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Optimization of Extraction Process of Shenqi Decoction by the Orthogonal Test Based on

AHP - CRITIC Mixed Weighting Method
WANG Qiang', ZHANG Zhan', YANG Bin’, MENG Qinghong', CHEN Hailan', YANG Bo', ZHANG Yong'
(1. Beijing Hospital of Traditional Chinese Medicine of Shunyi Hospital, Beijing, China 1013005 2. Research Institute of Chinese Medicine, Tianjin
University of Chinese Medicine, Tianjin, China  300000)

Abstract: Objective To optimize the extraction process of Shenqi Decoction. Methods Taking the amount of water, extraction time and
extraction times as the investigation factors,the content of polysaccharide in Shenqi Decoction,the extraction rate of lobetyolin,acteoside,
pinoresinol diglucoside, loganin and schisandrol A, and the weight coefficient of dry paste yield were determined by analytic hierarchy
process(AHP) — criteria importance through intercriteria correlation(CRITIC) mixed weighting method. The optimum extraction process was
optimized by ILs(3*) the orthogonal test with the comprehensive score as the evaluation index. Results The optimal extraction process
of Shengi Decoction was as follows:adding six times the amount of water, extracting three times with 30 min each time. Conclusion The
extraction process of Shenqi Decoction optimized by AHP — CRITIC mixed weighting method combined with the orthogonal test is stable
and feasible,which can provide a reference for industrial production.
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N EE (3% 4l 55 [F Fisher Scientific 23] ) 5 I
iz (SrHrali, 56 [ Sigma KA R s BLK(AH) ;%2
JtF o R i (15 DST200325 - 035, &4 99. 09% ),
B A LR X iR 5 (315 o DST200709 - 061, 5 &
99.37% ), ¥s IR B ) A B (AL SR
DST200408 — 013, 75 54 98. 85% ), Ty X BE i (It
54 DST200628 — 038, % 1t 4 99. 31% ), Mk i B
Xt HE (458 DST191010 — 010, & 54 99. 86% ),
D( + ) — Jo/K A% B xT BE i (F1E5-2 DST200529 - 005,
TN 99. 03% ), ¥ B SCERE R A B AR BR A
W2 (5N 18121117) , #h kA (HiE528 19102101) , 22
2 (fIL5 4 18102201) , Tk ¥ (L5 Sk 1909034 ) , #ith
(SR 1910044) , 11125 (JiE5 R 19073002) , #Ag (it
5o 18121813) , 1 88 A (HIL5-o8 18122115), )11 48 g (Fit
5 1908008) , 4 22 F (L5 4 1903049) , ¥4I H b 3¢
A e 250V A BR2S  , Zdbo v s 2 e S = e 5 ik
AT 2 U 5 5 A I i R (LR == A D o
2 HES54R
2.1 RETE

LR R o i AN R IR 25 S, 4 A Sk
[8 - 91, e 2 s LA K A 2 (R A) K B
(HZEB) JEHHE (F 2 O NHERE, Wit L(G3H)IE
IR o R ZE KDL 1, IEA IR 545 SR W 2.
2.2 SBESENE
2.2.1 WEilH%E

B DC+ ) — TooK 2 00 BE O i RS & FR 8,
TRV R R, BIAS B 2 O 100. 02 g/ mL (1) 3 %
BT BE S V50 o 43 A 2 W B 2. 1 30 1E A8 Hh 4% 4
2545 S0 mL, % T, il 80% ZBE 100 mL, Bt H, ¥ 12 h,
28 DIH W, A ZEIR KIS FE % 2 500 mL 25
W R R R ZIBE AT, RIS VA T
2.2.2 FHEFEE

LRI R WP AT B S ARG B, K
P, C T & e R 43 51 K 10. 00, 20. 00, 30. 00, 50. 01,
60. 01,80. 01 wg/mL [ Z 55 I8 ST, K 2 W ks
WA 2 mL, & 10 mL HZEZ LS H, &£ A 5 mL
0. 2% BT — B R, #857 VB viOK R A, B
KB O 10 min, B, KOKIE R D 10 min, 540 0]
ARG T T 620 nm i AR < 0 % BE L LA 25
BB ( C, g/ mL) MRS AR AR I B (A) Ak
PRiEATEPE RN A3 BIH R A =9.8155C +0.199 8,
R*=0.999 1(n=06), 455 % B, # 4 § ot & vk B 78
10. 00 ~ 80. 01 g/ mL YU N 506 B Lt 56 R AT

