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H E TR (Aeer truncatum Bunge) Fr4= % ¥E# /TR, KT EENH R A4 F . KA KREERLE
RBAEWNMA= S48, FHilidvh @ kR TZRAAI SAERIR T Z, @i Sevage Sk BL& & A=kt B AT T AT
1= %t irobie, @ ashkit, RESMABFE LI L HITEREAmRMEMEIE, Ht—FBTEIHE
iR B R MR (IR-HepG2) , HFRANE LERMA= SRS EFN, LR ET, ARR 1A, RELL
#30:1 mL/g. RPBGREEH 80 C. RPETEH 35h &4 T, %4 (PATM) 3£ 4 18.17%. % Sevage &M &
&1, DEAE-DE # %4 % 52 EAT4: 4= SephadexG-100 A EATA 4 H i, 32454 (PATM-3-1) . PATM-3-1
BH SRRy I KR AT, L AR R N D-FSUAEEEEL . L-FriafasE. D-F M. L-R 34, D-# 54, D-
AHE, D-H5EAE. D-H HAEEEER . L-%5 54k, D-BAEA D-AAH 4. HIMERSTHERGLERELAT, PATM-3-1
EHBARG a-iOBEIp A, AR 2F (P<0.05) RS EA T4 HepG2 mie b R B 4T, BRAE. TH
B, PERBREE S S, RIABRFOEEEN ., KATAH LIRS IR T KA R 324 55 e 48 23K
SEGER: T EAFA= S 45, v B &, 5 B AL, BB R, B4R E M, HepG2 49 it
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Abstract: Extraction and purification of polysaccharides from the seed kernel of Acer truncatum Bungeto investigate their
physicochemical properties and hypoglycemic activity. In the study, the polysaccharide was obtained by water extraction
and ethanol precipitation from seed kernel of Acer truncatum Bunge, and the extraction process was optimized by response
surface method. The polysaccharide was purified by Sevage deproteinization and column chromatography. The composition
and structure of the purified polysaccharide were characterized by infrared spectroscopy, thermogravimetric analysis and
ion chromatography, and its hypoglycemic activity was further investigated by the insulin resistance model of liver cancer
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cell (IR-HepG2). The results showed that the yield of crude polysaccharide (PATM) was 18.17% under the conditions of
extraction times 1, liquid-solid ratio 30:1 mL/g, extraction temperature 80 °C and extraction time 3.5 h. The purified
polysaccharide (PATM-3-1) obtained by the Sevage deproteinization, DEAE-DE cellulose 52 column and SephadexG-100
gel column had the characteristic peak of infrared spectrum of polysaccharide component, and was composed of D-

galacturonic acid, L-arabinose, D-galactose, L-rhamnose, D-glucose, D-xylose, D-mannose, D-glucuronic acid, L-fucose,

D-ribose and D-glucosamine. The results of hypoglycemic activity experiment in vitro showed that PATM-3-1 had strong

o-amylase inhibitory activity, and could significantly (P<0.05) increase the glucose consumption, glycogen content,

hexokinase content and pyruvate kinase content in IR-HepG2, demonstrating excellent hypoglycemic activity. This study

would provide data support for the development and application of seed kernel polysaccharide from Acer truncatum Bunge.

Key words: seed kernel polysaccharide of Acer truncatum Bunge; response surface; separation and purification;

monosaccharide composition; hypoglycemic activity; HepG2 cells
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ARSI FH /K SR EED TR AT AR 2 e
A Sl BB AP o 1 | VATETRP O TGSy o W 25 7531
T AT . £ Sevage 1t 55 1. DEAE-DE £F
4 2% 52 JZHTHEHI SephadexG-100 HEBE)JZ AT AL 43 85
AT 220, IR 2 T T 414158
TEHT . [RI2EIO T . BRI BT . o EHS TR 1)
P DA S IR S5 1 PEAG I, A1 oG SRR 2B
RN FHEE LS 25 RS =4

1 #MR5RE
1.1 MRS

JUEER T TR S AR BRA
7]; DEAE-DE 41 4 2 52. SephadexG-100 %1 . Frf
R UBE(BR, 95%) . a-TEM (50 U/mg) | WEME 5
(Thiazolyl Blue, MTT)(BR, 95%) . BblbrvEsh 3
[ Sigma 2\ F]; it 4 1.7 (Fetal Bovine Serum, FBS)

