT L A B 3A 113 SR W b

st IV AT R, 1.8 min A I f 1 0 Dy B R R 4 T B
W43, 1.8~8.5 min 2 [H] [ € 1% 0 4K O R G T 2
2~9FfI SR, KE b 8.5 min 5 i (il N R A FE T K
P SERE, IR R 3T B T HEN B KEHRESY
& R A E N DP2~DP14 (k. (HAZ, % T i
i A Eb R PR A, — 25 0% SRR H e KON DPL4 [ 3 1S
SERE, )T R RN i K DPT I SERERE (5 2,
HRE 2% 3 HH i 1 B8 - 1 AR M, AT DA O S
FAER A FETE R TE0E .
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Figure 3 The total ion current of dextran standard (A) and APOS
(B) in negative ion mode (APOS: Astragalus oligosaccharide, DP:
Degree of polymerization)

ARG RNTHERE ARG (miz =1 152), 1R 45
Domon 5 Costello #2& H (1) 4y 44 FL & S APS-T1F4 fift )5
HISERE A BORE R 1. LU [M-HT A REE 7, R AR
IR, BEE T Rk ORI (162 u) TR — # %1 C Y
B A B 1, 179 (C,), 341 (C,), 503 (C,), 665 (C,), 827
(C), 989 (Cy)o [FIFT, [M-H] BE & 7R AFF AW, E
K60 u, PEAEO2AWE T, 119 (°%A), 281 (°%A,), 443
(°2A,), 605 (°2A,), 767 (°2A,), 929 (°?A), 1 091 (*?A.).
P, AT B TR E R LK T, A AT
BT, 101 (*°A,), 263 (*°A,), 425 (2°A,), 587 (*°A,), 749
(Z°A,), 911 (*°A,), 1 073 (*°A,). 454 H 5% LR 53
AT, X PR S Ol 14 3% TEWE T A W 2= A R R AR
PERE R, H UG HE DU APS-TLFR i 3R 15 10 SE 08 N 1—4 3%
o MbAh, IM-H] BEBS PR AE T 2,4 FF IR L, =
ARAACRE B T, 221 (P*A,), 383 (**A,), 545 (*‘A,),
707 (**A,), 869 (**A,), 1 031 (**A.).

W 3P, FoAh 2R A B SRS IR B s
IR B T, 3B U APS-TTFRfif 72 W) R 1—4 7%
TR 7S ORI SRNE . R 5 75 BN B LR s
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Bl s 48, 5 Ja — AN EUE B R 7 7 B T I se i, 5
T T (0 FE T 4y A EAE N 1, A2 H T R AR
E R B A A . R AH BT T 9T R B APS-TT
(1) 25 L PR 4 RROA 2 FLRE AR AT RE, o B HE
I8 97%, b & B R AU 2.5 £, g
Kl 51225 AP R, 6T S 2 18 (B T, LA
TR 4y S 5 ) 5 B R 2 (A% T BRI R R A 43 AT gk
RN W . 45 E ik, APOS L4 45 M & 14
BRI N ORI TR A, W 4 TR o
6 AT EIEHEREMNSIERIGHERIE

TS SEBE APOS Z8 404k il 2% (B 5 4 B, 4 1&I 5A

Table 3 Detailed information of APS-II partial acid hydrolysis products

FIT 71 DR 75 R ' S ARG W 45 1) 7E 2 A I €5 3% P, %
B3 5 W S, o F ] P38 i, A6 ¢ H B 2R A JEE 48 K )
FEHE, 1% ALY 5 6 Ny, 3 X BT APOS-
1.APOS-2.APOS-3.AP0OS-4,APOS-5 fil APOS-6.
W 5B Jra, 7N 2%k 1 BN R B AR O BT 2R
FEM/INE R B SR 0 B, Ak S RGP e 34, (B _ AR TH]
T B AR — B S E R Sy, 5 A
(0 B S A7AE DX 31, AT R A2 bl T 1) % B ) e, o) 64
B3 8O SRR S A A A SR s . A
SEHE Py B ORE S gy 3 2 OB A DP2 (80.81%), 2
B = WE oy, %R 70 m; B AN SRR B

