E RN AR B R SRR T ZRInE W EN

REV Eaz!, kF!, TFE!, Tmal, mAak !, IR, RO EARI RS, BRI AR
154007; 2. BRITHRZA KRS P25 26 M E m st %, BRI 150040)

WE: BM AR E & -8 @ kA & 88 1 % ¥ (Dictamnus dasycarpus polysaccharide, DDP)ABABSIL L%, # &
DDP #4587 J6 & MAFAE R BALE W, ik RA AR -big ik, VABSRA Lo | BSRN 5 S Mz bs . RviR
B RRETIE A B K, BRI E (degree of substitution, DS) A B K&, s 8 TE & K-F#HIT L =B ME, # Az
B R R AR LA SFHATIRM AT RS RE R AL R L M A, N RREELOSEE % %F‘(sulfated
polysaccharides from Dictamnus dasycarpus, SDDP)%F DPPH, OH-, O &kt /1, HFRARAMNFMR, ER RMEILL
A B AN LB 1 2 4, BgLXA B SABERLH) 1 1, RORBE 73 °C, BUEAE 5h, £rdhHi% 27 SDDP /£ 820 cm™!
#1254 cm™! FFL & 3L C-O-S #= S=0 ﬁﬁﬁi}?ﬁ%ﬁﬁ‘ﬂﬂi% % 9 DDP #4546 sk 7y ; 128545 %= SDDP & @dnks, Hesl &%,
H 3 kK428 £ F DDP; DDP #= SDDP #iA i% Ik DPPH. OH-# O2-#t /1, E SDDP % DPPH. OH-#= O - AR £ 3% T
DDP, 451 2 &3%it-200 @ik AL DDP ARER BE L T ¥ 75 ik AR LT B 4F, DDP SR ESALE , WA ERA TR G,
KHEE: B SR mdEk; AEREAL; 98K S48, AL, b b
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Optimization for Sulfation Techniques of Dictamnus Dasycarpus Polysaccharide by Central Composite
Design-response Surface Method and Study on Its Antioxidant Activity

ZHAO Hong'?, WANG Ruiyao', ZHANG Yu', WANG Yuliang', WANG Lihong', TANG Weiwei!, WANG Weihua',
ZHANG Kail(1.College of Pharmacy, Jiamusi University, Jiamusi 154007, China; 2.Key Laboratory for Chinese Materia
Medica of the Education Ministry of China, Heilongjiang Chinese Medicine University, Harbin 150040, China)

ABSTRACT: OBJECTIVE To optimize the sulfated process of Dictamnus dasycarpus polysaccharides(DDP) by central
composite design-response surface methodology, compared with the polysaccharide structural feature without chemical
modification and investigate its antioxidant activity. METHODS Chlorosulfonic acid-pyridine method processing technology
was optimized by esterification reagent proportion, esterification reagent with polysaccharide solution proportion, reaction
temperature, reaction time as independent variables and the degree of substitution as dependent variable, each level of
independent variables were fitted by multiple regression fitting. Response surface methodology was used to select optimum
processing technology; sulfated polysaccharides from Dictamnus dasycarpus(SDDP) were obtained after identified through IR
and SEM. Antioxidant activity of SDDP was researched by setting the different concentration of the sample solution and
adopting the free radical-scavenging(DPPH, OH-, O2™*) capacity of DDP and SDDP as the indicators. RESULTS The
optimums were as follows: the esterification reagent proportion was 1 : 4, esterification reagent with polysaccharide solution
proportion was 1 . 1, reaction temperature was 73 ‘C, and reaction time was 5 h. The IR spectra exhibited that the characteristic
peaks of sulfate at near 820 cm™" and 1 254 cm™' of SDDP. The results of IR revealed that DDP was modified successfully after
sulfation. The SEM exhibited the surface of SDDP was roughly arranged and the bulk volume was obviously less than DDP. It
was discovered that DDP and SDDP both had the strong free radical scavenging ability for DPPH, OH- and O>™-. Compared with
the polysaccharides without chemical modification, the reducing power of SDDP was stronger. CONCLUSION This
optimized processing technology of SDDP is simple and feasible with good predictability. After sulfation, the antioxidant
activities of DDP have been improved.

