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Physicochemical properties and physiological activities of polysaccharides
extracted from Bor age leaves by two methods
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Abstract: Borage leave polysaccharides, obtained by cellulose enzyme assisted extraction and microwave
assisted extraction, were named as BLP-1 and BLP-2, respectively, and then characterized by high
performance gel permeation chromatography, FTIR, SEM and TGA. Furthermore, the in vitro
hypoglycemic, anti-cancer and immune activities of BLP-1 and BLP-2 was evaluated by the inhibitory
effect of a-glucosidase and a-amylase, inhibition rate of HepG2 human hepatoma cells, MX-1 human breast
cancer cells and A549 human lung adenocarcinoma cells, and immune factor secretion detection in mouse
macrophages RAW246.7, respectively. The results showed that the sugar and protein contents in BLP-1 and
BLP-2 were different. Though both of BLP-1 and BLP-2 were composed of L-arabinose, D-galactose,
glucose, and xylose, their molar fraction was different with corresponding relative molecular mass of 20103
and 22652, respectively. Meanwhile, BLP-2 exhibited a more stable structure than BLP-1. The two
polysaccharides showed potential in inhibiting a-glucosidase and a-amylase activities, suppressing the
above cancer cells proliferation, and activating mouse macrophages RAW264.7 cells to secret immune
cytokines for cellular immune response mediation.
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IS E ( Borago officinalis L. ) J& 58 FR I B
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fF, RS EIEE G T HS SR . Wiz
- PR 5 2 IR e 17 v vk A Ak T 2R R B Bk 2
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Thermo Scientific 23 &) ; Q5000IR M E /MY, ZE[E
TA {X#F/AH]; RT6100 FEbRA, iR CEEIT 480K
AHIRAR; UV2150 AT WLS6eRETt, JuJesr (&
W) AL A BR N F) ; PHS-3C B pH i,  FifEki %R
AV A BR N F] 5 XO-SM400 75 T A2y B0 2%
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FEIQuanta450 37 & S 755 494 Fo - 0 45 , 35 16 FEI
3]s BK-SY96A FEARL, INARTHRMUERA FRA A ;
Agilent1260 #EfE 2% (415 ( HPGPC ) ( it G1362A
IRZPTOCRIES ), 7% Aglient 2N H] o

1.2 FHik
1.2.1 4FfE BB Ao Ok S B R BUE R IR
o % 4

BB E R TEZIR T HAMmEE (ki
30~60 °C) RNt 3 K, 8 hAk, SRIGTE=E T H
RFEUN 95%ZBEEIRIZH 12 h IR/ NrF4)
B, XA ELS SR R Tt g, 40 CCTR R

£F 2 2 il A B PR U SR B B 220 . 10,
2 g T UE R REAMRAE 98 g 2B Tk, IF7E 40 °C
TiEAL 30 min, 753 BT & 58O 2% 21 4E K G 1L
W; SR, R 1:20 (g mL, FIA]) ¥
b PR BB E R AN A L IR AT A F S LT
I 0.2 mol/L iR 2% i Wi ( PBS ¥, pH 2.5)
P95 pH y 4.8, #£ 55 CTFH#EM 3 h; SAJF, MAE
95 °CRF4E 30 min DAH £ 4k ZH 25

TR il B P O PR BRI B 0 20 . 10 g T
SRS P BB E R AR RN L 1 1 20 ZERRE D%
300 W, 80 °CHEHX 15 min, 33 WML

IR LR LA 5000 r/min B0 10 min
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A3 3 d,30 CCEZSR R T 24 h 345 2 Flh 2 2F
2 2 il B 4 BT RN iRt i B BB B R 22 3
#ic ok BLP-1, BLP-2), %M.

