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Research on extraction process for classical prescription Yiguanjian based on
improved analytic hierarchy process-entropy weight-standard decoction relation
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Abstract: Objective The optimal extraction process of classical prescription Yiguanjian (—¥5i{H1) was screened to provide
experimental basis for the preparation. Methods The betaine, rehmannioside D, p-coumaric acid, ferulic acid, verbascoside and
senkyunolide I, determined by HPLC were screened by chemometrics analysis. With screening of the key ingredient content, extract
rate and fingerprint similarity as evaluation indexes, the improved analytic hierarchy process (AHP)-entropy weight method was used
to determine the combined weight coefficient of each index, and the quality consistency between the sample and the standard
decoction was evaluated by the relation degree of the standard decoction. On the basis of single factor test, the response surface
method was used to optimize the extraction process parameters of Yiguanjian. Results The mathematical model established by
Box-Behnken experimental design was statistically significant. The optimal extraction process was determined as follows, 12 times
amount of water, decocting for two times, and each time for 80 min. The comprehensive score of design space was 0.963 under this
condition. Conclusion The improved AHP-entropy weight method-standard decoction relation method was used to optimize the
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extraction process parameters of Yiguanjian, and the fitted model was significant, which was basically consistent with the quality of

standard decoction, providing reference for further research of the classical prescription compound preparation of Yiguanjian.

Key words: Yiguanjian; extraction process; improved analytic hierarchy process; entropy weight method; standard decoction relation;

response surface methodology; chemometrics; betaine; rehmannioside D; p-coumaric acid; ferulic acid; verbascoside; senkyunolide |
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Fig.1 HPLC of rehmannioside D reference substances (A)
and Yiguanjian benchmark samples (B)
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Fig. 2 HPLC of betaine reference substances (A) and
Yiguanjian benchmark samples (B)
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Fig. 4 HPLC fingerprints of Yiguanjian samples

27 BERER
271 hkE HETRAET 5 LEERERT,
S LEREEEY 106, 108, 1:100 1112, 1
14, 1: 16 IngfifbsKiZ i 30 min J5 Ak ElR R 1
h, MEHTHE D, FHEH. MHFER. AR, £
SAEREL . VENE B | SR, R 1 AR, e
H D, WEECR. PRI, BT, FIEA
M 1Ry A B R K B n & BT,
£ 12 58 e ia 1122, RS & E RN 5 24
S EThEY, i 14 fEE TR, #usi 10, 12,
14 £ 5 3 AP EAT Wi S T
&1 MKEN—RIRRIZHFN
Table 1 Effects of water addition on extraction process of
Yiguanjian
R B(mo-gt

K Argigéééigm% i
I #D e SR W A FTZHIR /%
6 0.6654 2.8799 0.077 2 0.1522 0.257 2 0.544 6 34.44
8 0.7818 3.2916 0.0891 0.1338 0.302 3 0.5409 38.31
10 0.7888 3.5333 0.0875 0.1371 0.292 8 0.621 3 41.35
12 1.0183 3.6756 0.097 0 0.147 1 0.302 3 0.665 0 42.90
14 0.846 0 3.9036 0.088 5 0.0829 0.3000 0.584 0 43.97
16 0.9960 3.8221 0.0945 0.1327 0.317 3 0.607 2 46.33
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272 SRR BAETTORET 5 L RREH
t, N 8 R A /KIRIE 30 min, 23l inFA el
$2HX 30, 50+ 70 90 min JEllE &AM FabR. HIFE 2
AN, HbEEE DL BERER. BEAEREE . WIS N
BE | S ERERDUNRREK 2 BT 2- T EE
e, BRI X G B Y AR SR U A 4
*2 REEEXN—ERRR I ZHFMm
Table 2 Effects of extraction time on extraction process of
Yiguanjian
TR, -1
%%EXI# Wy gigﬁ;mji ;i}ll%“ s Hjo%
&)/min 5 T S GE B N FTERIR %1%
30 0.71903.25340.044 8 0.0559 0.247 9 0.516 6 34.42
50 0.76233.22360.05230.12950.277 1 0.572 2 37.38
70 0.80013.27370.106 00.128 3 0.2955 0.665 7 39.41
90 0.77913.27790.116 5 0.110 6 0.264 1 0.607 9 40.97