Relative molecular

op t/min Molecular mass / m/z “) Fragment-ion / m/z
formula . (actual detection value)
(theoretical value)
2 1.924 C,,H,,0,, 342 101.023 4, 119.034 6, 143.035 7, 161.045 8, 179.057 1, 221.064 3, 341.110 5
3 2.438 CgH3,046 504 101.024 6, 113.024 2, 143.034 8, 161.045 6, 179.057 6, 221.066 6, 263.076 1, 281.087 0,
341.110 6, 383.119 5, 425.136 3, 503.071 2
4 3.175 C,,H,,0,, 666 101.024 8, 143.034 9, 161.046 0, 179.056 7, 221.067 2, 281.088 2, 341.109 3, 383.120 5,
425.130 8, 443.142 6, 503.162 7, 545.174 2, 587.185 7, 605.197 0, 665.218 0
5 4117  CyHy0u 828 101.024 9, 161.045 4, 179.056 9, 221.066 9, 281.088 6, 323.100 2, 341.109 1, 383.120 3,
443.141 3, 485.150 3, 503.163 3, 545.174 1, 605.197 1, 665.217 5, 749.238 6, 827.272 4
6 5.075 CysHe, 041 990 161.045 9, 179.056 1, 281.088 0, 323.099 2, 341.108 9, 383.120 3, 425.131 2, 503.164 2,
605.194 3, 665.218 4, 707.230 4, 827.272 7, 869.284 8, 911.295 9, 929.299 4, 989.326 5
7 6.045 C,,H:,04 1152 161.045 5, 179.056 9, 341.110 8, 383.119 2, 443.141 4, 503.163 3, 587.187 3, 605.199 1,
665.219 2, 767.254 5, 827.276 4, 911.294 8, 929.299 3,1 073.352 6, 1 151.383 8
8 7.054  C,Hg0, 1314 161.046 1, 341.109 0, 503.160 4, 665.214 2, 827.268 2, 989.320 9, 1 151.371 4, 1 193.384 5,
1215.3519,1313.426 3
9 8.003 CgyHg,046 1476 161.046 1, 341.108 7, 503.160 5, 665.214 4, 827.267 0, 989.321 5, 1 151.373 4, 1 313.425 1,
1475.478 3
10 8.762 CeoH1020s, 1638 161.046 1, 341.108 4, 503.160 9, 665.215 2, 827.268 1, 989.321 4,1 151.371 9,1 313.425 1,
1475.4769,1517.486 8,1 637.529 9
11 9.408 CesH11,056 1800 161.045 6, 341.109 7, 503.160 2, 665.213 7, 827.268 1, 989.319 6, 1 151.371 2, 1 313.426 2,
1475.4799, 1517.265 8, 1 637.529 3,1 799.583 5
12 10.037 C,,H.,,04, 1962 161.045 9, 341.107 5, 503.161 9, 665.213 3, 827.266 9, 989.322 1, 1 151.371 8, 1 313.427 4,
1475.478 0,1 637.528 5,1 799.582 3, 1 961.642 8
13 10716 C,gH,504 2124 161.046 2, 341.109 6, 503.163 1, 665.214 9, 827.269 3, 989.321 6, 1 151.374 2, 1 313.426 1,
1475.478 3,1637.533 1,1 799.588 2,1 961.642 5, 2 123.699 8
14 11.497 CgH14,05, 2 286 161.046 4, 341.108 9, 503.162 0, 665.212 8, 827.268 4, 989.319 4, 1 151.372 1, 1 313.426 9,
1475.4777,1637.5308,1799.579 7,1 961.635 6, 2 124.697 2, 2 285.751 4
244, 24p, 2An, 245, 244, 20,
Ci 221 C 383 C3 545 Ci4 707 Cs ggo C6 1031
179, 341, S03 ., 665 , 827 989
OH ‘ LOH Y oM % ", OH ] ' OH ‘ " OH ‘ ", OH
HO

DP2

Figure 4 Potential structure of APOS

DpP4

DPs
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Figure 5
UPLC-CAD chromatograms with different degrees of polymeriza-
tion of APOS (B)

1 32 23 /& DP3-DP7 (96.06%), fil % £y 80 mg; £
=ANZERE Fr Borb 32 245 2 DP5-DP9 (88.00%), il %
N 40 mg; 5 DY ZERE v B 32 B Ry & DP9-DP14
(89.27%), il % = 4 50 mg; & FLANTERE v B 32 L
43 7 DP12-DP17 (95.45%), i %% £ 90 mg; 5 /<~ 5
B P BE P R ) & DP16-DP19 ) 58 4 B S M, fh)
7% & 4100 mg.
7 AEIEHE R MR EE TN

