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Abstract: The crude polysaccharides were extracted from Bangia fusco-purpurea by soaking in hot water
and alcohol precipitation. Sephadex G75 gel filtration chromatography and DEAE ion exchange chromatography
were used for the purification. The inhibitory activity and type on angiotensin converting enzyme( ACE) were
analyzed by enzyme kinetic assay. The composition of polysaccharide fraction was investigated by HPLC and

ion chromatography. The main results were as follows: the enzyme activity analysis demonstrated that P1 signifi-
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cantly inhibited the activities of ACE in a concentration-dependent manner, and the 1C;; values of P1 against
ACE were estimated to be 0. 34 g/L. The sugar composition analysis revealed that P1 fraction mainly consisted
of arabinose(88.07%) together with a small amount of uronic acid(6.67%), glucose(4.55% ) and sulfate
groups(0. 02 %) . Furthermore, the results of the kinetic analysis demonstrated that P1 inhibited ACE through
the reversible inhibition and its inhibition type followed non-competitive inhibition.

Keywords: Bangia fusco-purpurea polysaccharide; angiotensin converting enzyme; inhibition effect; hypo-

tensive; enzyme kinetic
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BAREWE, SEEME, BEIFEEN KA, WA TR, B OeZ . O M A B . R R
AN EAER, WFSTERM, AR Rk R (angiotensin converting enzyme, ACE) S{AKP I A %)
KR ACE TTZAFE TS AL, EAEDIRNEER - S ZKERSE (RAS £%) Al
PR - SRR S (KKS R40) HFRFZEAES . ACE ALK ICTEMEA I E5K R T (angiopoietin —
I, Ang -1) BALREA WA A 1E AN 55K % 11 (angiopoietin — 11, Ang —11), [A]EH# EAT 1l &7
SRAE FHRYEF RIS, SEumETHR D, Ik, ACE il nl @i il ACE AUIEHA M H] Ang - 11
WA ksl I, BAT, FSRBBEANAYT & ML ACE #IHIFI2E 259 2 h == 254, anAkIs5 F|
TSRS, X2 s, (ARERIERROR, AE TR Hik, ke &Zpil 4
FIFNH] ACE R ERTE MY 4152 B TR I H T BEPE £ FN = 2 f A P o 3R 2 —

PRGN FE N2 —, WREHEREMIEEAYIEEY BRI, Tk, SN ZRA &
A E A B MR U2 O S ARG, bRl . BRI . RRIORESET S (ETE T 22 Y R O
FETEME DT W AT S AR /b AR 26" OB & B, R B I A v i A R TR 5 LA v 2 B R
P P P A R I R BRIt v v o A8 PN B T oK R — SR R VR B, IR IR T N R R (BRI R
TR BB YE) A Ang — 1T AUHREESEE 5 1% . Hemlatha 25" NS 23 (Sargassum siliquosum) W
Sy e E R 2 0E, AT ACE TEME, BAEAEMREUEDIR ., 755h, AR L KR4 451
FRIEXS T 2 TG T AR, AT G, WA RO ACE (915 PEAG 25 5050 19 4
HMEH, Hhmme s S, W EXT ACE WG A & — e, 4. B % (Bangia
Susco-purpurea) EFREREA M E LT TIR, EARMITERIEAR @A RIS, B4, o
FRW, ABREEARME, FFEIAS. B sk IREE LS, (T HL % i i 536 PR AL R
WA, A SO LT BRI TR e Anaifh, i 2R 5% ACE TR MRS, 38 Il 4
BrCXT ACE Ryl sl Jy 2zt b HAm I 28 80 ) Sk — 20 ) B 21 6 Bt il 1 1) 12 24546 AL 25
S SR AL HERN A, DT AT DA sl I & A LB s wE I