& _EFFE%s, 7E 70 min J5ia P4, #akE 50,
70+ 90 min 3 /N/KSPHEAT IR B RS -

2.8 Moz ERIG I

2.8.1 CQAs Ml CPPs [Wffie  HET- LA B4, KLk
D7 FERR A RS A R . MR T D SR, AR S
2. HEE, BAEIEHEUE. XETRSE. B
SACPEE SR VIS AR | &N CQASM,
KE (X FEHUTE] (X2 FEEEREL (X 1EA
CPPs, ka5 Ay 1, 20 3k 34
AP AT e S TG o T HA S ) T A R R
TR (BN FR AR B o 3 1t 22 5, B RE A 7 v ]
FSCAS K12 I TH] 5E 9 30 min.

282 Box-Behnken k% % it &R FH
Design-Expert 13 #fF 24 3 3 3 AP 1 17 IR
5 (Rt Sk E S 5 0. HRHE Box-Benhnken i
Bt 7 AT, SR WK 3.

#3 ERIZmMEEREEITRER
Table 3 Response surface test design and results of extraction process

RIS Xo/fEF Xefmin Xa/Ik )ﬁ%ﬁﬁﬁmg'gi) - HE % o LAV
FESEN HiBEH D BIERRR o & TR BEIRREET )1 AR | FHABAE

S1 12(0) 90 (+1) 1(-1)3.6796 0.8956 0.6433 0.0938  0.1151 0.3011 4551 0926 0.8489
S2 10(-1)70(0) 1(-1)3.6909 0.8487 0.0454 0.0563  0.0181 0.484 9 4233 0953 07162
S3 12(0) 50(-1)1(-1)3.6231 0.8830 0.5157 0.0208  0.1112 0.2728 4216 0981 08111
S4 14 (+1) 70 (0) 1(-1)4.1910 0.8155 0.306 7 0.0124  0.1250 0.3505 4530 0953 0.8331
S5 10(-1)50 (1) 2 (0) 3.6880 1.0449 0.3892 0.0138 0.1676 0.439 5 5466  0.883 0.8203
S6 12(0) 70(0) 2(0) 45259 1.1331 0.8965 0.1365 0.1811 0.387 7 5651 0962 0.9345
S7 12(0) 70(0) 2(0) 4.4644 1.0956 0.9412 0.1428  0.1913 0.426 6 56.64 0985 0.9328
S8 14 (+1) 50 (-1) 2 (0) 4.5211 1.0154 04012 0.1365 0.2186 0.479 2 5570 0983 0.8597
S9 14 (+1) 90 (+1) 2 (0) 4.2305 1.1138 1.2759 0.2667  0.1944 0.4299 5813 0962 0.8857
S10 12(0) 70(0) 2(0) 4.4054 1.1188 0.8359 0.1585 0.1710 0.4749 5591 0982  0.966 2
S11 12(0) 70(0) 2(0) 4.3125 1.1289 0.8467 0.1547  0.2347 0.4180 56.45 0971 0.9726
S12 12(0) 70(0) 2(0) 43811 1.1136 0.8090 0.1406  0.1752 0.5530 5655 0988 0.9733
S13 10(-1) 90 (+1) 2(0) 4.2207 1.1147 05204 0.0635 0.2556 0.454 9 5653 0929 0.9230
S14 14 (+1) 70 (0) 3(+1)4.6377 0.8872 0.2937 0.0461  0.1746 0.426 5 61.86 0916 0.7905
S15 12(0) 50(-1)3(+1) 4.7485 0.8884 0.5286 0.0196  0.1810 0.454 3 60.09  0.901 0.8277
S16 10(-1)70 (0) 3(+1)4.4801 1.1606 05563 0.0163 0.1381 0.424 4 60.36  0.842 0.8894
S17 12 (0) 90 (+1) 3(+1) 45461 1.0308 0.4609 0.0260  0.0882 0.496 0 62.13  0.882 0.8542
FEERE A 42535 1.1189 0.8073 0.1760  0.1932 0.4251 51.38  1.000

29 UEUEFMR

29.1 ZRFEZ5Hr (hierachical cluster analysis,

HCA) >R SPSS 26.0 #ft, LAZR & BN
&, PP KRR BN R AT o0 i, 25 R LI 5.

