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Optimization of the extraction process of Artemisia rupestris 1.. by AHP
method combined with Response Surface Methodology
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[ Abstract)] Objective To optimize the extraction process of Artemisia rupestris L.
by analytic hierarchy process method and response surface methodology. Methods On the
basis of univariate optimum seeking method combined with response surface methodology,
the three main factors of extraction times, solvent multiples and extraction time were
investigated. With the content and the extract rate of luteolin, apigenin and rupestonic acid as
indexes, the weight coeflicient was calculated by analytic hierarchy process method. Then the
extraction process of rupestris was optimized by comprehensive score. Results The extraction
process of rupestris was as follows: heated reflux extraction with 10 times of 60% ethanol for
3 times, 1 hour each time. Conclusion The optimized extraction conditions were simple and

reproducible, which was suitable for the extraction of Artemisia rupestris L..
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HriE — K Artemisia rupestris L. 2% P15 &
SR RAMY —EGE 2 ek, RE R E
TERgE, PR T ChEANRILAE DA RE R
abnifE (H4EEIREG00E) ) F1 (B RAE) |, =&
AR 258, BAYR . P, s
IR, WK EHITIRIRE L R L B
S U SRR — A s AR S R L R
e . HER . ZRAEYIIR . NERE R R
FAw ™ AR AT R, i — s
PR R, R RS EA
RV S 2GR Y AR IOR 13k 3 Fh
Lo B IR RAE AR bR, RITZ RSy
M2 (analytic hierarchy process, AHP) #fi % 1 il
B bR (A R BT 455 0 L T 7 (response surface
methodology, RSM ) Box—Behnken 1% i1 iz 46 -1 s
P prE— R M BRI T 238, RS
Hrim— RGeS 2 PRI AR 2%

T e

1.1 {8

UltiMate 3000 & 41| =5 R0 W AH €2 35 A ( 28 =
Thermo Scientific Technologies A F] ) 5 DT500A 7Y
B IHORT (d=0.01 g, B AT &AM A
FRAT] ) 5 CPA-225D UL 7 KF (d=0.01 mg,
1% Sartorius FEZFIHT ) o
1.2 iK%

AR FRFLZ XA (A5 111520-200504,
T 99.6% ) . TR FE AR (HES . 111901-
201102, &iE: 99.2% ) YW T b E B a2 i e
WFIEBE; — A B B (o R B B i HE
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TR, #t5. 115473-63-7, H8RAKT 98%) ; ¥
i — R 2P W T AR 2 2 YR 2 A A BR A
LB I LRI B, A Ofri
IR AR X A 25 4E B R R LIRS ) A7 CH
P ZNE. WESN AR

2 TEEHER

2.1 HikmEimnsH&
FRBUB S8 — R B 202 5 o, Fema Ry ik ity
% (F10) P75, BRI NE, H60% &
FEEARE 250 mL, $E5), JEit, RIFS.
22 IRMAETIE
221 —HE EABA AT B Sa ik 0 H) &
R L — A T R 0 3 o, o P
WA 1 mL & 0.4431 mg BIEWE, RIS,
222 KEBEFZIRILERN &
R B R B ) R St i, I Y o) ol
1 mL % 0.3712 mg B, BIfS,
223 FREMNRIBIERNHE
W FRBUT R0 IR hadE &, i H el ol
1 mL % 0.2834 mg W, HIFE.
23 AENE
231 EiFMeEL
Hypersil BDS C & 3% #£ (250 mm x 4.6 mm,
Sum) , FSIAHHFEE (A) -0.15% BERAER (B) ,
B BEVEME (0~10 min, 25%A : 75%B; 10~16 min,
28%A : 72%B; 16~30 min, 30%A : 70%B ) , %
M 1.0 mL - min™, FEEEH 30 C, SRR 10 L,
Rt i 250 nm™, S L 1,

a b
b 75 50 75 100 125 15D 175 20 z25 5 5D 75 I 125 150 175 an zs ;/min
=] =]
X HEA, Xof HE
c
b 75 50 75 Wp | 135 o B0 15 AD TS 25 50 75 W 13s :t 50 is A B@5 .
Xt i @Eﬁt [s[a}