A5 9% B I s T R — X FR SRV 2 mL, T 620 nm
B AR E W IGRE 12 h NIESEIE 6 IR 45 1% RSD
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Tab.1 The factor levels of the Ls(3*) orthogonal test

K F HZE A4E) B BOk) B % C(min)
6 1 30
2 8 2 60
10 3 90

®x2 LGHEXRBZITELER
Tab.2 The design and results of the Ls(3*) orthogonal test

RE R (ng/g) YL TR
1 0 v v %) £
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o040 0,06 032 345 0.93 10.33 25.82
2072 011 Lel 456 235 1137 26.66
3 Le3 036 L8 591 318 1318 27.48
30041 007 052 3% L84 10.65 25.75
I L4l 013 L12 424 220 10.78 26.84
2 L6y 036 L7 600 310 13.97 27.61
2042 008 0.42 379 212 1129 25.66
3L 029 Le2 427 2358 1280 25.99
1

C
|
2
3
2
3
|
3
I
2 Le6 037 L9 61l 300 13.87 2

A
| |
2 |
3 | 3
4 2 |
5 2 2
6 2 3
1 3 |
8 3 2
9 3 3

.89

o DA SRR, T R &, A AR 5 =3 & 3,
VAHBEF, VAHRERTET K3 R,
Note: | is lobetyolin, Il is acteoside, lll is pinoresinol diglucoside,

IV is loganin, V is schisandrol A,as well as Tab. 3.

1 0.47% (n=6), FHALEE H RS 35 BT R 25 L
[Fi] — X6} A A AR 2 mLL, T 620 nm P ALEER 8 h 1 5E W)
R LM E 72 ho G5/ RSD 4 1.89% (n=9),%
WA s H DS 9% B R AT .

FasE PRI RS S 2. 2. 1 391 N HHR S AR 2 mL,
F 620 nm P KA TF 0,2,4,8,16,24 h I E W6
FEEE R RSD 4 0.21% (n=6), 3 WA 5 8 I AE
24 h WEOE o

PRI A% IR HUZ M 2 mL, A5 il £ it
S, T 620 nm YA AR I E WG G5 R RSD
H40.56% (n=6), FWIHLELERI

T IS KRR 2. 2. 1 390 S R mL,
3L 6 13, 43I0 A2 BT BRI 1 mL, T 620 nm
AR E W SEEE T 2 i A5 R 2 -2 Dl
Z499.01% , RSD 7 1. 29% (n=6) , M7 I UMERAIE =
2.2.3 HEAENE

K2 W 2. 2.1 T F A A, T 620 nm K
S0 5E WO RE 2l b HE N 2, S I A i b 20
B i A R R 2,
223 REREF . EFERFT LEE_S5F.5%
H. AW FERSENE
2.3.1 ®BEAN

{6 3% HE « Eclipse XDB — Cis £ (250 mm x 4. 6 mm,
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MR ER P SR AR MR G SRR T PR R AR
E1 BRREEILE

1. lobetyolin 2. acteoside 3. pinoresinol diglucoside 4. loganin 5. schisandrol A

A. Mixed reference solution B. Test solution C. Negative reference medicinal material solution without stir — baked Eucommiae Cortexwith with salt solution

D. Negative reference medicinal material solution without Corni Fructus

Praeparata

F. Negative reference medicinal material solution without Codonopsis Radix

E. Negative reference medicinal material solution without Rehmanniae Radix

G. Negative reference medicinal material solution without

Schisandrae Chinensis Fructus

Fig. 1
5 wm); WEIH : 25 (A) 0. 1% W ER KW (B) , B E
YEML(0 ~ 10 min A 20% A—40% A, 11 ~20 min B} 40% A—
80% A, 21 ~25 min I} 80% A; 26 ~40 min I 80% A—
40% A,41 ~50min B} 419% A—80% A) ; i : 1. OmL/min; F
T 30 °C 5 K I 2%« ARG B A A I 2% (DAD) 5 46 35
£ :230 nm (PR BE M2 1 . S8, 270 nm (3E S 4R
AR FEEH ), 330 nm (B AEHE T ) s #FFE 1 10 pL.
2.3.2  VERH &

BE S BT A IERE A A L SR
TR O B A5 08 o R PR, B 10 mL 255
R, B P A A R RDAR BT R BE 4k 2. 14,
1.96,2.04,15.96,13. 67 wg/mL HIR 5% B8 S VA T K
BRI 2.1 TR 259K 50 mL, IS /K 5 2 5 5 & ik
80% , Fii ¥, 7 UL B EIE W IBUEZE T, 0 10 mL H %
WG % 2 50 mL s B R ZIE  #25), Blis
PSR o 53 IR IR 2 A B R AL A LB
FRF BRI T5 T2 e 2. 1 TR RO 2 i £ B K
PRV, Fe At ot v VR 8 T i B X B2 A VS TR
2.3.3 B HEEFEFE