AT, 4K TG RE B 15 B, mi S TR R G Yt BT
BRI N 2 25, P S1~S3. S5 N—3%, I
RATI—H; MEKIREEE A 10 I, 17 FHAHRERA 3
2%, PEHGH S1~S3. S5 NE 125, $REUK S4. S8,
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s12 q = 10
: I i e
S6
s7 j 0
S9 -05 '
S8 = ® o & o o
S17 ﬂ» I & i o] = =
S16 — ¥ = o o &
S14 = ® z E
“P =
S15 T #
S4 7 A8 VIP
o _ & %ﬁkﬁ_ E% <3 _1E
s1 T Fig. 7 VIP values of various constituent contents
S3 —_— . .. - e
o in projection, VIP) EERA, XA [ o7 ik B it bk
s2 K, BLVIP>1 NbrdEifiik 2z mH 7, wEA 2 Fh

5 MR EIREIRITAEAR HCA
Fig.5 HCA plot for solutions obtained by response surface
test design

S13~S17 93 2 2K, $2HUK S6. S7. S9~S12 Ny
33,

2.9.2 FERsr4rtr (principal component analysis,
PCA) %/ SIMCA 14.1 i, PA&a& 8K
BEHAT N, ERLE 6. KTy 1 HET
BRZRIA 54.6%, i 3 i RIRTTRRE Y 89.9%,
APERET 3 AR BVESERR . BIZRRR . Hh3E T D E R
KERF R 17 MERRCIAEEERERA N, Hoaf
AR, 0 S HEORE A R o — B
W S TR T AR 3 2%, 5 “2.9.17 Tii
FEER—E

o1
o2k

A 3%

15S8 S12

2]

t1]
6 MREIRIEIRITATGIAR PCA B E
Fig. 6 PCA sore scatter plot for solutions obtained by

response surface test design

2.9.3 s/ F-H5 5 H1 (partial least squares-
discriminant analysis, PLS-DA) X SIMCA 14.1
B, XERo S EAT N, SRE 7, TR
Wi N2 TSR T T AR R 9 3 28, 5 B R
P 2 B — 3, AR R 4 R 5 21 (variable importance

B ER, VIP B B & BMRAR O R SR B
MR, FERET SRR ZGME T ZH, &Y
X2 R ot R 4 R R TSR .
210 BUE AHP-HEH-BEAE m KBRS 10)
2101 S AHP TFELH SRR AR (W) Uy
AR AR SR DAL, B Z5AAC T et B
FEAE, TR, FRIME I LR, #2455
REESR A Eri ey OIS S e g L & SR L
A BRI, g 5 245 R Ry SRR CALD L BT BRI (A2)
HWEH D (A3) ENPFITEARM, FREUEE AL
(AL 1y tErRdE, 7] S BRI BOR IA 22 4%, 2
febr iy S EAEH RO NEE, @il sSLnss ]
WA PUR IS DK B 2 (AS) KRS
EZZRAMIR, # 5 MU AR AL a5yt
S > B BRIR > M B D> Fir U RIS AR = tHF
R, RIS FIWTHERE, 45 R NEK 4.5, K64 1~
9 AR LV L €04 ~e¥A BR FE VTSR H ) B AR B B A
Foift G HARE (W), WAFHEA (3).

W=(W1+W2)/2 3
2102 BBUETHE PN TEAR B AR (WO

(D) PP RIG h bR . HER., f5
SURITEARA R S5 fia by, BB ORBGT, 9 IE )

R4 1~9 FRE THRFRELIT LA A FI M A S 2E R
Table 4 Decision matrix of paired comparison of indexes on

scale 1—9

RAELa Al A2 A3 Ad A5

Al 1 4 5 6 6
A2 1/4 1 3 4 4
A3 1/5 1/3 1 2 2
A4 1/6 1/4 1/2 1 1
A5 1/6 1/4 1/2 1 1
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F 5 eVi~e¥ kR T HRFRARXT EL B RO FI MR SR 3B P
Table 5 Decision matrix of paired comparison of indexes on
scale e%4—¢8/4