1 MHEERE
1.1 #E5iRF

LT B EORAE TR a4 w5 I Tl g B i,

ACE (EC3.4.15.1) . HJRBEHEBESEE R ( N-hippuryl-his-leu hydrate, HHL) . %28 ( Dex-
tran) FRifEM (5, 15, 25, 50 ku) . FOBEARUESY (L-5BWE, D-Hi%bE, D-2E3UME, D-BUHi{am,
D-AKWE, %) T 3£ E Sigma-Aldrich A7) ; WEE, OB, A4, Al WIS R 7 Hr
W ¥ 1 [ 2 4R Ak 2= R A FRA AT
1.2 OERESENRN

21 B i 2 BCR K - Bk, B4l Bvkd s, BT S0 Ct TR EE,
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Z 5 R RERUR A 6T RS I A #2 FR B RIS 1 3 Wk, JF R, RBRE st R Y i fl
PR MEZR T, 12ULIE 28 5200 o/min B0 15 min, PIRERCH, A 1 L ZZEKINIE 90 C 17T #0K
$£2 h, 25200 r/min B0 20 min J5, W EZWEW, REEZMA 1 L ZEZRKETHOKMEE 2 h, 48
D5, AIF i, EoS7EKRHYEE 500 mL, 4 °CF BN AKT%99. 99% 1Y 2 i A 5 & AAFH
IBOREN 75% , 4 C FHEAI, 2513 000 r/min B0 10 min J5, WCHETTTESE 2R T 18 & 72818 K
Hr, 223000 u B ENTIENTS , WUR T, LR 2N,
1.3 OEBRSENAL

K BB Sephadex G75 Fil DEAE Cellulose 52 A3 2 ik xf A vefTaifb 718 ) Bl s
TR, FCHITREIRE RS o/ L WA, £20.45 mm KRELIEBEIENS, BAET Sephadex
G75 BEIS)ZHTHE (16 mm x 100 mm) , % 0.1 mol/L 4 NaCl iAW HEATUEN , VRN K i 208 i Bk
FH B SRS S 40 4 (5 mL/4) W8, FIHZRBRRR T T 490 nm Ak BRER AN BEEIE &L,
B AR PRI AR AR, ARFR B AOCEEE, MR, SIFUEmiE, LEiEtsE, BWiRT
f, BRI AL B A . K4S Sephadex G75 BERCAE E T4l fl J5 15 B 1Y 2 88— & 7518
KRR, I REWRE NS o/L, 240,45 mm KZELIEMITIE G FFET DEAE Cellulose 52 ZEHr i
(2.6 mm x200 mm), FIH0, 0.1, 0.3, 0.5 mol/L NaCl ¥R HEAT A BEVEM, R F A I B R v B B A
M — YR I 2 S RIEOL, BRI ik, ST ML BN EL S, WOR T, 155
L AR 2 HE L 53
1.4 AEFEZEIT ACE B9MFHRE

WA ) Jo 12 Mk B2 19 %% 2 W2 20 W (0, 125, 250, 500, 1000 g/L), XJH: ACE 1l 3 P4 247
BT R TIRE A 6.5 mmol/L Y HHL A 100 mL, A [ #5144 2 W4 70 75 200 mlL,
100 mmol/L BEMRELZE ik (pH = 8.3) 200 mL, 7£37 CHE/KAHM 3 ~5 min, RIGHA ACE fil
W 500 mL BN, 37 C/KI 30 min J&, fTA 1 mol/L HCI 100 mL £ [R5, SRIGHIA 1.5 mL &
@ﬁagﬁ, RE WA EHITE O (5200 r/min, 10 min) ; W FE R R 1 mL %}T?‘a#ﬁh%ﬁt}j, X
A 120 CHYHER R B 30 min, RHEMAZEMRIK 6 mL, JRAIJETE 228 nm T @ HIROGEE(H,
THREAKXWT . ACE MR /% = (A, -A,)/(A, —A,) x 100 , Hr. 4 F/R ACE 5)iK¥ HHL Jin A
TR RN BRSO EE s A, FOR RV AN dl], R ACE 5IEY) HHL 58 4 KW iy % B2l
I CREE s A FOR AT BUE I ACE, FEINSHIF, ACE 5 HHL S %S MO EE(E
1.5 #P# ACE EHESEAD RS
151 SFRIAHXE 43 ot 1 I

