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Abstract: The extraction conditions of polysaccharides from Inonotus obliquus (10) fruiting body
were optimized by response surface methodology (RSM). The hypoglycemic activities of the 10
polysaccharides were evaluated and bioactive polysaccharide fraction (BPF) was confirmed

EE&IH: Wrild =AU IBE (2018C02003)

Supported by the Key Research and Development Projects of Zhejiang Province (2018C02003).
© Corresponding author. E-mail: yangkai@zjut.edu.cn

Received: 2020-06-09, accepted: 2020-07-28

Copyright © 2021 Institute of Microbiology, CAS. All rights reserved. | jwxt@im.ac.cn Http://journals-myco.im.ac.cn  Tel: +86-10-64807521 Eﬂ%%"—;ﬁ 189



IRl F MUEFLE LA S ERVZEUR (A MR IE St Research paper

through enzyme and cell modes in vitro. The hypoglycemic mechanism and monosaccharide
composition of BPF were preliminarily analyzed. The yield of polysaccharides was (2.79+0.03)%
under the optimal conditions. Fractions of IOP30, IOP60 and IOP80 were obtained from crude
polysaccharide extracts by differential alcohol precipitation. Among them, I0P30 showed the
strongest a-glucosidase inhibitory activity (1C50=38.20ug/mL) and acted as a noncompetitive
inhibitor in enzyme kinetics. The glucose consumption rate of HepG2 cells was obviously
different from that of the experimental control group (P<0.01), after treating with IOP30 of 0.01,
0.10 and 1.00mg/mL. When insulin (10”’mmol/L) and 10P30 (0.10, 1.00mg/mL) were added
together, the glucose consumption rate of HepG2 cells was increased more obviously (P<0.01).
IOP30 was mainly composed of rhamnose (7.93%), arabinose (3.12%), xylose (11.15%), mannose
(19.08%), glucose (39.17%) and galactose (19.15%). In conclusion, IOP30 isolated from the
fruiting body of 10 possessed significant hypoglycemic activity by reducing the formation of
postprandial blood glucose via a-glucosidase inhibitory activity, promoting the glucose
metabolism in the surrounding tissues of cells, and enhancing the sensitivity of liver cells to
insulin.
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Table 1 Factors and levels in Box-Behnken design

SN S KT Level
Factors Code ﬁ
IE] Time (h) A 1 2 3
&% Temperature (°C) B 80 90 100
WRHEL Liquid-solid ratio (mL/g) C 10 20 30
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e i 23549
1.2.7 BWERESEMNE: R 3,5-“hHk
KR (FaH%S 2008). LB 5.0mg/mL
A5 IRE S VA, B AmL MR, I
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TS BN R, 4R 2235 7% 24h, REFLIMA 20uL
MTT (5mg/mL) }53% 4h, W LR,
FLENN 100puL ) DMSO, k% & 4L th4h i
Ve ek, B 6 N PATIL. HESARXAE
490nm Ab I & R EAE -

1.2.14 HepG2 4N A HETH #E: HepG2 4y
W 1x10° N/mL, FFLIIA 100uL 40 A&
T 96 FLARH, 7E37°C. 5% CO, =46
Wi SR 24h, RGN X R CANm
RS E: I 10 ' mmol/L KI5, Ml
FLE4H (1.0, 0.1, 0.01, 0.001mg/L). FHE
SR (HXUI 10°3mmol/L), &4 6 4
PATAL. SBH R4 E 24h, FIHEHI &
D58 6] % B )V FE B

1.2.15 FERATAMACEE: $2IHTK 25855 (2006)
ITTEAE B . FRELGEEEZK (2.0mmol/L) Y B
ZEbE BUhAARE. AR ORPE. HEERE.

W EIPE. CEILARE S bR, FH 3.0mL 251
KEERR, NN 20-30mg ] NaBH4 IR %% 3h,

FHUKEE L oP A1 5 1Y NaBH,, B 31K, I8
JR R i R 25 OB AR BB P R Ak,
ZRT1EfEIN 4.0mL BEEF, 100°C )i 1h, #
HJFMA 3.0mL IR, 980 W 4 B 25 T I

&5 R AL 5 R = 1 5 7 &2 0 i
3, IMANERMAEBKIEG RS, 2R
ZRRAKIEW, EE 3K, FEIATKER
TRAN, BB E 1omL AEHER, 9.
FRHEL 10P30 (2mg), MM 4mL =% 4%
(2mol/L), 110°CIKf# 2h, BH G IR 78K,
PN 3mL B, JEZEK, HE 3K, 5%
o Al WA O 174 Bl WX N I = S O R
W JE A 2K