KEYWORDS: central composite design-response surface method; sulfation; Dictamnus dasycarpus polysaccharide; antioxidant
activity; IR; SEM
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H & o322 F B MW B & (Dictamnus
dasycarpus Turcz.) ) TR K, HABRIRE . 15
RS 25 2 Dh k20 A T R B 1 A B S A AR AL
HERE. IR LRGSR, K2 hE
J2 F E BTG gy 2 — B

A ZHE R, KIFEZ AR
N AP Y, BAEPUME . Ui, B
WS Z P AEYEYE, R A& 2R A ALY, 2
Wi G AN 778 KEURIE T K%
BIRAE U, EPRIE Y N 2 RS M AT B,
AT 386 o LA A 0 T BORA RT AEiEE, A BD
R RVNEZ ok (AR R i el 1 P S [T b Ol R ]
% W HEAT S5 M AB A O R 24 00T AR N 198
MR k. 2R ARRE L. SRRk .
LA EFEE10) Fh AR R TR A B DL, AR R IR AL
MBEA BRI EYNENE, Rl EPUE . P
J7 LRI 5 -

AW Ok B i 2 B (Dictamnus
dasycarpus polysaccharide, DDP) B R & HLE AL -
P B MPUER BRI EDY, ik — 54T+ DDP
T, AW AR A R ST VAR AL DDP AR
FRlRE T2, HE A B GR He ] . TR A
52 W g RN FE R SEET (8] %) DDP i
FRIE AL T 2 I 5Em, 5L DDP fiBREs (L il T2
FHEUE, A R & B R I /b DDP(sulfated
polysaccharides from Dictamnus dasycarpus, SDDP)
SR FIR KR [R5 % %2 SDDP Hi s fis 1k,
RN T DDP S H AT A0 24 FHANE B B FH 34t
W R At RV TR A R A
1 X5

DF-101S A8 iz % 7745 45 G P A IR} 1257
AIRAF); FDU-1200 BAHTIEAL(H A < 50 22
etk 24t); DL-5-B 24w id B AL (b ifg 2 = R}
AP 7) s FTIR-8400S 7 41 4k ¢ il A (H A
Shimadzu 22 7]); Prox 4454 LR (17 == Phenom 2 7)o

SREFR (LS. 201506015; 4. 98%)
MEHES: 100109-201102; 21 : 98%)34 M4 H Bl i
TEGICER) AR A A BRI HE 5 : 20150925)
XK LS : 201507 15)38 0 B K H 1R KA
SARFITT KAy AKHERE S 20151004)F1 — 2K
AREWREE LS 20151004)3 0 H K 1H 24k
R IE AR AR B ERFI g, oK
RHEIK o E R (AR o 2547, kS
oh E IR R 255 2020 4F 5 A28 37 45258 9 A

170508), £ AT R 5 24 2 e K - 4% 0 N2
FRHEY) A & (Dictamnus dasycarpus Turcz.)[]T
e, e EZG i 2015 SR E, DURESR R
A7 FAEARH K2 4B

2 FAEESHR

2.1 DDP K%

Y 8 Bz T oK 500 g, BN 5 5K,
100 CRHIARIRE 3 &, WIIE, AIFIER, WEK
6, AWM LK SR LERCRERE N
80%, 4 C#+HE 48 h, 4000 r-min~' &> 10 min,
WERDTE, T 1515 DDP, 1934 13.6%.
2.2 SDDP i %

TEM A R PE 2 B TR =00, A
10 mL Jo/KMERE, B FUKHAE1% 0 Cla, Hidt:
TEABIIAN 2.5 mL SRR, 15 30 2 A AL 1k
WA, 20 CARHRLE, &H. %I 200 mg
DDP F 30 mL J&7K N,N- - F &£ B ik i (DMF)
AR JE N FIRERARA, 70 CRM S h, ML
RHAHMESR, H 4 mol-L-'NaOH =, fn
ANTK CBER EIFRIKIER 80%, 4 CifE 48 h,
4 000 rmin~' B0 15 min WETEE, WAEN
72 h, #iFT 1S SDDP.

