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AR R BT A A A S AR Y e ek b, @i ERGRBRMRL SRR Y, #@itxt DPPH Awi., 44
w A AL A BT A A FRERIFN SEGERINRANRFN, BT 5EMRM (SC). FaN12E M (STC). H A
M B 4h (SGC) Ao i A 28L& (MBS) 8945 & 4E RN S4B 00k et G E M. R FASHIRERREH/AN:
BE 85 °C, Akt 1:35(gimL), 4RHETE 3.5h, AREHT SHE-FHFEER 3.07%0.07%. FH5SHEEKEHN
SmgmLEtsf DPPH A A, 2AAHEAFBAMB T AR AN FRESHH 60.1%23.6%. 39.6%=3.1% #=
451%+4.1%; R E A 10 mg/mL B 5282 44 (SC). a2 8244 (STC). H A N2 B %) (SGC) A=k &2 8% & (MBS)
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Optimization of the Extraction Process and in Vitro Antioxidant and
Hypolipidemic Activities of Polysaccharides from Sophora flavescens
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(1.College of Life Science and Engineering, Lanzhou University of Science and Technology, Lanzhou 730050, China;
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Lanzhou 730050, China)

Abstract: Objective: To increase the yield of Sophora flavescens polysaccharides and elucidate their antioxidant and
hypolipidemic properties, this study optimised the polysaccharide extraction process through orthogonal experiments,
followed by evaluation of their antioxidant and hypolipidemic activities in vitro. Methods: Using polysaccharide yield as
the primary metric, this study performed orthogonal experiments to optimise the extraction process, building on preliminary
one-way experiments. This study investigated the effect of extraction temperature, number of extractions, material-liquid
ratio and extraction time on the polysaccharide yield of Sophora flavescens. Furthermore, this study evaluated the in vitro
antioxidant activity of the polysaccharides by investigating their scavenging potential against DPPH radicals, hydroxyl
radicals and superoxide anion radicals. In addition, the in vitro hypolipidemic activity of the polysaccharides was evaluated

by their binding affinity to sodium cholate (SC), sodium taurocholate (STC), sodium glycylcholate (SGC) and mixed bile
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salts (MBS). Results: The optimal conditions for the extraction of Sophora flavescens polysaccharide were determined as

follows: a temperature of 85 °C, a material-liquid ratio of 1:35 (g:mL), and an extraction duration of 3.5 hours, yielding an

average polysaccharide content of 3.07%+0.07%. The scavenging efficiencies of Sophora flavescens polysaccharides

against DPPH radicals, hydroxyl radicals, and superoxide anion radicals at a concentration of 5 mg/mL were measured at
60.1%+3.6%, 39.6%+3.1% and 45.1%+4.1%, respectively. Furthermore, the binding affinities of Sophora flavescens
polysaccharides to SC, STC, SGC and MBS at a concentration of 10 mg/mL were determined to be 34.4%=+0.75%,
45.4%+0.15%, 19.7%+0.94% and 37.7%+0.64%, respectively. Conclusion: Sophora flavescens polysaccharide exhibits
notable in vitro antioxidant and hypolipidemic activities. This investigation furnishes a foundational understanding for the

potential development and exploitation of Sophora flavescens polysaccharide.
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™2 (Sophora flavescens Ait.), S RHEY), &—
FRREA, 5040 T AW A—LE RPN E 2R, B e HoA
MR ZEAL, AndTaR . P, DK HL . VER H B3R
PO AETEME, — B E R 2 RN T et B S R
R — R 2 DIRBI RSN N ST, BAABRIAERXT 43+
P, HAr, CAMEPIRIR ., 25, nh FERL R SRS AE
HA RSy B AR B Z PR RS 208 . HY AN
AVEAREERWER, BT F e AMAMERRRNGY 755905
HAW WG II®, 2 EAA Z R A istE, 72
HiFp s e EE Y R —M, KE R R
YRR PR L PR G RN G A5 2
Tkl ik, MEY RS B AR SR 2P
TG Yy T Lo AR R T AE 2 IR AR TR FE 7 10] o
AIFRE AT SARES D FORHR G S 220, PR AR ST
PrEAL IR MBS

Xt TS 2 B8 AHSCHRIE . BRE
SO 22K AT BEUT. BT S 20, SR A 2
7N ERUIGIAR O 4 B BE BE F IFN -y 43, LA IE s B g4
M5 TNF-o VP T S MR e einitE . Li 5507
K HPUKSRIBOEAZR I T &5 S 20T RAW264.7
MRS T S 2P RIETE. ElEES SRH
IREEEEDUEAAT S22, B8 TS 2Pt
bria st . XL RS 2 EG ZF ALY
WP, A 2R AR A P RT 5.

