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Optimization of Extraction Process of Gastropathy Oral Thick Paste 1 by Orthogonal Design Based on
Analytic Hierarchy Process Method—Entropy Weight Method-Independent Weight Method

LIU Qi', ZHANG Yue', SHENG Yan?, HU Yunli', JIANG Huijie', SHEN Kaifeng', JIANG Yan',

CHEN Chengshou3, ZHOU Danyingl*(l.Zhejiang Institute of Traditional Chinese Medicine Co., Ltd., Hangzhou 310023,
China; 2.Zhejiang Provincial Drug and Cosmetics Evaluation Center, Hangzhou 310012, China; 3.Zhejiang Weibao
Pharmaceutical Co., Ltd., Hangzhou 310013, China)

ABSTRACT: OBJECTIVE To determine the index weight, optimize the extraction process of gastropathy oral thick paste 1.
METHODS Taking the amount of water added, extraction time and extraction times as factors, depend on the single factor
experiment, Lo(3*) orthogonal table was selected to design the experiment. The content of chlorogenic acid was determined by
HPLC and the content of total flavonoids content was determined by ultraviolet spectrophotometry. With the above two contents
plus the yield of dry extractum as the evaluation index, the weights were assigned based on the analytic hierarchy process,
entropy weight method and independence weight method, and the extraction process was optimized by orthogonal experimental
design. RESULTS Multi-index scoring was more scientific and reasonable, and the final optimal extraction conditions for
gastropathy oral thick paste 1 were as follows: add 8 times the amount of water, extract twice and 0.5h for each time.
CONCLUSION The optimized extraction process using analytic hierarchy process, entropy weight method and independence
weight method is reasonable, feasible, stable, and reproducible, which is suitable for the preparation of gastropathy oral thick
paste 1, providing reference for subsequent research and development.

KEYWORDS: gastropathy oral thick paste 1; extraction technology; analytic hierarchy process-entropy weight method-
independent weight method
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br, BOKSRRRR . B R A TR A SR A A
EMOE 2 2 S =7

g 552 BT 25, 3l A BOE 248 PR
GV, MZEA RN 2 I HE bR AR R 4L
RERE . GEEEYW T ESRNHE. BIX
/M7 (analytic hierarchy process, AHP)&: A WL
Bk, B e 2 42 R gy K ny IR 2 TRl AH B
KR, WEEIRARL AHP WEI LSRR W E
BN A, A5 — R AT LB RO, A
W RS, DA R4S A (B AR AE v e A5 B AR R HE P
T i s A R ) AP A Sk B AN s, T
iR bR B AR B, B OR, FRARXT LR
PEM S B . AHP VR TR T-H 56 2510 1 0k
B, MG O E T8 A 5 fr 28 5 ) A5 2
A IS HEROE X B AL E AT MR, fE v iR
BOEFERIE] T AH G RO R BUW AR B K 45 ]
O S s A S PR T RE RIS A
REHE N XTTE Z 2R A VRN, ff R B0 2 2 i
SRR AT BN R, IS T e ey
ZHRPRVHN AT . HETEM 1 SR NBET I
e N R, R SRR B AL DY
FEIG RN BT R BN RAFT R, BA TR BRI 2y
PN TT . B ASLIR AT, BheEfE BiE 1 54
BT, BT eI ek, 1hh
KA, PRAL A F o 5Ll
1 EE5ERF

1260 Infinity 1T % = 08 AH 3542 . SPD-20A
LM ES . A BhHERERS | ARRAR . B TS e
[ Agilent /A F]); EL204 B AL 7R (B AR EIHT
FIZAF]); RE-3000 JEk 75 &A1 5 A= A
#r)); PTHW BUHL IS (hiH B I {28 FR A ) 5
UV-2550 580 THH AR HEY); KQ-500DA
A (LT S A A PR A ],