WL R AEY R A R H s MEM B3t 32

[E Gibco 2~ ] ; — H 3£V K ( Dimethyl Sulfoxide,
DMSO) Biosharp 2\ rl; %45 B (Glucose, GLU) il
&5 . BEJR (Glycogen, Gn) I & 33055 & . O WF B
(Hexokinase, HK) i 71| & . T4 W % % B ( Pyruvate
Kinase, PK) 35 &5 . 3,5- Al £ /K 45 & ( 3,5-Dini-
trosalicylic acid, DNS) g 5t il TR 5T T;
HepG2 4iifis g FE T E YR A BRAS w5 Hofthi
il Y EE STl

IRAffinity-1 ff AR He 2T A GHE H A4S 3
N F; STA449FS [RIZLFRSFHTA 78 i Bt A L2 il 1
A B2\ 7] ; Reacti-thermo & AWK 1Y £ [E Th-
ermo 2\ 7 5 ICS5000+55 T {4 3% {Y 2% [E Thermo
45H] HZQ-F AR IRGIEIRA  W/RIEARBE T4+
RA R F;5 Infinite 200 PRO B Kb E 2R
Wy AR A BN ) ;s CYTATIONS 5 PR RAS 0BT &
gt EKEMABIARE R E; HL-2B 20 W H SR
b A BRAS F UV-5500 224N 00T

ST A R H] o

1.2 EWHE
1.2.1 JCFEAFM RS T 2058
1.2.1.1 JCEMPC 2RI STENRFPF
60 °C LT =, MEst 20 Hif, =R s H. R
FREC IR ST R ANFRIH K 100 g FFUREE -,
A 1500 mL 827K, FIAE M REB 4 h ]840,
) 5000 r/min &5.0> 10 min, WA EVER, 45 &
50 mL ZE45, A 200 mL JC/K ZBEAE 4 °C R EEYL
12 h, 7£ 6000 r/min B5.0> 10 min, [F1 Z28%, {d FH AR
A K EHIRIR 28, BT 72 h, TSI,
1.2.1.2 JUERFM 2R TR R - i R
BE ZHE(PATM) PR R B, FRHe A (DI,
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X Y ZoRBEEEN PATM ISR, %; p
TRZMEIT R, mg/mL; n RoRFRAEEG V FoRE
WA PIAARFR, mL; m Fonkeih4s 1+ B, mg.

122 BARZEIIE RAKEBEILEEII PATM,
DA AR R R, X HEHAS D Z I T o

1.2.2.1 $BER#EC BHESREGREE 80 °C, $RELAT ]
3 h, WE L 30:1 mL/g, AR BOREL(F2E 1. 2.
3 )X ZZHE(PATM )15 AGFENR .

1.2.2.2 $RBGREE  EEWE L 30: 1 mL/g, #2HAT
[ 3 h, $&E 1 K, HEAF IR B Z (60, 70, 80,
90. 100 CHXTZHFPATM)ISZRAIFEM

1.2.2.3 $EHAtE] EEWE L 30:1 mL/g, $EHUR
JE 80 °C, $RHL 1 K, HAARHREATH] (1. 2. 3. 4.
5 h) X 228 (PATM ) A5 14 541 .

1.2.2.4 WE L [EE$2BUEE 80 °C, $& B AT [a]
3 h, $&HU 1 K, BEARRIWEE LK (10:1, 15:1, 20: 1,
30:1. 40: 1 mL/g)XFZHH(PATM) A5 [REI0

1.2.3  man EPEAIRES AR AR ZR I A L, SR
UECE S 1 IR, BEHRIBUERE (°C) . $EHLAT [A]
(h) . W& b (mL/g) =4~ 2, B PATM 53 A0 3,
{8, iz FH Box-Behnken #F47 00 3 e A AL 1113,
HARISG R SAERTT LR 1,

Y =

F 1w A R R 5K

Table 1 Response surface test factors and levels
KAF
-1 0 1
AFEBORE (C) 70 80 90
B HU R (h) 2 3 4
CHI% Ht (mL/g) 20:1 30:1 40:1

