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7 E: B8 RHABEMZERAPENIEE TR SKZERERR T 28, 5 W2 2RI, 58 B2,
HENE HEZ; IS BIE . BT ERMENZ, J7R bttt i) B iR, e PHREE X,
MEKE . MK IIME AN KA KT (vascular endothelial growth factor, VEGF). MIRIEECAH T RIZE, KA Z R HHTiEk
(FAHP) JIEFFIAL, 1HR% TEBMEINNGER™ 0. GR HTEERENE (o) BEIEMIKKCYIEKE (0=0.255).
7K H VEGF & (0=0.215). JlfE8 (0=0.200). HMEFHEZEEE (0=0.170). HEPFHREEE (0=0.160). 33|
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Optimization of extraction process route of Compound Huangqi Water Extract
based on fuzzy analytic hierarchy process evaluation model
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1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China
2. Oncology of Integrative Medicine, China-Japan Friendship Hospital, Beijing 100029, China

Abstract: Objective To optimize extraction process route of Compound Huangqi Water Extract by using fuzzy analytic hierarchy
process (FAHP). Methods The multi-level index evaluation model was established and divided into target layer, criterion layer and
index layer. The criterion layer included indicative components and pharmacodynamics index. The index layer consisted of transfer
rate of astragaloside and geniposidic acid, volume of ascites, content of VEGF in ascites and thymus index. All the indexes were
weighted by using FAHP, and the comprehensive score of each extraction process route was obtained. Results The important degrees
(w) of each index from high to low were: volume of ascites (w = 0.255), content of VEGF in ascites (w = 0.215), thymus index (w =
0.200), transfer rate of Astragaloside (w = 0.170), and transfer rate of geniposidic acid (w = 0.160). The scores from high to low were:
route a > route ¢ > route b. Hence, the optimized extraction process route of Compound Huangqi Water Extract was reflux extraction
with water. Conclusion This experiment combined chemical index and pharmacodynamics index as evaluation index. Weighting
coefficient of all the indexes was decided by FAHP-based evaluation. It can provide research ideas and methods for optimizing
extraction process of clinical empirical formula in the development of patent medicine.
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ARG VRN R B A LR B T 2R, 2
R43#1i: Canalytic hierarchy process, AHP) #iZL 1t
HE R RE RN T S HARIHERE, MIffT
HANFAT T RS EVRIME, ik Fm it r iR
FEARHE T SO J2 1 23 Mrik (fuzzy analytic hierarchy
process, FAHP) &AM 73 BTk Al Z IR AT ik dh &
TR —MJTi%, B AT OB LI F R AR L I —
SIS 6 PR A P R, G e e SR A T S
ARG AR T B ROKIR B RN, WSRO R IR
ST S R BT 2k 2k rp i P

HHERKIRE R ECEZ)D /T (R,
PG, TR K R R 2 s
BZHAZERKNA, J7 R0V, 1697 SR
TRORT A R D B, TR AT R EER, SR
AR ARSI PSP bR S & 2 R R b
NVE R, IR Z R ATEIRAL, i E A
RIghra AR, 1335 T ZMAmBLR&137),
BETLIE B 7 W REOKR B M T 2Lk, i
SR T 2Rt — Aot
1 XFES5HH

LC-10AD AU 80 AH (%4 . SPD1020A il
a5, HARBEERA ZHRAA; Agilent1100 8455
RO A%, 5 Agilent 2AH]; 2000ES 2K
BRI S, AR A F] s RE-52AA Feft 28R40 |
W ARANAES) KR HETE, L
5 SR ERBIARAT R A F] . CPA225D/100 BUHLF R
F, AERFRERIMIAF: JY10002 TR, L
BPACGEAGR) s BE, KRR AR A
Al; TDL-5-A B0, B2 R2 03] 3K15
RO, SEE Sigma AF]; OLYMPUS 6%,
HZA OLYMPUS A#]; HHW21-420 H#VEIR KA
By, EBWRHESOLREARAF: Thermo MK3
PR, 3£ Thermo Scientific 24 7] .