A FEAR Al A2 A3 A4 A5
Al 1 2117 2718 3490 3.490
A2 12117 1 1649 2117 2117
A3 1/2718 1/1649 1 1.284 1.284
A4 1/3.490 1/2.117 11284 1 1
A5 1/3.490 1/2.117 11284 1 1

*6 X AHP IFfEIEFRILE
Table 6 Improved AHP evaluation index weight

VENFERE 1~ bREEVE  eOM~et bR Ut EACE
War 0.520 7 0.409 1 0.464 9
Wiz 0.236 6 0.187 4 0.2120
Was 0.1110 0.180 6 0.1458
Was 0.065 8 0.1157 0.0908
Was 0.065 8 0.1157 0.0908

fotr. 1A (4 HHELE, K xi Jy i aig |
FEPR IR, mi oIz e E P I RO IME, MO
ARG B P R B K AEL
Xij= (Xij— mi)/(Mi— ;) 4
(2) MRAEAF BIEIIE S TR MERINE R
WM Ers Eav -+ Esy GBS RN B IS HRIRE
AL WO,

n
Wo=(1—Ej)/ D (1—E) (5)
=1

FT OO AHP-RSEUE T H G IUE REL, %
~A (6 L, HRINEKT,

n
WA= Wi X W7 D Wy WP (6)
=1

2.10.3  BEAERERLSCHREE  DABEAERE SRR ONIRECT
SO, 0 R AT A A o B AR A 10, R
ETRIG BT 17 ANEE b 5 B UHERE G HEAT OCHR
PUHE, 42 3 (7D THEAE il 15 v ool RO AF X i 22 5
*7 HENERY
Table 7 Combination weight coefficient

RRIEEL W wo w*
Al 0.464 9 0.247 2 0.5303
A2 0.2120 0.1706 0.166 8
A3 0.1458 0.2323 0.156 3
A4 0.090 8 0.2136 0.089 5
A5 0.090 8 0.136 3 0.057 1

i 22 {EL /N2 W RE il (1 57 B Je B0 1 Rk A
dh, A3 (8) THERIEMERE AR SRR, A Xij 95
i PO T RER | AT TERS, s ONFEMERERRSE |
PR, BHEFE X=ijmxn (1=1, 2, -y m; j=
1, 20 1) 9t m ARPPAET G, n AT TR bR
JI ) SR E R AR R o X B 3R AT 5 SR i (AR X
{22 A BAF B R=(FijJmxns HEFE, X R AEFEREATIE
HERE R RHR LT AL P

rij= | Xij—sj| /sj D)
SRij=1—Tij (8)
2104 ZREVIr B AHP-IEELE TR H -G AL

RS FEAERE i OGRS 45 BT SR &V, 1%
A9 THE, FER K 3.

LAV = iSRi,jXWj* (9

j=1

211 MNEZERSHRIZWIE

FIF Design-Expert 13 #4455 it AHP-JL-
FEAERE SRR 2R B TR 65 BT TESHE,
BNV ARFR N 3 A CPPs 1) ik £ Jo ik B
A, HEE77FE Y=0.955 9+0.002 5 X;+0.024 1
X2+0.019 1 X3—0.054 0 X1X3—0.019 2 X;X>—0.002 8
X2X3—0.055 9 X12—0.027 8 X22—0.092 6 X3%. XI5
BRI AT T 220007, SRR 8. 2 IRZ TURM P<
0.001, KT P=0.320 7>0.05, iR iZRLGHLA
PRI Goitpm S, Herb RN [RDN 255 PR A7

#8 MNEZRSTEVIRBHFESH
Table 8 Variance analysis of response surface quadratic

multiple regression model

ZEFORIE CF5A BlE B FiE P 1

eit) 0.0780 9 0.0087 16.370  0.0007
X1 0.0001 1  0.0001 0.095 0.7664
X2 0.0047 1  0.0047 8790  0.0209
X3 0.0029 1  0.0029 5490 0.0516
X1Xz 0.0015 1  0.0015 2780 0.1395
X1X3 00116 1 00116 21.990  0.0022
X2X3 0.0000 1  0.0000 0060 08131
X2 0.0132 1  0.0132 24890  0.0016
X2 0.0032 1  0.0032 6.130 0.0425
X3 00361 1  0.0361 68250 <0.0001
W7 0.003 7 7 0.000 5