ARSI B M Y R UE B E 2R
PR FIHRAE, LIRS HUR ALY : 220701, =Hb: L8
AETHAE T 220601, 7Hb: VTPE), SNHEHLS
220508, j=Hb: POl ESkaEdits . 220401, 77
Hi. W), TS 220801, FEHL: mF); X
MR ER RS . 1107532021195 46 . 96.3%)
J RS T (IS 2 100080-2020125 4R . 91.6%)
Yo H P E R 2 R e B B . SR (e, 55
EERFI/RAT); WEECGrra, Kk Kb
WA RAFR; BRI, E255E R b7
ARAF]; AH#BaiK, HAbR 504k,

R E AN 22 2023 4F 11 A4 40 4855 21 1

2 FAEEHR

2.1 WA

2.1.1 B SRR AR s R
W 1S AT U PR RSARAR . KIfEE . B
ANHE . kg . TRENM, IR EARKE
T AT INAA RN SR, uEad, B .
2.1.2 B 1 SIAMMUMIER & KR
93 1 54Ty e FLRR ISR 25 R IRk LAS MY AR T R
[T PR, v, BOEwA .
2.2 LRIFFREG RS RN I

220 @ &M g R . Agilent Extend
C13(250 mmx4.6 mm, 5 pum); HiR: 30 C; .
1 mL-min”"; &I : 326 nm; WEIHH: A K 0.4%
BEERKIE, B WG, BAEETRIERE R AR 1.
=1 BHEERER

Tab 1 Gradient elution procedure

Fisf [i1] /min A: 0.4%EREKE TR Y% B: ZHE/%
0~30 90—90 10—10
30~32 90—10 10—90
32~37 10—90 90—10

222 SRJFFRNTRR AR R B R IR R R
X ShIE &, RERARAE, I 50% H B B mL
255 0.35 mg M, RITS.

2.2.3  HHASM MBS RS & B “2.1.17
“2.1.27 T ARAT A RS A A 3 mL,
W, BT 25mL 2P, 50%FEEE%,
FRGE R, B A A B (I FE 200W, AR
53 kHz)40 min, ¥, FFREBE, M 50%H i
BRI, BRAT, BVEWR, e, EsE
Ve, HIFR.

224 LREMERE  alE 2227 2237 iR
FAVEW, $i2 “2.2.17 T T G5 44206 10 L,
SEIL LI 1o BV S A VR i IR s BT R
XTI, BTG T

225 AMXCRFLE B R X I G AR b
WOREEZ R 0.35 mgmL™"), BRI — R I
W, SrdE <2217 TR AREAFERE. DIGEER
PR FE AR AR BR (), TR AL BR(Y), 2iilbn
W4 . SR IRTE 0.011~0.337 mg-mL ™" A 4471
gMERR, MR N Y=14395X-52.404 ,
R*=0.9999,

2.2.6 [UERKEE LS LR — SR R R X HE A
W, % “2.2.17 BT AL FAESERE 5 R, &
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Fig. 1 HPLC chromatograms

T RSD<2.0%, 7] WAL ZRHE 26 B KL

227 EEMFEE WE—FHS, P& 6 h
BERAIAT, T “2.2.17 TR O35 5100 DR
A S SRS i RSD<2.0%, 1 WiZ ik
AR,

2.2.8 THEHEEL WA, 2 ATEA
ORI 6 IR I, FEAS R BT €63
B4 “2.2.17 TR RS BlERE, THE A
o 12 FFEREES IR SRR &t RSD<2.0%, 1]
DL T % A 2% B R4

229 MEWREEEEE  HURSZ) 3 mL, AEEBEUN
AN R RSB 3.0 mL, ‘B HIEHIEH T, %
“2.2.37 T A SR A O Il 6 O inkE
VWL, #2207 WUR g Aoy B, TR
Erit X IR Hy 98.8%, [H1H% RSD K 0.98%,
A UL B v R

22,10 FRUEMEEE WEENE 1SS AR
WCE 0, 2, 8, 12, 24h 5, #2217 WFE
T BIERE . IR AL RSD 4 0.98%, it
BAMEWE 24 h NERXE .