W, Bl 241 FREAMEAILE
KREJRZNARAR, KA EIE R, &
et B 2 K s v 2 S B X AR AR R 5 8 N EE
i, L, B2 NG RMEY S K Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao HITHRMR, 25 2500 5 8 %5 B RHE Y 4
Plantago asiatica L. W BRI, 41 Al
TERHE Y2 22 2F Pharbitis nil (L.) Choisy 15
BT, FRARNEREY) VIR Curcuma
kwangsiensis S. G. Lee et C. F. Liang fJ TR 2%, &

HIMES RIS ChEZ M) 2015 FR—EB &2
TUFESR . HEH XS, R AR A
MRAT], 15 JTAOSISTAL4, FRES$=98%; Hi)é
SRR R, P E S AR R T AR, S
111828-201604, JiiH 73 4(LA 97.4%1t: WahAHTH
HlE, offf, kg, %£E Sigma AF]: FERGREAL
HK, BUNEERGIGERIARA R HREH i
afi . /INERILE N AT (vascular endothelial
growth factor, VEGF) X% C» ELISA o I35 &
5T Proteintech A ] o

SPF 2% EEHA/NER 50 W, W& 18~22 g, Ml
22, WEM IS AL AMEARERAF, ¥
AMIES SCXK (3E) 2016-0002; Ha, KRN 1
R, WEAE R R = SL S Es, VFriES
SCXK () 2016-0010; /MRIVAFR TR HEZ
KEEBNP LG oty TFEE AR RIFIERN, IR
ERRIEAN (2542) °C, JBE (50100 %, 12h 1
2 FAEEHR
2.1 REIZB&ET

£ 22 SCHRARGE ™ R AT S S B
FEHUBSZE .
211 TZ a WK, &K% BRIKF AL,
HARZHMIN 8 5 E /K FIARSREL 2 K, BHR 2 h, JE
b, EIFIE, JREARYE, FIRRE UK DL B R
JEIREmMA, WA, Bifg.
212 L& b FAKRE I, I8 fFEK, K
AR ZEIETRAL 8 h, ZETHS K ) 2 AR s 35
FEEEHL AN 8 5 2= AI/K I SEHEE 2 K, FEIK 2 h,
JeIt, AIFUE S AR K, WORRYE, H
IR UK R P2 B e g o, NI R, R
5], HifR.
213 L& c FHAKMB KR, 8 FEK, K
PR ZEIETEIN 8 h, ZEURS MK 2 A &
I 41006 fEER 80% LM I FEH 2 X,
R 20, BEE, EIFIER, B ORE: HEHHR
2N 8 fEFE /K AR 2 Ik, R 2 h, BE,
JERS FaR RIS 2 RE I8 2818 5 KIS A I,
REARAR, FRPEBOK R DL 2B i e s o, n
N¥ERM, RE, .
2.2 1EFRMERR ST EENE
221 AFERTZEEE TS W—atmE
2, 4% “2.17 TURHREL, HUEIRAE AR R
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1.05 (60 C), T2 a: 500mL, LZb: 500mL,
T2 ¢c: 350 mL.
2.2.2 HPLC e i & L 2

(1) HPLC 538 2% 1", {13844 Kromasil Cg
K (250 mmX4.6 mm, 5 pm); ViENHNZE-7K
(30 : 70); {AFAE 1 mL/min; FEiR 30 °C; #HFE
& 20 pL; Z&ROGHUR R I AR AT SRR
105 C; #FHAMBURE 2.7 mL/min; HISHBEL
B TR R AT 4 000,

(2) X FES VT 4 O B X R E
FEEFRE, 0 B R 29K FE N 0.514 mg/mL 1)
Wi, Bif.

