Botanical Research Y%7 4L, 2020, 9(2), 83-95 Hans )0
Published Online March 2020 in Hans. http://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2020.92011

Optimization of Extraction Process and
Antioxidant Activity in Vitro for
Polysaccharide from Oenothera
erythrosepala Root Polysaccharide

Zhaogqian Liu, Yingying Zhang, Hao Luan, Yu Hu, Demin Gao*

Shandong University of Traditional Chinese Medicine, Jinan Shandong
Email: Lzm20000417 @163.com, *gdm0115@163.c0m

Received: Jan. 20", 2020; accepted: Feb. 24", 2020; published: Mar. 2™, 2020

Abstract

To better explore the polysaccharides of Oenothera erythrosepala, the optimal extraction process
of Oenothera erythrosepala polysaccharides was studied with the response surface method under
a single factor. The content of polysaccharides from Oenothera erythrosepala in different periods
was determined. Meanwhile, the repairing effect of polysaccharides from Oenothera erythrosepala
was evaluated using RAW264.7 cells damaged by hydrogen peroxide. The results showed that the
microwave extraction is more effective than the ultrasonic extraction and the traditional extrac-
tion. Through the single factor and the response surface analysis, the best extraction conditions of
polysaccharide were microwave power 460 w, extraction time 25 min, feed liquid ratio 1:20, and
the extraction rate under this condition was 78.55%. The contents of Oenothera erythrosepala po-
lysaccharide in the different periods and soil showed that the highest content of polysaccharide
was in November and sand. The activity test showed that Oenothera erythrosepala polysaccharide
can effectively repair the damage of RAW264.7 by hydrogen peroxide oxidation.
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T—RFIB. RERERNLTZ, SARRIPAANFE L5+ A RERSHE SR BARET THS
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[SOHOM

1. 3]

H WEL(Oenothera erythrosepala Borb.) MM 32k —SFEATAMEY), AT ILIX A BHIEH, M.
PESF A [1] A WA A& BSE + KB A L AR 255 RE(PMS) RAR R 2 —, 2= tita
R e B E FRAMRIEZ — (2] H WHRRIER KRN R, TEI 277 &l S HATEY, 7T
)77 TR B B T A RS . H WA IR TR 2 9 BRI se, (kL E2h, Bj bR s il M fk, 4
GpaE, AN RAAETIE AR K T RE, At B SR A R RI[3]. ) LRy ads AT T IR S e
Yo, AR E R e S S A R B B ZE . SRR Al A i A S R TT A H LR 2
BPITHZ, T AT RN g A, TN A TE R FERRIE . SR E DR I RTVR T I
TRE B RN g 2R S E .

WAk, 32 B Ge ] L BLHE R o B AT ARG R 28055 7 TR AT B 7 (4], o0 3 H WL AR,
JETF R B L, (RIS RGE . H R E 2R & 2 HEREY, BX 2 55 14
T2 ZWEA s FEAESRZ RGP FL. fEXTH WL 2 E M R, (g A LA 2
TSR, ST 2SS 77 AT, X6 T — RN T K A R EEE, BAEENIE SR .

AIEH TG T 20 BARIUE . B iR B0GE > A% A AR B i 2 f AT s R R 5, WA
FEMOTE BRI T 20 i — 20 N o 7 2 TR, A SR AR BB s AR T OH LB
MR 2 B B FR SR AR AR 7 H WL EE 2 hE b TG 1, W H W RN I e iR 4t 1 — 2 iy A

2. #8
2.1. B{5IR7

R R (EfEEF RO IR AR DZTW AR I E R A BT ) ). KQ-250DE A
Bz piEveas . W BB /R R ERX BIRF AR AR e ke RES2CS (iR E:

][l
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J ) MK ZE B SHB-IIA (Pl A R AR 754PC 5841 - AT W4y Fe e i ( Rifg 5 it
XA R 7). DHP-9162 HHVEIR R F=F0( il—1H). Spectra Max M5 ifr1% (3% E Molecular Devices
AT 96 FLEEFRIR (R B HT R LI A A ) — IRV E R IR IL(E AR 90 mm, #3837 2 S50 2841 22 7))
T 2238 BSC-130011A AEW 1 22 AR (5 M TR £E 1)

W, K ZEE. Ak, KB (AR). IREFR(AR). #&pE. T2 LA . DMSO, ¥R nHral; i
A-1fi3% . DMEM+F12 B9 3£(BR). i LA . RAW264.7 4Hfi. DMSO. MTT (BR), 13k (l 444
HHMWAF .