2211 KIULBER A& i e & Bk
FEM KRGS 2 502 0.5 g, KRR, $vh [E 25
2020 AFRL—FBAIMBE “FreilE” TR ki T
ME, AR &,

2212 SRERFEBFIIE e e
P25 T R BE 2 b b SR R R 1 & () F S
IR € b VA R VA S NI L RES
PRI & H(W2), AKX ER 1 5KEHK
-3000 -
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TSR JEIR IR (Y) o

Y=(Wo/W1)x100% (1)
2.3 B R E
230 PRI AR WA HERR PRI
102 °CHEFE i 1E 5 5 A9 % T X I/ 15120.00 mg(CFs B
% 0.01 mg), MHEAM, IFH%H 2 100 mL &
H, ERBZE, WHEREIEN 02 mgmL,
232 &VMERRFELR  SHEHRR “2.3.17 B
T TR IR K 0.0, 1.0, 2.0, 3.0, 4.0, 5.0,
6.0 mL, Zr%ET 25 mL 8T, M/KE 6 mL,
A 5%V ASERANIAT 1 mL, $£2), JE 6 min,
i 10%EFRESVA 1 mL, #54), HUCE 6 min, JN
AR 10 mL, $25), FEIK EZ08, $225],
JCE 15 min, HlES T BREHRE S8 0, 8, 16,
24, 32, 40, 48 pg-mL~" (XTI S R TAEH . L
0 mL XJ HE i 2 VAR A R o 25 1, R
510 nm Ab43 510 G REE,  AROGRE AL A
(), XF RGBSR AR (X)), exflbriEthge.
THE 0~48 pg-mlL ™ FEIFAILEIECR, Ltk
h Y=13.764X-0.010 6, R*=0.998 9.
2.3.3 KSR B (2117 W
VW, 1% “2.3.27 TR AR E WO
234 WMEHE AEBRREELNER 2 mL, 2
25 mL &I ; % “2.3.27 TR HEELE 510 nm ¢
RALME OGRS, Rl HE. AR 2 it
P A R P A R R A RE , TR L R B
P 1 7 2 o
235 (UEMKEEESE S WA — T R
3.0mL, BT 25mL S, S HEEETE 7
B, 7 510 nm KA EWOERE, EEME 6 1K,
RSD<2.0%, W] WL{X#SAE % R AT
23.6 mEMEFELE  WE-HAEN, S REE
WE i, A4 6 M tfMEm, 78 510 nm
WA AL E R, 1A% i . RSD<2.0%, W]
ZITIEEE R AT
237 WERREEEEE B 6 MhFESh, KESFRE, 1S
SN T X HR iy, 40 B R B R 22 T ik o A
R, 43T 510 nm A E W OGEE, THE A
7, R E N 96.5%, RSD N 1.50%, ] Wi%
T ERRE R AT
238 FEMEER WEEM | SHSHERSS
BICE 0, 0.5, 1, 1.5, 2h J5, SMAEERN E
Jrik, T 510 nm A E KOG . RSD 24 1.39%,
AT DU PR R A VRORCE 2 h NERE

P E B 2G5 2023 4E 11 A48 40 44585 21




2.4 TEERNE
KAWL “2.17 TUF i 10 mL T
MR EEEZE L NLFKIRZET, & 105 CHRMHE
T4 3 b, BUE BT TR P24 30 min JERS %K
ETRENIRE., HAXQIETRESR.
T2 B AR R (%)=(T 1= 8 B /AR A AR