(3) FEMBWH&: T2 av b HL 30 mL &
AR, T2 ¢ B 20 mL IRAEH; 43 i FHZK AN I
TEEPRFEIREEL 4 WK, IR 40 mL, A IFIE T BEAW
IR 78 73k 2 Ik, R 40 mL, £,
IETREZT, BREIH AR, %BZE S mL 2
L, IHEEEZIEE, AR,

(4) FESIE: 2 A 2 WO BRI 10,
20 uL, FESVEWR 20 pl, JENTRARGIES, R,
F AR A BT R (Iny=KInx+b) 58, RIFE.
THEEKHE R R (B A, W& 1.

R e = RO T R AR A2 B 2 M T R AR R B
2.2.3 HPLC ME R e FHR LR

(1) HPLC faif 2 AH"), iy Kromasil C g
K (250 mmX 4.6 mm, 5 pum); FEIAHNFEE-0.5%
itk B 7K VBV, BB VML : 0~35 min, 6.5%F % 35~
55 min, 80%MEE; 55~75 min, 6.5%FEE; A
M 1 mL/min; AP 254 nm; #ER 30 °C; it
FEEE 10 pLs FRRAREUZ 50 e P RRIETHE N AV
+ 3000,

(2) XFHR ST A5 U e~ IO B i i
&, RERE, B, N 60% H B B
B )Y 0.105 mg/mL KT, IS,

(3) FEMIBEBIH L KEEFREL S mL IRATH
T 25 mL &I, 60%H A 2% E, A8,
IS yE, RIS,

(4) FERDITE : 53 TDRE B R HBORT HR St Vs VAN R
VAR 10 puL, JFENBAHEGRE, MR — A%
i =ko), WE. HHEREBTFHREER (3
FrB), W& 1.

23 EFEXW
23.1 IR % 217 TR L2 MAH%,

x1 HEFEERSRERENREFHEBRINEBE n=2)
Table 1 Transfer rate of astragaloside and geniposidic acid
(n=2)

Moy EEHF/ (mgg ") A% FEFHFMR/(mgg ") B/%

TZa 0.385 75.11 9.12 69.21
TZb 0.384 74.93 7.38 56.03
TZc 0.410 79.97 3.04 23.09

WERGE R IR BT EY 2 g( 5IRIRE 2557 =M
&),
232 EEL/NE Hop MEZKBEAY  Z5AE I V2 b BT
Ha, JE/K/NRFFICEERE /K, 1000 r/min &0 5 min,
¢ RIEW, ARERERKMERE, R RIRE N 1.0X
107/mL. BUZEW 0.2 mL/ R, RN, &
SEANERIEK SR
233 Sl kg% T K 50 RUNRBENL A S
H, FAH 10 1, 25 EAXHA, BRA, T2
affl. TEb4. TE . %1 RIEHHTE, 52
FARTILH AN T2 R 2R 20 5 H22 /K 4N Bk
2 O R S S AR AR B R K 5 3 RSR A Ak
B R 2. WRIRSNAE 2SS RN, SRRk
PrETE, ANREEHINEE) 7.6 mglg, HMHIREE
JERZ A, MH 1K, 1K 8h, KA HIEE
BRI RRZGY . L2 T d.
234 VI 5 10 RESYDECH - SR F1E Ak
FANER, RTCHEVES SRR, tHE (J6hF O,
# B J5 3 000 r/min &50» 10 min, B FIiEH-20 CH#
1Fo SR/, BUH /S BRI IR 21
2.3.5 ELISA VERI/NE /K VEGF & Filll i
18 ELISA 177 & Ut Bk A7 4 4E « 1HE A br
A VEGF kg (kR D). R 2,
2.3.6 /DNERIBRREECT R E 0 B i AR B
KIEGE, JEAVRT, FRE eI E N RfE S (48
bR B)o SR IFE 2,

P i e = R /R

R2 BFIIRER (X Es,n=10)

Table 2 Results of pharmacodynamic indexes (x *s, n =10)