E1 HPLC&i&E
Figure 1. HPLC chromatograms
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232 KMHXRER
—BCE AR e 2 . ks 0.1, 0.2,
0.4, 0.6, 1.2 mL —kzE R I SART 5 mL &
i, HWESESR, #5 r PR IR R
2 10 uL, FEAMARETEAL, 4% “2.3.17 BUF kil
A, CSRETRR, TR, SRLE 1.
AREBRIRAREMZ: SRR 0.2, 0.6,
1, 3, 4 mL AR R R X BT 10 mL 2l
Hr, FHHBEEZE, #8650 40 niks B H R i
2% 10 L, AR, $% “2.3.17 TR 5k
M5E , OGN, FATZMERIN, 45R 0K 1.
FrRFEAMEM L R E I 0.1, 0.2,
0.6, 1, 1.5 mL 73EEXIEA R T 10 mL £
Hr, HIHEEERS, F85. 70 nilkG 28 OB H iRV
210, AW O R, % “2.3.17 WUR Jrik
W, eI AR, TR, 50 0ER 1,
1 BRDLEXR
Table1. Linear relationships of various constituents
S e ekt
(mg+mL™")
—FE AR Y=589.11X+0.6445 0.9999  0.0089~0.1063
ABEZE  ¥=535.51X+0.1450 0.9999 0.0074~0.1485
& Y=314.64X+0.1750 0.9997  0.0028~0.0425

By [ 5175 R r

233 MEEIRE

i 2% B 1 560 B IR] — X BRI T (KRR R
0.0371 mg * mL™', —AHEEIR 0.0354 mg * mL™',
FR# 0.0170 mg - mL™ ) FELEIERE 6 1K, #7 “2.3.17
TR R GE , ek S A, S5 RARRELER
—BGE IR . SRR AT RSD 435124 1.54%
1.68% . 1.18% (n=6) , FKIA{GHHERE R
234 I

e — i i, w1 o, 2, 6, 8,
12, 24 h5E, #% “2.3.17 TRk, 0%
EIE BRI S, SSRABER . R0
iR | e 2 T AR RSD 4350 1.26% . 1.44% .
1.30% (n=6) , FRUIFWTE 24 h NEE .
235 EHA M

RS 6 1, REFRE, e “2.17 TRk
Tl R AR, #2317 TR EEIE, i
SROGEIEmBOM A S, SRARER, —H
e FARR | TSR B B RSD 43 1.17% . 1.45%
1.22% (n=6) , FRWZIEHEEERL
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2.3.6 ARk

FREUH R — G 2529 2.5 ¢, dL 6y, 203
FIEAL T 2R Y 100% ECBIINA S X HE A
MFFARBRRIR . —BCEERR . 73 R -2 [l
4y 5N 99.70%, 98.28%, 98.70%, RSD 4 )
H1.20% ., 1.43%. 1.33% (n=6) .
24 HEZRWE

Fs B ARIBUR 38— BB 2544 5 ¢, & T 250 mL
BB, IS B AT S, & 14
Bogeds 2iki e, B TOEEMZERILY, Kk
AT, T 60 CTJ 12 hJ5E T TR TRH,
KR PRE B, f FATHR AR, =
TRE R /TR x 100%.
2.5 I ZHEETFSTIEIRIAE

K AHP B TR R R bR 5 it
VERNRCESGbR T LA, 24—k il F 5 CR
< 0.1 B, JIWAE B AL — 20 0, AR BT AR
PEARBE R, —HE IR . R & i
HEF A 4 IR AR 5 AT N AR AHP YA R s
FEB R RIRTDL e e, T AR 45 TR Bn A AR X T
53 (PPARPRiE T 2 WLk ™ AR 4 1-9 b
) o PR IER 2.

K2 FERRELXT LU B B A1 S5 25 BE
Table 2. Priority matrix which is pairwise
comparison of objectives

EiEtan TR —HGEERR KRRBRER B
FrRR 1 13 12 12
— R R 3 1 2 2
PN 2 12 1 2
BH 2 12 12 1

251 HHEERT RE

Fe N AW ="ananasaim THEHIIRFE R W',
252 FHEBA—fLREZRHK

e A 3 W T — A 2% W
253 —FHEER

HR A A0 B B RFFIEAR A (1) ~ (3) &
BEHL— B HR

(1) Amax =522 [Ty x w) = wi]

(2) crhoan

(3) CR;E

K m RZ KRR BAREL, C1 o —2L
PERG SR -, RI PR — 46805, CR N
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FERE IR, Fm—BE LA T Amax Ky
BRFFIEMR, W APIAAGE 248, W, HIH—1k
BEEY S

25 i+ B CR=CI/RI=0.024 < 0.1 3 W] itk 4 11
6 b5 DL Jfe e B0 B i 2 — BOvkE R, T
WERBEHAN. —BOSIR. RBEFER.,
PR, TRE 4TS240 515 3]
) B &R B B 0.4168, 0.2695, 0.1928,
0.1209, AR BNMLEATEN AT LA
g3 = (—HOE R & & — B0 IR i K& =)
x0.4168 x 100+ ( KBRS &/ RKBREEREK
) x0.2695x 100+ ( FE R &R/ AR ER
KER) x0.1928 x 100+ ( TIREHBFE /I TRE
BAREE) x0.1209 x 100,
2.6 BEEHRIRARE

