4804 » PER 2023E8H B4 HI15H  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

- HRHEHLE -
EFFRRIEESEE LB E AHP-FHRCEM L E M EZ S EEFIZENTE

ERm L, AHR, EmEL A B TAR, REREAL £ F, FEEeEA4 I FL AT
BEEE LY, BRI

1. PR R %N, 175 M 210023

2. WA AERFRAFR, Wt AHEE 051430

3. REBEXEAERE ZFF, YL R 210002

 E:. B NAEZRRER, SEEERBEMER SIS SEOE RS NZ I RGN T E. FiE Mk
B ELOYT. /NBER. 6-ZEiE. HEE. HER. fRgEIEAHLE L TER N ETEREMSE, DIKE. 2IEER. 321
WA SCEE T A28, RABHEEWE S EEAKT, EXRER AT E85. 1 ERRRISEI SN AR NS5
5 EERE I ORIRE, SR AHP-JEBUENE SIPM BRI S E R, TS0, &R EX R E
SRR AHP-JE BRGS0 L 2PN RS R N2 BT = MR Z  (relative deviation, SR) s X 30% SR X
24%+ SRy s X 28% + SRy 65z X 5% 4 SRy rsse X 5%+ SR e X 6%+ SRy pse X 2%, AR E N 4, M iR T ZE TR
Fm 6 f5EK, B 60min, R 45 min. WUFTLIRLRETF/IMEA 90.11, RSD A4 1.09%, & SEMERE R, Bk
BHERE. &it MEMEERMRR T ZSHAG AT, nHAME #4707 19T &R 3R pE R 8 KR .

kIR U TT; WD RILE: BUECEUE: BRaini: BRI BRBALE; REWR T MR ERE
KBTS FEW; BT MEER; 6-2pia; HHEY, HER; fhgEil

FESES: R283.6 XEAFRERE: A NERS: 0253 - 2670(2023)15 - 4804 - 08

DOI: 10.7501/j.issn.0253-2670.2023.15.005

Optimization of extraction process for classical prescription Huanglian
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Abstract: Objective The extraction process of the classical prescription Huanglian Decoction (33%7%) was optimized based on
orthogonal test, standard relation and analytic hierarchy process combined with entropy method. Methods With the contents of
coptisine, palmatine, berberine, 6-gingerol, liquiritin, glycyrrhizic acid, fingerprint similarity, paste-forming rate as critical quality
attributes (CQAs). The amount of water, soaking time and extraction time were used as the critical process parameters (CPPs). The
single factor experiment design was used to determine the level of each factor, and the orthogonal test was used to optimize the process
parameters. The standard relation between each samples and standard decoction of various indexes of different extraction parameters
was calculated, while AHP-entropy method was applied to determine the weight of each index for comprehensive score. Results A

process evaluation function model was established by using orthogonal test combined with standard relation and AHP-entropy method

kS HER: 2022-12-21

HEWHE.: FEEEATRITHITE (2018YFC1707000); LWL ARWIEIE T RIBH (KYCX23-2027)

{EH T TN, WLFRd, B L] K 2R R AR ERT 7T . B-mail: 2667631348@qq.com

HBEEMEE: ik, Ba2, WLASW, FENFRGRH LAY R ERET . E-mail: 1t12021@njucm.edu.cn
HERE, BT, Tel: 15952001774



FED 2023FE87 $54% H 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

* 4805 »

as follow: comprehensive score = SR coptisine X 30% + SRy paimatine X 24% + SRiperberine X 28% + SR 6-gingerol X 5% + SR liquiritin X 5% +

SR glyeyrrhizic acid X 6% + SRy paste-forming rate X 2%. The function model was stable and reliable. The extraction process was to add six times

of water to the whole decoction pieces, soak for 60 min and extract for 45 min. The average score of the validation test was 90.11, and

the RSD was 1.09%, which met the requirements of the reference material standard, and the method was applicable. Conclusion The

modern extraction parameters of Huanglian Decoction screened by this method were feasible, which provided a theoretical basis for

the development and utilization of other classic prescriptions.