1.2.16 AL F: HP-5 BAIE FE (30mx
0.32mmx0.25um); FHIRFEF: 120°C R £F
3min, L 10°C/min FHiRZE 240°C, fREF
46.5min; SARARF E 1.0mL/min; BEFE
R JE 250°C s fdll#3# E 250°C s A 210°C;

AN BRASE SRR E S 74 3504 30,
35mL/min; Z3ittk 1:50; #EFEE 2.0ul.
1.2.17 H AR RAMHASLRES 3 X,
SR P RE R IR ZER IR . K SPSS K
1347 B K 25 2 (One-Way ANOVA) 43 #T,
Sk HIWT B2 R, P<0.05 REH BENEZE
Ft, P<0.01 fREFWMBEMEER.

2 BR 509
2.1 BEFRE

IR OB 1] . WRRE . VRO LE X A 48
L Z W R, e KR A FE R,
5 — R AEA R 2B IR R . 1
1-2.5h N, ZFE4S 20 A5 B2 B [a] (1) 34 0
H4hn, 2.5h B BIXUEE, BEEE 2.5-3h 5%
AR (B 1A); 78 80-95CHf, ZHEfH
IR BEROR, MAE 95-100°C I KB4
(K 1B); FEECENRLE N 1:10-1:25 B, £
W43 R I 5 R B G 3 i B i, R,
1:20-1:25 4 hn#e/b, T 1:25-1:30 B, f9%
> (B 10). 25 BTk, 456 SKhRiE,
BRELN [A] 2.5h, I&JE 100°C ARG HE 1:20 K
MEAEFL B 2 B B U A 2% 1
2.2 Moz AR IE

i F Design-Expert 8.0.5 #AFHE1T M N
M, AR (%) AWNAE, BB A
(A, A (B, MR (O NAZE,
Wi o7 [ W RN SRR 2, X Hdk AT Rl )H 4
M, BRI TEEA N v=2.43+0.19A+
0.648+0.19C+0.028AB+0.005AC+0.138C-0.2A°
-0.32B8%-0.42C%, BT 7 Z A MRS B AR &1
e VERIE RIS, AN BRI H AR T 2 BE 15
A iaf Al

T ESNTILE 3, HAK F=86.47,
P<0.0001, Z% i3 KIUD F=2.42,
P=0.3054, TCRFEMZESR, KHik, ZEEHM
GRS SREIR, SRR A RIS B
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Fig. 1 Effects of extraction time (A), temperature (B)

and liquid-solid ratio (C) on polysaccharide yield.
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F2 MEERITHARESER
Table 2 Response surface methodology design
scheme and results

W BE R TORHEE (SRS
Run No. Time Temperature Liquid-solid ratio  Yield
(h)  (°Q) (mL/g) (%)
1 3 90 10 1.88
2 2 100 30 2.66
3 2 80 30 1.18
4 1 90 30 1.77
5 3 90 30 2.25
6 1 80 20 1.15
7 2 80 10 1.03
8 1 90 10 1.42
9 2 90 20 4.07
10 2 100 10 1.99
11 3 80 20 1.38
12 2 90 20 2.52
13 1 100 20 2.23
14 3 100 20 2.77
15 2 90 20 2.43

XT3 AR, A A — AN R [
TEAH, FLARPIAN R R AH B AE X AE XA FL 1A
Z WG R LK 2. 12 Design-expert
8.0 BAFXT AR B AT A 2 b, S5 R
R ) EAOR B A L 2SO SR
] 2.01h, ¥ F 99.96°C, Wkl 23.56mL/g,
WG 251 T M AL B - SE AR 2 BRI B AE 2R
N 2.84%. FIER|SLIRERIENE L, Wit
W EAE SO $EEU [A] 2h, & 100°C,
WRHE 24mL/g. TERLSMETR, EE 3 Wt
AT SIS ISR , A8 LR T SIS AR 1) 22 B A H HL
#9(2.79+0.03)%, 5 TIMMEREA —F.
23 #BFLEFEAHTERD