2.3 SDDP i FRAR HUAR M 52

KA - B R i B, 2 B R AR A 1A it
277 2 5, RS %5 FREX 10.0 mg SDDP T~ 10 mL &
R, I 1 mol- L' EhIRVETR B A A 10 mL,
AL, 100 C/KMESh, AE=E, /H. W
BEME 5 mL IO 3.5 mL 0.8% =5 LB, #
5], A 2.5 mL SA0E-BA VA (R AL 1%, B
52 0.5%), 7E 360 nm AbWIEROESE . BRERFREUR
J¥ (degree of substitution, DS)ZH LT A itHHE
(SY% N FEMIFE AR R & ', W NP RO
FEXT R PR IR AL 2 e 5, W ON T B )

o 1O2XS% - gor IS L 00%
32-1.02%x5% W
2.4 DDP ifRER{L T 201
241 EREIFS54R R Design-Expert 8.0.6
BE R S Z404E DDP BREREEAL T 215 .
b L AT IR T Y AT IRSE A it 7287 AR
JONER % S SR (R B AR &, DL DS A R AR
&, BAHEERI S K, R EARE-2, -1,
0, 1, 2%/x, BiillGwitEHzKFERE L, &
MOARIE B KR I 2.
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R1 EARARRITEEAFX

Tab. 1 Factors and levels of central composite design

K
K%
-2 -1 0 +1 +2
ACEBERR © MEnE) 1:2 1:3 1:4 1:5 1:6
B(EsfLRF - ZHimw) 301 201 1:1 1:2 1:3
CURPLIEFE/IT) 50 60 70 80 90
D(J% RLIF [d]/h) 3 4 5 6 7

R2 EARBRRITAER

Tab. 2 Central composite experimental design and results

S TR A B C D DS
1 -1 1 -1 -1 0.42
2 0 -2 0 0 0.39
3 0 0 0 0 1.07
4 0 0 -2 0 0.51
5 0 0 0 -2 0.77
6 -1 -1 1 -1 0.46
7 -1 1 1 1 0.37
8 1 1 -1 1 0.51
9 0 0 0 2 0.57
10 1 -1 1 -1 0.56
11 -1 -1 1 1 0.32
12 0 2 0 0 0.78
13 -2 0 0 0.28
14 0 0 2 0 0.86
15 0 0 0 0 0.97
16 1 -1 -1 -1 0.48
17 -1 -1 -1 -1 0.42
18 2 0 0 0 0.37
19 1 -1 1 1 0.43

20 1 1 1 -1 0.73
21 0 0 0 0 0.96
22 0 0 0 0 0.89
23 1 1 1 1 0.62
24 0 0 0 0 1.03
25 -1 -1 -1 -1 0.36
26 0 0 0 0 0.96
27 1 1 -1 -1 0.58
28 -1 1 1 -1 0.49
29 1 -1 -1 1 0.41
30 -1 1 -1 1 0.31

2.4.2 MRBHUE KT = WﬁDm@EWm
8.0.6 FRAFHEAT B0 Ao Ab 3 K 77 2 M, DA

WWEYﬁ%l%ﬁQEW%%E%ﬁEEﬁ
IR, AT EI(A) . BRI
52 PER LB (B) . RN (C) & BB [E] (D)
GV 2 8 IR Z W E A7 Y=0.98+
0.056A+0.057B+0.050C-0.050D+0.033AB+
0.014AC+3.125x10"*AD+0.018BC-6.250x
10-*BD-0.012CD-0.18A2-0.12B2-0.090C*—
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0.094D?, Xz FEEAUR A F R AT 75 2 0 B
HIGUFAE R R B
ZRZ AL E FEABER R7=0.927 2, KL
P=0.146 4>0.05, KAWBIAEE, 3P HNIE
HeubrEERARE, BEIEFEAE. WE, 7
T DDP @B T ZE R T A 4T Xiv Xos
Xav Xo ZIRBURA R 52 (P<0.01), —RIUA &
R (P<0.05). M DDP MREEL L 2N &K &
FEWT s BT 5 22 BV R LG 451> 18 A X5
Eb A5 > sz B[] > S B B o 45 SR LR 3
=3 EERBEFELN