Key words: classical prescription; Huanglian Decoction; extraction process; standard relation; analytic hierarchy process; orthogonal

design; information entropy method; quality by design; critical quality attributes; critical process parameters; coptisine; palmatine;

berberine; 6-gingerol; liquiritin; glycyrrhizic acid; fingerprint
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WL T 2 K AE TR LA A IRA A
12 iK%

X FE i R R /N BERRL (L5 110713201814, =
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2.3 FRQUENERNE!
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Fig.1 Fingerprint of Huanglian Decoction reference sample
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Fig. 2
Huanglian Decoction reference samples (B)

HPLC of mixed reference substances (A) and
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Table 1 Results of water addition
ok & TR H (mgg ") HE
(R0 #O%m By NEERR 6- 236 Tt HEm /%
4 1.67 1.18 5.13 0.22 2.63 4.35 10.05
6 1.83 1.65 5.73 0.57 3.60 5.63 13.33
8 2714 238 8.46 0.84 4.52 742 15.96
10 272 251 8.81 0.93 4.96 9.15 16.23
12 391 3.09 14.25 0.67 5.54 1038 17.39

F2 REEERER
Table 2 Results of soaking time
R R EU (mg-g™) HE
[E)/min FOERL ELEYT PNEER 6- LR HED HER /%
20 286 268 12.19 052 507 8.72 1498
40 284 267 1171 0.53 5.66 10.18 15.05
60 314 292 1333 0.54 6.17 10.81 15.00
80 322 310 13.83 0.58 573 9.60 14.86
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b, RIS ) B K S K -F 233009 20 60 min
2.6.3 SEHUNEEE  ARIRIREUE TS BRI T S
L [H R, I 8 £ Ak T 8 ) 258 /K AT [al
HiHRHL, =i 60 min, 73 J3152HL 30+ 40+ 50+ 60 min.
42337 BUR AT H 2% 2t Btk mhid e,
SEKIRE P B IER . 5T NBERL. 6-ZBiE . T
R, HERLTER, SRCFAMHE, s8R 0EK 3.
B RIS TR0, SRR, YT NEERH S
BHNTEERE BIHEY, e ZHRNEELNTE
#, FERU RS S0 min 5, HEH ETHEE HHE
RREE N iGN & RS, Uk
SE SRR 8] (IR A2 i ZKF 23 304 304 60 min.
®3 REBAEEE
Table 3 Results of extraction time

FRHNTS B H(mg-g ™) ERES
6] /min BEIERL E 5T ANBERR 6- B HEAF HER %/%

30 298 212 830 0.52 422 7.64 1322

40  3.07 217 875 0.51 429 7.65 15.02

50 320 229 9.13 0.52 432 7.67 1599

60 341 248 9.76 0.51 433 7.08 16.68
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CPPs) W€ : JETRIBABEIL, PJsi 3 uER] 0 Pl o
HERL. VT NEEBL. H R IR R
6-Z PR NGB AE 1) 245 £ (Q-Marker) 6],
PH T AR B B AE ) FR I i . TR BERFEROR,
MR R A, S5 B-IARIRE HEAT LS, AE
FIRCER T IR o PR, ZESR RS e,
L 6 MRV SR (BUEL. BT /NEEm
HEH, HER. 6-£8 3. TBZF LI58U&EH
AR N BEZ IR T 21 CQAs. 456 k1T,
EFEEREEL (A, IRIEITE (B). $2HUN A (C)
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(2) IERRE it IS5 T ZMIFELL TS
RO, 3594, BURHBEL (AD.
RIS TE] (B SN TA] (C) 3 MR AR R,
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Table 4 Orthogonal test design and response value