Llifk 220 e BT YA o0 5 R OB R S . ML O R 5 o/ L PVATR, LAET
HBBHEERE Sephadex G75 (10 mm x 400 mm), FH0.1 mol/L i NaCl ¥ (pH =7.0) 1E=IE N
0.5 mL/min SFBEVEML, VEBEECR AR B R T BREEAG TN . FRifE I M (5, 12, 25 A150 ku) %1
RE SRV, ARDEARE S AR 6333 220 e BEAG S Y AR o0 i
1.5.2  HBEA AT

KA BB AR TS (high performance liquid chromatograph, HPLC) 777k X417 38 Z2 0 H 10 45 F
HOREA Y AT EAEAE A 0.5 mg (MR BES 10 mL =AM (4 mol/L) WRAJGE
100 CF/KME 4 h, F ABEE iAo g r=ofiik, ke oK g =9 LA Fasiii 25, M
GlyScopeHonenpak C18 (4.6 mm x 75 mm) WAHFE ST, 5 A Bt 4080 7% NG 1) WL 3 22 ih ik
(0.2 mol/L, pH =8.9) #% M 1.0 mL/min A9 ¥ 3 T 30 °C T PE/B 50 min, K0 BE (14 b 1 50 0%
(D-2FZLBE . D-BIHiAME . D-Hi%E . D-H &M, D- AW, L-A b)) wREMFEAER L
FETWAHR G, WEARE 2T 35 2 05 7 Beb 09 Ss oy . 216 3 220 b I W 18 e T 3 0 B8R
[ S A 0 A
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1.5.3 BRI & &0

SR FH B T (0 A I 21 76 6 22 M v 19 56 A 1) I o B, KRR S AE S 3l b 550 C R RFE S h
Ja, Lﬁ?%?ﬁlﬁ, {i F DionexlonPac AS19 (4.0 mm x 250 mm) ﬁljg%ﬁj\*ﬁ*f, K KZSOA"E%]*/]—?
HES AR L, W20 B 2B P B RR L A1 A9 &5
1.6 LAEEZHEXT ACE BIIEIHIE
1.6.1  AHIZEAI ) 3h 12453 B

TELT BB LM 2 R E (0.25, 0.50 ¢/L) BIKMET, FAARFETE HER ACE (0, 1, 2,
4 U/L) AT ROVAIHR AR, ARk B 3 IROPATSESS, M E R —4, 2Rk —
41, Rl HEA T S B R RN, DL ACE T35 73 FE X S o AR I, AR A 8 2 i R 0 RRAE 404,
HEWTLT B 3 L2 N ACE AU IS,
1.6.2 ALY Bl ) 2 3 b

TEL T 2R % N0, 0.25, 0.5 g/L i, MEJEY HHL ¥ ¥ 4 3.0, 4.0, 5.0,
6.0 mmol/LE} ACE HYREAR SN W3R, JiC v B S I ) 3 6 9 (31 40 2 1] Lineweaver — Burk [, #
SLLTBEE LN ACE MBI 12405 1, FIWLL B i 2 WX ACE AYafI A=)

EZRE5QH
2.1 AEEBSHENAN

BB ML 0T Sephadex G75 BEAEJZHT4lif, FHWE R 0.1 mol/L 19 NaCl ¥ W4T VEN,
VEMGIE BLan &l 1 s o BERC I U8 JE AT R AR AR i v A5 A A0 AR X A3 B K N R AT A B 1

21 BB 2 HE R UE R A B B — X BRI, YRR B — N — A5 P, W St B U8 2 BT
WIS BILLBHEZHE (P) FFET DEAE Cellulose 52 A2 2HF)E, AR B NaCl Ve Ik 7k
TR BB, A5 5RaNE 2 s, B 2 AT, Y HIZEEKBEE R, R WA R EE, T7E NaCl %
WHBEEHRO0.1, 0.3, 0.5 mol/L T, & —AVEMEH I, 7lan44 4 P1, P2 #1P3, DEAE Cellulose
52 JEARYEE S B A A T B e i R R AT 3 B, T LA AR B PL, P2 R P3 3 Fh &
VR BO A ANFE LT, PL<P2 <P3,