Tab.3 Analysis of variance of central composite design
TIERIR CFOIA HIE By F{i PUF>Fa) R

Model 1.58 14 0.11 13.65 <0.0001  **
A 0.076 1 0.076 921  0.0084  **
B 0.078 1 0.078 9.49  0.0076  **
C 0.059 1 0.059 7.16 00173 %
D 0.061 1 0.061 740 00158 %
AB 0.018 1 0.018 213 0.1651
AC  3306x103 1 3306x10° 040  0.5361
AD  1563x10% 1 1.563x10*  0.019 0.8923
BC 5256x10° 1 5256x10  0.64 04371
BD  6250x10¢ 1  6.250x107°7.580x10™* 0.978 4
CD 2256x10% 1 2256x103 027  0.6085
A2 0.89 1 0.89 108.16 <0.000 1  **
B? 0.36 1 0.36 4423  <0.0001  **
c? 0.22 1 0.22 27.13  0.0001  **
D? 0.24 1 0.24 2943  <0.0001  **
5 &) 0.12 15 8.245x1073
AT 0.10 10 0.010 265  0.146 4
aiRZE 0.020 5 3.920x107?
M 1.70 29
T RO A 3 22 R (P<0.01); * RN A B3 2 R
(P<0.05).

Note: **Indicates very significant difference in the model group(P<0.01);
indicates significant difference in the model group(P<0.05).

243 L2tk R 2 o al VA 5 FR 22 | e S i
30T B A0 A B TR AR, 43 B 5 A8 250 H HL
T2, R 1, mpiT 3D B w] DLE s
SR AR EE (A R4 AR5 22 BV T LL A3
(B)« SN B (C) Je S B2 B (8] (D)2 [8] #H BAE F %t
DS . & 1a 5 1b KA BAEH X DS
(1) 5% ) e N B IR, ELAAR SR I A it e R XS R i A o
HIONE 1c 5B 1d IEEAZBAEH; le 5K
1f K2R 8 22 HAE % DS (AN KR, BA%
DA A XS LB 2% . 198k T2 Rk
Fefl 12 4, BeAiliS 2 hEmesl 101, &M
L 73 °C, ONEFA] 5 h, DS F{E Y 1.009 78.
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C- P
'ﬁ&&f/»c 00§30 2!
B

1 ZERENRBRRARER W =LdH

Fig. 1 Three-dimensional surfaces of each independent variable on degree of substitution

2.4.4 DDPRRE LERIE K FREL 200 mg
DDP, %k T2 4MFEE 3 ik, 4558 DS 4
WA 1.009 42, 1.008 98, 1.009 56, “F¥% DS K
1.009 32, SHEIRIFMNAE i 22 <5%, K IIZB AT
WHEwn, EE R, RSB B &R & T 2R
ERTEE, HEEMHERE.
PR IR 7 el

¥ DDP Al SDDP 74> T4, 43 7HL 1 mg i
i, 2 KBr KA, 1E 500~4 000 cm™ A BE(T 4T 4k
e, e AR A

DDP 7E 3 424 cm™! [tz &b O-H 45 R 3) W%
U ; 2 941 em™! PHITALT C-H 45 4R 3 W e e ;
1 646 cm™ i C=0 H4aHR3NE; 1420 cm™ [
A BE S F C-H B AR 1079 em™ ik
NI R B (C-O-H) i 45 R 2 W i g s SDDP AU
7E 3426, 2952, 1637, 1029 cm™' Bf5 2 PHHFIE
Wi, £E 800, 850 cm™! A RERERILAFIENE, 7E
820 cm™! [ftiE A C-O-S FffEUE, 7 1 254 cm™ il
£-0S03S=0 A IRBNW YL, IR 4 H13E] DDP
IR T . 45 5 LA 2.
2.6 HHHEE T

FRH DDP 5 SDDP i& & T-#¢ A, %
Be oM B TR A5k, I B R 15k V.