I0P30 HH Z W& A (26.52%+0.20%);
|OP60 ML i & Ef i (18.76%+0.08%),
¥ 2 BE bl 5 & E A (13.10%0.30% ) 5
10P80 H17K 73§t =1 (14.97%+0.05% ) (K 4)
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Table 3 Box-Behnken regression equation analysis of variance
He i 7 B ¥17 F1E P 1E o
Source Sum of squares Df Mean square F value P value Significant level
Rt 4.96 9 0.55 86.47 <0.0001 ok
A 0.29 1 0.29 44.75 0.0011 *x
B 3.26 1 3.26 512.54 <0.0001 bk
C 0.30 1 0.30 46.55 0.0010 *ork
AB 3.025x10 1 3.025x10° 0.48 0.5214 NS
AC 1.00x10™ 1 1.00x10™ 0.016 0.9052 NS
BC 0.068 1 0.068 0.016 0.0225 *
A2 0.15 1 0.15 23.87 0.0045 **
B’ 0.37 1 0.37 58.60 0.0006 *ork
c 0.65 1 0.65 102.48 0.0002 *rk
% # Residual 0.032 5 6.368x10°
FIR Lack of fit 0.025 3 8.325x10° 2.42 0.3054 NS
4% 7= Pure error 6.867x10° 2 3.433x10°
A Cor total 4.99 14

VE: NS BRTLBENM, *F/R 0.01<P<0.1; **3K /K 0.001<P<0.01; ***3K /K P<0.001

Note: NS represents no significance; * represents 0.01<P<0.1; ** represents 0.001<P<0.01; *** represents P<0.001.

2.4 MEARFLE Z RIS a- BB PEE RIS

W #E 45 £L T FH 22 4 . 10P30. 10P60. IOP80
Gy E AT o 2N R A S, R Ik
HH B S B TR 1 2 W 2 0y

2 IR AE 0-200pg/mL Isf, HEdE AL
W 2 1) 4 Fh 2 WA — 810 o1 &0 T
B HIdE e, I H ISR 20K E 2 E
MR EM SRR (E 3), 7EHF M2 PRk
FE (100pg/mL) T, AFZFEH DN -
% E T B H0 ) K N . 10P30>10P60> HH £
PE>10P80. H:H, 10P30 (1C50=38.20ug/mL)
) 40 1) 3 P a7 oz P T B X R BT R 8 b

(1C50=3.36mg/mL)-

2.5 10P30 | a- BB HEEEESN N1F

MEAESFL TR 22 45 10P30 1] o- 7] 27 1 iy
IZEBL LI 4. FEBRIR R RNV IEFEH, 10P30
XF ou-4] 2l W T A A1) P2 B S5 A BE OE M) AH G

4 10P30 W BEIh I, Bl )5t B AE AL FR E
(1) 468 B A KT CE A AL FR AE 22 T A — £, T A
BRI ZE Vi /D, K IR EL K TR EF
AR, G IR R A, 10P30 HIH] o
T E T IR T L A AR S RS (Kim et
al. 2006), HAUKKHEE Kn A 1.74mmol/L.
2.6 10P30 X} HepG2 4 B 3E K B B HE H T
A

£ 0.001-1mg/mL [ 10P30 Ab#)5,
HepG2 4 i i) W S AE 55 %) HE4H T 6l 35 4 22
5 (R 5), Ui HITE LI VG P 10P30 X4l
M IEVER . HepG2 4 i 7E /N Vs Il ik 5
#, W 10P30 B, 7E 0.001-1mg/mL 1]
IOP30 WL T, 4Hfut % BEH A 10P30 £
EMER K& . HepG2 4i/fli% 0.01. 0.1,
1mg/mL [¥] 10P30 JALEE S5, 400 1 % HE
R AN T 1.62. 2.46. 3.34mmol/L,
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Fig. 2 Response surface plots of the interaction of various extraction conditions. A: Contour plots and 3D
response surface plot of extraction time and liquid-solid ratio; B: Contour plots and 3D response surface plot
of extraction temperature and liquid-solid ratio; C: Contour plots and 3D response surface plot of extraction

time and extraction temperature.