— Al B/ C D JR RS Hy/(mg-g ™) RO THE 4a
ST B min omin (BE) OER BT ONER WS HUE EHE ME % WS
1 1:6(1) 20(1) 30(1) (1) 3.07 272 1244 454 795 0.64 0979 1341  63.23
2 1:8(2) 20(1) 452) (2 3.8 281 13.04 610 10.58 0.76 0.949 1517 5281
3 1:10(3) 20(1) 60(3) (3) 323 294 1336 638 1120 0.73 0931  17.52  48.56
4 1:8(2) 40(2) 30(1) (3) 3.00 266 1204 513 927  0.63 0986  13.61 6435
5 1:10(3) 40(2) 45(2) (1) 303 270 1227 578 1057  0.75 0964 1649 5892
6 1:6(1) 40(2) 60(3) (2) 239 222 987 506 799  0.64 0987 1506 85.84
7 1:10(3) 60(3) 30(1) (2) 350 3.06 1402 527 997 0.5 0.946 1611  43.77
8 1:6(1) 60(3) 45(2) (3) 223 206 919 447 792  0.62 0979 1415  93.29
9 1:8(12) 60(3) 60(3) (1) 296 267 1206 539 925 0.62 0973 1650  64.04
W Jo 216 199 890 415  6.57 0.45 1.000 11.43  100.00
28 BAEXBE MRS R SRR A T . R AR (D i
281 P RIOHE MR RS RD,.
R M AU RS, s Je i e RD;= | Xi— S| /S (D

P FEFREE n FIRERECH m, AR EIEEA
R 3 Fom. AHEFOR IEAS RIS BT A R 9 A
FE SR HERE A L, DRI B LT,
INEERR. 6-E R HET. HERS &, Ryt
FRACLEE A KT8 VPN AR AR, LL X S PRI XS
%, X FoRIERZRHIE 0 G=1, 2, =, m) 4
FEARISE j G=1, 2, =, n) MBI FHREHE,
S RRFEERER I G=1, 2, =, n) MEWH T
I A

2.8.2 HMIXIZ (relative deviation, RD;) {H 1T
RD; #Rx4i Gi=1, 2, -, m) MREARRE (=
1, 2, =, n) NMEFS T RDy, RDy /NS BHAR

R Xy XT S BN, BIRZEE N RIS g
[_irraig |

3 FHERIEE
Fig.3 Flow chart of algorithm

2.8.3 FEAERHCREE (standard relation, SR;) M4
DA VEERE SR A RRUE(E (), PAIERSRE it T
S BE S R EONIIAE (OO, DUARRFRFR AT
fabr, LA ) R R, FRONEERESCHREE,
CERWEER S, SRyRRE i (=1, 2, =, m) INFE
AR j G=1, 2, ==, n) DNEIR RIS MERIE
SR BFEIT 100%, TEZIEFR T ) TS50 615
vitt 15 FEVRER St AR UL RS Bk

SR;=1—RD;=1— | X;—S8;|/S; @)

HHEARM AR (2 R, WHESEHREH, 4
DABCIER Sy, /NEERR. HEH . HEKR T
Pragbnit, 5SROI 25 8 LA
6-Z PR NTEMARARIN . S4B At f T ) 2
WA 9: HLURSUERE AL NIFM4EAsn, 59
RN EE PR RES 6; MU R NI TE
PRy, 59 B o NI )2 iR 1ot r] 15,
YUV — R Z NN TR AR, R R R
MRV FabR AR A, TR AT 45 605
J& A RERE SR L. 2154
2.9 AHP-JEHCEEAESNERNITE
2.9.1 AHP EMIRAY

(1) AW R ARAE R E A 02, 5
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#z5 IEXIRIEH SRy
Table 5 SRj of orthogonal test
SRy
At TR - - - —
BTG BT /NEER, HEw HER 6-LFHEK Fa GO T AR, TE /%
1 57.87 63.32 60.22 90.60 79.00 57.78 97.9 82.68
2 52.78 58.79 53.48 53.01 38.96 31.11 94.9 67.28
3 50.46 52.26 49.89 46.27 29.53 37.78 93.1 46.72
4 61.11 66.33 64.72 76.39 58.90 60.00 98.6 80.93
5 59.72 64.32 62.13 60.72 39.12 33.33 96.4 55.73
6 89.35 88.44 89.10 78.07 78.39 57.78 98.7 68.24
7 37.96 46.23 42.47 73.01 48.25 33.33 94.6 59.06
8 96.76 96.48 96.74 92.29 79.45 62.24 97.9 76.20
9 62.96 65.83 64.49 70.12 59.21 62.42 97.3 55.64

HEH TP EEMTEZABY], HESE, Hlhz
o RMBA, TEFER, REHS 2% BN
FER AR, A EEORIE. A%, FEME
BEidi X, BB EEE TS AR ANSRIE,
RS RN W A H R, HEH
e, I IR AR, nFRTER. fE
Ui

