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W OE: 840 R4 S (MCP) MBS I Y, RAFMARLET LS4 (S-MCP) WL M4FIE. 4T
FAERR e AR F ik KRB KABR A3 MCP #47 J;wu**ﬁ? ATHEREFEB S pEE, URKEHN
FARALT Z 54 KM FTIR. DLS #= SEM *F =45 S-MCP #4722 M & 1L AR W IR 46 240 A AL A [ fo 48 5 1
“E2. wfh ,m@&;ﬂcj_*i SR Eﬁaﬂ&ﬂ‘l' A 39 min. KA A Z 1.45mL. #E% A= 30 mg, FriF S-MCP Hlﬂ i3
% 0.07391£0.0020. %4 #) & FEGE S T S-MCP sk 7 51 N BR BS AL, H 4 #2 (294.44+40.62 nm) > F MCP
(356.32426.07 nm) , SMAFIEE AL ST Ak BEIR, HRINFMEIR AW, S-MCP 3t DPPH, ABTS' & %4
Ao F%RE (3.0 mg/mL 55K 64.85%. 82.42%. 71.34%) f'z%r‘a% MCP, H 2RERMME; 3t a-# F4E
a9 FrH E (1.0 mg/mL 1+ 43.92%) #£F MCP (31.31%) . MfaFi2 EomE& W, MERILE W4T L S 4k
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Abstract: Objective: We optimized the sulfation modification process of Moutan cortex polysaccharide (MCP) and system-
atically evaluated the structural characteristics, antioxidant activity, and hypoglycemic potency of sulfated MCP (S-MCP).
Methods: MCP were sulfated using concentrated sulfuric acid method. The process parameters were optimized using single-
factor experiments, response surface methodology, and using degree of substitution (DS) as an index. S-MCP structure was
characterized by FTIR, DLS, and SEM. Its antioxidant and hypoglycemic activities were evaluated in vitro and in vivo. Re-
sults: Optimal sulfation conditions for MCP included 39 min esterification time, 1.5 mL concentrated sulfuric acid, and 30 mg
of ammonium sulfate. Under these conditions, the DS of S-MCP was 0.07391+0.0020. Structural characterization con-

RS EHEE: 2025-07-28
EEWB: oAb B R A (252102521091 ) ;7 é 4 B KA A4 (222300420508 ) ;T é 4 @A EEA LR A (23A550020 ) ;7 dl S 4
BT R (2021GGIS147) ;T A dF FREEAFAA (23B350003)
TEERIN: B0 F (1983—) , %, # 4, 8143, BT @ FORMUD T & 5 4) A AT A, E-mail: xiaoshuang1210@163.com.,
* IS Spmed (1987-) , B, ¥4, 8144%, AF A 77 d): 4405 AL 25 32 5 W AT A, B-mail: qiuyhvip@163.com.
Bdedy (1983—) , F, M4, 313U%, #5075 & A M5 A 4025 A7 52, E-mail: guoqiang1206@163.com,


https://doi.org/10.13386/j.issn1002-0306.2025070316
https://doi.org/10.13386/j.issn1002-0306.2025070316
https://doi.org/10.13386/j.issn1002-0306.2025070316
mailto:xiaoshuang1210@163.com
mailto:qiuyhvip@163.com
mailto:guoqiang1206@163.com

- 216 - £ Tl B4

2026 4F 7 A

firmed successful introduction of sulfate groups onto S-MCP. The S-MCP particle size (294.44+40.62 nm) was smaller than
that of MCP (356.32+26.07 nm), and its microscopic characteristics changed from loose and porous to fragmented and lay-

ered. In vitro activity experiments showed respective scavenging rates of S-MCP against DPPH, ABTS", and hydroxyl radi-
cals of 64.85%, 82.42%, and 71.34% at 3.0 mg/mL significantly higher than those of MCP. Scavenging was also shown to
be concentration-dependent. S-MCP displayed more potent inhibition of a-glucosidase (43.92% at 1.0 mg/mL) than MCP

(31.31%). The mouse glucose tolerance test results showed that S-MCP significantly reduced the blood glucose levels after

starch and sucrose loading, and decreased the area under the curve. Conclusion: Sulfation can effectively enhance MCP

antioxidant and hypoglycemic activities, providing a scientific basis for their development and application in functional

foods and pharmaceuticals.
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KR ZZWH R A= A B, Ja s FHA A A 4 548
Hym M ARPEAH I SCHRAR IS, AR 1L . BRI, L1k
R I RAAS Ty v 5 T T 22 g it 120 e i)
SEARERAAE G, ST BRI R AL A RS, e gl
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SyUaSl HHT, BFXSEE P B B IR A A A 1
AN