2.2. KRS ALE

H WHE(Oenothera erythrosepala Borb.) K5 T~ 1L 7R Fh & 24 K % A BL R AL ZR & LR 2545, Il ZR R
R 2R 25 B BB S RN 8, FIERRARAT T 1L AR R 2 K2R AT (R 1)

Table 1. Oenothera erythrosepala materials

1. ks A REMR

5 ErAT) HLRER AR KA H M LKHE(E, N) 4R (m)
- 116°4729.25"
7 R PR 25 o 2L T B 7
20170620 AR P 24 K 2 T B 2017.06.20 et 36'3324.22" 29
20170919 iR e B2 K T 2017.09.09 bt S6.3334 gor 48
36°33'34.69
20171120 Ly 7R e BE 2 K T 2017.11.20 bt prilayyd 31
36°3334.28
20171121 AR LR 2575 2017.11.21 WL 3616686 423
36°16'6.86
— " 116°4734.01"
LD AT %
20180221 LR A B 24 K27 7 Rl 2018.02.21 et 36°33'34.28" >
20190420 AR B 25 K 5 1 2019.04.20 et T 51
36°33'33.74
20180619 AR B 24 K 5 2018.06.19 et 1;20‘3‘;2‘3"‘7‘,‘,‘ 51
20180821 LR P P 2K 2 2018.08.21 L 63334 02" o

REBree 9 3 WS ARY) R T BT AT P BT R ST BORACIROIF i 50 B, SREAE8 511 H WRok R, iE
(SR

3. A&
3.1. ZEERISZEERRIITE)

3.1.1. BEGITEE

FEEFRI 0 H WE 20 g By R TRt i N A BRI R, s, T8 R R E TR
o S DURH G (1:20) N ZE 1K, 20 B [EIAL 4 hoad 38, W4, Sevage AR M, 85%LBEZ IRBEUTT 4°C
TEEMR, T8, THRAMAKS] (6], 2.2 MEEmBoeE, HHZESE.

3.1.2. RURREGE
FE BRI A0 H WE 5 g MoK TRedt rhoin A A Bk IR v i 8, i, 3 T4 0 AR B AE I 1A (5 h,
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15h, 20h, 25h, 30h). BHBEL(1:10, 1:15, 1:20, 1:25, 1:30). BHE(120 w, 280 w, 460 w)zk1t Nt
a0 2 o i e s s, o, W4s, TH[7] 18] [9].

Table 2. Microwave extraction of polysaccharides from Oenothera erythrosepala

% 2. ARESRECKIREUA

E ) PRI [8]/min B tb/g: mL O T2 w ZHEEIR %
(No.) (Time/min) (Ratio/g: mL) (Power/w) (Rate/%)
1 5 1:20 460 27.50
2 15 1:20 460 31.25
3 20 1:20 460 44.28
4 25 1:20 460 78.55
5 30 1:20 460 60.95
6 15 1:10 460 34.30
7 15 1:15 460 42.37
8 15 1:20 460 53.40
9 15 1:25 460 65.25
10 15 1:30 460 47.80
11 15 1:20 120 47.70
12 15 1:20 280 57.53

3.1.3. BERERE

KRR A H WHEH K 5 g Thett i N A il B 5, g, B T80 3 WH 2 BIFE TR 40 w,
50w, 60w, 70w, 80 w). I/E(20°C, 30°C, 40°C, 50°C, 60°C). BHALL(1:10, 1:15, 1:20, 1:25)%1
AT 3 PRI R Z LI e, WRYE, 20, TR0 [11][12].