DDP 5 SDDP [ VAR LS AL &% %2 57,
DDP ZHuk HR G- HE55ifs, SDDP £
ok R REHES %%, DDP 3 B HuR 14
B KT SDDP, 7% [A] 254 & A B . oo, 45
R 3,

rh E IR R 24557 2020 4F 5 H 55 37 555 9 M

DDP

0.85 164638
341591 1420.10
0.80F 1079.57
4000 35000 3000 2500 2000 1500 1000 500
WeBem™
11r
SDDP

163735

0.6 1254.73

05L343044 . . . .

4000 35000 3000 2500 2000 1500 1000 500
WeH/em!

B2 DDP #7 SDDP 441k i A
Fig. 2 IR spectrum of DDP and SDDP

" DDP SDDP
3 DDP 5 SDDP # # #.45 & (1 000x)
Fig.3 SEM pictures of DDP and SDDP(1 000x)
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2.7 HUEAALIETE

2.7.1 DPPH HERRFNE 7 rlBcH 0.125, 0.25,
0.5, 1.0, 2.0, 4.0 mg-mL~' DDP }2 SDDP ¥ 5 ¥
o B 1 mL FEA VAT 10 mL R0, I 2 mL
0.2 mmol-L™' DPPH ZEEIEW, AR5, =ik
NN 30 min, 517 nm AAMAERSEE 4,
PAZE VBB SIS VARG Ao, BAEIK S
FEfE DPPH LA RINAROLIE 45, % Tt
5 DPPH 5 3%

A -4 -4)

&% (DPPH,%) = x100%

0

DDP } SDDP %} DPPH ¥ &k /EH, HAM
[y~ SDDP %t DPPH j&Fr{E 5% T DDP, *
Wi BREE 1L J5, DDP %t DPPH 3§ 1E A — &k
o TEFEMIKEEN 0.5~4 mg-mL~! i, DDP #
SDDP X DPPH j&RRHR 2IZW R, EIRER
HZBREREZ SR HEHEERCR. 4

WHE 4,
100
—
90f S
30k / —a—Vc
—~ppP
o 70} SDDP
2 6of
& sof _—
_E 40 F 7‘/
30F /
20f
/
0f ———
0125 025 o5 1 > 4

FE R SE /mg-mL-!
4 DDP ## SDDP *f DPPH 7 4 1F ]
Fig. 4 Scavenging activity of DDP and SDDP on DPPH
radical

2,72 FREHBHZEOH)ERRREME 5 5B H]
0.125, 0.25, 0.5, 1.0, 2.0, 4.0 mg-mL~! DDP &
SDDP F &b . 9 mmol-L-" i R WV 2k %5 3 1
9 mmol- L~ MU /K S 1 mL T 10 mL K& H 7
¥R, FE 10 min, I 9 mmol-L~' KR ¥
W 1 mL, 35 ‘C/Ki# 30 min, 510 nm AZbIA5 6
FE Av, FF CAZEIRAKAE FF S VRN A3 RO E Ao,
PAZE TR KARE K IR MR R OCFE A2, 3% FATHE
BHH HEOH )ERE:

i%ﬁ%%(OH-,%):Mxloo%

0

DDP & SDDP %} OH- )4 & siEBAE i, #H
[Fl¥ T~ SDDP i5Bx{E 3T DDP. TEFEMKRE
1~4 mg-mL~' i}, SDDP %} OH- )i fk %>50%. 5
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PR 5 2 PR S BRI ME R R, HERREER
FETFmag e . SR WK 5.

100

s —=— V¢

= 70k —e—DDP
M ——SDDP
&j

NS

0.1I25 0.I25 OI.S II 2I
FFE it B /mg- m L

5 DDP ## SDDP *f OH- ¥ % 1E A

Fig. 5 Scavenging activity of DDP and SDDP on hydroxyl

radical

273 BEAME T (O )IERFEME 2o B
0.125, 0.25, 0.5, 1.0, 2.0, 4.0 mg:mL~' DDP X
SDDP # i - B 1 mL ¥ 5457 /% 4 mL Tris-HCl
ST 10 mL iREF, SRS, 25 CKIB
10 min, A 0.3 mL 452K =¥, #525), 315 nm
ALEERE 30 s WIS IERE A1, BFUIN 52 W FE X6
BFEIA ¢, DA 4-t 2RISR AR Ky AT R =5
IR, B 1 mL Z8 03K B, 315 nm &b
DN 15 e 5 B B ] A8 4k Ak 8 % Ko(BA Ve fE
NFHMEXT ). 3% R TR O TH R %
THERZ(O] %) =%x100%

0
DDP F1 SDDP X} O, #J4 1&K4:AEH, DDP 15
MEERERA —E i m, EZENRAN. fEFE R
WPE A 4 mg-mL~'IFf, DDP #1 SDDP %} O, -i& k&
RI>40%. 2RI 6.