LIt P B R gR X 42, R FH MR B2 12 X 4t FF iz
ZHE(MCP) VAT IR A ABA, J8 o B PR 2R 528645 -5 )
P TAESRAT B IR 25F, A FTIR . DLS A1 SEM
A MBS 00 2 PE S5, R IR A e
H ST 2B BT TG A IR 5 44 A 40
TR, BTEAA I IR (B 1. 2, #E—
P A Y, S B M E DI RE B TS 24
AU BE— 2T R SR RS BARYE FEs S

1 MRERE

1.1 MRS5EE
PR WPk s B CR LT FTEX),
LTI 2EBE e D I AE R, B fF A 2020 4ERR
( EZGILYELRE ; SPF 2% ICR HEME/NE 45 H, 8 JA
%, AT 3044 g, W FH 3L T AR A YRR A A B
N, BT IES- SCXK(IT)2025-0001 . Bh4)52
5 26 V- T L1 24 B A ) B 24 AR PR 2 B S b v (L e
2025-014), shPmaE T I L2~ BE sy S s, i
JE 2542 °C, AHXHBEE N 55%£5%, [H]fE 12 h 3288
A /N BB W 4H i RAW264.7 B st 3L Rl 4%
KA BRI F], B FE451F: DMEM Sk 73 (5 A
BUECR 10% FIRGAE I  IRFRAE0C 1% BT 8
BT RER), BT 37 C. 5% CO,., AHXE >
95% MYTEIRIEFEAR %, SN . miee A3
IRIBAEFIRFN 5 30% i FEIL R . =5 L1R . Na,CO,
KR BEE b FIRF A BRA Fl; DPPH @ Kigr

LEMIRHA R A AL g2 C(Ve) SRS Y
BT BRAS 7] S PR En | el RE IO

AN BRIk, A E 2GR AR A BRA
Hl; K% . ABTS  F/RAGZERHEAT RN W5 Gries
REETRHE R ERF A R A A IE Tl K
T AL 2250 A B2 ) 5 BT IB0E . o 260 B
fiti . PNPG Vg2 s BRI AT BR A .
TG16G =i E.0HL WYL REA A RA
Hl; XT-350 i T REMMAEHL WiV T HRLT R BHAIL
B BR2F]; RE-2000A JEFEZE R DLYBHEAA R
Al FA1104 BB 7R BT E R A A FR
5 HE); DHG-9202-1S U #VER T840 it
FRHE AR T SHZ-D(MD FER /K B )
A TS A PR 5] Bio Tek Synergy H1 4=IZIRE
TAFLARAG AL SEEMAMBILES A PR 7] SCIENTZ-
L1OND ¥R VR ML T UOH 2 2L R e A7 PR
A); KH-100 B EIEBE Y BILREGE S {EFA R
N PHS-3C FREET g g XA A BRAA F]; XL-
30 R I HFE 8% for 22 Philips 2 w] ; TENSOR-
37 AT MY fEE Bruker 23 F]; Mas-
tersizer-2000 FOCRIEEAY  ILZRIN SeA4p AT S8 A
BR ] S
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1.2 LWHE

1.2.1 PP 2hEndREe Beat P48, i 80 H
i, TR QIR HES Th A TR TAL HE, 7 65 °C 2%
T A BB NE 24 h, 75 KA PLIEF G LT 4%
FH. FREL 300.0 g AILA 3000 mL ZEIE7K, Hndidnliide
B 2 h, i 3E, 38l A A ERE 1 R, S IR, T
A 1% 3G PER AT AL, BEFEEI5T 30 min 33k
RORT, SMe4i e, A 4 f5FH 95% 4B, & 4 C
VKAR, BB, 20T, B AS R R TIRAS B
JFH 228 (Moutan cortex polysaccharide, MCP) .
1.2.2 il fkdt Ptz ZhEmdls 1 0.02 g 4t PhEz
A BN A IR T 5O, I 1.5 mL 1E
TBE, FEVKIE TPINAGE MR ARIR, TR P S i
B FEATH IR, 5 B 58 S, LLE AL EN R TT i
pH =, A 3 AR FNY 95% 2%, $iFi e it
ATEEDT, H IR CE IR E AR 48 10000 r/min B500
10 min, W BTTE, N A ZE1E /K G i Bl fa 5% A %)
3.5 kDa B 48, iEMT 48 h, FRX LA 10000 r/min 25
> 10 min, B P3G A THEZE MRS ; Ire) b v VR T05
PASRERAAE M 4 iz 2288 (Sulfated Moutan cor-
tex polysaccharide, S-MCP)