1.3 SEBAERNE. SHREMMEEK
1.3.1 B9

KPR BB R e (3, DL DR A R R bR
i, 7E 490 nm AR E B o BRI EEAE 595 nm
b 38 1t % SR E G-250 BRI A I A E o RR
HE S IEAT e I 5E o
1.3.2  ABAT 4T fi 2 Ao 245 40 s ) 2

BLP-1 F BLP-2 (34— AR XS 0 o ot 3 1o
T A5 4T 58 R % %) 2 AU IS 18 48 (6 154X ( HPGPC )
VEAFRGIN , VEBhAIN 0.02 mol/L iR — &80, Wik
> 0.8 mL/min,

HERFRIC S mg ZHHA, A 2 mL 2 mol/L
TFA 78 121 °CHI#UKf# 2 h, WEZET, fIA 3 mL
HEEZE T, EEBME 2~3 K, LI TFA, £
BOKERE, RO %R, JEFEESh 20 pL.
KRR 39 0 1 195 E 77K F1 100 mmol/L NaOH
IKEEWVERL 60 min, M 30 °C, FIAHE K
2 X6) BB 28 43 R4 T A3 AT Al o
1.3.3  Z5 My R AEFo bk R0 5K

FTIR Pt 6 T 0 205 5 KBr By RIR &%
Tl 2 mm JER)E R 2 T FTIR MK, 3EGE BN
4000~500 cm ', SEM . K5 A R T A FE S ik
BT R AL B, R E R B R A
FE&Y, B4 )5 B T3 & SR i i+ s il
22, TGA MK : HL 2~5 mg % THREM, R
MHNTE 25~750 °CC R HEATIR, Ny AE M Im#aa i,
WA 10 mL/min,

1.4 AR M HEE1E
1.41  o-%) B ¥ 05 i h £k

o= 81 26 W T I 05 PR AT 761 S 56 2 BESCHR (15100 T
PmAERR S 4 96 pL 0.1 mol/L PBS ¥ pH=6.8 ).
20 pL BEG 110 2 U/mL o 20 BE AR 10 pL
AN[R) e EE 24 (0.025. 0.05. 0.1, 0.2, 0.4,
0.8. 1.6, 3.2 g/L) MIRABWWIMA 96 fLARH, 7F
37 °CFH55% 30 min; #R)J5, A1 50 uL 10 mmol/L
XoF fiF 55 2 - B-D- Mk e > UM A, S0 90 min, i
LA 100 uL 1 mol/L BRFREAZE L N 3 fele, R
FHBEARAAE 405 nm AR IR G HE o DL BT 0 A BH
XTI, R (1) AR

%m%ua%/%:(l—‘t—@]xloo (1)

2
s Ay A Ay S BIDIRE G (M TE FY
BEPE XS ) S R (AN 357 it P9 22 WA i i B PR X i)
a4l (A& T & BN PBS ) BIOLE

1.4.2  o-7 B & P an b 5 36

o-VE A T B0 VR T 2 BE SR [16] 79 J7 1k g
YEekzh, ®H2Z, ¥ 100 pL a-VEKIHE (5 U/mL) %
W 50 L AS[a] B ik B 2 W (0.025., 0.05,
0.1. 0.2, 0.4, 0.8, 1.6, 3.2 g/L) %% 96 fLAx
H, 7625 °CHFE 10 min J5, #H0 50 pL 405
N 1% TERHAROT B SE 10 min, fiIIA 100 L i
WM 10 g/L 1Y 3,5- 3K AR L 1k s v, koK
% 10 min J5 , SRABEPRUAE 540 nm AR H IR,
MRAE (1) TFEMEHER,
1.4.3  AUht g &R 2
1.43.1 ZHiEEsgs

ANIFREEAN HepG-2 AR AN AS49 1E
DMEM 5¢ 415373 (R340 10%)6 4 i i -+ FR
E % T B R - R AT 4L 89% DMEM FEAL
Wi 5 e, NZLIVE 4 MX-1 7E RPMI-1640
SEA R IR (R0 10% 064 35 +HARFR 7058 1%
R - R AR 89% RPMI-1640 FEAK; 33
) HhEESR, A gAE 37 °C . REUECH 5%
1) CO, B FRAR 5 5%
1.4.3.2  Prigne 1k