E 2 IO GRS WAy VAR RPN i S (T KAy SR IR SR
PHLAY, . 43T 10 B A A S5 X SR ISR 5. Har
W FE R SR T Z2 R BT vk 2 FOKIREGE |
PRORPRIGS: | BRI | MBS I B AN e i B F R
LB BHE BT RITRA, ARG SR FE O | e
£ 77 RN = A oY [ L R R /e e 5 NSy RV TN S S e
FYFRER, (EAN [RER B X 2208 0 r= 5 . B TR
ARSI BT, Ve GE R B v 2k
FCER, WArPEHSIAR 0, HE i AR R
WS PETTFR IR PR AR AR — AN SO
LA R Z X S 2P G A 3Eal_E, SRATIERS
IR T 25, FEPPO HAAR S Mt S R R 1
REENE, v S 2 init— 2 AR HIE A
1 MREREE
1.1 MRI5LER

WZSREY A deR R A GERD HIR T

INE CAE kel 1T EAENECE R A R
HEORIER (BRI 2Lbk . HE . B, 2L
EPFEAEAINE) S ral, 321F Sigma-Aldrich 23]
Wl S RN el E2 R bR
BRSNS A1 AR (BSA)  J3brall, 38540
BRSE]; 1,1- 285 -2- =g FR W (DPPH) . 12K 5E-
3-H SL-s5-nlkmkebilil (PMP)  Sydral, Jb s &R SeER}H
BB FL HoetheAdsn Yy = adrati.
BJ-800A HUZIHEMEAL  WITTFEAR LIS
25 ¥l DHG-9030A HUMHR G XTI LIk
AN AR s B220 BUfHIE KIS g sRAfL
XA AB104-N BUSPHTRSF Mgl -FER 24
43l LC-20AD B B s S O AR gAY SRl
PR (P ED A PR F; RE-52AA B ZE R |
W B A BR S F 3 YTLG-12D-80 78 ¥4 153 T i
HL. YTUP-15 BEAliKAL iR A R A
Fl; TG16-WS BUMIREE KA EOHL K VPWIIESC
PULER S F]; UVT754N BRSNS 8T Fief
BHYZRAX AT FR 2N 75 Nexus670 BILT NGRS 26
[E] JE 755 5123 F]; Thremo-Fisher C, %44 (150 mmx
4.6 mm, 5 um) 3Z[E Thermo-Fisher; Shodex OHpak
SB-804 HQ {44 (8.03 mmx300 mm, 10 um) H
ASHEAINE T,
1.2 LTk
1.2.1 WS M e STE T EAE D 50 ¢+
KEJS, By dfat 80 H i, {8 80% £ BEdic bWk b
1:8 (g:mL), 80 °C /KIEHiFEMINE 4 h, I u& L B8 24
B, BAE 6 WK, B IRR IS  S 2 8 AR BT AE
50 °C FEEAA.
1.2.2 WS BHEICRE R SR
1.2.2.1 $RHGE BT Z R 152 m S 5 FREL
0.5 g MR )G WIS 25K 43 5T 5 1~ 50 mL &5
OME L, A 15 mL Z8187K, 43 51#E 50. 60, 70, 80,
90 °C 7K FHEEL 3 h, $/H 3 K, &I IOR, He4s
M.
1.2.2.2 $REBORECS Z B 152 m S B FREL
0.5 g MR )G WIS 25K 43 5T 5 1~ 50 mL &5
LM, I 15 mL 2818 7K, 7E 80 °C 7Kl T2 EX
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3h, SrAIHEREL 1, 2, 3. 4, SR, A IFELEUHE, W4
M.