AR UARRBERER, —BGER . 7R M
WERMZE A TR T, e AR &R
2.6.1 FIORIBGE R

FRECHT i — R B 25 2 5 o, ¥ 3 2k, it
TTHRBOR BN 5L, 45 R 4, RPDREUK
B3 RIS IS AR PRI 275 P20 e T HAth
262 EFAEHME KR

FRECHT R — B 29 20 5 o, $ee 5 %HE, it
TR 58, 2R WE 6. RUILIMA 10
P, HA S FEIRIZE G Vo T HAl, ik

#3 HEZEFTERIVIH
Table 3. Investigation of extraction times by

single factor
=R

RBRE L CRERIE SRR ORI
IR
(%) (h) (H)
1 10 60 2 10
2 10 60 2 10
3 10 60 2 10

x4 BRREFRIRBEGETESER
Table 4. Comprehensive grading results of
investigation of extraction times by single factor

A (mg-g") MR A

BREOAR — £ 5 o
R ARRR AR (%) W4

1 0.5483 0.2936 0.2235 1291 86.26

2 0.6149 0.3331 0.2432 14.62 96.56
3 0.6511 0.3212  0.2212 16.11 97.29
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®5 BRZRZFERFEY
Table 5. Investigation of solvent multiple by
single factor

SES
IR - SRR SRIBUNE] AL
(%) (h) (H)

6 2 60 2 10

2 60 2 10
10 2 60 2 10
12 2 60 2 10
14 2 60 2 10

*6 BEREZATEHEATNER
Table 6. Comprehensive grading results of
investigation of solvent multiple by single factor

—— o (mg-g") WER 54

AR o o o N
—RGEEIR RBEER R (%) Wi
6 0.5423 0.2894 0.2112 10.23 86.87

8 0.5644 0.3132  0.2258 11.64 92.71

10 0.6071 0.3154  0.2376 1241 9742
12 0.5623 0.3242  0.2145 13.82 94.37
14 0.5601 0.3178  0.2186  14.65 94.70

P10 A HRBURFIARREL
2.6.3 FLEATE) &g E R

FRECH S0 — B 20 2 5 o, $3% 7 2k, ot
TR 2 5%, 45K 8, RMLL1h R
PEHR], AT S S bR 25 A 153 i T HoAth,
BCERE 1 h R ]
2.7 Box-Behnkeni®i&

TERL R RO RYFEA I, AR R i — A 5 R
iz, KBRER, FREENTELHE RN R
PR 2R DR 0] . RBOKEL . W FIATECH 3 4

F7 RREEERIEENATE
Table 7. Investigation of extraction time by
single factor

K
DT a@mﬁli BRI
() HEOKH R
(%) (H)
0.5 2 60 10 10
1 2 60 10 10
1.5 2 60 10 10
2 2 60 10 10
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WRIENZENER, FRRER 3 K, ##17
Box—Behnken, fL3ESFA KM G, K ZEK
PR 9, I L HE SR AE R WL 10, XHAL
BARHEAT I 220 8 R L3R 11,

K H Design Expert 12.0 4K £ #F 47 0w [ 1]
ST, VAERGVESr e B E, 8 By 2 0
4 5] [l 9 5 & Y=98.19+5.014+2.20B8+1.72C-
0.114B+0.374C-0.35BC-4.484°-3.23B°-2.17C°.,
T2 IR 11,

H 2% 11 AR, HEST AT DL KRR
A.B.C.A2.B2 C2HJEA G2 L (P < 0.0001 ),
ZEARRL (P < 0.0001) KR (P> 0.05) ,

*8 BEREZIRMMEESGETER
Table 8. Comprehensive grading results of
investigation of extraction time by single factor
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DI IR 22 B/ MRS IR IR, i H]
Design Expert 12.0 #F2z il =4 i i, WL 2.
Hy ] AR A7 B0 43 B, 25 TP 0 A S50 A
98.186, IRALHEIBRA g 2B EL 3 Y, WG
i 1045, FREURTE] 1 h,
271 BiEiREe

AR AR o 7 LA Y SR R 2 1, P AT AR 3
W — B 2R 5 g, A 10 f54R 60% LB,
MIFEHEIC3 YK, BHK 1.0 h, G50 036 12, 455831,
—ACE R . RBRER . TR G RN
LA VRO B AR IR 22 25 /N T 5%, DTSSR L
TARGE, B

RO M EESTERSKE
Table 9. Analytical factors and levels for response
surface methodology analysis

B #ii (mg - g) MER LG8 B
(h) RS AR EEE (%) W4 AFRBORE BERIfGE CHRIEIT (h)

0.5 05142 02681 02181 9.68 83.94 -1 1 6 0.5
1 06172 02983 02297 11.82 9630 0 2 8 1
15 0.6021 03155 02155 1246 96.09 I 3 10 1.5