1.2.3  4Hph ZHEm iR A B e 25056

1.2.3.1 Frfbadal & BOAsRER 1.0 mL, GRledH]
oA 10 me, FgfbAsEl 535102 10, 20, 30, 40, 50 min,
M R

1.2.3.2 HmiRHE FEEEEREL 10 mg, figfbhst
[7]°4 40 min, YRGR IR FH = 4151°8 0.5, 1.0, 1.5, 2.0,
2.5 mL, MIsE B .

1.2.3.3 fRiRE M= Bl Bk EZ 1.0 mL, BEfk
B [A]°4 40 min, FRAREL FH 435128 10, 20. 30. 40.
50 mg, M B R

1.2.4 wamfofl R R SLIGHEAE -, SR A De-
sign-Expert 13 214, LABRALETA] (A) | WAL R FH H:
(B) A iR 4 F 2 (C) Sy mi PR, AU RE SRy i 3
E, PEAT 3 RIEE 3 JKSFma i il (36 1)

% 1 WA/ A Box-Benhnken (BBD )R iris it H & 57K F

Table 1 Factors and levels of response surface Box-Behnken
(BBD) experimental design
(S
K - — R— .
ABRAEI Al (min) BB A (mL)  CHiFR%EL A & (mg)
-1 30 1.0 20
0 40 1.5 30
1 50 2.0 40

1.2.5 BUYREEMIIE S REARRAE00 (k. ITFEfE
&, SR FHGRIRAN Ly R e B AR B P i FRE
108.75 mg HRERFIF R, A 1 mol/mL M2 E 4 %
100 mL, B4 0.6 mg/mL BiBRIEFRAE AT . = HL
400 pL BiERHP A % (0.01875. 0.0375. 0.075. 0.15.
0.3, 0.6 mg/mL) T EL.LE T, FAATA 3% =& LR

7.6 mL F1 0.5% S ALA-BH IS W 400 nL J5 54571
5], #HE 15 min, 78 360 nm PBEAANNEROGEE A,
JH BB A A AL - DB e O AR A, 1
JHCA—AD X FRAR A TR 22 AR i th 28, B 245 51
fift P AR ME S RO HE IR Z6 [F T 7 B2 Y=0.2611X+
0.0071, AAXT R E N R?=0.9983, BLIHIUAEE BT
FIH 1 mol/L #hR S5 R4 P iz 20 725544
SIS 2 mg/mL EAEU, I8 T8 K¥E R 1 h,
W 200 WL S BERHE REARETZIEIIE AL Aje R
PSR E NI R 5L & 1 (S) IR IR QR
(DS) o BUREEMIATN:
1L62xS
32-1.02xS
i DS ARSI ERE (%) 5 S S BRFRAR I H 41
FTE(%) .
1.2.6 Hiffedt Tz Zhi 2R AE
1.2.6.1 fHHEILIIMNGIEF(FTIR) RAE Ll T
AL FRE) KBr B3>k 5 MCP 8% S-MCP ¥y RIE& 5
PEAT S I R A, B S = IR AR, R
FTIR £ 500~4000 cm™" 20T BBl P9 X LA T4 4
ax N
1.2.6.2 H/RICBNIZSICHRUN (DLS)EAE  RJHITK
ZBEHE MCP. S-MCP #iBE%2 2~3 mg/mL, B A S ¥}
Lo L2y 2/3 &b, A8 FH 5 IR SCREAS S AT AT T3 4
53T o
1.2.6.3 HHGHEBE(SEM) E£E R SEM W %<
MCP Fll S-MCP (U5 TIES . KR T Z Wik 5]
F P S H SIS b, 253 S i SR W s A B,
1.0 kV Jinsl i & R UE
1.2.7 P TEHEIST
1.2.7.1 DPPH H W AIHFERR M e S EEl
LENT Sl s, IFRSVEE T, BiH] 0.04 mg/mL DPPH
TeK ZBEE W . X 100 L MCP BY, S-MCP &K
(0.00293 . 0.00586. 0.0117. 0.0234, 0.0469 . 0.0938
0.188. 0.375, 0.75., 1.50. 3.00 mg/mL)F* 96 f{FL#x
W, JF A 100 pL 0.04 mg/mL DPPH i b Aj
100 pL Jo7K Z B3 DPPH il Aj; ¥ 100 uL S-
PMCP & W B #e S oK Wk A . G i &
30 min, TESMGGRET 517 nm ZMISE 4% A OGRE, LA
Ve YEMBAYEXTRE . DPPH [ HEE R0

