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Optimization of Extraction Process for Flavonoids from Schizonepetae Spica by Central Composite Design-
response Surface Methodology GU Min-ju”, JU Jian-feng, ZHU Zong-min  ( Affiliated Hospital of Shandong
University of Traditional Chinese Medicine, Ji'nan 250011, China)

[ Abstract ] Objective: To optimize extraction process of flavonoids from Schizonepetae Spica and
provide a reference for development of this medicinal herb. Method: Ethanol concentration, the amount of
ethanol and extraction time were selected as independent variables, overall desirability of extracting amounts of
hesperidin, luteolin and apigenin as dependeng variable, data of overall desirabilities were fitted to a second-order
polynomial equation and regressed by multiple linear, response surface methodology was used to optimize extraction
technology and predictive analyze. HPLC was adopted to determine contents of hesperidin, luteolin and apigenin
with mobile phase of acetonitrile-0. 4% phosphoric acid solution for gradient elution and detection wavelength of
283 nm. Result: Optimal extraction technology was as following: extracted 2 times with 15-fold the amount of
73% ethanol for 2 h per time; extracting amounts of hesperidin, luteolin and apigenin were 3.991, 1.307,
0.589 mg-g ', respectively. Overall desirability was 0. 925 3, whose deviation was —2. 14% by comparing with
the predictive value. Conclusion; This optimized extraction technology is convenient, accurate and suitable for
industrial production of total flavonoids from Schizonepetae Spica.
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R B o0 7 4 & o B e Rl i 2
5 8 R 26 45 HAt B2 B BF 92 R A Y L i
AF L Z2 48 B3 43 2R AT v 24 5l 5T B Sk 24 B T A 1
2B B v 2GR T 2 A TR B L £ 4
PN R 0] o 1SR 54 AT 3 TR A 2 HR IR
T 20 R (A 356 B D S R S EORS B
BAR . ARG LIRS A ORI R SRR
LERTEMN AR b, 78 S P R 50 L i b, R 2 AR
TR0 T 2 O Ak TR T Al T 2K A B I T2, Sl 3R
JFRE T B A TR RS
1 &

1260 7Y &5 20 AH 035 1 (36 B 2R A A,
AB135-S #YHL K F (& L MR 8-FE R 2 24 | .
R R R R R A (P E 2
EWF S B, 45 4 Bk 110721200613, 111520-
200504 ,111901-201102) , F i . Z, Ji5 FN B iR Ay £ 3%
afi, 7K kgl oK FHA R 34 o A B 4l FRIOT BRI
AR P B 2 K2R W g s B, 28 I AR B 2 R A 2
R W BB Y% R IR Y B W IR I Schizonepeta
tenuisfolia F) T 1 AETE .

2 HiEEHER
2.1 B ORBER JTREEMN A RN E
21,1 XPRESH AR AT o3 BIRS A FR IBORE J
KRBEZE PR EN G 21.16,11.26,8. 86 mg, 4>
S0 R B A O A A E 10 mL &, A5 0] IR
W o ARG B WA W 1 mL & F 10 mL &
SR rF o R AR R R 20 B RS, I 211.6,112.6,
88.6 mg- L~ JRA XA SR, £ .
2.1.2 MRS R R SRR O T
KA (3 40 B ) 29 1 g, 70% £ B 20 mL [7] j7i $2
B2 W, BIR 2 h, G IR HOR, & T 100 mL &),
I 70% &P 75 B2 % BIAS .
2.1.3 4% % ZORBAX SB-C,, {4 i f: (4.6
mm x 250 mm,5 pm), Fish A 285 (A)-0. 4% B
VW (B) BSEVEE (0 ~20 min,5% ~20% A ;20 ~ 50
min,20% ~30% ;50 ~60 min,30% ~5% A) , i
283 nm, k3 30 C, 3 # 1.0 mL-min ™" JEFE S
10 uL, LA 1,
2.1.4 ZRMEXFRFEE M R IUR G0 IR R
T 0P A R AR B N R VAL 4% 2. 1.3 T
0% A5 A I A, LU R A A A e U T AR kg 2 Al
i AR R R B B N S R R IE O R A i
Y=14.90X -3.78 (r =0.999 8),Y =4 220.52X +
- 30 -

A 2
[
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ARG B RS 1 RERH 2. KRB RER 3. TR
BE1 #3%# HPLC
Fig.1 HPLC of Schizonepetae Spica

27.86(r=0.999 8),Y =13.84X -5.56(r=0.999 6) ,
RPEJE BRI Ry 2,115 ~ 211.5,1. 124 ~ 112. 4,
0.884 ~88.4 mg-L ™',

2.1.5 fEEm I OKS A o BUR G X R i )R
I mL, % 10 mL &, fn B s o 25 2 20 %, 4%
2. 1.3 R o3l SR i Sr AR 6 IR S5 R R AT
KPR R R 7R R W A RSD 4351 K 0.8% ,
1.0% ,0.9% , R LG % B R 4T,