1.2¢

0.5 0.6
1.0 N 04 L “"‘0.5 ;\
08+ . 04 =
5 P2 g
04/ 02 2
z
0.2 : [\—\ 0.1 =
0 ‘ ‘ ‘ 0
0 10 20 30 40 0 20 40 60 80 100 120
%5 Tube number %5 Tube number
Bl 1 aE#EELHE Sephadex G75 TR E B2 aEEZHERE P K DEAE Cellulose 52
Fig.1 The Sephadex G75 chromatography of B F AR
polysaccharide isolated from Bangia fusco-purpurea Fig.2 The DEAE Cellulose 52 anion exchange

chromatography of polysaccharide P
2.2 UAEBEZHEXT ACE BIHPH
LLEWEZHE R B PL, P2 A1 P3 X} ACE BRIVEFTAnIE 3 Fos . 3 D204 50, PLXTT ACE 1Y
WA BB ENIEIER, JF BFE 2R S, s Sl MR R B S 3 SR etk ¢
ZXy =16.642x-6.936 4(R* = 0.9990) , AL BELHE P1L X ACE (I2EMEIHE (1C,) A
(0.34 +0.06) g/L, 1fiZHEZH 5 P2 1 P3 X ACE 36 J7 A9 I A 3%
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2.3 #HIACE B SHEAS N U FER R BN 707

Pl oP2 =P3

DFRE * 60

HERFEW], M ACE WEPEZBEALY PLI 2 sof
FEA R BRI (88.07% ), MIAIME £ 40
(4.55%), WEREFR (6.67%), B TRAMEZM., Z 5|
PR LT BRI B PR S RABE %
(0.029%), B6W], TELLEMEHENH ACE R = |
AR v, R A A T A R B DGR T, AR FIE

0 PP Cllsss 8 N I8 e B o

X5 TR T4E R, P12 BEAL S HIXE 5 ol om0 S0 1000
2,07 ku, p (Z W Polysaccharide )/ (mg-L™)

j?jﬁum& ! 3 AWM ACE il fE

) Fig.3 Inhibitory effects of the purified polysaccharide
2.4.1  HiRZEAE Sy fractions from B.fusco-purpurea on ACE

A A 1) 550 5 1t 4 FH B O O ), T 4 04 -
VR 43 > RT3 0 RS RT3 o 2 Rl AR HF
ER WG 2 1240 s, RIEAS R Bk T
O] T R R AR AL KT AT B 2 B4 7 PL X ACE
11 Eagii

mE 4 Fros, BERYWE, B2 ACE [
WM, DL R X ACE [l TG 77 vk B A
Kl KLl B 245 P I ZI E ACE
FitE G 1B R AR o, B AS IR B (0, 1,2, 0

0.3

0.2

J2 IV 33 2R Reaction rate/ AU

0.1

0 1 2 3 4

4 U/L) E(J ACE ﬁiﬂﬁg% 5 ﬁﬁ&mﬁ% ( VO ) Xj BifF 1% 1 e i Concentration of enzyme/(U LY

ACE REVRFEAE IS AERG RN R P INEOAN TS wt 0 00 JE 200 b 608 2 0 00 10 BE 025 g/Lse %%
IR, [ e e b A TR, I HL,  SHIREE 0.50 g1

%ﬁngﬂ%)ﬁ <] @@}i@,ﬁ:% ,:F, , }i@ﬁ% EHE] zjz ] Notes:a indicated no polysaccharide;b indicated p (polysaccharide)=

0.25 ¢/L;c indicated p(polysaccharide )=0.5 g/L.