)x100% (2)
2.5 ZARPRAA AL
2.5.1 AHP % I ER A Yaahp V12.9.8

167, SRH 1~9 AREEZEXT 3 AU SR T FI I EL
B, W TR FLA AT S A ) LR
2o ARHEAL B, FEREPAH B A RS
bl I, FESELEE R AR, X3 F
VM FEbr T UACE AL, TREMSREN 1, SE
AR TR BRI ETE, Budh 2; BER
SRS RN F O o IS T, Bl 35 AR)E
R AR T AR AR Wy, — Bk el
F CR=0.009(CR<0.10), RIFEFRHEE He 0 i F
HAWEN—8E, PEERBAR, H21&HES
BT EER w3=0.163 8, HIEEI&FE Wy=
0.297 3. SRR W,,=0.538 9., 25 UL 3.
R2 ARKFITA

Tab. 2 Scoring standards at all levels

L R
1 i) 45 H 2L
3 B
5 IR
7 g dicae 2
9 o X H

2, 4, 6, 8 LLLARGRHRIE RE MR PRl {E
%k G MEBEEZ N ay, W5 R
LR 1/ay,

=3 ARXMLBREEEK

Tab.3 Paired comparison matrix table

SRR B TR

e
W g oam o omx N OOR

LR IRE R R 1 2 3 0.538 9

R 12 1 2 0.297 3 0.005 0.009

TRERE 1/3 12 1 0.163 8

252 WAGE WAL E—-FETHERRMNZ)E
PR T, MR —Ia bR 1 28 AR B Do A
BAR AR AR BN, R b (5 R R )
Jr % 7 B A EE B /NS 3Z ] Eva Gear Version
2.1.7486 BKAFITE 3 DI FE IR A E R AL W,
RN E LG R (TIREIRR W3,=40.02% . LB
W1=42.64% . SRR W1=14.37%).

R IR 252 2023 4F 11 A4S 40 55 21 1)

253 PRSTPEAGE ST APEAGE B —FR R S AR
2Z () ) 2 P i 55 oF i AR IO & IR . G
T AR H B B AR R B
K TR R 55 (R AH MR S, WREAR RS
HAFE AR B AH AR, UG BA BRI E
., BWREZBRIAE SRR, K280
T B = A 35 FH Eva Gear Version2.1.7486
AR 3 DM FEPR IALE R AL W, 15 214AL
H(TIRBEER W3=30.34% ., M W,;=30.08%,
LRIFIR W13=39.58%).
254 HAEGHEMSHE WRIEFURE w,, L
KMEMAE Wy, Wiz, HENE W, #BA(3)
PR

Wi X Wi XWs

W,=—o (nAPFAT FRAR S5
ZFIWﬂ XW iy X W ;3

(3)
gER R . SR, TIREA R AN
TRBY N 38.93%, 40.14%, 20.93%.,
¥ AHP 35 WRGE . SSRGS DL AL A
IR 4 FBGE R B T Prak iR . &
W . FIREARNLGESTEN, WA@Y
T

Y:lOOx}ZHleL 4)
o Y jmax

Ko, W RFEFRIRA AAE R, B o, gk
JRFREEAS AR R B A R B, W, S BT 5 i
TEAH G ERE, Wy W TERBRRIEIRH G
FREG AR, By WEERRE R R 1E
A, yo N SBER & A8V E, yy N TR RTE
BRE 5 Vjmax HFEVRME R RIT, BI pimax HEE SRR
BRI AR, yoma HEEI T ER KM, Vimx
FTREEREAME; YARFERIES, 458N,
4 Fp7 S IEM A SR —8, WE 2. BT
=W RAF T XA M BUEZ R X R,
LM AHP-4H A AGE | AU -4 A A |
T ST PEANEE -2 AR AR DG, M R B3
0.9872, 0.977 5, 0.998 3, 1] JLPUH fHH X 2%k
B M T A, Bl ZHE bR TSR A
T, AR T 4B REEE i =,
2.6 HHZERAR
2.6.1 UKAEECESE B 1 5007 BRI
bt HREL 2 WK, AR ARIIKESA 1 R
JAKAER, 55 2 UREREURT, FNBRIR AR K2 5
-3001 -
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Fig. 2 Comparison of each weight