Table 3. Ultrasonic extraction of polysaccharides from Oenothera erythrosepala

#3. ARESRNBERIA

{aeoasy e C FHfE/g: mL IR w 5 8] /min 2 3 e
(No.) (T/ °C) (Ratio/g: mL) (Power/w) (Time/min) (Rate/%)
13 60 1:20 40 40 45.61
14 60 1:20 50 40 40.23
15 60 1:20 60 40 32.80
16 60 1:20 70 40 60.51
17 60 1:20 80 40 42.74
18 20 1:20 60 40 77.62
19 30 1:20 60 40 75.50
20 40 1:20 60 40 40.97
21 50 1:20 60 40 60.52
22 60 1:20 60 40 69.57
23 60 1:10 60 40 60.73
24 60 1:15 60 40 40.00
25 60 1:20 60 40 32.80
26 60 1:25 60 40 45.79
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3.2. SRS EMENERNE

3.2.1. ¥REHRERRYLSHI

RS H PR EUHI &R 0.01 g ¥ HER T 100 mL AR, #1453 0.10 mg/mL F¥JH 1R S VA R
HIEIPEPRHEA MR 04 1,04 2.05 3.0, 4.0 5.0 mL EA T 10 mL A&, 730H 2 mL T HERKE S, K
AN 5% B | mL FF R IR RR 5 mL, #824), & 10 min, T 40°C/KEH#A TR 15 min,
F 43 66 BETHE R 480 nm A0 EROGEE[13], fhaERIZ 7 fE: Y =9.06X —0.0162, R>=0.9997.

3.2.2. MEFHZE
Z MR K 0.01 g EAFT 100 mL FEMA, B 2 mL AT RKMRERE.

3.3. ARESRINESH

XERERHIAF LB AR B H WERR(E 1), KA 3.0 R RO AR O AR 2 0
WE 2 P& R, FRHRINE =TT R

3.4. ANERDSEEEIMIENLTEM

34.1. BRERDZSHEXTEHLE BRI RAW264.7 ZHFEREIE

HOW A RAW264.7 418, F & 10%A64 M35 ) DMEM+F12 5577 B 2 sl i Bl . HOo 2k
KA RAW264.7 4HfILL 3 x 10° AN/FLEE BB AN iR+ 96 FUIR, F& 10% 62 i 1R 73+ 37°C,
5% EALRREEIE 24 h )G, FEEFEGMRE R, AN MG 833 100 uL, BA RIS,
UM AN B LIS RS 7R R RE 1000 1M I E LA 100 pLo 488597 10 h, FFREA MM IR, FR
HNINANE M5 55 77 M B A R A L FE 2 8#(62.5 pg/mL, 125 pg/mL, 250 pg/mL, 500 pg/mL, 1000
pg/mL, 2000 pg/mL), FEALELARIR 100 pL, FFMKEER 3 NEAL: B AAMERH AN g
FRHEL 100 uL, ZEEERTIE 10 h, MTT VARG 40 pRis i .

3.4.2. MTT EMAPATEYE
F:F2 10 h G, N 20 pL (9 MTT ¥, k83598 4 h, WERRFRM, M 100 uL DMSO, 10 min
JEAE 490 nm FIMROGRE, THEAMAEEZE[14] [15].

4. BRI
4.1. I 2%

TR . BRSO TR, A8 T 2R R A WEAR Z HE{EIRE 75°C . RBHREE N 1 2:20 mL
i, ZHEE SRR ECR A 75.00%.
4.2. BERKFRERLER(16]
4.2.1. RURREGE

KO AR B0 H B 2 AT SR, 455 )R, BT b, SRR BN 1) 25 min, e
BN 1 2:20 mL, SAERUE TN 460 wo
4.2.2. BEEIGE

KRR AR A W BT, S5 R 3 o, B, A R EGE R R R BUE
N20°C, FAERNREEN 1 g20 mL, HEBFIIEN 60 w.
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4.3. BRERZBENEE T