ﬁjr%g%ﬁﬁ?xﬁﬁig%%" %E%;}%/{QE 4 AERZIEHAS P13 ACE BEsHIMNEI 3 HZE 5
RSN AR B T, i ek 5 2 A Fig.4 Kinetic analysis of polysaccharide fraction P1
R, AR HE 0 500 69 3 S 2 ih R ml 70, L2 b4 against ACE

43 P1 Xt ACE 1 F1 (940 V8 FH I -l i >

2.4.2  nlmd sl s o i

LSRR EIPIRS3sE 710 S-S b 41111 1 I % /S won =i )31 N e mons = 41 S o . 1 P
ACE WTE I (4 U/L) , BURJEY) HHL #EREE (3,4,5,6 mmol/L) , TEANESIAAINLL B #E2HE
(0.25, 0.50 g/L) M T, RHMES 1%, %3 Lineweaver—Burk 1£&,

WK 5 Bi7R, TERE ACE WG JIKREE (4 U/L) WYZRAET, LURYIREERIEIE (1/[S]) R hi s
RIPEIEL (1L/[V]) H4/E Lineweaver — Burk X34 i £ , 52 A TRE AR R A B2k, MRHEIE 5
SN Er RS I, TETC 2RI B R AR R b, v, 8 3.3731 AU, TEESINZ 05 Bt i ik ol
0.25 /LA R, vV, H2.0721 AU, ZHERTHEEE FHE 2 0.50 o/L KR T, vV, H1.096 AU,
MAERIMZREG , KR K AHRFEA, LA UL, & 2R E TS, RBIART K AL,
VBB, FTLLZZ ML 500 ACE J&—FhaARSE St g am il /Y . e id, Z M5 P1 ATL)
SRR ACE A4S, Rl LIRS IRYI A4S S W ARSS &, Wbl Py ng A s, DA T 400 o 7 1 e 7 A
PEAT, ARSXFR DG 23 BT 5 B Z5 Gt A2 ) R My I X S A 1 0 s A
P& LAT 3 Fig R sc . 1)l B SR a0, RERIERERE (G'); 2) il
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R S T e 55 4, SR 35
WL R (R R P, K 00 5 W = ‘0

B 3) Yol SRR, TR
S WA 45 Gk, 0 9 2
B LA AR, E
WAy P1 M ACE WIMHIME, v
B 5 ML A A T L S R A, o
WSS R S S A, BN A 10/‘/r//r/////’“
BRI TR A, T RN 0.5

s /

pALC (A

2.5

2.0

/(min+mmol™)

1.5

1
[V

1 A,O N 1 I il
10 =05 0 05 10 15 20
1 o
\ —/(mmol - L")
3 Z5ig §

WL B 2R E . B BV e RN K S B IR R LM B y=1.154 3 x40.912 7, R*=0.998 8;

4 = N b FoR ZWEWE N 0.25 o/L KR LK y=0.625 5 x+0.482 6,
H A ; AN
“OfL, 19803 DARFGZHALID PLL P2 pog 08 o:0 e 2 it I 0 0.50 gL 1 5 26 M Jr B2y

FIP3, Ho, ZHE4145r PL X ACE 3 TEE 0356 9 x+0.268 0,R=0.999 1,
ﬁﬁ% Hy ?fl] ﬂ]:IJ /ﬂEFH s /E\: ICSO ﬂ‘j 0.34 /L, z:)tt;:;gagéngi(]t:tfeddflo p(()llysa(:((thallride,l}ine.z;r e):qlz)atzi;n ‘/AEIS]I}'=1.154 3 .x+0.912 7,
BRSNS N " | -=0. H indicate p polysaccharide ) =U. g/L, lIinear equatlon was y=

;]:IJFH %ﬁﬁ@*ﬁélj‘%*ﬂ%%@lgxzfgﬁzﬂﬁ 0.625 5 x+0.482 6,R*=0.998 9;c indicated p (polysaccharide)=0.5 ¢/L, linear e-
P1 E@gﬂﬁj %1& é}*ﬁ}ﬁﬁ}m , P1 jzg EE i) quation was y=0.356 9 x+0.268 0, R?=0.999 1.
BLAFHE (8. 07% ) MK (4. 5% ) R Do AEREMmACEREAmES