1.2.2.3 RHELEXT B9 R 052m 53 3IFREL 0.5 g
Wi /S BT S 25 B K 505 F 5 1 50 mL #5004
Hh, PR EE 1:10, 1:20, 1:30, 1:40, 1:50 (g:mL)
IAFT AT ZE1B 7K, #E 80 °C /KU FA$2HL 3 h,
PEHL 3 K, IR, M -

1.2.2.4 $RCHT A X) Z2 BEA3 F A2 53 55 PR HX
0.5 g BB TS 25K T 5 4~ 50 mL B.0045
L A 15 mL ZE4E 7K, 1 80 °C /KB T, 41 B EL
1.2.3.4,.5h, & 3K, &I, W
H.

A FHAE AL IATRLIL 1:4 (Vg sV 2m)
A TJCIK 2 BERETL, 4500 r/min BS.0» 10 min J& 4
ULLE, & T HECHI A% 1 mg/mL /KIEW, FHIE -7
P R0 b i, AR A= (D) TR R

Z PR (%) = ZHE 5=/ B g0 JFkE B & x 100
= (D
1.2.3 1EZIAEE:  ARPE AR SLEGAE R, i iERg
BSTRIZRKSE, W 1 A,

F1IELREN R AR

Table 1 Factors and levels for orthogonal experiments
= K==

T M BEECO  CHREE D
1 2.5 75 1:25
2 3.0 80 1:30
3 3.5 85 1:35

1.2.4 TS0 B BT o AT

1.2.4.1 #SZREMHEEC AR IE SS90 AR5 10 i
FE T 2R B b, IRBOR MR RN 4 54
JeK 2 BE, 7B )5 4500 r/min 850 10 min WAETT
VE, UTIET T/K G FHZEIRBKENT 48 h GENTASTREE 77
T-HM 7000 Da), £FE 6 h #e—IK, BHTIIR S T
Wedh . B TR IE19 7S 20, IR0 E 285 Bl FE
PR & .

1.2.42 HEHEBREESEME DL BSA NFRUEM, SRH
2 fp s i v U0 I AR I BT S . A3l 0.01
0.02., 0.04. 0.06. 0.08. 0.1 mg/mL i BSA I,
B 1 mL i AGRAE i, BN S L G-250 I
5 mL, 30 °C fHEiZ/K¥ 30 min, ¥HUS 466
BETHAE 595 nm &b LW OSGRE(E o LA BSA ¥k BE
(mg/mL) AR, WG AL bras IR UERT£R,
AR A ML VE R (BSA) £k MV 72 y=6.18x+
0.0303 (R°=0.9984) TS H & .
1.2.4.3 SRS ENNE SRR -GRie st e
WS, - BIEEH 20, 40, 60, 80 Fl1 100 pg/mL HYFE
ZPBERRUESIAME, 45H 1 mL T b, FILA 0.5 mL

6% AW, ¥5), BN 5 mL WRBRIR, B /KIS
10 min, ¥ & 2 = JE /5 76 490 nm P K AR 2 B '
B, LIZAGPAEE (ng/mL) SMAREARHR, WG AL
o 225 Tl A o il 2, AR P A A OBE 2 M [l UE O B y=
9.2583x+0.0422 (R*=0.9986) 3 12 L2 Wi Y Bkl
g

1.2.4.4 £LAMGIEHT MR R SFAEED Ik It
RS, ¥ THR S 1 2= 285 KBr /K 1:100 1R
G IR g, FEHUR T, BT LLANGIRE T A T e
4000~400 cm™' JE B, 102G E .

1.2.4.5 AR UGS S3AT AR a2 SN iy
35,4 0.1 mg/mL S S48 1] WoG4-600
BETHF 200~800 nm #FF7 4= PR FTH, 10 OGS E,
ZENRKAE X R

1.2.4.6 HABEHASTHT  ZHEREM: FREL 1~2 mg 7
Z 2 W T2 P, I 200 pL 7K FE43 AR )5 n
200 uL 4 mol/L =3 2R (TFA) 1R~J, £ 11, 105 °C
B fEE 6 h, ZKAfH A WAL R T, A 400 pl HH i,
FURA IR T, EBAZ 3 IR, 2% TFA, &M,

PMP FitA:: AKEREESRIIA 100 pL AB&lKIEfH S
S 100 pL 0.3 mol/L 1) NaOH &%), A 120 pL
0.5 mol/L PMP ) H B2 15 %, 70 °C kG /K AT A=
60 min, J5HIIA 100 pL 0.3 mol/L ) HC1 *HFl, J2 i
WHSETEEI 5 IR, BRI N ¥ PMP, i 0.22 pm
TFLUEHR S FH HPLC 4347 SRBHPRUE S F IR R Y
Iy AbER