100 r

ool /

80 IE%P
70k ——SDDP
60 |
S0k
40
30+
20
10}

0

HERA/%

FN N

O.II25 0.I25 0..5 i 2I
FF ffik 5 /mg-mL-!

6 DDP #1 SDDP # Oy 7% I 1£ /A

Fig. 6 Scavenging activity of DDP and SDDP on superoxide

radical

3 T
DDP HA RUIFHPras ez iiEH, H
I R A S FL A W9 e R, A AT 5T 3K
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RS I Z MR TP A R, 2%
FER R AL 2 BRI E KA R 2 EROL R SR, M
T 2 2 [ 1) 5 A A5 22 B R ) R A4S BE iR,
E T AR R LK M, TR L M I Rk 1,
KL% DDP #EATZ5 A, X3 i HoK s i AR
YIRS B A R L. AWK DDP 4 SR
Mg & 1443 SDDP, ZL4ME7~ SDDP A{L#E
3426, 2952, 1637, 1029 cmi™' B £ HHERET
Wik, H 820 em™' Al 1254 cm™! fftiE L C-O-S
H1S=0 Wi B2 B R AL Wi e, 45 R K ] DDP 45412
T ) o

28 SRAIR - e VA B 1S 2 2 0, IR
FEAE R B ARG ] B A GR) S 2 0 L 4]
JRONERF ) s B AN [ T A B 22 5, b S e
B AL = LR 1, DR AT 3 e e 7 T R AR AL AR
PR Ak 26 F B T 203, ¥ 53R 50 ¥ ih R IE A8 36 1
A R — OIS Sk, (HiIEE A, T
TRUER ATt A o R - A T v T i
25 M A T AU SR T B R ARG 2 1R, R b AT
58 W H A IE S S W H IAE I AN 2, B MR
E AR 84 P 7] Aot AR 6 g3 A 436 v B U . AR A
KR S - RN THEXT DDP i ER B AL T 25k
TR, 32 B 08 TR AR B AT R Wk, R
T A7 BRI 2 AR S TR B T A S S e
KEJBk AL, BE R RS RMMHEAER,
UFRUFHERAEE, 19 20 WE6H TENS). DDP i iR e
T ZEMA AR 104, BRhikA 52
PEELEE 1 1, SR EE 73 °C, S E] 5 h,
SF#4 DS 4 1.009 32, #IFRE R IIXT DS HA K
22 R H— RO H A B

AR TR RSN B BE FRea, EEUAE NG
AR AT EALFE R, #R5F DDP A1 SDDP %f DPPH.
OH'. Oy ifA1EH . 45538, DDP Al SDDP X}
DPPH. OH-. O #\HATEMRIEN, HAMEWRET
SDDP j#&fE /152 T DDP. ZHEEARE ke %
PEUE AL RE J15RES, SRR ATAEYH1-OSOsH 2 ]
I, A ki EERE T HBOE, WO
A AR RE R .

2z BTk, DDP 1 SDDP ¥ BA B IF A
AEFH, DDP 2Rk fa bt A /e B35 1
0, X HERERAATAEY F-0S0sH EH 5 NA K,
NAR A 3 — B W ¢ DDP AT R . P
Jo8 9 55 24 B TR MR SR L0 A SR IR AR, N A 2 b
R E AR R 2% 2020 4 5 H 55 37 4555 9

ATV R BN 25 RO IR IS5 . ARWFITR
H B S8 -RORE %y SDDP Tk Ak AR 7 S ik
FARGE, EF AT AEMSG SN ST
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