4 S " A EL . i9.5 e type of irreversible inhibition o
(6. 67 % )éﬂﬁi ’ B R AL A 3 A ’ polysaccharide fraction P1 against ACE
XT3 F i & o 2. 07 ku, Lineweaver —
Burk XUENEHh 22 Xof Wi 1% 40 04 0 ) 22k B AT by, S5 RERB, ML 2 P1 X ACE RYH
(330 RCIBUIE | X 1T S

[ &% Xk ]

[1] JOSE A G R, MERCEDES R, ISIDRA R. Angiotensin converting enzyme-inhibitory activity of peptides isolated from
Manchego cheese: stability under simulated gastrointestinal digestion [ J]. International Dairy Journal, 2004, 14 1075-
1080. DOI.10. 1016/j. idairyj. 2004. 04. 007.

[2] MAMILLA R K, MISHRA V K. Effect of germination on antioxidant and ACE inhibitory activities of Legumes [J]. LWT-
Food Science and Technology, 2017, 75. 51-58. DOI:10.1016/j. lwt. 2016. 08. 036.

[3] TANHF, GAN C Y. Polysaccharide with antioxidant, alpha-amylase inhibitory and ACE inhibitory activities from Mo-
mordica charantia [J]. International Journal of Biological Macromolecules, 2015, 75; 276-282. DOI;10. 1016/]. ijbio-
mac. 2016.01. 023.

[4] GOHLKE P, WOLFGANG L, BERNWARD A S, et al. Angiotensin converting enzyme inhibition improves cardiac func-

tion; tole of bradykinin [J]. Hypertension, 1994, 23. 411-418. DOI;10.1161/01. HYP.23.4.411.

BRI A IR LA 55 T SR AR M 1) 22 IR 1 2 SOHAMARIHLER A IESE [ D], TN AER B R 2, 2014.

7R, AU ACE KA il % KL ACE IS MERBESE (D], HR. PURIR%, 2012,

EB. EESRRR IR R A SRR IRRCR ST (D], RN RO, 2009.

SU J, JIANG L, WU J, et al. Anti-tumor and anti-virus activity of polysaccharides extracted from Sipunculus nudus

(SNP) on Hepg 2.2.15 [J]. International Journal of Biological Macromolecules, 2016, 87: 597-602.

[9] ZHU H B, GUAN H S. Effects of D-polymannuronic sulfate on serum nitric oxide levels and plasma endothelin-1 and An-
giotensin I contents in renovascular hypertensive rats (series I ) [J]. Journal of Ocean University of Qingdao, 2001,
31(2): 179-184.

[10] RiE¥, BKEE, SN EEERZ M DPS X B I8 M m i R BB RAE R ()], 75 B R4k,

http : /xuebaobangong. jmu. edu. cn/zkb



30 - FRREM (HRBERRD 22 %

[11]

[12]
[13]
[14]

[1s
(16
[17
(18

[ R

[19]

[20]

(21]

(22]

(23]

(24]

(25]

[26]

[27]

(28]

[29]

(30]

2000, 30(3) : 463-469.

HEMLATHA N, POH P P, SANDRA H Y K, et al. Malaysian brown seaweeds Sargassum siliquosum and Sargassum
polycystum; low density lipoprotein ( LDL) oxidation, angiotensin converting enzyme ( ACE), a-amylase, and a-glu-
cosidase inhibition activities [ J]. Food Research International, 2017, 99. 950-958. DOI. 10. 1016/]. foodres. 2017.
01.023Get rights and content.

PP, ERKTE, S8, 5. WA ACE BHIER AR T 205 [J]. &b T RHL, 2012, 33(2) ; 103-105.
W, A RAWIEE RS SIIRENT R [J]. hEEMAR, 2010, 10(2) ¢ 1-11.

YU P, SUN H S. Purification of a fucoidan from kelp polysaccharide and its inhibitory kinetics for tyrosinase [J]. Car-
bohydrate Polymers, 2014, 99. 278-283. DOI:10. 1016/j. carbpol. 2013. 08. 033.