ANTELR SO R DL BAR 1 2 Bl B R R (R 4), AFEBRHA WERMZ RS EEZRRE . £5F
11 AAn 3 A SRR, e 7. 8 AN ZRK S B RMIR. AR BN A HEAR 2B
SRR 4 P, AFRTFTAEGA WE AR 2 0ESEAR, AR RR 2R S B
[l L

Table 4. The extraction rate of polysaccharides at different stages

T4 FRNHARERPSHESE

R ) e ZHEE (%)
20170620 Wt 39.82+5.13
20170919 B+ 50.63 +3.93
20171120 WAt 75.61 £4.15
20171121 AP Ji - 75.96 + 4.58
20180221 %+ 65.79 +3.85
20170420 Wt 53.49+ 4.95

20180619 B+ 42.87 +4.62
20180821 WAt 36.51+3.83

4.4. ARERPEZFENREMEN

FEmA SHEMAR REZER, SEMAMLEH] WEZ R Y 2R a2 S &Sk S
RAW264.7 [IAFE R (E 1), fEZHHKIE N 5 ng/mL. 25 ug/mL. 250 pg/mL i, A — & MHTEbimtt B
FIEE RN 5 7E ZHEWE N 500 pg/mL- 1000 pg/mL+ 2000 pg/mL B, S5#EAI4H 7 54 G it 22535 (P < 0.05).

120 -

100 -+ f
80 - — U T

60

MHAEE/%
——
-
+

40 -

20 -

0 - - - - - - -

FTHHE BEAE 625 125 250 500 1000 2000
A7 (ug/mL)

Figure 1. Repair effect of evening primrose polysaccharide on RAW264.7 cells damaged by hydrogen peroxide
E 1. AREZEEEHEHRGE RAW264.7 HAEIEE(ER
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5. INEZERCE RESERERTE
5.1. RUBARBUE

FEBAR Z SO R FERN |, S5 SCBR[17] [18] [19] [20 7 BCHREUS ] . R EL . Sk th R kT =R &K =
ACFH S Bt , IR RIA-1. 0. 1 Zfi%, LLA WSR2 RS FNmNAE, L% 5.

Table 5. Table of test factors
5. RWERKTER

Z (factor)
KF X ; , :
(horizontal) FREL [A]/h B Eb/g:mL T Th 2w
(Time/min) (Ratio/g: mL) (Power/w)
-1 5 0.1 120
0 15 0.2 290
1 25 0.3 460

CASRIUIS (8] sl RHRLE Oy B AR, I 2 BB IR MmN fEL, A Design-Expert8.0.6 X
AT = R =K i EdE o fr, AR AR 60 K 7o

Table 6. Response surface analysis of experimental design and results

= 6. MR E D HTSEIRIT REER

%5 (No.) FREL [7](Time) T T 2R (Power) BHR b (Ratio) FLEUR % (Rate/%)
1 -1 1 0 275
2 0 1 0 53.4
3 1 1 0 78.55
4 0 1 -1 343
5 0 1 1 62.25
6 0 -1 0 477
7 0 0 0 57.53

Table 7. Fitting regression analysis results

= 7. PEEVFSTER

77 Z£ 8 (source) *F-J5 Fl(sum of square) ¥ (free degree) 77 Fl(Mean square) ~ F{H Fvalue P {H(P>F) P value

Y% 1773.44 6 307.50 21.50 0.0157
A 1303.05 1 1303.05 49.59 0.0059
B 270 1 16.25 0.036 0.8610
C 478.95 1 478.95 14.86 0.0308
AB 0.000 0 - - -
AC 0.000 0 - - -
BC 0.000 0 - - -
A 0.094 1 0.094 .
B 34.02 1 34.02 .
c 8.76 1 8.76 -
iR % 0.000 0 - -
MEZE 1773.44 6 - ;

i A-ITIE], B-TEIhE, C-RHRE.
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7RI AL By C RIF ZRESIDCR N R %, R =ANEO A IS 20 SR ICH 20, SR
NI ¢/ 7 SN S I ARV ERNCE 2 e SR S A