DS(%) = 100 X (D

. A - A,
DPPHH HIZEBR R (%) = (1 - )x 100

x (2)
e A SRR AYIBOCEEE; A ST BRZH A4
FGREME; A, 225 AL IO RE(E .
1.2.7.2 ABTS'H HIEEFRRME SHFEEEH
SRS Sk, IR IE . FF 7 mmol/L ABTS %
AN 2.45 mmol/L i R REP ISR R S FIR 5395,
WA N 12 h, FHFHIO/K SRR ABTS BE
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i = SGREEAE 0.7+0.1 FEEBI, 551 ABTS 17k
H¢ 100 pLL MCP 1% S-MCP # # (0.00293, 0.00586.
0.0117. 0.0234. 0.0469. 0.0938. 0.188. 0.375, 0.75.
1.50. 3.00 mg/mL) F 96 #&FLA H, FFHA 100 pL
ABTS fii A ic > A;; 100 pL Jo/k B0 ABTS
EAABGCA A ¥ 100 uL S-PMCP IR %y TE/K
LN Ao FEIRFFE 10 min, 725366 734 nm
AR 25 FOGEE, LA Ve VENBREXT IR, ABTS'H
BEE S S R N1

ABTS* [ H13EiE R (%) = (1 - ‘/; A ) % 100
& (3
e A SRR RO RE(E; A JEX T BRZH G

FCEEME; A, 225 IO GREE

1.2.7.3 FRILH AR E S
SEESTT R, IFFEAEE M. B 1 mL MCP 5§ S-MCP %
#(0.00293 . 0.00586.0.0117. 0.0234. 0.0469.0.0938.
0.188. 0.375. 0.75, 1.50, 3.00 mg/mL) T & .0» &
AR R ID A 3.0 mmol/L B iR W4k A % 1 mL,
3.0 mmol/L /K # iR - BE % #X 1 mL, 2.5 mmol/L
H,0, % 1 mL #E7 R NIE0 A K 1 mL H,O, %
W 1 mL Z8MK 9 A 5 1 mL S-PMCP #
el 1 mL P IK S RGCHN Ao FRATFR5I0T
BT 37 °C HIR/KEE T S N 50 min, 7E53OGOGEE
i1 510 nm &b e 45 B3 WG, BL Ve A BHPEXT
L FRIE A IEERRRIT AN T

%%Eﬁﬁﬁ@ﬁ%ﬁﬁeA;&%moﬁ(ﬂ

o A AR ZH O CRE AR A XS RRZH g
FEREAE; A, J225 FILH B CREAE
1.2.8 oWz BEIE PEADHRII E 2 PG PR
I, PR B . SR AR B MCP,
S-MCP FIFJ- R TR EEM RS 1.0~0.00001 mg/
mL. BEEAENZE AL R AS I a0 XTHEZH B A6
M2 b, ORI W 20 [ ELLEIRKOIIA MCP/
S-MCP/Bi-R AW . pH6.8 BEIRINZE 1 (PBS ¥
WOFN 0.2 U/mL o~ B HBHA W, RS T 37 “C
KWL 10 min. BAEJSIMA 1% PNPG ¥, FEK
K2 HIPE M BRIRACHE ZHE BT-RRER o- %

WEFY B ] 7 P A 2
Table 2 Sample addition table for a-glucosidase inhibitory
activity test of MCP, S-MCP and acarbose

JIAEE (L)
IH PBS PNPG  Na)CO,  puny MCP/S-MCP/
W] W W IR STz
FEMALA 80 20 80 20 20
Rz H4la 100 20 80 / 20
X HRZHB 100 20 80 20 /
YHEZSH4b 120 20 80 / /

T /BTN A R AR RSO T EA% % A

R2AII 37 °C KRIE LY 25 min, & J5 I 80 uL
1.0 mol/L ik PR ANV IR ~), FHEARIX T 405 nm
E OD fH, BRI 3 A PATEE5 . I3 A
ﬂﬂT:
_ OD,-0D,
OD, - 0D,

HK: OD, FEEERLH O GAE; OD, S 3ie2s IF4H
I GAE s ODg X BEZA I GIE; OD, S BEAs 120
FAH.
1.2.9 MCP F1 S-MCP %f/]N B E W41 i RAW264.7
AR EE PRI E K/ BB WEAN L RAW264.7, 438X
RFTIRAT, WHR 90 pl InAGHT &% 37 3 AU 41 i TR 2%
LA 5x10* A~/mL ()% BT 96 FLAR, 353% 24 h /5
R A TR) % #e )& 19 MCP 1 S-MCP( 100, 250,
500 pg/mL)YEH 48 h, SR MTT 2401 MCP 1 S-
MCP X/ BB BRI i RAW264.7 B4 igaat, Jfi@
TS Z O AR AR NG . BRI T 450 nm 3%
K TFMIE WG, LIPEAl PR 0 40 s e 5
el ZHMEAF I DA R AT