TS SHT S5 1F: DIBSIREh 2% il : 2 1E=83:17
(vv) YENTLshAH, [ Thremo-Fisher C,q £, #HEE
£ 20 uL, AE#R 30 °C, Fi#E 1 mL/min, 284G 2%
245 nm FELRAGI, MR B 0B BR E S 114 HY 0GR TR]
AFERE S P OB RIS, R 04 T B AL SRl AR X
FEEIR BRI,

1.2.5 S ZHPTETE RS

1.2.5.1 DPPH H HIEIEFRIENM: BorSZ28H Vi
3B R AS R BT e (0.001~5 mg/mL) FY7KEE
o B 1 mLAE5S 1 mL 2x10 % mmoL/L 1Y) DPPH
CEESRR S, ZE IR CFE 30 min, BN IRINA
BARAR, FHEEFRAYAE 517 nm A0 52 0 G, 4540 52
AT 3 kU,

1.2.5.2 LA HIESRTEE  HES20 v 4
SECH AR E R E (0.001~5 mg/mL) BIZHEK
W o A3 E 1 mL A S IE WK IR INA 1 mL
9 mmol/L 7K1 R ¥ #&, 1 mL 0.05 mol/L FeSO, Fl
1 mL 8.8 mmol/L ¥ H,0, IR&H#I4)), 37 °C 1HildK
¥ 30 min Ji7, 7E 510 nm AL E W OGIE . B S5
HE 3 kM,

1.2.5.3 HEFABETFEREM S v oy
ST T B AS IR TR H e 2 (0.001~5 mg/mL) AY 7K %
W HL 1 mL 50 mmol/L ¥ Tirs-HCI (pH-8.0) ¥,
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in 200 pL BYRESLIEWE, 37 °C 7K 20 min J5 A B
AT 50 mmol/L 42 =/ 200 pL, IB-& 5]
4 min, FJEIIA 100 pL ¥ ELARZE L NV, 7F 320 nm
AT SE G, FRLH SEgeEE A 3 kIS,
ARPEAT ()T T =Fh B h RRAIFR S,

THFRZ (%) = [(ODyy — ODj)/ODji ] X 100
@)

T, OD e 7 A I A Z2 8 1149 52 N W e G AH 5
OD o FIAFE S 5 SO MR I GAE
1.2.6 WEZPEASMNEMABE I SHHE
FREENY 1R E A
1.2.6.1 #HrRuERRZRee®]  BohIABHIAAK S I iE s
AT BWAA TR .. F 0.05 mol/L pH 6.8 B
MR 2% b R 43 ) e e BE R 0.1. 0.2, 0.3, 0.4 I
0.5 mmol/L BIAHIREN (SC) | A ANfREN (STC) . H
ZHEEEEN (SGC) FNR-GHEREE:E (=FhIEERENAH AR
RE MBS) FRAEERL, IIA RIS 60% HIFRER
VW 7.5 mL, 1A, 70 °C KIHNER 20 min 5K
¥ 5 min, 5400 WG G RV T 387 nm PR AR
REWSCIEAE, LINRFRER M 5 i AL R, TR GIE A A
b, bR fERI LR . AHEREN (SC) . 28 A0 iR 4
(STC) . HEAMEMRH (SGC) FR-GHERREL (MBS)
Y 2 A 11 ) 5 R 53 931 2 2 ygc=0.695x+0.1329 (R*=
0.9971) , ygrc=1.362x+0.123 ( R*=0.9964) , ygsc—
0.659x+0.1243 ( R?=0.9976) , y\ps=0.863x+0.1409
(R?=0.9965), 7E 0.1~0.5 mmol/L £ [ Py 45 H iR
Fe R (x) HWROGIH (y) £ R Ry, nTARPELL -
(BT 7 R AR R R A 2
1.2.6.2 JHERFRZEGSCY  4riiHL 1 mL MR 2,
4. 6. 8 il 10 mg/mL M7 S PKER T H RS
L, MA 1 mL AT B 37 CEEIRZHEAL 1 h
P9 pH 2= 6.8, IIA 4 mL A TJH#&, 37 °C {Hig¥k
IEAE 1 h J5NA 4 mL1.0 mmol/L fIHBREL W,
37 CHHIEPET 1 h, 4000 r/min .0 20 min 5 B
2.5 mL VS W, A 5 53 B0 60% 1A Bt R 145 TR
7.5 mL, J&%J, 70 C /K #F 20 min, 2 0K %
5 min, 7€ 387 nm P KA 2 WS GAH . AR AH N AR
HERRER, P10 _ LS P IRmREL A, B okas & 100
O, 455 RRIE AKX (G)IHA.