)55 L IREEHTTE] R 2 h, 56 2 REE BT E] 0 1 h,
Vg, AR, WS ERRER R B
HATRERE, S5 9IUKETE 6 50, &0
fEhRC S, SHIESCRMEAL G %I, I
g, WEBERHE N6, 8, 1014,

2.6.2 FREUFEIEEE BB ] 4300k 0.25,
0.5, 1.0, 1.5, 2.0h, 55 1 IHPIMA 8 f5HK,
52 WA 6 K. AIFPEIEm, e £
Bhr, 25 PSR AE 0.5 h DUR, FEFRIG IR /N,
S A RPCR AL G H g, E3GRE T, &
BRI 0.5, 1.0, 1.5h,

2.6.3 PREURECESE HEEW 1 ST HBIFRE
2ibt, BEREBORETIN 1, 2, 3, 4K, 1
WEBUIMA 8 MK, 55 2 WIMA 6 1K, 2
TR 0.5 he A ISR, ME &R,
SEORARERIZE 3 LA, fePRIGIEESN, 45E
PR RN AL &, IEscikid, &Rl
BB 1, 2, 3K,

£S5 LGHRBEHALEER

Tab.5 Lo(3*) experimental arrangement and result

2.7 IR

271 ECREHEE SR KBBS540
HCZGhF, B P INoK G 25 S0 R oK & R /N K
1w, SR E A K 2 5, S MIKE R
41%, L HEE 2 IEEEES A 2 f oKt 7%
2, bR KR RS 1 WK, DUIKE(A).
EHCR I (B) . SRHOKE(C) N E AR E , 11T Lo(3%)
HIEAZIRE, DISRIRIR . IR TR TSR N %
SRR, 18 ] AHP-RIAUE IS PERUE A T4 A0
i, EEERAEIRIT 2, HEKFEIE 4,

T4 ABREFEFAFTE
Tab. 4 Test factor level table

B} iz
A KB 1 YO/ I Byh BEREC)K
1 6 0.5 1
2 8 1.0 2
3 10 1.5 3

2.7.2 ESCIRAEAR R AHP-RAGE -ph 7 M
BOEXPENFE AR AT 28 B 143 (Y), Y KR A (4)
AT TE IR A5 R W3R 5, r 2= AT L3k 6.

M 25T AT AL, XFEEGTE4 B2 L3R I
WEL(C) . W (A) . FEEUE ] (B) A Ik vk
8, FEIRE(C)ly EE R [ 2 (P<0.05). H
WMo, XFEAHE, K>K>K, K B
=T K, B2 K5 K WEUEE R, WY
ARFRE, ZIEMKAEECGE 1 )N 8 £ XF
PREETR], K\>Ko>Ks, FRUIPEHET AR, 255
VPO, E8E 0.5 h AR MLt ] X FHE iUk
B, KKKy, B2 K, B Ky iR KR K
Ky 3 K 3G IRIE , DSEBRA: P 19\ A L5 &
AT RS FEE, AR, B4R,

HE

e NG B K o TREERY%  GIEREER%  REW S E/mg g A% LIPS
1 6 0.5 1 1 6.50 55.34 8.65 70.41
2 6 1.0 2 2 7.38 57.61 11.78 82.49
3 6 1.5 3 3 9.89 55.84 13.34 91.20
4 8 0.5 2 3 9.36 65.96 12.88 95.26
5 8 1.0 3 1 9.65 62.76 13.99 96.55
6 8 1.5 1 2 6.75 47.63 9.68 69.39
7 10 0.5 3 2 9.15 67.10 14.14 98.43
8 10 1.0 1 3 7.00 52.76 10.27 74.58
9 10 1.5 2 1 9.23 57.08 13.55 91.12
K, 81.37 88.04 71.46 86.03
K, 87.07 84.54 89.62 83.44
K; 88.04 83.90 95.40 87.01
R 6.67 4.13 23.93 3.57
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k6 ZetpmEaNER
Tab. 6 Results of comprehensive score analysis of variance