XA ZE 2R R (P<0.01), & (10”mmol/L) F1 10P30 I}, 2 it fit) %6 %) b
0.001mg/mL [¥] 10P30 AbEEJ5, ZMMURHI4  VHAEMG N oE B 3%, KB\ B9 0k 5 =X
FEVEFEIEIN T 1.39mmol/L, SXFRRAMLILZE  HepG2 41 ) %7 4 v FEAC 21 1 B[R 2808
FEZE (P<0.05), HA 1.0mg/mL 1 10P30 T HYE 0.1. 1mg/mL ¥ 10P30 4P HepG2
A B A5 SRR BH 1 Xt B H XU M JE, SR At 2= =k B E
AN, fE HepG2 A [H) e 75 in Jbk i 2% (P<0.01), HepG2 4iiffi £ 0.001. 0.01mg/mL
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Table 4 Analysis of proximate compositions (%)
D %ix i 10P30 I0P60 0P80
Components Crude polysaccharides
SpE 18.62+0.10 27.4840.20 21.46%0.20 16.31+0.13
Total sugar
I J5UHE Reducing sugar 0.92+0.05 0.96+0.08 1.01+0.06 0.40£0.08
% ¥ Polysaccharides 17.70£0.10 26.52%0.20 20.4520.20 9.91+0.15
HAJR Protein 12.46%0.02 14.11+0.06 18.760.08 12.28+0.06
g5 Fat 13.10£0.30 10.70+0.20 6.25+0.20 3.8910.10
/K45 Water 11.63+0.08 9.50+0.07 11.27+0.08 14.97+0.05
A
100 ,— 80 + -
// —74'—:_ff::f;—: a = -
= &0 f//. oy il
* [ —" Le0f
- = L 7 i 2
= e e 4/ / —— I0P80 e ,/
£5 ., /// P - 10P60 Esar.
T 5 F 7 —e— 10P30 T35
E / / - *ﬂg*ﬁ % 20 -
20 Crude -
polysaccharides
0 s s . s 0 . ‘ s . :
0 50 100 150 200 0 5 10 15 20 25
AbERR Ab IR E

1.0t
081

- 0.6}

<

0.4+

0.2r

0.0

Treatment concentration (ug/mL)

& 3 (A) #BFLETLF4SHE. 10P30. 10P60. 10P80 | a-HEFEFEEEM; (B) PR SHEN
# a-EEPEEEIE M
Fig. 3 (A) The a-glucosidase inhibitory activities of crude polysaccharides, IOP30, IOP60 and IOP80 from the
fruiting body of Inonotus obliquus; (B) The a-glucosidase inhibitory activities of acarbose.
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Fig. 4 (A) The standard curve of PNP; (B) Double reciprocal plots for IOP30 inhibition on a-glucosidase.
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% 510P30 Xf HepG2 ZHBAY SN0
Table 5 The effect of IOP30 on HepG2 cell

ER e s MTT (A490) 7 %] b V5 #E

Group Culture conditions Glucose consumption (mmol/L)
I0P30 (mg/L) S E Insulin (mmol/L)

Xt I H — — 0.38+0.01 1.65+0.21

Control

MR FLE 4 — 107 0.38+0.06  2.47+0.32

Treatment of Inonotus obliquus
1.0 — 0.38£0.07  4.99:0.21"
1.0 107 0.37+0.10  5.24+0.39"
0.1 — 0.38+0.08  4.11:0.27
0.1 107 0.38:0.03  4.65:0.13"
0.01 — 0.37:0.07  3.27:0.33"
0.01 107 0.37+0.10  3.50%0.23"
0.001 — 0.3740.08  3.04+0.18"
0.001 107 0.38+0.11  3.12+0.20"

—HUIR 0.38+0.02  4.29+0.36

Metformin

VE: SXHEA ORI Z) M, "P<0.05, TP<0.01; SXIRAL (RIS E) ML, *P<0.05, *p<0.01
Note: Compared with the control group (without insulin), "P<0.05, "'P<0.01; Compared with the control group (insulin added),

*p<0.05, *p<0.01.

) 10P30 AbHEjE, HXfHEAM L E R BE
(P<0.05), TEZZMFT, HA 0.1mg/mL [
|OP30 Ab 34 25 S - BH M6k e = H XA
2.7 #ABFLE S HE 10P30 AY B HELH AR 0 4
FUPEAR ) GC-MS TLIE 5A, AR H i
INfIE],  ANZE B AR B 2% (10.49min).
B[ hiAFBE (10.60min). &7 H# (10.64min).
AHE (10.79min). HE&HE (12.84min). #i
ZFE (12.89min). - FLAE (13.00min). IOP30
1) GC-MS JLE 5B, X JEERME AR i B FH X U
A, 10P30 FEHMZERE (7.93%). FifL
HFE (3.12%). AME (11.15%). H & B
(19.08% ). Fi &M (39.17%). FF.HE
(19.15%) 6 Fi FELHELH il o
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3 Wik