OD, - 0D,

- OD,-0D,

X H: OD, ASLIGLANGIE; OD, A S g4 it i
T SCIE; ODy X HEZHIKYE(E; OD, Xt RE ANty
PRZRZHWGAE -
1.2.10 IEH/DNEHET &8 (OGTT) T BEEIL
BENLFITE 4.0~9.0 mmol/L B/NER 45 Bt/ NER, 3%
RERENL SR 9 4 3 ZH Xk R — PO i fip 25 7Y
(R ZIHEZH . MR | DEATZH) , B3 Fh i £ far S AU 2
4 DA FELH (FR2H n=5): AR FREL K AH | BT UBEL |
MCP £HF1 S-MCP 4, iEMWHmEFE 7d )5, 258 3 h,
SR VKR LI 52 25 W AR IERIE . 4540045 T2k
PRERIK . B EE(0.5 mg/kg) . MCP(0.5 mg/kg) . S-
MCP(0.5 mg/kg), b5 B 20 (2.0 g/kg) . HHE
(4.0 g/kg) . BEHY (6.0 g/kg)VE A 17 far AOVH MR - S 56,
F4F5IT 15, 30. 60, 120, 180 min 2 MUBHE .
1.3 IR

JITAT LY A i — R A, BIE LA bR 2
PR o SR Excel A TR IR 5 A 4T, IF
i# i Design-Expert 13 A4 58 Wl N 43871 FIH
Origin 2021 G179 GraphPad Prism 10.1.2 AT ER I
B BOE BRI (ICs)) o ZA ELAR (25 A4 . BRI
BEZH . MCP 48 & S-MCP#H ) 5% /i GraphPad Prism
10.1.2 47 AR 2 5 2257 H7 (one-way ANOVA), i
E P<0.05 R EASITE .
2 HBRESHh
2.1 BEZRSE

St AR, SRERALAT T e 2 A R ]
£ 10~40 min Y5 A, B2 Bl BE A0 B (] 48 <320 3T
T}, 40 min B EIE(E S 0.0600+0.0023, 53X 42 K K

FHIR (%) = (1 )x 100 £ (5

Y HAEIE R (%) = (1 )x 100 =X (6)
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A 0.070 B 0.08 - C 0.085 4

0.065 0.07 4 0.080 -

0055 ooe] 0ot
i .05 1 il 7 fid 1
2 0,050 b 0.05 Es 0.070
& 0.045 5 0.04 = 0.065 |

0.040 - 0.03 - 0.060 |

0.035 0.02 4 0.055

0.030 ~— T T ; 0.01 T T T T T 0.050 +— T T T T

10 20 30 40 50 0.5 1.0 1.5 20 25 10 20 30 40 50
FigALA ] (min) VMR (mL) TR E I (mg)
P ORIE) AR X AR At B 22 R r 5
Fig.1 Effects of different factors on the degree of substitution of sulfated MCP

TE: A FRfLma]l; B et &5 C SR B

WRGRFRAE A AZ O AR, nT P ie 3 (-SOH) 5
ZhERIR(-OH) KA r U N, B sh ikt
[ BRER AL 5 TP (8 v i e e L i R 1 5 7K fi
M, A AIHA “feadik” o B S, Ead 40 min J5, WRET
TR S AL R 2L 5 | R 20 R R, 30U
TRENCL i 1A FR.

Wiz FHE M 0.5~1.5 mL B}, r=BUC R 4k
EFE, T 1.5 mL BFiAE] 0.06678+£0.0043 1 I5AE .
R R R R (>1.5 mL) I i S BEUCE T
[, AN s DS AT BB o B AR R IR T 2 HE T A4
L AN 1B R sk ib— AR B i e fb”
5 RREAR B AE ), BIAE A OR Sh AR IR L A S5
ZRERILLE G, T RG2S AR

TR 2 R AE 10~30 mg 15 Bl A, F= 8 BUC R
[ FH & 25 w5, 9 F 30 mg A iA Fl) 0.07463+
0.0026 IIEAE, ANAkEEE NG R 44 FH i (>30 mg) W
SEUBACEE TR, n GBS T ORAR B I A S e A ik
o NH, SR R B 5 SR R A5, 3048
ATy SRS ME Sy T 7K i B fit AR EEBRR, iR 2T
PR AL 5 S BR SL R A &, TR RS TSR A AR
SN, Ire BRI AL SN AN FESY, B R EE RN o2,
W 1C Frs . BPREAE R WA PRI 79, il it
RS A ) NH S R B Fa B 1 S IR
R B IAEE, (R U RS A ) 2R IL M4 RS,
TR B AR RS B e e T 2 M R A R 1]
40 min. WAL AHE 1.5 mL | #ilkEHE 30 mg.