2.1.6 faatklsm K& AREN T 1.0 g,
% 2. 1.2 WU Jy vkl e itk m s i, 20l 1 0,2,4,
8,10,12 h $ 2. 1.3 T T 0 3 55 {4 52, 45 SR 48 J
T ORBE R TR A RSD 43518 2.8% ,
1.7% ,1.3% , WL WAE 12 h NERUE .
2.1.7 EREMWRAE  BE—FE % 2. 1.2 57
PoPATH A 6 O i W W, 4% 2. 1.3 TT A4 4%
PRI TSR B R R R R S R A A
Wk 3.98,1.32,0.56 mg-g ™', RSD KK Ky 2.4% ,
1.3% ,1. 8% , Wiz ik EE MR,

2.1.8 eI ARG 2 i 2 R IR — SR
IR 0.5 g, 3t 6 iy, B IMA 2. 1.1 WUR iR
A0t BRI S mL, H% 20 1.2 T5CF O 325 A5 A b
VW, THRA AT R B R R SR T SRR 1
LA K 97.83% ,96.08% ,97.06% , RSD & 1k Ky
1.5% ,2.4% ,1.9% ,

2.2 AR H L I R 2K O B T
ST R AT B L PR3 O By AR % 2%
S, (] Ak A PRI, YT 24 AR RN T A 7 Y S B
2.2.1 CPEARFRUMEC WERFRIBGR ST R R 5 4y,
BA5y 50 g, 10 A% f AR B 535053 3 A i) 50% ,60%
70% ,80% ,90% £ WEHEHL 2 YK, £k 120 min, 25 R
B Rz 5 45 B 4 9 R 3,213, 3. 424, 3. 988, 3. 825,
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3.673 mg - g 'y KRB E B EUE 1,189, 1.353,
1.332,1.236,1.201 mg-g ' ; =3E Z L HUE 0. 478,
0.521,0.598,0.532,0. 482 mg-g ',

2.2.2  JREUEFR] AEGRFARIBOR TR S 0, B0
50 g, 10 {54 70% 2 EE4R H 2 ¥k, 35 B fa] 43 )
k1 30,60,120,180,240 min, 25 F 45 {7 5 H2 U 43 B
2.875,3.213,3.981,3.985,3. 988 mg-g ' ; A iR B2 HLHL
1 0.900,1.204,1.345,1.349,1.355 mg-g ' ; fEsE 24
B 0.412,0. 528,0. 588,0. 596,0. 590 mg-g ',
2.2.3 CPEHE WESFRBOR TR 5 0, B
50 g, 43 50hn 5,10,15,20,25 {5 & 70% £ B [ i 2
B2 Wk, RFIK 2 h S5 SRS R A SR IR 435I o 2. 755,
3.312,3.979,3.981,3.984 mg-g ', A JB B 2 L H

(overalldesir-ability, OD ) & TE 41 48 #5 , AR #l§ Hassan
W A AR PEAT I A A B £ 45 AR
AR d, =Y, =Y, )/ (Y, ~-Y,), P Y, A%
WA, Y, F0 Y, 8 B — S8 AR TR AN [6) Y a4 v il 5 19
/MERER ., OD = (d, xd, xd,)"" n R
TebR . AR o0 A I BT I BT 25 R B
5 AR o ) AR - 1. 682, - 1,0,1,1. 682
o, Wk 1o HERG AR IO I BOH kY 20 1, 45 0
50 g RIS BT ZR M SR, 72 2. 1.3 T 8
TSI E i HE e R LR 2,