LR B 2.3.2 R 3 M A IS i, 4%
2.3 1 WU AR A5 R R RE I A, i SR (o 1 o 2 R A
AT TRV B T T, A 50 R VROKT I A B S () A A iz
o B, BT BT TR, R ik B Jm v R A
TEE LA 1,

RV R B 2. 3.2 T IR 4 0 BE 5 1 WS
i, 200.45 pum SALIEREUET , /3 iR I 1,2,6,8,

HPLC chromatograms

10,12 L, 4 2. 3. 1 TR 65 SR sE AR I e o DA o vk
JE (X, g/ mL) AR AR I TR BUMEL (V) AL Ak
FTERPERNA 25 R 3K 3,

x3 MRFAPSHBELESENEAEFERER
Tab.3 Results of the methodlogical investigations of content deter-

mination of five components in Shenqi Decoction

FYT—, SRR r RUR ZER M‘%’_@dﬁﬁﬂ@(% NEL)
(ug/nl)  (n=6) (pg/nl) (pg/nl) X RSD
[ V=1838.41+760.2 2.14~25.68 0.993 0.4 L17 98.89 249
I V=2787.00+553.0 1.96~23.52 0992 021 0.5 102.80 3.08
Il V=1172.37-492.6 2.04~24.48 0995 078 L8 100.82 1.52
WV ¥=1010.1X-321.2 15.96~191.52 0.9990  0.81 2.01 100.26 178
VooY=113.6X-231.9 13.67~164.04 0,991 0.16 0.3l 97.91 1.91

G B R e B A < B ST BB IE T
JiR T 0 4 T AR T L R O R A IS
KRR, 43 A B R MBI L ( S/ N) 2 3 I
R R AR, LA S/ N i 10 B4 5 B ik 3
MR AR IR 3,

A 9% P RS S I 2. 3.2 T YR A BB A TR
10 wl, 3 2.3, 1 TR @355 AE 12 h ISR iE AR
6 UK, IR U T B o 25 SR 45 o U B 23 W TR R RSD AT
1.26% ~2.08% (n=6), FHLE HNAE®E LI A
ERH 2. 3.2 TR IRA T IR S A 10 wL, 4% 2. 3.1 3
SOSN8 h AR E 1R, ELLNE 3 d. 4
T B 0 B 43 0 T LB RSD A F 1.63% ~2.71%
(n=9), LU H B2 R AT
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MR B 2.1 WUN 290, 40 4% 2. 3.2 IR
J5 B A R AT, AT 6 O, ar BlFE 2.3 1 TR (8
T A5 P R 2 o 25 SR A R DU A W TR AR Y RSD A
0.32% ~2.57% (n=6) , FWHEELE R

FeoE PG B 2. 3. 2 TR AR AT, 3R 6y, o
A% 2.3, 1 IR AR5 0,2,4,8,16,24 h B dFAE
WA o 235 25 T I B 43 W 1T AR RSD A 1 0. 12% ~
2.23% (n=6), LIPS 24 h WEE

TE DA g < B 2R 5 2 1) 240, AT o 4
FRVET, AT 6 13 RSN 2. 3. 2 TR ) A SR, 4
2.3 1 TR S A e AR DU, JF S [l 45
R 3,
2.4 TEGENE

SN B 2. 1 WUR 253 50 mL, B O TR 2 e
FE LI ZE R LA, KIE 26 T, BERR IR, T8 28 08 I
B0, B TR A ) 30 min, FRE R, IETFET
BRRARILE 2,
2.5 IBWMIEML

AHP JZ A7 7E (R PR AHP 25 B 8 A TR 250 4K
P i S A AR (o AR R A S 2 B E A K HR b o353
B 4 AN JZR LAY R 205 > 58 S = BEAEHT >
PANREE AT = DT = IR FER > TERE &
THUHR AR o3 LA A e 1 S R 5 R DL 3R 4 0ok T SPSS
20. 0 GEit A3 XA R PP 43 AT 2 0 A , S5 R 200
ST ESEAERE T PANRBE A A SR R
TR T E S R R 58 0,298 0,0. 177 8,
0.177 8,0.096 8,0.096 8,0.096 8,0.056 1,— Pk
K (CR) =0.005 <0. 10, FIAFE RIS HLFL I HKTAE S
SR ELAG T — B0 SRAS A R ECE AL