DLEL IR 2RO AT, 256 B T AR A 45 2]
T L TR S 22 W 1) S s A FE B B S A
JREUN 1A 2h, WREE 100°C, ¥R 24ml/g
2B EUR N(2.7940.03)%, 517 T
(R as RIEA—FL

KO RUTVE, 133 7B L2
MK 10P30. 10P60. IOP80 4 N4y, Hh
IOP30 Z bl & B i, X H 1 (26.5240.20)%.
M7 Ee 5% (2017) MMERE L T SL ik 42
EUFHLZ0E (14.88%) FIVFELHISE (2008)
MHERE LR S B 2 B (24.58%) #EL
fIKT 10P30. o 2 ¥ 1 B4 1 77 H 7697
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Fig. 5 (A) GC-MS of the monosaccharides in standard sample; (B) GC-MS of the IOP30.

B R IpE 7R IR PR B 2 LR A, e IFE L
il 2 ek /b 2 N\ B v i RRE T, AT IA
R EALE G I FE (Stefano et al. 2018) . 45 %H
M, FHZFKE. 10P30. 10P60. 10P80 #EH
A BT M A o] ) B R 1, L RE
FLH 10P30 Z S e fE (1Cs50=38.20pug/mL),
2N I 9 FE A A BH 1 o B BT R 8 0 (ICs0=
3.36mg/mL) ] 1.14%. yL01E%% (2016)
8 T A LB T SRR 2 B o T A
B EF 8 1Cs0 9 150pg/mL, H AU RAR T4
K 10P30; 10P30 5 EAMESE (2020) M
AR FL B R TR 43 25 440 15 21 1 ElOP1 #1111
o] %) W B TS MEAHRL (1Cs0=39.18pg/mL) .
S [ SCHR, AL E IR BB )22 5 4

H T 10P30 ] o~ % 5 g T A TR 1%
0, DRI S 5 Bl A0 ) 751 A ) 3 A ) 1) 1)
BRI A 5 ft T B S .

HepG2 2 Jd & —Ff e 4 i, 1y P 2
AR F 2SS H (Xu et al. 2003).
I, HepG2 4 il A2 — A SNt 72 i 265 B V8 A€
RSO P 0 T AE 0 D . SR HepG2 4 g R 7Y
X 10P30 iE— B R M ER 7L, 45 R BN,
0.01-1.0mg/mL [1J 10P30 fEM I %35 (P<0.01)
B0 HepG2 4f P 1) 45 4 W5V AE &, 1E
1.0mg/mL B I RCRIL T = HXUIK. EHL%E

(2017) RIS 4> F 8N 1x10°-3x10" (1)
MM FLEE 2 FE (0.1mg/mL) 243 HepG2 4H
0 £ 67 % A T #E [(3.08+0.35)mmol /L] R 5%
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£E, TMAHFFIESL 10P30 (0.1mg/mL) ELAHE
U B HepG2 41 Y (1) &1 4 W VM FE B
(4.65+0.13)mmol/L. MTT SEZ36& A %1, 0.001-
1mg/mL ] 10P30 %} HepG2 2 g ¥4 5 T {2 &
s, Ul e FL B 2 6 10P30 HIR R
1) ] %) W% V8 FE & 1 39 DL K L 1) i 5y
EWAEAFA BT HepG2 4% H K
Wi S8, VAR R R R 0T RE SR A A L R
% i ot 1 3 44T A ) R 2H 20 ) RE AR
U, S a4 R TR I 2R I AU T
EH .

o 1 B bR i S M RIS T AR, 10P30
TR RN (7.93%). FTRLAAHE (3.12%).
ABE (11.15%). HEbE (19.08%). %&b
(39.17%) F-FL K (19.15%) 6 Tl BHELH ¥ .
X 5 Wang et al. (2018) FlJ74F #&%% (2017)
(A FT2H RSB RS A AR TR, HE T4 T
RS, SRR S EFAELER.

ZiaRE, MABSLE 10P30 [ LAk AT
B o A1 ) o AT 27 AR I M 2 4 A
(P R, A 3t 4 it ) Rl 4 20 2 W AR
R 2 R g S 2R R R e i AR AR
Mo AW FERCR AT N LR IX — 2 W2
£ LB IR 0T R AR S e A o B R
it
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