2.2 Mo ERAIRLE

>R JH Design-Expert 13 ZFA4XFa000 45 SR 347 B
VARG 3T, SRR, 255 0Nk 3 R, 19 2R fast
BI(A) . Hemile i (B) M iR & (C)3 A RZEE
ClEpy =P

Y=0.0748—0.0014A—0.0037B+0.0008C+0.0035AB-+
0.0015AC+0.0036BC—0.0121A%—0.0229B>~0.0100C>,

ZBNA T FR A 2R B R?=0.9889, K IR AT
BRI N A 24 98.89% FHIRXEG R 2 5 | AL Ay ARk, $21
GRORRAF . BIEREL R 5 =0.9747, BLHATER 1 A
AR AU, BRI RERRE R RELA 97.47% BN N A%
S AR F=69.37, P<0.0001, 138 B A% 5 4K
Fo AR 4 PR, X 2285 T oA S Bk
5] 55 e i e FH 2 1 38 BAE FH (A B ) X B BE 11 5 1) Sl

F 3w B M Ak
Table 3 Response surface experimental design and results
s Aﬁéﬂ@ﬁﬂ‘l‘ﬂ Bikmif e ChiR & e
min) (mL) (mg)
1 40 2.0 20 0.03323
2 30 1.5 20 0.05586
3 50 2.0 30 0.03672
4 30 L5 40 0.05133
5 40 1.5 30 0.07524
6 50 1.0 30 0.03896
7 30 2.0 30 0.03368
8 40 2.0 40 0.04491
9 40 1.5 30 0.07494
10 40 1.5 30 0.07788
11 50 1.5 20 0.05089
12 50 1.5 40 0.05253
13 40 1.0 40 0.04338
14 40 1.0 20 0.04611
15 30 1.0 30 0.04981
16 40 1.5 30 0.07318
17 40 1.5 30 0.07267

K4 BRIy 22 00T

Table 4 Analysis of variance results of the regression model

SRR SEHE AME B Fi P WEM

AT 0.0038 9 0.0004  69.37 <0.0001  **
ABEAERSTE] 0.0000 1 0.0000  2.76  0.1409
BB & 0.0001 1 0.0001  18.15 0.0037  **
CHMREME 4.590x<10° 1 4.590x10° 0.7546 0.4138

AB 0.0000 1 0.0000  7.93 0.0259  *

AC 9.517x10° 1 9.517x10° 1.56 02512

BC 0.0001 1 0.0001 853 0.0223 *

A’ 0.0006 1 0.0006  101.71 <0.0001  **

B’ 0.0022 1 0.0022 36193 <0.0001  **

c 0.0004 1 0.0004  69.32 <0.0001  **

B 2% 0.0000 7 6.083x10°°

PRiu 0.0000 3 8574x10° 2,03 02517
a2 0.0000 4 4215x10°°

ENCF = 0.0038 16

HE: *P<0.05 %3, **P<0.014 . % .

2 (P<0.05); TRt [a] S e HE =S 5EAFH(AC)
X HUBE Y FZ M AN .25 WRBIR i S AR B FH B
B HAEH (BC) X U CBE A2 0 {2 25 (P<0.05) ; il i
Z M FAEPR/NAT S 1 3 AN ZEXT S-MCP iy B
BRI BE SN - YRR & (B)>HR ALt 18] (A)>f
TREHE(C) .
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2.2.1 Wl AT v P T A SR R AR E T
£ EZXT S-MCP BUREE 52 . B REBREE, 5Lk
A AT [ LS 0 SRR TR, 3R BH IR 3R 1452 1) 1 il
2= YR N se s NEO AN, A TR RN
Sy AnieE s B 3 M AE AR, HAGRDE H AL n) 45
TSR UL RS B AR AR, R sl 10 S5 e 2R | 2=
RS B AR FHEESR.