W A2 B R 2x10* 40/ ALE) 96 FLIG TR E
F 37 °C MRB BN 5% CO, M E 4154 6 he
i A W L R B E 2 X HepG-2 41 |
AS549 AT MX-1 40 A R0 78 KBRS IR
J&» F 100 uL 0.1 mol/L PBS ¥ ¥ ( pH=6.8 ) i& 1L
SRJG 43 MBS IS R B L e FE (1300, 500, 700, 900,
1100 mg/L ) f¥ BLP-1 Fll BLP-2 Z ¥4 #55% 72 h
Ji . BUH B EHE, 100 uL 0.1 mol/L PBS ¥4 K T 1
FLINA 50 pL Btk EE 10 g/L A Y 5L 4 Yy (0 7 3%
% 1h, HEKMEE, 72 96 FLAHANA 100 pL PEH
2% iR TR H0H 49% PBS VA TR HA TR 43 B0 R 50%
LKW HETUN B 1% L TRKIAIR ). )T, 7RSS
MLTERVENLS , R BEARAE 570 nm Ab & B5fL
WeERE . PHMEXTRECH S-FURMEIE (5-Fu) ¥ (i
HREE R 400 mg/L ), Z2 B AN [a] 20 it 410 i) 2R 42 =X
(2) #HATHA

ifmﬁ%u%/%—(l—%}loo (2)
iy Awn N5 ZHEEL 5-Fu B E 5940 0I5 W0 O
JE 5 A i 5 R FRIEEIEE B Y0 ML A R A RO
1.4.4 Sz EHEMNZ
1.4.4.1  Z2HNE I 200 it %) 21

/N BLUE 4T RAW264.7 1 DMEM 58 42 15 55 4k
HE T 37 °C ARFR BN 5% CO, B 374 8595 24 h,
96 LA ML BE N 1x10° 40 /4L, SRJE, LAk
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FEOA 1 mg/L LPS AR A BHEXS IR, SR AR X AE
550 nm ZEPMEAESLWOLE (4), %X (3) A0
JRUSEF A, W E 2R R A Y B

A
YRR R /= —2BAL 100 (3)
B
1.4.42 LT RAW264.7 BAEEAE H

BEXTEOW AR L), 1x10° (4BRAE/AL ) 1Y %5 BE 4
FITE 96 FLMRFRIfRE% 24 h, fEEBREEFREE, M
0.1 mol/L PBS ¥ (pH 6.8) WYk 2 kFL. #h)m,
A3 A A BT EE A 100, 300, 500, 700, 900 mg/L
M ZHEEW (100 pL ) JF3557 24 ho BHPEXTHRZE A2
X REZH 43510 100 pL Bt Eh 1 mg/L B9 LPS
IR 100 pL 25 555 R 5, A1 0.01 mol/L
PBS (pH 7.4 ) R UEV TR 2 ¥k, F£H 150 uL i
ORFIEE L hJE, bR IEW, JFmE s
150 uL 2409 ( V(OKBEIR) « VOJC/K ZB)=1 = 1], Ff
WEE 2he RABHRMUAE 550 nm b A FLIOEE
(A), 5% BLP-1 1 BLP-2 X} E Wi 20 o i) 72 W VE A o
1.443 NO. IL-6 il TNF-a 53

/N E D RAW264.7 400 LA 1x10° 40 /4L
Y% BT 96 LAk, $55% 24 he AR5, RBRIJCHT
ByREFEEE, 3£ 0.1 mol/L PBS iAW (pH 6.8 ) ik
2 WALJE, TE 96 fLAR 2 B in 100 uL AS[R] B
W (100, 300, 500, 700, 900 mg/L ) X%
W, BHPEXT A2 X, NO. IL-6 1 TNF-a HY
A3 UA B HE NO KA & . TNF-a e 2
TR B TL-6 e W 253500 & i Ul R A TR I
15 HESIT

KT SPSS statistics 19.0 X} S2 86504 R 47401+
M, RABRZE 224381 ( ANOVA ) fil Duncan
EATENR AR S 5T e 6 ) S O N [E] P8 S SR 3
¥iEig 3k, W OCF¥ERME) 2 (SD)” FRoR,

2 GRS

21 WMAEHENSBELERS ST

%1 245 T BLP-1 fll BLP-2 W% | L&
5 88

F 1 AR BOBRES T 0T 22 B Ak 2 2 A,

Table 1 Yield and physicochemical properties of
polysaccharides

R ZREEE BRI

FEEE IR Y50 %

FE " .