5 4 7 R S 1 e g R R A B S AR
FH, BT 50 4 60 7 W L 4 i G 928 AT 1 B 2 2 1 )
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B A% 5% 380 40 A P, DAL L 36 ot A 00 245 0 T4 P e
2T B R AT DA e e I 4T T o i e 0. i 1] 6A
Ji7r, 24K [H APOS £ 20~200 pug-mL ™ F - E Wi 4
JL I, W v 2 I SR FA KB B 200 pg-mLt
] 2k 1) f 5 A Wk 6 0, B 1% 71 R T A i o I
JIREAS, S5 26 LI P B AN . W] APOS 1Y 4
P D) RE S XA TP, FEAS I o B A B R K ) R
MR AF R — BRI E . 24 APOS-4.5.6 {1k £ N
150.200 £ 250 pg-mL i, APOS i 37 5 W5k 4 it Fr) 5 Wk
AE 7758 T B 4 6 B APS-TT (100 pg-mL™, P < 0.05), E
W 411 O P 7 WO PR 25 7E 30% LA 1. 4% b, B APOS
1E [ A5 4 9% 5 T AR 3 5V 4 M P W BE 0, ELAS T
APOS [ #E B J1 AN [F]: APOS-5 > APOS-4 > APOS-6 >
APQOS-2 > APOS-1 > APOS-3.

i 6B Fra, AN Rl B2 1A 7] 3R A FE SR 0% B b
[ ConATEANFIFEE 3N 7 Tk EL4u 3 e . 4

APOS-5.6 ] 7 /& 24 100~250 pg-mL™ i, T ik B 48 g
)48 {1 23 15 v 1 B 1 % APS-IT (100 pg-mL™), d4E 5
1£23% A b, FAEGTE Y L (P < 0.05). 24 APOS-4
FR9K FBE  150~250 pg-mL B, T bk E2 200 it ) 48 47 R
T BE P X R APS-TL, A7 7E G it 22 5 (P < 0.01), 6 F
BT SEHE 0T T Ak O 440 e YD 8 5 52 e 4 7k 9 APOS-5 >
APOS-6 > APOS-4 > APOS-2 > APOS-1 > APOS-3, #
B APOS 7E ConA 155 T, R it T bk = 240 L (1% 38 4 184
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Figure 6 Influence of different oligosaccharide fragments on

immune activity. A: The effect of macrophage phagocytic activity;
B: The effect of T lymphocyte proliferation induced by concanavalin
A (ConA); C: The effect of splenic lymphocytes secreting 1gG
induced by lipopolysaccharide (LPS). n =6, x +s, 'P < 0.05, “P <
0.01 vs APS-II

WP 6C JT7r, AN[R] B 45 FBE (R S 0 P BB R L ) 1
I, AE LPS (3% 3, B 40 I 196 1 7 B &
TR A 1, AR T 200 pg-mL B 43 9k B Bk
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APOS-4.5.6 ] & & 5 100~250 pg-mL* i, itk B2
S 73 WA 19 19G ¥ w51 T B P4 % B APS-TT (100 pg-mL™)
X R B 40 B 43 W4 19G Y B IR, 19G 43 T B 1 7
6.27 ng-mL* DL b, HAEES %5 L (P <0.05).
6] 5 A T2 S W i BBt BRI EL 200 L 4 4 19 G TR B2 M A VK
N APOS-6 > APOS-5 > APOS-4 > APOS-2 > APOS-3 >
APOS-1. KB APOS 1 DA ik 3 5% /N B3k 2 2 fifg
MGG BIIKT, RAERE Ve e B D e, 1 s LA ik
YLl fiE 77, 1X AT BE & APOS & 4% 38 o 1 4 2% 1 715 T fig
L2 —

R ZHERHBERAME T KREI BRE A
G 1S B 42 2 0, 322 i APS-THIT APS-TIZH %, R
FIZEL T AT 78 R B APS-TIAE A 0t G2 1% 1 Fh 33 ¥ 5 R
B, SR T AR XS 2 B ROR, 45 HE LUK
M, BRE T S HERIRA . A FMESEH B
MR W0 FE SR, 456 22 08 52 1R B8 % U I F 9
%, K TEAC SEUG 7 v, 0 %6 HY APS-TI £ FE R 4 A 2%
4, BV fife 1L £ 80 °C, =9 L BR IR FE 1.0 mol-L™, R i
BF R 2 h, 38 3 B A T DL 2 AF X 43 1 i s /N 1 2
PE. @i K UPLC-ESI-QTOF-MS #4745 ) £ 1E, %
B35 T R R 45 0 1,4 R /S B S R pE . it 4l
A VBRE €3 (3T 43 5 ) 5 P A Al A S M 8 R
PE G 28 ) O e S 56, 26 9H 56 A DP9~ DP19 1) 5 b 4
PEvE PEOL T APS-I1, 1B 91 0 B B8 22 M 8 o 1 2k B 5
T, oA — P A RO R AR AL TR R .

YEE TTRk: A0 ES AN 2R} 47 B SO SR IR O R A
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