AR 2 SIS, AB. BC FYAZ B AE RN
H TET 3 BE A b, S 2Rk 2 A R A DR, A X e 2
8] A2 AR .35 (P<0.05); AC 22 I A FH A b7 il T
YR gs, EIZ R R M sE EAEIAR 3. 22
SRR T LB H, BC 38 RN BRI B R 3%,
HIRJE AB ZZ BRIV, fe)5 it AC 38 BN o IX—5¢
M AR B HET 5 BE R0y 22 53T 45 SRAH B EIE, TiE
ST T AR A AT S
222 HAESZE AR EUE T A KSR 45 IR,
38 3o e N7 T AT IR A6 S ) S-MCP A IR 1k 4%
14y gAL A TE] (A) 4 39.2928 min, AR I (B)
A 1.4575 mL, iR %4 FH i (C) A 30.1738 mg, Tl
R AL M OB CEE S 0.07500, SERRIEVE P2
B AL TE] (A) S~ 39 min, LR FHE (B) N
1.45 mL, BiliREHE(C) M 30 mg FFTIGIE, & =1k
SPATSEESINAS S-MCP I EACEE S 0.07391+0.0020,
SESTIEAE LEAHXT IR 225 /)N, IESE [l ARY n] 5
PR 2R IR AL T 2S00 A B, DAY
LG R
2.3 REQCH I ZPER M RERIED MR
2.3.1 (HEMARLT SN GE RIS Kl 3 R,
X MCP A H: S-MCP B4 FTIR i 43 11 & B K&
Y MCP £ 3400~3200 cm ™' A4b g /R #23E (-OH) /1)

2962.73
1625.58

832.74
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Fig.3 FTIR spectroscopy of MCP and S-MCP
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BEAL SE U AE 2 ZLP Y C-6 719, 225056 K F, S-
MCP 7 832.74 cm ' AT WS04, FH: AT BB SR A 1 e
F(-0SO* ) I C-O-S X PR i a0, FEH MR LI
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A BAARFE RSN, B 3530 . ARIIZ ST, 04 nT IE 8
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2.3.2 TR RIESAT e %
(Polymer dispersity index, PDD) J& 1P Bk 321 P 44
SRS RR, W IE MR, PDI AT 0.1~0.5 2 i), /R
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FURL VS AR TR B4 22 57, (H B RS E 5 S-MCP 1
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Fig.2 Response surface and contour plots of the effects of interactions among esterification time, dosage of concentrated sulfuric acid,

and dosage of ammonium sulfate on the degree of sulfation of MCP
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PDI 24 0.391+0.24, 1 B iZ UKL 14— PE UL T MCP.
DLS & 7x MCP Hifdk J3 24 R 1R 356.32+26.07 nm,
M S-MCP 4 294.444+40.62 nm, {1 K& 4 ffr7s . S25
LR, TRERAAE W (sl ST R S 0a/ )N, FEAIR
T MCP MYZ5rarEFa %4

A 30r
d=356.32+26.07 nm
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g
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B 20
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Fig.4 DLS particle size distribution and polydispersity index
of MCP and S-MCP
TF: A: MCP, B: S-MCP,

2.3.3 HMBERIESTT ANFEEFRBEEWEL NN,
MCP 5 S-MCP JE#i 22 57 3 . MCP RIS pH ks |
ASHRD QBRI ASE, ZFLER 4%, dn
S5A 7R IXFE SR R IR Z2 W0 534 o) SV
SEVEFHYELE R AL LE L, VT AR H 52 2= SR 42
o ZemmBR bl s, WOUIE SRAT B AR, AT
SYHET R, FRIAAHXT -1, HR /D, aniEl 5B s .
WRIR LA 5 | AU T 43 FIRIAH HAEH, R AT &
HE LIRS ATREF 7, BI85 T 4 FHE R 148 A 1E
FAPS, X A543 F4E 45 5 43 i, S ZTE i HE
B AT ES )
24 WERUHFIE ZREOMENRAE

i 3 X5k e MCP il S-MCP 38 LS8 45 58, 43
Mris i, S-MCP %7 DPPH. ABTS' X ¥ 3 H i #:3Y
FEE U BEAR AR TS BRBE J1, BIPTE AR S i

. G gl AT ]
K5 P SRR LA B 2 W R LB
PP [R5
Fig.5 Scanning electron microscope images of MCP
and S-MCP

#: A: MCP, A-1: 3000 fi5, A-2: 5000 £, A-3: 30000 1%; B: S-
MCP, B-1: 3000 £{%, B-2: 5000 £%, B-3: 30000 £

& 1) 3G I AS W3 & . 7 DPPH i 3R R
T VR €0 R R i 2 B AR R T v TR 5, v R A
0.00293 mg/mL 4 3.0 mg/mL B, 3% R 3 i 9 4R
{HHETF 2 64.85%+3.25%, HHE T 1.5 mg/mL J&
WaHIN S, AN 6A T~ . ABTS'H H3EE R, [H
SRR RL R N IS PR R ik 82.42%+1.15%, IRk E
B BOIE BRACESE T W2, A&l 6B Fis. FRAEAH
FEIE IR S g AR 2 b, 3.0 mg/mL ¥R B A IE R 3] ik
71.34%+2.56%, HTE 0.00293~3.0 mg/mL 3 [Fl P B
e RGN _ETHEaE, WNE 6C Fin . il SEE X b
KL, S-MCP B BRECR W AL T MCP, {B4)555 T
PR IMmR (Vo) , #EMI AT Ee-5 AR [t 309 7E AL
Koy a2 A 2%,