5.2. BEEEUK
TE AR & EA IR IR BUREE « BN BRI RIT =R Z KT RISLIS 51T, SRI6 st R I 8.

Table 8. Table of test factors
< 8. MILERKTHR

KF Z (factor)
(horizontal) FREBURE/C (T/C) FH Lb/g:mL (Ratio/g: mL) T /w (Power/w)
-1 20 0.1 40
0 40 0.2 60
1 60 0.3 80

CASRIUINS () sl RhLE oy B AR, A 2 BB IR WA fEL, A Design-Expert8.0.6 X
PEEAT = PR =K i Hde o, 45 R ML 9 Ak 10,

Table 9. Response surface analysis of experimental design and results

9. MRz E DTSRRI R R

#i'5(No.) FREUEFE(T) T TR (Power/w) BHB b (Ratio) PLHUR % (Rate/%)
1 -1 -1 0 77.62
2 0 1 -1 40.97
3 1 0 0 69.57
4 1 0 -1 60.73
5 1 0 -1 32.8
6 1 0 0 45.79
7 1 -1 1 45.61

Table 10. Fitting regression analysis results

= 10. YAEENTER

T3 7R 7 A H B F1H PE(P>F)
(source) (sum of square) (free degree) (Mean square) F value P value
SRR 2428.84 5 485.77 0.91 0.5987
A 30.24 1 30.24 0.056 0.8343
B 1.99 1 1.99 3.724E-003 0.9569
C 305.38 1 305.38 0.57 0.5289
AB 147.84 1 147.84 0.28 0.6517
AC 0.000 0 - - -
BC 71.10 1 71.10 0.13 0.7505
A 0.000 0 - - .
’ 0.000 0 - - )
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Continued
¢ 0.000 0 ; ] ]
gl iR 7= 1070.85 2 535.42 - -
M 3499.69 7 - - B}

ik AR, BREWELL, CEBFAIhE.

F ORI A, B, CHZX ZHRAICGR M EE, REUSAFENH WLEZHERIRDCE #2m, ARk
TREL T H LB 22 hl ) 42 BOCE 235 5200
6. M Rz B 43 4 [21]

R 3R F A% 43 91 43 0 $2 B R 75 i B ) = DR 20 ) DL 0 22 i B 52 (4 i I 1] ] A 45
=L B
6.1. RUBIRBCE

H P 2~4 W, Ul BB D AR RIS TA) 8] L I [A) AR 2 TR0 22 MR IR oM (2 25 BRI EE ARk
P DA Z AN 2 B R BRI AN R 3

REE
460.00
375.00
I
% 290.00
_——"25.00 205.00
~20.00
- 15.00 1id
. A.BT[8
120.00 5.00 120.00
5.00 10.00 15.00E a 20.00 25.00
T |8;
(a) (b)

Figure 2. Response surface and contour line of microwave power and extraction time to the extraction rate of polysaccha-
rides from monthly grass roots

2. WK ThERSREET B B M EAR S PR MR AN R HF Sk

IREER
0.30
2 60 0.25
f% 40 e
7% 0.20
ke
e 0.15
. —— 25.00
0.25 /ﬂo
~ 020 15.00
(of F:.:4 0.15 S 10.00 ABHE] 0.10
A0 5. 5.00 10.00 15.00 g5 20.00 25.00
(a) (b)

Figure 3. The response surface and contour line of the ratio of solid to liquid and extraction time to the extraction rate of
polysaccharides from grass root

3. #hREL SIREETER B M ER S AR R RN R A F 5%
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XJefl 5

REZE

0. — 290.0 .
C.RhREL - 205.00 B.IhE
! 010712000 120.00 205.00 290.00 ES 375.00 460.00

(a) (b)

Figure 4. The ratio of feed to liquid and microwave power to the response surface and contour line of polysaccharides