NERRER 4 53 (%) = (A — A))/ A, x 100 D)

Ao, Ay JHERER N, mmol/L; A : IHRELT
4x5, mmol/L,
1.3 #HIELIE

di %A SPSS Statistics 26 X i it 2o Rl 25
22578 (ANOVE) 1 Duncan £ 5 . 3550 78 i 3
PE2E 5 (P<0.05), Origin Pro2021 ZAAAER, Jra i
I EE 3 R, P BIEERHER 22 20K, P<0.05 3%
ANHEA 2R

2 HBRESH

2.1 BERTWER

2.1.1 REGRBEXT SR g A 1 Rls, £
AT ZR B SR IBGRLRE AR W T s B R =, MR A
F| 90 °C B, 15K KF] 2.26%, HiEIE T 80 °C A,
RS R BEIR TN 22 (P>0.05) . i)
PRI AT BE S Rl 2 T 10 T, TR 08 BE 1 i aE
TRt Z Pk, 2T SN, A5 )T Z 655 A4l i
ZERR NS AT Y (AR S v, R D WS aZ
FBEIR, SHERTZHE, 2 HS R AR T =k
FARPO, Sk 80 °C NJELEIEAS RIS T2tk
A H ML

237 ab a
b —t
2.01
< c
‘Bﬂ' 15 7
i
~ d
1.0
0.5 T T T T .
50 60 70 80 90
FEPUR I (°C)

BT R 2R R R AR
Fig.1 Effect of temperature on the yield of polysaccharides
TE: AFRVNE TR A 2R (P<0.05); 1] 2~4 4 [,

2.1.2 $RHGR B Z A R A S R 0
Pl 2 AT, BEAE PRIBORE B A WG n, 22881551
P, UKL T 5 U, ZPHRIAF] 2.31%,
PR T 3 UE, 2P BE R B8 n
A RE (P>0.05). ST IEIH, BEE HE B
BN, BEAL B W TR TE o R Y, AP O RGA
B 3 a, B B 2B RGE 2 P BUS SE2 T
AP RS . 245G LU AR SRR O, e
3 WML KR

2.57 a a
a .
20 b
&\i
o
1.5
c
1.0 T T T T T
1 2 3 4 5
PR

K2 SRIBHBON ZHES 2R A5 R
Fig.2 Effect of the number of extractions on the yield of
polysaccharides

2.1.3 CBHRE LLXT ZPER R AR 45 R b AT 3

AJ R, 2SR SRR L RS AN W 5, 2R
bk 3| 1:40 B, ZHE15RIKF] 2.51%, S8R LK
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T 1:30 W, Z2HE AT A< BEORE AR bE 5S04 fE A 3%
(P>0.05) o r#T A, FERR—E T OL T, [EAH-5
AR Z AP BE 2, 5] Bl 2, AR N SN2 Wi e
T FEE RIUARRIC, {5 Z2 M RO ) LA 5 B, {HRE
FEVR RSN R, W S WK 3 W R
SR 7K A FEEAAR T B 4 2 T 38 B — o Bl 285 T AN 1
B, ELEEE F A A3 N, Hofth—LeqE ) ey
TRl AT RE L R BERE N, IX SN AT RE AL 1 b
BTSSR T S5 5 20 A NS PR O, i
HH 1:30 VERJESLEAS IS T 2 AL OB

3.0

a

a ‘i/_{

2.51 -
b
2.0

1 IIIO 1 2I20 1 2'30 1 :'40 1 :'50
BRI (g/mL)
3 ORHAR L X 2 MR 5
Fig.3 Effect of solid-liquid ratio on the yield of
polysaccharides

73 (%)

2.1.4 $REUCHF )X Z2 B0 R A2 45 R T K
Pl 4 AT, Z2HEAS AR B A P MU 18] ) S AN T g v
PRI RIS E] 5 h i, Z2HE IR E] 2.48%, X2
BRI T 3 h B, Z2BH R B SR Ta] A E R vy
MR EE AN .35 (P>0.05) oS3 AT I A S BT R B ik
PHIANRESE ST, AHI AL R, 22 Ra e T I, 45
FAER I3 2y B IR, 2R OR, S B S R AN H
T2, g G Pl MEEPRE oL, e 3 h 1205
LEEA S T2t ny e E.