1.2.4 JUFEMFM 28005y B atifh

1.2.4.1 JTEWRFM ZHEBET R Sevage i)
[VO=EHBE) : VOIE TEEL) =4: 1] BLEREE A1, ¥
PATM % % 5 Sevage ik 57 1R & i £ 30 min, LA
5000 r/min Z5.0> 10 min, Y4E IEW, HE ZHHTT
BT, DS TR 28 RAN A LR, I 21k
R, FH 3500 Da #BHT4S T /KIENT 24 he FiENT S
M) ZWES IR IA TR S « R, BCE TS b LI TS
1.2.42 £FYERBZIHETEITTENF 20 BRI
500 mg BRAE 1Y PATM, Bo &5 BRI 10 mg/
mL WIS . 1 W IR 2218 1F A\ DEAE-DE
LR 522 MM, IR A Esisk . 0.1, 0.3,
0.5 mol/L ¥ NaCl #E W IEATUENL, Wik~ 1 mL/min,
T34 4 mL. WEEARRIVEML A1 22054 51, SRS
Wigy e P v AL 00 345 P 2 S i, IE ) OD fH. AR

PRI (E B R VR, e 4n, FHSBHT A i /KBt
24 h J5RT, 138 4 2 P4 55 PATM-1. PATM-
2. PATM-3 Fll PATM-4,

1.2.43 EERIZHrAEgifbonEmmFh{ 20 R
SephadexG-100 EEBSZHTAEXT 2 5 PATM-
3 2 orEsalifh, LA S 5 mg/mL, ZZI8IEA
SephadexG-100 £t B2 Hr#E, 0.2 mL/min 9 ¥t 33 25
BT REATHER, 48 4 mL. SRS -RRR LI
VELMEAE 490 nm AbWOGAE, FFLshlveliinhsk!> ., R
PRI AE B IS SR BRI VR, 1 WL Ve R e 4i ANV R T
L, 158 alifbgd 5 PATM-3-1,

1.2.5 ZHEREASEMNE  PIAARE bR, R
FHAE - BRI 2 PATM-3-1 2855209, Hm )
J7HE Y=1.0536X+0.0064(R*=0.9932); {#i ] BCA i
FEAEI PATM-3-1 28 85 A R & it

1.2.6 HUBEH I E  AERAFRE PATM-3-1 2K
fh S mg, A 2 mol/L =3 Z 2 (TFA) I 1 mL,
105 °C Jin#k 6 ho LA ART, INA SR, 7
AR T, EE W EETEUE 2~3 k. InAE
AR, JHEad 0.22 um LIRSS A @i Pk T
M5 . HPAEC 144 : Thermo ICS5000 & (& ji%
F 45 (1CS5000) , F FH H Ak 2 46 I 25 X B bE 20 53
HEAT A HT R . R F Dionex™ CarboPac™ PA10
(250 mmx=4.0 mm, 10 um) ¥ A @3 AL ; PERE &N
5 uL. ¥%izh4 AC0.1 mol/L NaOH), ¥i 3 #H B
(0.1 mol/L NaOH, 0.2 mol/L NaAc), #ii# 0.5 mL/min;
MR B 30 °C; YERAES BE: 0 min A AH/B #H(95:
5V/V),30 min A ##/B #H(80:20 V/V), 30.1 min A #H/
B #H(60:40 V/V), 45 min A #H/B #H(60:40 V/V),
45.1 min A FH/B #H(95:5 V/V) ., BELE ICS5000 &
FOFE R4, J{di ] Chromeleon 7.2 CDS #47
iz

1.2.7 £4MGESPT FREX 2 mg ZHEFE 5 (PATM-
3-1), 5 200 mg 19T 5 BOTRAL SR R IO B e p At
BEIES], AR ARG . IR AR 5
T, T HEE N 4 em™ 7E 4000~500 cm™' 74
Bl I T A M GREEHN

1.2.8 #FESHT  RAFRRZE R HTIL ST alifb 2 0%
PRFRE M . BRI 5 mg ZHEFE S (PATM-3-1), i
FHHR A, PL 10 C/min InFG#HZR, £ 20~800 °C I
Bl TR E 43HT S

1.2.9 KIPRLTZZE:  RANISRa LS Hroife =P
=MEGELE A . B 2 mL(1 mg/mL) lifk ZHHE RS
2 mL(160 pmol/L) RISRLT IR A, MK A AN
HeJE (0. 0.1, 0.3, 0.4, 0.5 mol/L) 1) NaOH A&, &
VR EE 15 min, 600~400 nm i Bl #4720 K 4,
I RE IR e R I 1 o L NaOH ¥ BE A A Ak R,
LI RSO S A AR, 22 il 211,