2 05763 03264  0.1983 13.34 94.60

F10 MMM E SR ITEER
Table 10. Design and results of response surface analysis tests
=X . o]

55 A B e aiﬁ; %f ) e PR (%) GAW
1 3 8 0.5 0.6235 0.3287 0.2527 13.51 95.12
2 3 10 1 0.6301 0.3309 0.2548 15.22 97.14
3 2 8 1 0.6538 0.3381 0.2438 15.11 98.60
4 2 8 1 0.6501 0.3328 0.2432 15.01 97.54
5 2 8 1 0.6535 0.3380 0.2462 15.32 98.62
6 1 6 1 0.5386 0.2901 0.2225 12.50 83.60
7 3 6 1 0.6251 0.3221 0.2314 13.70 93.23
8 1 10 1 0.5814 0.3125 0.2122 13.31 87.93
9 2 10 1.5 0.6419 0.3215 0.2412 16.22 96.86

10 2 10 0.5 0.6396 0.3129 0.2232 14.50 93.40

11 2 8 1 0.6539 0.3384 0.2472 15.12 98.60

12 2 8 1 0.6512 0.3311 0.2455 14.91 97.57

13 3 8 15 0.6538 0.3380 0.2465 15.20 98.59

14 1 8 0.5 0.5301 0.3185 0.2143 13.22 85.22

15 1 8 1.5 0.5731 0.3174 0.2096 12.80 87.22

16 2 6 0.5 0.6396 0.2408 0.2310 14.21 88.02

17 2 6 15 0.6039 0.3226 0.2472 13.42 92.89
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Table 11. Variance analysis result of regression model

2 KR [EEoP=S gl H ¥y F P
FEETR 428.44 9 47.60 102.77 <0.0001
A 201.10 1 201.10 434.14 <0.0001
B 38.68 1 38.68 83.49 <0.0001
C 23.81 1 23.81 51.39 0.0002
AB 0.044 1 0.044 0.095 0.7666
AC 0.54 1 0.54 1.17 0.3160
BC 0.50 1 0.50 1.07 0.3347
A’ 84.62 1 84.62 182.68 <0.0001
B’ 43.87 1 43.87 94.72 <0.0001
c’ 19.74 1 19.74 42.63 0.0003
B 3.24 7 0.46

AT 1.91 3 0.64 1.92 0.2676
a2 1.33 4 0.33

M2 431.68 16

R &
<z <o

LAY

C. BUHE s " B oK

B2 LZATom =4 E

Figure 2. The response surface figure of synthetical score



432

F12 WIERWER (n=3)
Table 12. Results of experimental verification(n=3)
il (mg-g) HER AT
WS —ROEEER KREER THRE (%) (43)

1 0.6287 0.3256  0.2484  14.89 98.88
2 0.6312 0.3246 0.2412 15.01 98.52
3 0.6272 0.3307 0.2542 14.78 99.55
3 i

3.1 %&3%60% ZEZIREVRIE

Ft SCHR A T i — A A R A B2 L
BR2 . fifihids, #EAMW . 2R e, MERZE
KBRREAAY ., HAC LRI LT,
B —AE MR KRR R | R A
i 12 Y4 LA B A6 FIARCIR S5 25 BVE T 1Y, H O H A
MARBEZE, R, —BEIRIE 60% LT
A B i A R P00 ) 60% LA A E
SR — A 2 b B BRI
3.2 fEiEEHGE

TUSAHLAL R A B8 T HBE - K. 2 -
Ko O -0.1% B W - WEE. L -0.15%
BRI TR - PP, [R5 88 T AS TR) AN AS [
TS (0 (0 T A DL R AL . T . B R X
REGEE AR, DIEREEsH . Rk e Rt
PR B 43 16 B R O e 48 b, B 2400 22 T o M 2 s
(A) -0.15% BRI (B) - HEE (C) RGuut
TTRBREVERE . s DR AR RE R | —FE R |
TR 2 G TR 5 FLIETE SRR . 40 BE A
3.3 ISR REHIRE

AR5 LA 88— A T 48 T A — A
Wille . RBRE . RS LR 4 TR
R 25 A5 P2 I IR A S X b 8 1 ) £ S
P, SRH AHP YA 25 A EAT R BOMAL,  LAnAL
JEEEA T AR B, AN 4 T b S 5T
AR A B B AR, U BE B i A R
BT 2,
3.4 Box-Behnkenfim iz & ;%1% it

Box-Behnken 38 12 22 7€ ¥ [7] 15 J5 72 5k 40
ARE SN2 A RBOCR, RESHERFR
RIS b as B, MERG R & . ] T ke
ST LR AR S R T L SRR
I35 FZ R R N B A T2 N 60% 2B, %
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