4. PHREESRURINERS B RER SN E R HEFS%

6.2. BERICE

P 5~7 BEBAIR BEMVRNA L 2 18] il P AT P T2 22 () x ) OB 22 W O SR BRSO (B 25 . B A T A
BB AR ELAE B, 0 5 22 B8 S R R AN 2 2%

b MBS
0.3
0.25
i 0.2
24
0.15
0.10 ,
B RhEL 0.15 : ) 2000 2800 3600 4400 5200 60.00

0.10 20.00 EE
(a) (b)
Figure 5. The response surface and contour line of the ratio of solid to liquid and extraction temperature to the extraction
rate of polysaccharides from grass root

5. BHREE SIREVEE X A WER S AR BRI N A R HFS%

HRENE
0.3
0.25
% I 03
* 0.2
60.0 0.15

0.10 - ;
20.00 28.00 36.00 4400 52.00 60.00
mE
(a) (b)
Figure 6. The response surface and contour line of ultrasonic power and extraction temperature to the extraction rate of po-

lysaccharides

6. BEWRSRBENARNERSERMEMNEREFSE
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RELE
03
120 : 0.25
03
bre I
EY x
® 0.2
0.30
0.15
0.10
N 45,00 BRIRLL 2000 2800 3600 4400 5200 60.00
C.ons 40.000.10 Fhtt
(@) (b)

Figure 7. The response surface and contour line of the ratio of solid to liquid and ultrasonic power to the extraction rate of
polysaccharides from grass root

7. BB SBET RN A RER SRR mMN AR EF %

7. &g

A S 6 e ok P R R A M N T A A BT, 193 T WA P 2 MR TR S R U I B T2
PR SRR 25 min, FAERREEEN 1:20, AT N 460 w, TEULAAE T2 PERIE N
78.55%; {EMIAEFRIGET R T &M BAERBUREN 20C, SAERNRIL N 1:20, SEERIIFEA
60 w, TEULZRIE T2 HEIRIEN 77.62% . W3, A SIS ik Y A (e S U S BT LB A )
ZhE, SHEmMOEMEL, BEARIUSCR S R ZIRIUT A TR 2 7] R
RZHE[ 1315 2 M 2 SR T 29, JR3R18 T BRIk

TP H 2 8 1) 2803 vy, FL DR R R R AR P 38 A SO P S AN () 2 7 A S S IR SR 2 i S5 B[22
TYCI B S AL A 24 7 SRR R L, o PR P SRR T, N R, A BE R 2, PR A I R,
PN P T A AR TE I 7 HR (23] [24] [25] [26] AR B AF A AR A T R SEAIS, A R IR K, 2
Ji AT BEA RO — RS B Sk, T LR P I (DB, % T B [27] [28] [29]. 5B G L2V ELER,
P B AGE RGO SRS, SREUH W B AT R R A, RECRE R . SR A T R = AR,
FAFRN T W2 WE R S SR I 2O R BGE,  JEE— P B 1 R I AR S 4L

ARSI R I XA RN SR LS A AR R 2 R S AT 0, R AR KA, 11
A A WEEZ & B E, Tk 75.61%. H WERERIAEE 4 6~9 A, fEHALHIN 255 50~200 &
K, DRUAR SR E 75 i fE B ) igiy, SRR 2 S =K. £ 11 A3 AT, A WERHE
VR, R R B SRy, B, H WEAR R 2 ELE 11 A e s, HFFOR LA WL
TG A FERD R g h A . S A R S T AR Y 2 B S AT LR, B T RO
FRI 2 W8 A B AR 1 o I8 I AN TRV B2 1) ) LA vh 22 W) T S AL 475 1) RAW264.7 4SS
BEATHLER, ROLH WE 2 HE A — @ Pt E s, v A WEAR T 2R — D 5 5 R 58 5E 1 BkAl.
& H

2017 FFHER A AL AN T “AEP A RIEEATE " (4 [2017]) 66 5); EZRKRFEE
— L ZR B A A A B R AE(2019-01)
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