R4 BB BT SEEREE R

OO EAS B 20 S T B ALR T MR
B AT AR R T TR A R
4% 9k 0.253 1,0.119 9,0.020 4,0.115 7,0.160 5,
0.1255,0.2049,

AHP - CRITIC A R AT AT wsne-cnmicy =
Wanp § X Ocrim ci/ 2 Oane g@crim e VA R BUAS 2 |
WS BT MR A DR
Ok i TR R 0 BLE R B4 0.500 3,
0. 141 4,0.021 4,0.074 3,0. 103 0,0. 080 6,0. 076 3,

BUCRIEAY B R A Bk 3 R4y 2 80y 5 ) 1k
AR I A5 R AT VE 4, 45 R 02 5008 i AH ¢ R U
Mr, AHP ¥ 5 AHP - CRITIC ¥ . CRITIC 5 AHP -
CRITIC ¥ . AHP % 5 CRITIC ¥ 040 56 R 5000 9 H
0.998 7,0.996 7,0.994 2, & W 45 K5 ] £& M 40 56 1
5 o % & AHP — CRITIC (54 & 15 B Rl % 5 B, bk
£ AHP - CRITIC IE A TALE S0 BC, RIZR B0 = (£
Wi/ 2R KR ) x0.500 3 + (Ge S 1 /56 S i
i) x0. 141 4 + (EFACWETT / BEAEMTT BoOKE) x
0.021 4 + (AR s — 7 45 1 /A R s — 4 45 1 Je K
H) x0.074 3 + (T / AT oK) x0.103 0 +
(FLBR TR/ ORI I K ) % 0..080 6 + (HF 15
H/TEMREKE) x0.076 3] x 100,

x5 IMWMWAEX L(3)EXRBITLERE (D)

Tab.5 Scoring results of Lo(3') orthogonal test by the three

weighting methods (point)

F% AHP-CRITIC % AHP # CRITIC #%|| 5% AHP-CRITIC % AHP % CRITIC %

57.30 44.31 5573 99. 06 98.46  98.56
74.74 65.08 77.12 64.95 52,15 63.79
95.91 96.46  96.98 88.24 86.06  86.56
62. 50 50.14  62.49 98.79 98.84  98.43
75.78 68.66  76.81

[ N SO O T NC .
o oo —a o

Tab.4  Pairwise comparison judgment prioritization matrix of
indicators
RE 44 L %::4*42 *i]aft L ii*% o
RE OBE O AEHE BY K
$2:; 1 2 2 3 3 3 4
A 172 1 1 2 2 2 3
ERY% i 172 1 1 2 2 2 3
WEE=HEHF 13 12 11 1 1 1 2
By e /3 172 172 1 1 1 2
R /3 172 112 1 1 1 2
THAF 174 13 173 172 172 1/2 1

CRITIC 4 2 A R B0 B 3 2 R a2 2k
SRR T A3 T A AL B [ F8 AR B 5Y = (S - fe/ME) /
(I KAE - d5e/IME D 1, 2R A SPSS 20. 0 4 11273 14 4k B
B 56 R B, 45 S P 40 H B R AT,

54

2.6 AHP - CRITIC ;&3 EE 3K #TIED

M4 AHP — CRITIC AL E R BT Lo (34) IE 58I
25 RIEATLEA VE A, R SPSS 20. 0 Gei 248 ik
LR o BRI 25 A WA A R W 6, 07 2 i 4
RUWET,

B 22 6 AT AT, 3 /> IR 3 X0 25 45 VF 43 1 52 e WU Sy
B>A>C,RHERBUT 2N ABCio 7 20 W 45 R W,
2 B XL A 45 A B (P <0.05), MHE
A FIHZE C XGRS RITREZW(P>0.05) %
SR 5 0 Tl A 7 A, R A E R I T 2
ABsCy, B 6 {83 7K, #2303 K, BK 30 min,