3.0
a a a
2.5 _ 1
b
g 201 ;
% 151
1041 ¢
i
0.5+ ; : , ‘
1 2 3 4 5

FREUE] (h)
Bl 4 PREUE BRI 2 B R A5 )

Fig.4 Effect of extraction time on the yield of polysaccharides
22 BRI

2.2.1 IEZCEREIRAT  MRE R Z S A R, SR
JHARUE Lo(3%) IEAZ UGB H AT 2 B2 T 2400
AR, B N v 2 ZZ AR B L« IR0 B RIS ]
AR, SRBUREEE N 3 IR, IEASIES I 2557
Bras R hlse 2 Fnsk 3.

*2 IR AR

Table 2 Orthogonal experiment and results

SES
A -
A B C D (=A%) 2R (%)
1 1 1 1 1 1.57+0.04
2 1 2 2 2 2.24+0..08
3 1 3 3 3 3.01+0.03
4 2 1 2 3 1.32+0.09
5 2 2 3 1 2.46+0.11
6 2 3 1 2 2.24+0.06
7 3 1 3 2 2.13+0.04
8 3 2 1 3 2.54+0.09
9 3 3 2 1 2.64+0.12
K, 682 502 635 6.67
K, 6.02 724 620 6.61
K, 731 789  7.60 6.87
k, 227 167 212 222
k, 201 241 207 2.20
k, 244 263 253 2.29
R 043 096 047 0.09 B>C>A
K3 TESIE
Table 3  Analysis of variance results
P 3 HEEFA Al ) F A
(EnE 2.186 6 0.3644 58984  0.0168
R 45114 1 45.1136  7302.563  0.0001
A 0.283 2 0.1413  22.879  0.0419
B 1.510 2 0.7549 122192 0.0081
C 0.394 2 0.1969  31.879  0.0304
R 0.012 2 0.0062
it 47312 9
BIF R B 2.199 8

H: R? =0.994 (JA%£J5 R*=0.978)

MFR 2 IEACRIG L AN ZE 5T T LA H, 3 4
WA X132 T B>C>A, BN X155
PRS2 ) e G, R BBOR R EL AN H B ], fefed
BURAE R A3ByCy, RIFREREE] 3.5 h, #RE 85 °C, #}
Wik 1:35 (g:mL).

[l YA Ty 22 43 Hras SR ANER 3 s, 558 F
J7 58.948 LT 4, P<0.05, 15 B i 4 B 4 3,
AT A0S BCRL R | B[] R EE X 2RSSR 5
N . AR P iE R AT R?=0.994 (R4S R*=0.978), ik
BAAR AL TS 5 1 g8 (B A S P4 4P, i Fh e
BOREE | ISP TE) BRI LE Y FARTT 0, =SB 2850 Z20H
G IR, I EE>RRE LE>Bs ], X 5 1EAE
RIS R 3, HIRBORE XS 2SR5
M ELE 2
222 TABUESLE HEHRARRRTZ4MH T, =
23 T T 2AKAE, i RS 2R, —
WK B IE ) 37 = Z A5 357 528 2.98%, 3.15% F
3.09%, I FERH 3.07%+£0.07%, 5 50 K K S2 8040
L, ZHESRAG S 5 Bai 480 J@ L /KR EEDTAS
B 07 2 2 HHER (2.5%) FLiE, AN T AR RS2
FEIAS SR B3 =, BB T 200 se s, Rz a
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SN EA B ROA BT AT R, S TS 2

R

23 EESZPEBUMRSNER

23.1 WSRO EMEASTENE a4

KBRS 2R =N 81.8%+0.65%, & H Tt

TR 2.4%%0.09%, FREHARSZE T 20k 5% 4 12
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