KR SH (PAFARERER T ARTES
JRI) GRATO) BSR4, FRYEE 7 A TTH R, 45
B SR R BRI RS (0 52 BRI AR AR e 1, i
PR HOE D IOED. BT, NEER, H2T
Z) 6-Z B, UM H R H R, HE
155 6 ANFEFRIE Ry, 5 IN FE 05 R RS o &
T B R R T E ke, fegRigE AR
il FRE AR N 7 B3 PR R % TR AR

T SU BT BT S BN 53— B 53 e 0 AR 1 AR o
B5 &l e rfetatE s M b, LRrE g E
G EAEA0S), WOk H B BN S T8 X H %
B MU TR = B SV T=/NEE > 6- B R > H
AT = H R > FR s B ~ T8 R T
FHIRYE AHP IR HIBIHERE 1~9 R, SR — )=k
P n ANFEFRIAEN R B AT 4, SR 6.
PO YT ANBECA T 24 3% 1 32 B R
g5, X 6-EH R R EE, WMbsh 4, X
FHEE., HERHEES, ek 5, MxTiE
SUEITEAR AR I T B KR ONEE, 2k 6, LU
UE2sHE, AR A (3) WEFIBIAERE 4, Bds WLk
7, H agRRFEK e HHX TR FK LIRS R

(2) THHEEMMERI (WS): EHexHWHE

6 AHP HEFIHIEERERIFRAE

Table 6 Criterion of constructing judgment matrix of AHP

PR ERS
1 FoR 2B, BEA MR
3 PR 2 ANBERAL, BT LR A E
5 Ron 2 ANPIERMLEL, BT TR R E
7 s 2 ANPRIERALL, BT LR R A
9 s 2 ANRIERALL, AT LA 3 b
2. 4y 6. 8 o LIRAHAR W o A
{35 HHER e SRR fEERZ N agr N
B SRR e HENMZ N ag=1/ay
air a2 oo ain
A:(aef)an: a1 a2 oo azn 3)
anl an2 oo Ann

B A AT LAY O, %A (4) 1HEAR
BV E RE (W), anBmHj =1, 2, =,
n) NMERREENE n (n=1, 2, -, j) NMatsH
R IR, R AL (5 HEE— WS,
133 5 MBI WS, R WE 8.

W' =(ajiap**am)"" 4)

n
WS=W; Y Wy (5)
j=1

(3) —FERSS: XAEREEAT B, H
FeRIE AR (6) THE B KRR (Ama), FHRIEA
X (D HHE—F bR (consistency index, CD,
3] CI 4 0.03, — 314 tifsi] (consistency ratio, CR)
(CR=CI/RI, RI ¥ H H1EF45) 4 0.02, #/MF 0.1,
L UIZH R B —FpEnol,
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Table 7 Decision matrix of paired comparison on indexes
BRAEELD POEG YT NEER e-EHER O HEH O HER BgEhRMeE TEER
B 1 1 1 4 5 5 6 6
BT 1 1 1 4 5 5 6 6
/INEEDH 1 1 1 4 5 5 6 6
6-LHE 1/4 1/4 1/4 1 3 3 4 4
HE 1/5 1/5 1/5 1/3 1 1 2 2
HEmR 1/5 1/5 1/5 1/3 1 1 2 2
TREUEI T ARBLRE 1/6 1/6 1/6 1/4 12 12 1 1
FH#H 1/6 1/6 1/6 1/4 12 12 1 1
Amaxz[zn: Zn:a,-nm'/wj')]/n 6) *8 HEWNE
=L Table 8 Weight value of indices
CI=(Amax—n)/(n—1) D WS WS owe W PN FE R WS WP w;
2.9.2 5 B MIEAL WER 0.25 0.19 030 H B 0.05 0.14 0.05
(1) Z7 IEAZREG R GBI FE R B m AFE BT 025 0.15 0.24 | H &R 0.05 0.18 0.06
A, n DV RRR, JRIGEIEFERE R=(X)mxns LA NEERE 0.25 0.17 0.28 | TRAEREAMUE 0.03 0.00 0.00
R BT, NBE. 6-EBiE . HEIH., HiE 6-ZHE 0.1 0.08 0.05| &= 0.03 0.08 0.02
fe i, TREUEITEMHPIE A5 8 ANMats Tt
FaP5, @4@%&%%@<R) Fi 5%, HEH G 5%, HER5T 6%, T