2.7 EERIZWIE

FREL S f54b 5 2544, 0 6 f K, 3R E 3 U, BRIk

30 min, M & $5 05 AT PR LR 2 WS BT E S
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%6 AHP - CRITIC i£3F L (3 ) EXIRBEE TN ER
Tab.6 Results of comprehensive score of the Ls(3*) orthogonal test

based on AHP - CRITIC method

A5 BEA BEB  BAEC  BED %&F (D)
1 1 1 1 1 57.30
2 1 2 2 2 74.74
3 1 3 3 3 95.91
4 2 1 2 3 62.50
5 2 2 3 1 75.78
6 2 3 1 2 99. 06
7 3 1 3 2 64. 95
8 3 2 1 3 88.24
9 3 3 2 1 98.79
Ki 75.99 61.58 81.53 77.29
K, 79.11 79.59 78. 68 79.58
K 83.99 97.92 78. 88 82.22
R 8.01 36.34 2.86 4.93

xT FEIWMER
Tab.7 Results of the ANOVA

TERR BEFFA ARE  FE FAA P

A& A 97.69 2 48. 84 2.58 0.279
H% B 1 980. 49 2 990. 25 52.73 0.019
A%C 15. 24 2 7.62 0.29 0.775
D(iE £) 36. 52 2 18.26

E: Fo0s(2,2) =19.00; Fon(2,2) =99. 00,
Note: Fo.05(2,2) =19.00; Fo.01(2,2) =99. 00.

£8 REIZRILRKEER

Tab.8 Results of the validation test of the extraction process

5 Rk (ng/g) shE  TEA

EARE LERBE DREZDAF DAF AATET (%) %)
| 1.58 0.29 1.76 5.99 2.94 13.86  27.56
2 1.49 0.31 1.712 5.76 2.79 13.24  26.66
3 1.51 0.26 1.75 5.75 2.85 1318  27.18
Y 1.53 0.29 1.74 5.83 2.86 13.43 26. 13

R AR R TR E K, FW LA T A
PRI 8.
3 iFig

MG 12 R T, T, S FES RO
BF % 38 K, S o 24 5 o L2 kAT LI g
2 AR ERFEAR R T 2240 B IEORS % B K L
Ok, F ok B2 5 0 T B R ORI TN T L TR
Ji, Hoh 2y i 25 5 AN OB s IR
R S AHIESE Th R 25 5 T AEIG IR LA 2 iy L 2 A
RARST R, LA R St il [ A i 225K, L2 S B B
R T E IR B SRR, RYE A A AU
ST SIS B A BRI I P 23R T 2
BEXTACE R IC, B ETE 754 AHP 3 (CRITIC

o Horb  AHP 36 BRI T 2552 0 A A BC AR A B
AR (HSZWF5E 3 UL T 52 1) 5 CRITIC A FE 4521
2B WA B e, 2 T 25 5 45 2R R IO AR
JEO T ASHESE HF 2R ] AHP — CRITIC ¥E454 T A2

WAL AN 5, XS AR A, PRUEALE 73 Fio 45 2R

HERE AT HE
A FE H R 3D 22 AP X A B2 A% AR A

PR IEAT 75 B RN I A 2 1 SR 0 T

277,205 nm I K 40w piy AR e £ , (H T 08 i I — i 4

A B R B IR0, P T 230 nm i AR IR

IR, T IRRR LA X 2 A a0 D i

£ 230 nm; FLBR TR S SO T 270 nm K ALY

AR M, BoR wi R B A ke e s BB T

330 nm P AL B E AL 27 SCHER[12], S AR R AE

IR 3 AP D AT I E

5% Uk

(113 B,2 #,# £,5. §FXERAPLHETRER
B stEzI )] TP ED,2016,35(4):347 - 349,

2]k &,F8% ,AE2%,5F . THALFERS AL KRIRAMN
HRSAI]. P E £ A4 E,2018,24(24) :53 - 59.

(31 ZFwmeak . & R AT KX K% D 42 PI3K/Akt/mTOR -
HIF - la 2 5 @50 % a A LB F R EEB[D].
Z R E 25 K5, 2020.

[4] ZH48, A5 H, G, 5 . BIPLF RS HREREFR
FHEHIARFF R[], P 3 25,2017,48(15):3228 —3237.

[5] AR, B, 8&44, 5. LEFHEPERBRIH TR
BE[T]. PR T EAMES L E,2020,26(8):1206 - 1209.

[6] M 24,4 F 3 F,F . ZkTEHTHFoLFHRAp
ZAAERGEFPEAZEY(]]. FREMLFS ST
& M5 3R ,2020,36(5) :544 - 551.

[7] FRE, K2, 507, F . ERBIEHHEELES S ER
BARRITE]]. FE % %,2020,29(7):74 - 77.

[8] 7k #k,:E 4,7 4F,% . HPLC — DAD Rl Byl € £)aiuzg
PR TR RILRBR SRR GRS E(]]. %Y
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