1% B % % Ara Gal Gle Xyl
BLP-1 6.45 80.16 3.26 140 6.1 727 72
BLP-2 5.97 82.48 3.11 23.9 123 584 5.4

(Ol 2 1 25 BH AR i B4 T B o5 TR 15 S SR B B P T 0

fH 3% 1 740, BLP-1 f1 BLP-2 13%43 %14 6.45%

M1 5.97%, BLP-1 1 BLP-2 B8 5 23 5003 5 M
80.16%F1 82.48%; 4 [ 51 o i 7358 73 3l R 3.26%Fl1
3.11%. Ui BHAR BT A AS [R5 i 208153 5 SRR
Y R IR AN RE P AR AR 2R, el 22 b A A0 i e R
RN, UL RE S MER DR R S B
ZhE, fEm AR, RS PA4ERZ N
AL LS A B, AERBGE R — I .
22 HEMSFREMAEHRNE

% F HPGPC il 5 T BLP-1 #1 BLP-2 Fifh £ k#
I 43F i, 25 SR 1.

100

—— BLP-2
— BLP-1
80
> 60
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PR B2 B[] /min
11 BLP-1 1l BLP-2 [ AHX 53 fit 43 Aii
Fig. 1 Relative molecular mass distribution of BLP-1 and

BLP-2

& 1 APgEs], BLP-1 Fil BLP-2 BYAEN3 T
Jo R A3 A AR e AS HL L AR BE A X ARG, R A IR) 2
4 21.94 F1 21.76 min. R4 IRAGF AL 1T £, BLP-1
F1 BLP-2 A XS 23 i 4301 24 20103 Fil 22652,
T X PN 2 WAL Ay AT A AN, O S bR
BAREAY 3 R g, #E T BLP-1 Ml BLP-2 Y FLpE
A, dERILE 2,
80 s
70
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I B /nC
S
>
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R B3 5} ] /min
a—Fuc; b—Rha; c—Ara; d—Gal; e—Glc; f—Xyl; g—Man;
h—Fru; i—GalA; j—GlcA

2 BLP-1 (A). BLP-2 (B) FIbr#fESRE (C) WSTES
Tk
Ion chromatogram profiles of monosaccharide
composition of BLP-1 (A), BLP-2 (B) and
standard monosaccharide (C)
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PR i A I £ A BEUBE AL G o I A PR 11 JEE
IRAPBC(F 1), 4558, BLP-1 1 BLP-2 ¥ & &
Ara. Glc, W] Ara. Glc &% BLP-1 F1 BLP-2
B E S RE, BLP-1 Y Gle FEEREE T
BLP-2, 1fij BLP-2 H1f Ara BE/RH04 5, FIRER
PP EANF IR

2.3 SHIRAEFAHEREMIK

BLP-1 1 BLP-2 () FTIR i& & &l 3 fs .

X« Ay & Lo
Q2 ga Q 36
© a ©¥r = =%x

BLP-1 °

4000 3500 3000 2500 2000 1500 1000 500
Be/em™
Kl 3 BLP-1 fil BLP-2 /] FTIR i% &l
Fig. 3 FTIR spectra of BLP-1 and BLP-2

Hi P 3 AT, 3291 em ! AbH5s A I ic g ) T
O—H HEmfh4EdEsh; 2924 cm ' AWy C—H
HERMAETRSN; 1642 cm ' AR C=0 BERAXTFR 4
RIS ; 1400~1200 cm ' AW Wil ) J& T~ C—H %t
B2 il PR 3 Bi—C OO0 H C—O it 1 %o FR il 45 418 50
1200~1000 cm ' 4k FFH C—0—C K H 45 4R 3h
FEWNE; 885 em ' FiFIT H B K W iC UG A 2R L
BRI

W B ST AT R 38 8 LU A% R R B 1 5 ) ST AT
R A%, KA SEM W% T BLP-1 #1 BLP-2 f{Wi
JEAR, g5 R 4 Fross

4 BLP-1 (a, b) I BLP-2 (c. d) ) SEM K
Fig. 4 SEM images of BLP-1 (a, b) and BLP-2 (c, d)
&l 4 al0, BLP-1 HAAMN . FARFDGHE
fFTE ;s BLP-2 fE R EAMURCIRIR S, Uil Ak By
S (] B 22 W 5 ) 5 i ) S B T DR R 2 ) S [ 2
SR EWONZE AT 22 52