2H ) C/mL D/(pgmL™") E/(mg'g ")
=Pyl — — 3.6940.84""
e 4.3240.20 804.74+ 57.56 1.06+0.36
T%a 2.62+030"" 688.75+164.42 1.60%+0.53
TZb  324%1.01"" 759.37+145.44 1.34+0.66
TZc 2.7240.63"" 769.55+152.42 1.55+0.67

ERRA R " P<0.001 TTP<0.000 1
P <0.001 7P <0.000 1 vs model group
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23.7 SuilJiiE RA SAS 8.2 SRttt AT £
IINT, GEH A A BT TR ¢ ke, G5 R EAX £
TR, B P<0.05 £ A Gt R Lo
2.4 HERFRENALIE

B R HEALR Y fie - RARHEAL AL B o X 45
PR AL By B, FEBUR, W HMEBRL, s =
(R EE — e MAY (K E — i/ ME). X FH64x C.
D, F{EEN, W H ML, B = oMl —
JEEE ) (R AE — e /ME). SR I 3.

F+=3 PREREEE
Table 3 Standard data

2H 5] A B C D E
TZa 0036 1.000 0394 0144  0.205
TZb 0000 0714 0250 0056  0.106
TZc 1.000 0000 0370 0.044  0.186

x5 ARMIFIETAER

Table 5 Fuzzy judgment matrix

Vi A B C D E Vi
A 0.5 0.6 0.2 0.3 0.3 1.9
B 0.4 0.5 0.2 0.3 0.3 1.7
C 0.8 0.8 0.5 0.7 0.8 3.6
D 0.7 0.7 0.3 0.5 0.6 28
E 0.7 0.7 0.2 0.4 0.5 25

Fo6 IRMI—EEM

Table 6 Fuzzy consistent matrix

A B C D E w;
050 052 033 041 044  0.170
048 050 031 039 042  0.160
067 0.69 050 058 061 0255
059 061 042 050 053 0215
056 058 039 047 050  0.200

mg QW R

2.5 HEMRRITERFRERN
251 KIS TEARE R ARSI RN R 4t
Wit 3 2, AR (1 Hdbts, MIETTE
BKIR BRI T 2Lt R (2 Zidats,
BAE AR AN Z A7 bR T RIZ (3 Fdbhs,
BRI R R RUB T HIRFER R, JOKE.
fZ7KkHh VEGF B A IR4E %0 .
2,52 MIEROM I ANAIWIRERE & FEAR B VT
PREEIER 40 LLERIF— 2 UARARIHINS 2, H
JIH P LGSR LA TR, LR 5
253 MEHH-BUERE  RIEA 1.2 AR
W BOERE R = (g)unr ARARAS BUROREM — SRR
M (3D, THHA 3 FAEIE . 3 FIRPRI
W — SRR AL E WL 6. K 6 nlH, BEHE
PURARICONIEK R . KT VEGF &, il R4
x4 FOUERE

Table 4 Criterion of calibrator

HENEARE S

0.1 2 ANTEERALL, 5 b g 2
0.2 2 AN TEERAMLL, 5 T R A
0.3 2N TCERAML, e AT A
0.4 2ATURML, JEE AT H R
0.5 2 JUERML, B RS E B

0.6 2ATUERMLL, W R EHEE

0.7 2N TEERAMLL, [T A E
0.8 2 ANTCERAMLL, T S R A
0.9 2 DITCFAL, T b b 2

FILHR o FICH o M LLEAS B FIWT 9y MITEER o AITTER o HLL
BAFEHIWA =1y
If y; is obtained by comparation with a; and ay, then to the contrary,

y;i= 1—y;; is obtained by comparation with &; and o;

HEFHERR, e PHRER R,
yi= Za,-j D)
=

7i=@—)2n+0.5 (n 4 R MHEO 2
o=1n—12a+1/na Yy a=m—1)2 (3
j=1
254 —EUPEARL  EFFERIOHW ST ETE E AT