1.2.10 ARSNENEIGHEITIE

1.2.10.1 o-JERHFAPHIRME MRy SCHk [20] Fik
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BT 5, XT 22 PATM-3-1 34T a-TEB BE 40 2%
ME . FHZERES TR R AN [R5 e B i
W o DAAS[R]He BE R R o FHPEXS B, B 250 pL 2
VRIS, 5 40 pL a-PEMAR(S U) FE5M1R A, 37 C 7K
¥ 10 min J&, A BT RATECHN 1% TR TERIE IR
500 uL, #k£E 37 °C /K 5 min, BUH S DA 600 pL
DNS 2 1 SO0, IFAEFR KR 10 min, 1231%
ZE I, 540 nm AEKGIM I OSGIE, $2 A (2) TR o- T8
[ EE IR
(Al _Az)

K Y /R R a-TEMBFIIHIZR, %; A, T H
RESFARAERE T O A RIS BEIIARE S SN
JEROGAE; A, RN EBE TR o-TEM NG IRIR
HIE TR .
1.2.10.2 JRSFEHCHTAMAIRI ST B K
WIAY HepG2 41, FH 0.25% JEEFEFT 1k, InA €
AIEFRILVEINT AL 1<10° A~/mL A B, b T
96 fLAR, B:FL 100 pL, A HENLEEE i, 3% L4582,
AT ANEIR B RS ZH W JC I MEM BR3R36(107°,
108, 1077, 10°°, 10° mol/L) 100 uL, $%3% 36 h AR
21t B AR B R AR R e AR AR S R
1.2.10.3 4UMEFARERME SR MTT AP lE =
B PATM-3-1 X} HepG2 4H JItd 77 7% K A 52w . ¥
PATM-3-1 F MEM #7% 3% 3L it il il AN [6] 57 2 4 BE 7%
JHo ¥ 1x10° 4~/mL 19 HepG2 4 il 2 A 96 FL
e, FEFL 100 pL. LA 37 °C. 5% CO, BIIEFEF
¥ 3% 24 h 5, T A 100 pL A~ [@] 5T & ¥k BE (2560,
1280. 640, 320, 160, 80 ug/mL)YJ PATM-3-1 4k&k
BEFE 24 h, HILA 5 mg/mL MTT K 50 pL 4kSeress
FEFETPEESE 3 h, IR EVEU, A 150 uL DMSO %
W, Fo4 PR 10 min, 490 nm AL SG(E P, I
FREANF(3) 3188 HepG2 4HIAENG R

A —A,
A, —A,

P Y TR AMAFTE R, %; A, s oAl AFL
B CAE; A, 8 AT HepG2 UM FITRE AR 5 Ak
YE1H; A, FoR A HepG2 4N GIE
1.2.10.4 ZMMEE:FR5554H 78 37 °C. 5% CO, 19k
FEEMF, A58 2R 373 (89% MEM K773 10%
FBS Fl 1% &85 #5552 ) 5 5% HepG2 4. 244
M BE 80% Jir, JH 0.25% Mg T iH b feft, ik
OB A K AR 7250 . IOV EUAE K HepG2
A0HE, INAFELFEFEIRLPETT AL 1<10° 4~/mL Y40l
W, R 6 FLA AL 1 mL. KAy oS4
Z2 P 4H . AR TIZH (107 mol/L il &5 25 ) . BHMEXT PR ZH.
(1 mg/mL — I XAT+107 mol/L JHif %) . PATM-3-1
I 71 & 20 (320 pg/mL PATM-3-1+10"7 mol/L Ji i
#) . PATM-3-1 F1 5 4H (640 pg/mL PATM-3-1+
107 mol/L iRX3 28 ) . PATM-3-1 =557 40 (1280 ng/
mL PATM-3-1+10" mol/L 5 2).

Y=1- x 100 & 2

Y = x 100 = (3)

1.2.10.5 #jZPEEFE R PR & 20w 2
1.2.10.4 il Ha 53 2H EA T35 3%, FH 0.25% IR Bl
A6, AR ES.Co 57 VW, FH PBS 1R 1~2 IR,
EOMR BB UTIEA N, mIUTTELR A 0.1 mol/L
pH7.4 [BERRER S pPIAT, VKK N RE T RRE . F A8
%P (GLU) | BHJE (Glycogen) FlIZE 1 xE & (TP) ik
ol S LB FEA A .
1.2.10.6 . BEFL AR (K FiT PN Bl BR 340 (PO 36 P
EOSRIGSY4HIE] 1.2.10.4, FH 0.25% BREFEALIS . W
B PR DITEANIRR . Jo S EH BR O
Fiff(HK) . PIERBR I (PO FNEE 2 2 (TP) 57 &
A BEATASI
1.3 IR