BRI WETF LM AmE S FH EBEH

A 78.01 2.00 39.00 3.81  >0.05

B 29.74 2.00 14.87 145  >0.05

C 936.05 2.00  468.02 4576  <0.05
R 20.46 2.00 10.23

FIRPRBORECH 2 Ko AU EIEACIRE SR,
FBUE PRI 2R R 8 A%, FEEETE]
4 0.5h, FEPORECH 2 1K,
2.8 ik

hy itk — 25 56 1F 22 R 56 45 A B R PR BT
2, AT EARE 3 rrhgy, $REC 2 IR, EIK
T 8 57K, $2HL0.5h, 2 2 WA 6 5Kk, 2
0.5 h, TR, Z5R 0T R, Mgk Rn]
PIE 1 3 ARERE P EM R bR [ TR B R (%) |
LRIFFRFE RS R (%) . BEEE & B (mg-g ' A 24)]H0
RSD ¥)<3%, nlW T 2%, 45RL%E 7.

Fz7 RIEKRER

Tab. 7 Results of verification test

et t«%fg a%r%‘z féﬂrllﬁz/
13%/% HRER% mg-g” A2
1 9.54 65.84 12.76
2 9.58 65.79 12.95
3 9.23 66.12 12.74
FHIE 9.45 65.58 12.18
RSD/% 2.03 1.07 2.02
3 it

3.1 fEPR T IR

e R 2, AARZE, HImRTY AT
JEZFP R D RE A EE SR, DA B AR A 4
PRV T (P& T 225 RAm s, 1T LA 22 14y
YEPEM 46 b5 B RE B WKL 52 7 i e | iR
AR AR sARIRAL T gk R, b
SISy . SRR . W R AR B A PR
FURMZIER, ST SRR . SRR TS
bRy, TRBMRERHAKEE T LW M,
MW 5E, PR ZIRG HA -, SRIECIRY,
FEREE G T2 R AT - -0 ST AU 2 T 45
BHRANEE, (A A5 R LW R 171
3.2 RERFMER

AR AHP ., REfEEL . o HACE X+
BRUEATRAL . ST ARSI R 2 ok
At 2 [ A ST PR, RE APk & A Y
BN 2652 2023 4F 11 A 4B 40 555 21 14

WHAMREECR, EHTEIEER/ YN R, 8
ST AT HT I 25 R TR AR Ws3=30.34%,
ST W23=30.08%, LRIFIR W13=39.58%, —H K
R . WEIL R E R AR R Z M 2 5
PE, TR, A, WEEOAATE—LeHE,
IFEEE AT E T, T E T O B K
W, A2 RN R I R R 2
ETIREEER Wp=40.02%. SHHR W,=42.64% .
SRRIR W1,=14.37%, 0] UL B 78 1E A0 4541
] fr AR 3. AHP el % B3R R R %2
] AR AR, 1AM TR Aery TR g, K
RN TREMRE w=0.163 8 . L i 5 5
Wn=0.297 3. SRMEHFEH W31=0.538 9, AT,
AHP EAAFTE S0, 75 2 8 MR R 152
M, ARFTOKE 3 BT TEAHSS GRS E A4, £
AT FUALE FEWALE ML, 7 LUEFE FRAL
HAEHL . BleEfe,
4 Z5ip

HZG EAA Z sy . 2SR, REAIE IR
IRITROF AN RARGESR— 1 5), 385 N Z R a8
A AE AR . FEB SR AR, BiEr
LI G 25 2 o R AE 2R, ARSE
06 3 1o PR PR A B i o B A 2K, R IESS
RIS S AHP IR A - 7 MRk 1745
GBI, RAET B 1 SRETZ: 8 4%
K, $RE2 . AR 0.5h, AEE 1 SHE
REKRAETTEF R TS5,
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