BLP-1 fI BLP-2 ) TGA Hi£k L &3 R ) DTG
Mg nEl s Uros. HE SanfHl, 78 54~141 °CyulH
W, TR ZE K, PR BRI R A U N 1R
BLP-1 il BLP-2 £ 230 °CZEA7 PR i, Hoi
M HAE 250~350 CZ ) 2 T B3] 46.41%
42.51%, K 5b A[H1, DTG <k Wik 28 &/
VAR BE ( Ty) 4359k 247 #1269 °C. 4, BLP-2
F14) o AFDRE 43 5 2 AT BB DA k2 T B L 25 5
BN 2z — . 555 SHI ZUSIBF 9 A0 X4+ i i
h 41180 WY JRAT Z WAL/ He AR E M & T AT 43
FIEE A 19730 BIZHE4 4 H2 458 —E NI,
BLP-2 tt BLP-1 B B EE 45 .

120
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Fig. 5 TGA (a) and DTG (b) curves of BLP-1 and BLP-2
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wol® BLP-2; BLP-1 F1 BLP-2 % MX-1 ZHffl it o ELAT

[ele]
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5 3

[\
S
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- e R
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Fig. 6 Inhibition activitives of polysaccharides from borage
leaves for a-glucosidase (a) and a-amylase (b)

mE 6 fr/x, BLP-1 F1 BLP-2 7& BTN
0.025~3.2 g/L ', X a1 2 A 5 R o T A9 Tl 100 61
VB ELAT i v BE AR o Pl BT 6a P, FE UK
&4 0.025~0.2 g/L ', BLP-1 Il BLP-2 X} a-# %1
AR 118 00 1) 238 B AR 5 JOTE VA 1 B TR R
BEJ5 , PR A v BN 0.2~3.2 /L BRHZE M2 34 i,
Ak, BLP-1 7EFTHIREE R 3.2 g/L B, #HIZA
64.32%, FFLH 5 BLP-2 LAY o 2 405 1 il 00 161
R (68.53% ), LLPHMEXT 2K 28%. Wi 6b iR,
BLP-2 Xf o-UE #5410 i 2675 B i vk B2 0.025~
0.5 g/L WL I N 5 FHMEXT IRAR Y, Bz, FERR Ik
EH 32 gL F, HAKEHX TR BLP-2
XF o~ AIHE A o-YE N B A PRI, B
4515 GIAVASIS!HRIA 45—, W RENLHIE
ZHEN 2 B R TH AR TR 6 1, W%
25 8 %) WSS R T K AR A AR R 5 2 A
1M s B BEVE . 20 (APS) CUESGH
SUD YR O OE P ak (EAEE D)7 s /S N ]
23 T2DM K B 40 B RRR A a0, IRk,
BLP-2 X a8 2 7 B A o- A8 T8 (10400 Sk LA T
BLP-1, 1] 6815 H45 40 28 il R g 9 A 6 437 o
FRPI GERRW], BLP-2 W[ RESE o-H AR
1 a-VER BRI, AR S8 T HAE & T
e R S
242 WEEMR

IR I 2 R PO T M 7 TR

f & 7 AJ 1, B BLP-1 F1 BLP-2 Ji & ik i 1
BHTEIN, HepG-2 . MX-1 F1 A549 4 Jifg £f K41 i
5 500 R ARORE PR . AT BT VR B Y BLP-2 (1300~
900 mg/L ) % A549, MX-1 Fl HepG-2 4 fifs A= K41
il %5 BLP-1, WifEFimE R 1100 mg/L A
BLP-1 %} MX-1 Fl A549 #H K mflRm T

BB AMEIVE A . XU PV E, EU R 2 240
JHL 14 458 B R B EL A B ] -5 A e P B kR
TEJF R A 500 mg/L B, Je KA R 5 5] 50.2%,
5 BLP-1 Zfb#a ¥ IR — 5, KZHEA i in vk
M ZWEEA 4~6 PR B SbE, Hp RS H A
[ BE IR A3 B H #E s . ARBE . Asehl . RS
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