TR LT 3R 22 22 09 WZHE R A — 0B R
GURRW], IMERIREN 2 AT KT N IR N
(F ORIV ELCET ) e Gl L vl
2.6 BRERERERNENTE

KrAENZ S 3 ZAabrBLEANR, 19214 K2
TSP BAREEAE, 7ER T IRUKIR B R
TEHETmk R, 2R bR A S A e i 5
HREAER L BRI A Rk, WOk PRG3R bR
HAN 0.7, FRbVER EENE SR 0.3, 45 R
E
27 BIZREMNEGERD RHF

ZERNK 8. SRR T2 a NEE T
Peade i) f FE S I L 2 2, BIIGIR FVE, A5 7K3R
3 Whig

WIS AR AR & 258 4R PR PP S T 2 8%
2, BRTFRAZRE & ALal, EAT LU G i — 1Oy

®7 AHENERHF
Table 7 Synthetic weight and order

fbr  AEBE fFE | febs SEBGE HY

0.051 4 D 0.151 2
B 0.048 5 E 0.140 3
C 0.179 1
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x8 BIZHREMBRAET MR

Table 8 Scores and rankings to each routing

15| LR tao) HER
IZa 0.171 1
TZb 0.102

TZc¢ 0.150 2

(3 1 1o 5 R 245 5 5 I R 288 = & 1 o A
P RIS AR M R ST RO R e ) Y,
B L M H 245 52 7 )RR AR RPN AR S8 B X
TEE, WS T ZMEEIT. B TOAX
BRAIE 7E S R BT A S R, A SCERAEAL A5 bR
IS lIm PRIT RO RS T —— R R (O
) BB HR (B 1ENREE T
BRI E G R R bR . R RCE bR £,
RS MK A R IR /K & I/KH VEGF &
DL Bz 169 i i B R i e A ) 4 B T 20 BR 2R I 4B A
SRR, MERHEBESMINT RN LZ > 1T
Za=T1.2b, RGP HRRERREEINT R ILZ a>
TEEb>TE ¢, BARTE c PHEFHNERXR
W T A A 2R, (Hu B P HRIER
KIK T L a b (£ 1. ERBGTEF KB
K R T e % A P 1 2 24 6 ol BE AT 38 0 T A &K
BT R, AE B SE R A A TR, TTREIX i
O R P R R ZE R R R . TR sEse T, 3 %
T 2B A& B K EFRAs 5B A L B 2 7k
(P<0.001 B¢ P<<0.000 1), HE/KEHKE] &
RNILZ a<T & c<LE& by 3 FKLEMEFIEK
. BKH VEGF ¥R TR, i fikfs 4y
TR (R 2). T FAHP 5 3IM0F 5 &1
IfFRTZ a>T2 ¢>T1T2 b, HILIHSLE T HIE
KRB WA T 2B N T K 45 R,
A7 KSR PR VAR B VP oy e, T LIE T2 8%
2R et KRR B R 5 M 7 1 245 30 I B i«

JRIR G HTiE 2 SR EIE 2 ¥ 5K Saaty T 1977 42
W —Fh RGN 7%, B SHREA RN ITTE S
R H bR HEN, 7 REFZIR, fEIEE L BT
S MR E B i pe skl B2 o Bl
DAIBE 4 2 VR 0 A2 75 B 22 VO AR 06 A Bk i A2
S TR L AT — 0 1 s, (A e S
AR SEEG R AR 2 o bTids, BN RGeor N EH bR
s WENZE L TRZ, FIGEAOR F ) Wk R A AR
BI—BOERE, SREIRCEME, RFIHABECR & TR T)
MHRT o EFEREHRE T AT EXF S Febr i) &

MRS, & T & Tdabr IR A B0 2 7] O AH FLEK

RGN, R SRR A5 R A A AR

PE, R A E IR 2 AR A ik 5
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