i Design-Expert 13.0.1 A7 0 i ia56:
BT AR E AN EE, FXF SR m A o0 e
SIS 3 AT, SEIEE LB IR 22 ROR,
F) %At SPSS Statistics26.0 FEATI7 2255047, P<0.01
FoR 25 T PEM L3 P<0.05 X 2ZE R B FH, R
Origin 2021.0 475 FIENGAL#EI A i Ao
2 BR5SH
2.1 BERGRSH
2.1.1  FREGRECT T EANFM R R $2
BURECST PATM A3 3R A2 AnEl 1 s, $2EEC 1 K
ZHEIFERA 17.79%, $LHL 2 IR ZHEIS 3~ 20.60%,
PRHL 3 IRZEHHSRN 21.72%., FEHL 2 YOFFREL 3 ¥k
ZWEAG R BN 35 (P>0.05) . X JE i THEE 1 Ik
EL AR IR ORI 22 BB R, S hnHEIK
B, PATM F5 RIS R REFESEIN 2, ik
PEPEE 1 R, 1 T)E 210560 .

30+

24 a a

a/{.,/%

S

o 124
6_

0 T T : r .

1 2 3

PR AL

BT SREURE PATM 15351 5
Fig.1 Effect of extraction times on the yield of PATM
NG FEER R R A R b B 2 ) 22 R W 2 (P<0.05),
P 2~[5] 4 [A] .

2.1.2 REBEUREXT SR anE 2 o, B
ZFPRBUREE AN, PATM 153K 2 8l Je N 5 5
HI#aF, 7E 80 °C Hf, PATM 15 A F| I KMH, 15K
K 17.97%. ZIaksEThE R BURE, PATM 15:5% 40,
A AR (P>0.05), #aThaxE . 30 THE 80 C
P BB A1 T S ARURI 22 Wl 78 - R U o, iR B e R
B FREGEEE s A REREREG N, i HL2sXt 204G
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KR, 5 TCFRM AR . Z5HRNE LA S RGP 33

TS RN, S )54 PATM UFE4E., HIi, B33
BUREERGE N 80 Co

20+

a a ab
lg/'} ] '
154 c
_ ﬁ/
S
ol 10+
o
5_
0 T T T T T
60 70 80 90 100
PEHGREE (°C)

2 SRR X PATM 24385200
Fig.2 Effect of extraction temperature on the yield of PATM
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Table 2 Response surface test design and test results

SIS ARBGERE(C) BIEEUNREI(h) CHEH(mL/g) 3R (%)

1 80 3 30:1 18.03
2 80 3 30:1 18.12
3 70 4 30:1 14.61
4 90 3 20:1 13.51
5 70 3 40:1 12.47
6 80 3 30:1 17.56
7 90 2 30:1 11.32
8 90 3 40:1 13.95
9 80 2 40:1 9.93
10 80 3 30:1 17.37
11 90 4 30:1 16.74
12 80 4 40:1 16.32
13 80 2 20:1 10.53
14 80 4 20:1 16.19
15 70 3 20:1 12.21
16 70 2 30:1 9.11
17 80 3 30:1 16.95

AR T 2250 Hr 45 8%, UL 3, 1% [ A A RUAR
H B (P<0.0001), I5 P=0.5120>0.05, Vi &

3 AR K7 2 A R

Table 3 Regression model and analysis of variance results

FEKIE P AHRE 2z FE Pl BEH
e 145.11 9 1612 7202 <0.0001 3
ARBUGRE 634 1 634 2831  0.0011 **
B-fEUE  65.95 1 65.95 294.61 <0.0001  ***
C-HEE  0.0066 1 0.0066 0.0295  0.8684
AB 0.0016 1 0.0016 0.0071  0.9350
AC 0.0081 1 0.0081 0.0362  0.8545
BC 0.1332 1 0.1332  0.5951  0.4657
A? 24.95 1 2495 11145 <0.0001  ***
B? 20.88 1 20.88 9326 <0.0001  **x
c 19.22 1 1922 8587 <0.0001  ***
FRHE 1.57 7 0.2239
FANI 0.6349 3 02166 09082 05120 AEF
alifR2s 0.9321 4 0.2330

Bk 146.68 16
R 0.9893

ey R RN H B 3 (P<0.001 )5 ** RN 1R 8 I 35 (P<0.01); *3F/m I 3
(P<0.05),
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