(2) ¥ JF G HA e A R 3R A R ARFE A 2 (8)
B F IR FEFE R FAERIERE (P, Py RRTE
5N ER T i DML

Pi=Xj/ i Xij

(3) IFHESERPGEER () FFEWRER
B w©): Hih, K318 T REEE S BRE R
e, BT AL RS B R o0 fiRHE A 2 (9)
TFEHBARPRT H KON 0.996 1. 0.996 9+ 0.996 4
0.998 3. 0.997 0. 0.996 4. 0.9999. 0.998 2, #%[#
AR 10 THEEIERT WO,

m
H=—k )_ PilnPy, k=1/Inm
i=1

(8

9

W,-°:(1—H,~)/_Z<1—w) (10>

293 ZEANERE (W) WifiE KA AHP 153
WS, ELEAS R WP, MIEAX (1D THE AR
) w;, ZERIE 8.

n
Wi=WSWel Y WP

(1D
j=1
2.10 ﬁéﬁﬁ
L AHP-JAGEIS RN Wy, W RIRER Y L

30%, ELIELVT HEL 24%, /NEERR G EE 28%, 6-ZEH

BRE 2%, WRIEAR (12) HHLEGEETES, 458
WK 4. 3R 4 haRaTan, W58 8 LA VR B
SR LRGN ERAAU I T Z 808 AsBICa,
RIEL 6 £ fI/KIZ I 1 h BT 45 min 5 2R 5
FEERE S o — B

ZEE T 4r = SRy sem X 30% =4 SRy iy X 24% 4 SRy, e X
28% + SRi6- 25 = X 5% =+ SRy s X 5% + SRy 1w X 6% +
SR %= X2% (12>
2.1 FEIRIE

SHRAL G PRI T 2 S50 ATI0E, HE IR
3, MEFEm. BT, NEERL. 6-2HiR. H
A HERESE, fagUEIEMEUE L TESR, iF
HLEEVE, SR E 9. BiFRE e SR
B4 90.11, 5XUerEmpiEsn, HAFEe GebR
2477 H BB TR 255 05 IR 2 5 R R
FEN GRATOY It A i K . 2R
P58 RSD HA 1.09%, 15680 1% 77 V20 i O $ B T
SRR HEENRT.
3 g

B R IRFERG R BRIV AR T
Ao 25— HWRZER IZAEH, MHEITEHn
477 TR TE R T R . AR T AR
HEE L E S T REG I, RS T HE
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Table 9 Results of verification experiments

s : R R mee ) WO e e RS
WEW T NGOR B FEm eZME A
1 2.24 2.09 9.10 3.82 6.59 0.48 0.970 12.25 89.65
2 2.20 2.09 9.03 3.71 6.43 0.50 0.959 12.55 89.45 1.09
3 2.15 2.05 8.86 3.87 6.50 0.49 0.975 12.54 91.24

FRAENT AAF 5T QbD HE, I XS I %
ih, BT PUEER . YT NEE. 6-ZH R T
B HER. fa SUEIE AL A T8 28 E R
EIEGAR, #E LUK S, R E . FRE
FVE N R T 228, KHRRRLRHE SRR
K, M IER WA 44 T7 B 7 AR I T
2o AHP AE R EMIRBGE, AN E &N ET T
PRI RE, 32 N NFEIRECRs  RAUEAE A
WA, ARIEHAR B HES R R AN ERE, H
ANREARIN H 245 527 R AT G 2R

AT FT G HEE R EE A AHP-I AT it
PR RIEATIRAL, B 8 N EAsTE I B HiA R
HRIARCE RA, LR A SR A AR TR B 29
6 f5E/K. 12 60 min. $EHL 45 min. Fifg L 20A]
PRUE Tl AR F= (el A7 S ™= S R 2= AR e, 56
ST AR S ST
ARFFUEN, S T ARG L2 A Tk AR = 1ok
i,
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