F1 HFBEREMRNIZERARRERSKFEERD
Table 1

Factors-levels coding of central composite test for

extraction process of total flavonoids from Schizonepetae Spica

0.945,1.312,1.345,1.351,1.354 mg-g s Fr 8 K 48 KT X, LB R % X, SeIAt /b X, 2wt 1
B 0. 400,0. 525,0. 586,0. 594 ,0. 589 mg-g ', 1682 50 | s
2.3 BT ek -1 58.11 1.41 9.05
2.3.1 RGAEEit  7EBHKg AL 1, TR 0 70 g "
PRALSM B TR I 2 6 P h 15 B, LB B ! B8 =% 20.99
R B B3 TR 4R U 0 M (i o > : l
x2 HAFBLEMRRIZERRBSN
Table 2 Central composite test analysis of extraction process for total flavonoids from Schizonepetae Spica
N, X, X, X, B AT ENZE S FrRER oD
/mg-g ! /mg-g”"! /mgg”!
1 -1 -1 -1 3.278 1.317 0.518 0.128
2 1 -1 -1 3.573 1.299 0.533 0. 396
3 -1 1 -1 3.316 1.332 0.532 0.282
4 1 1 -1 3.647 1.306 0.538 0.483
5 -1 -1 1 3.283 1.323 0.520 0. 157
6 1 -1 1 3.612 1.311 0.534 0.433
7 -1 1 1 3.587 1.353 0.524 0. 366
8 1 1 1 3.721 1.320 0.534 0.489
9 -1.682 0 0 3.213 1. 198 0.528 0. 000
10 1. 682 0 0 3.873 1.287 0.596 0. 785
11 0 -1.682 0 3.678 1. 195 0.571 0. 000
12 0 1. 682 0 3.988 1.342 0.584 0.919
13 0 0 -1.682 3.356 1. 205 0.516 0. 000
14 0 0 1. 682 3.977 1.334 0.584 0. 898
15 0 0 0 3.971 1.337 0.585 0. 905
16 0 0 0 3.974 1. 341 0.582 0. 899
17 0 0 0 3.969 1.343 0.583 0.907
18 0 0 0 3.961 1.339 0.586 0.912
19 0 0 3.982 1.337 0.583 0. 899
20 0 0 0 3.981 1.334 0.585 0.901
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2.3.2 ARG Kor 2o Bk 2 thEE
Design-Expert 8. 0 {4 717 Wi 7 181 1056 73 #r , L OD
SR W) 7 AL 53 3 % 4% 1 A R R AT 22 TE 2R [T A R 5
RE,BAE T Y=0.91 +0.16X, +0. 15X, +
0.12X, - 0.027X,X, - 8.75 x 107° X X, +
3.00 x 10 °X,X, - 0. 19X; - 0. 17X; - 0. 17X;, J5 &
T 3.

#3 MEEMAEESEGSES T

Table 3 Variance analysis of fitting regression equation of response

surface

I 2K SS f  MS F P
157 2.04 9 0.23 5.46 0.007 0
X, 0.35 1 0.35 8.46 0.015 6
X, 0.31 1 0.31 7.43 0.0213
X, 0.20 1 0.20 4.90 0.051 2
X X, 6.05x10? 1 6.05x107* 0.15 0.710 5
X1 Xy 6.13 x10 ~* 1 6.13x10°* 0.02 0. 905 7

X, X5 7.20 x10 ~° 1 7.20x107° 1.74x107% 0.967 6

X2 0. 54 1 0.54 13.10 0. 004 7
X; 0.42 1 0.42 10. 10 0.009 8
X} 0.44 1 0.44 10. 55 0.008 8
¥ 2% 0.41 10 0.04

Sl 0.41 5 0.08 6.51 0.054 7
iR % 1.33x10°* 5 2.66x107°

J¥ = 2.45 19

J7 25 40 A1 2 B Yk 22 3 [l )3 A AR LA A B
PR TE TR0 25 0 T, & F AR 509 38 LY O i 3
P25 S o I [n] 05 O AR R SR 0O 2, U I R
TR R X 45 R T RAR /N i B G R B AR AT
IR 22/ o MR 8] D7 FRAE AN TR] PR 14 o 3 T8I
o i S IR
2.3.3 AT ZAMEMTINSKE 8 bR
R FUI , 47 20 A5 3] fe AE $2 B T2 O & AR R4 5K
72.80% , L WEFH & 14. 47 £ $2 U] 2. 14 h, it
TR KRB R R TR RERE 5N
4.007,1.312,0.587 mg-g ', 0D 0.945 5, %54 52
B A P o0, 0 A2 A T A S8 15 58 73%
P2 R, B R 2 he FREUR ST R Ky 50 g, 3
307 AR UL 0 T A HEAT S0 RS 5, 45 AR B
P4 B0 3.987,3.992,3.994 mg-g ', AR
EHPGRE 1.307,1.314,1.299 mg-g ', FFREEHRE
0. 588,0.587,0.591 mg-g ™', 5L 0D 0.925 3,5
UM B 22 - 2. 14% , BB % 0 G 3 )

- 32 .
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Fig.2 Response surfaces of effects of interaction among extraction
time, ethanol amount and concentration on extraction process of total

flavonoids from Schizonepetae Spica

U, ST A B AR A B R R O L A R T
FAFE IR
3 g

AR H] HPLC-DAD A5 i #% , #) F] DAD £ i
I K A (200 ~ 400 nm) , 45 5 F B 7E 283 nm
Ab 3 AT I 3 X8 AR 5 A WA i) 7 v EL 0 B
RORBUF o L35 75 1845 €3 06 1 e b A T4 R &R
TEHE 283 nm VRS R A o i BhAH 23 i 4% T
W Z N K RN (] 4 BR G 5 R 0 A7 VR G, 45 2R
BN HN 0. 4% B TR U JBd 1N, 4% (5 33 0 ) B 8 b Ui
TE R0 o 38 5 % ¢ Ui 3 RN R I X6 04 TR ) 5 I, e
A E W E 1| mLemin ™' A& 30 C
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