il if GraphPad Prism 10.6.1 4387 %5 IR & (X)
SR YY) R IC R, 159 1CS, (E T Top {H, 4N
2% 5 Fi7s, MCP #55% DPPH., ABTS FIFJE [ KAy
ICs, H 43 51 °& 0.362. 0.158 Fil 0.109 mg/mL, Top
B4 )M 38.96%. 70.08%. 59.47%. MCP HATH
MRAAEM 5, H R DPPH., ABTS FI¥EdE [ i HEny
HE ST AR RN RIETT, 1C s, {EFFAR, Top 18 23 T,
SR 64.85%. 82.42%. 71.34%, PLAAALIE TE B3
EOR . BXCAPHETE T BEUE T HR IR AL S | A £ i far Sk A
RS T 2 BELE R, PR TR 2SS S T As (]
FG, W B AT 2 b 375 3 1 PR 3

A 100 B_ 100 € 100 -
S < S
5 80 s 801 = 80 -
& & %
i 60 #Z 60 1 gr 607
: ; ~+S-MCP
Z 20- 2 20 20 Y
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Fig.6 Comparison of in vitro antioxidant activities of MCP, S-MCP and V.

1E: A-DPPH A 3955 %; B-ABTS H LSRR %, C-HE A hEEBR .,
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Table 5 ICs linear regression equations and calculation results of MCP, S-MCP and V.

. DPPH- ABTS" oH
o IC5y(mg/mL) Top 1C,)(mg/mL) Top ICs(mg/mL) Top
MCP 0.362 38.96% 0.158 70.08% 0.109 59.47%
S-MCP 0.244 64.85% 0.112 82.42% 0.084 71.34%
Ve 0.041 95.98% 0.0078 96.80% 0.028 94.44%

2.5 HREZERBRIEERIES o BEVEE A
HEME ST

FHIEl 7 AT, BEMEEL N, MCP. S-MCP KB~
PEHEXT a2 B 04 2522 -, 1.0 mg/mL
B R 3245 1 31.31%+1.76% . 43.92%+2.18% A
87.07%+3.42% . Z5HLFRBA, Bl BB HI/E FHRCR
AE, T S-MCP ffiliEHER 0T MCP.,

100

e B .
_ —+— S-MCP
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=
-
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Fig.7 Hypoglycemic activity of MCP before
and after sulfation modification

i# i GraphPad Prism 10.6.1 43 #r Es e B (X)
LR () LMo R, 115 1C, (B Top {H, AN
% 6 T % . MCP Xt o % W+ B 19 1Cs, {8 A
0.086 mg/mL, Top 18 31.31%, & R1L15 2 A9 S-
MCP 4 1C, {HASEAN K, Top 1HHH BHEE5(43.92%),
TP SE A Xt BEBAT R 98 B 19 1C5 {24 0.0067 mg/mL,
Top E>H 87.07%. X FKIIGIRILIEE T MCP By

Ko IR BRIRACH ST B BRI R BT a- %

MBI R 1Cs, LbERIA R 5545

Table 6 1Cs linear regression equations and calculation results

of the inhibition rates of MCP, S-MCP and acarbose
on a-glucosidase

P, v BE TR T AR R AR 3 A RO T S I T
M AH B AEFH, B2 S-MCP By % P75 B RAIK T 5] -
2.6 HAKZEMEBAEIHEIEX RAW264.7 4R
FMHERS

&l 8 T4, FE 100, 250 5 500 ug/mL A4
HE T, MCP & S-MCP Xf/NiUHE WELTL RAW264.7
PRI 2R A 28 W 25 ), Ui R ARR fh el S 4
P ZhE% T ARG HA S B EIE

120 = MCP = S-MCP
100
80
60

40

AT (%)

20

100 250 500
FEAMRIE (ug/mL)
K8 N[FIVREE AL e 2208 | BRI T e 2T
RAW264.7 AAAF A 5200
Fig.8 Effects of different concentrations of MCP, S-MCP
on the survial rate of RAW264.7 cells
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Fig.9 Effects of different carbohydrate groups (starch, glucose, sucrose) on OGTT blood glucose fluctuations and area under the curve
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