R, BOGRT, P, . BRSHAMAEREITE (1] ik, 2006, 27(1) : 210-214.
FHBESE, JABG, $v, % ABEBEAEANDTEAL LRI [J]. SR, 2006, 27(12) : 482-486.
Ak, W, TSR, A% IRESESHIW RN ERR ) [J]. hIETEEZGY), 2003 (6) ; 14-18.

WU Q, FUX P, SUN L, et al. Effects of physicochemical factors and in vitro gastrointestinal digestion on antioxidant
activity of R-phycoerythrin from red algae Bangia fusco-purpurea [J]. International Journal of Food Science & Technolo-
gy, 2015, 50(6) :1445-1451. DOI.10. 1111/ijfs. 12775.

JIANG Z D, UENO M, NISHIGUCHI T, et al. Importance of sulfate groups for the macrophage-stimulating activities of
ascophyllan isolated from the brown alga Ascophyllum nodosum [J]. Carbohydrate Research, 2013, 380 124-129.
DOI:10. 1016/j. carres. 2013. 05. 018.

KA eRk, BN, S R W ACE I kI RS RS [T]. BN E B, 2014, 30(2) : 78-
83.

KUMAR P, KUMAR V. Estimation of uronic acids using diverse approaches and monosaccharide composition of alkali
soluble polysaccharide from Vitex negundolinn [J]. Carbohydrate Polymers, 2017, 165 205-212. DOI;10. 1016/].
carbpol. 2017.02. 034.

WAL, /PR, PR E R AR ACE SR BRI RISE B AR (1], i SHL, 2013, 29(4) : 4-7.

TOOBAEI Z, YOUSEFI R, PANAHI F, et al. Synthesis of novel poly-hydroxyl functionalized acridine derivatives as in-
hibitors of alpha-glucosidase and alpha-amylase [J]. Carbohydrate Research, 2015, 411, 22-32.

XU J, NIE X, HONG Y, et al. Synthesis of water soluble glycosides of pentacyclic dihydroxytriterpene carboxylic acids
as inhibitors of alpha-glucosidase [J]. Carbohydrate Research, 2016, 424. 42-53. DOI.10. 1016/]. carres. 2016. 02.
009.

PANAHI F, YOUSELFI R, MEHRABAN M H, et al. Synthesis of new pyrimidine-fused derivatives as potent and se-
lective antidiabetic alpha-glucosidase inhibitors [ J]. Carbohydrate Research, 2013, 380 81-91. DOI. 10. 1016/].
carres. 2013. 07. 008.

AUTIO K, VESTERINEN E, STOLT M. Rheological properties of mixed starch-k-carrageenan gels in relation to enzy-
matic digestibility [J]. Food Hydrocolloids, 2002, 16 169-174. DOI.10. 1016/S0268-005X (01)00074-1.

LANDIN K, HOLM G, TENGBORN L, et al. Guar gum improves insulin sensitivity, blood lipids, blood pressure,
and fibrinolysis in healthy men [J]. American Journal of Clinical Nutrition, 1992, 56 1061-1065.

MAKI K C, GALANT R, SAMUEL P, et al. Effects of consuming foods containing oat beta-glucan on blood pressure,
carbohydrate metabolism and hiomarkers of oxidative stress in men and women with elevated blood pressure [J]. FEurope-
an Journal of Clinical Nutrition, 2007, 61(6) :786-795. DOI.10. 1038/s;j. ejen. 1602562.

OU S, KWOK K, LI'Y, et al. In vitro study of possible role of dietary fiber in lowering postprandial serum glucose
[J]. Journal of Agricultural and Food Chemistry, 2001, 49. 1026-1029. DOI.10. 1021/jf000574n.

SLAUGHTER S L, ELLIS P R, JACKSON E C, et al. The effect of guar galactomannan and water availability durin-
ghydrothermal processing on the hydrolysis of starch catalysed by pancreatic a-amylase [ J]. Biochimica Biophysica Acta-
Biomembranes, 2002, 1571(1) :55-63. DOI.10. 1016/50304-4165(02)00209-X.

(REHE DEE XIHER MHE

http : /xuebaobangong. jmu. edu. cn/zkb