KM 0.0020 3 0.0007 1610 03207
gfiiRzZ  0.0017 4 0.000 4

HiRZE 00817 16
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WEVER, K EARRRECE AR R . %
B A R R BOK T 0.9, R B H W] LARTR 2 ATl
M —TIRSEI T2, ARy R EAT i L 7
B, RIS R R P, S5 R ILIE 8.

R TR P B FE SR 2o 12 £ K, $
I [6] 80 min, #RELCEL 2 ¥, BILTMIPES: 0.963,

ST ZWIUFMFIILEA TS (R 9 N 0.957 3,
RSD 4 0.42%, VLT 42 T 25 T2 5ER
g5 R AR DG .

3 HLIR T 2R S FE PR > S R HE 5
AV, EETEbR RSD HIY/NT 3%, FESZiALe
RT3 T &R E . 4T

SRR
‘::\“\\\\\\\‘3}
S

2 {{3‘
22050 % S ™

< QO

eteateaRantin g

‘\‘:\ ‘y“
X

71.98

Clik B/min

15198

B/min

ZEVED

'r'

AlfE

El 8 BHERWNEZEEITSHIFM
Fig. 8 Influence of each factor on comprehensive score

x9 IZWIEKILER
Table 9 Results of process verification experiments

Temi FESHI(mgg?) HE REE G

M D BB B %% AEBE YRS

1 419  1.09 075 56.31 0985 0.9650

2 450 111 078 56.35 0981 0.9522

3 451 108 081 5555 0987 09547

FEUEFEM 425 112 0.81 51.38 1.000 1.0000
3 Wig

2407 TAAL R ZE S5 LS5
SEAE S T — B0 HARRY, (HAESERR Tk A o
HRE R A IEE I, FATYE . I IR] A S5 R Z AR A
E5FRMERHS T2 8, IRTZE5%5TZ
PERRAEAE R ZE R RN, PR v g T SRR 2
dh R SRS HE R AR — B R E, RN E
J5 THA SCHRFRER, B 10 A5 B KT R, A0HA

MK E BRI R G T 12 5B KAE TS 245 &
ANEARILRE T 10 fFRK. BIERRERI A
EARIOZEE VTR RS L2 AT R R B S, 1
Ti AONRMAR AL, KRR 2R (it
R =B HTE) 54 60 min, ASLINL & HFER
FEAFLUIMLLAL, NI R, RAT
A ml Ty AARE, i S T PR SR B ] 80 min
5 AR BLRE TS ISR MERE i 5L HpPOr
TR IIER VR R AR, AT AN o SRR
ST P BRI T 2 A e i iR 5 —
SRR B 2B UK A

AT T B0 AHP-RSAL-FEHERE i S Y
TIVERR AL — DRI L 2P A RS, DASEAR o) 3
SEH D BB BHSRH & B I T Z AT T
REME P | HERTTIL CPPs, ] N T 77 A i
FEFR AR BE PEO 2, R iEA Rt SE L 4t
RS, DL E R TR, TSI
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TABEAE e e deAR, PRUESIFIRFSR A 7= 2 A H 3L
Ut AHP SRAERUF A FR BE DR 1 S — BOME IS [R] I
Femtt ERE ), ZRE VPR RROR 2 MIRAL 5
St AHP EXIRBUHSS &, W TR R4E. T+
BT 2550 CPPs e, ERARIFE .
JiHE R 2R R A ISR TR, B ZikAd
TaBAFRM, HIEFRIE M PAR . & LUK RN
2P b A 2 DK 32 B ARV PR B S A A Bk 25
MR T2, BEMG A0 I 28 IR -5 5 1) JH 4 i
T, BRI CRA 1 FIRE27, Hi S it 78 R I
M TR v e T R A AL ) ANAS E PR B AL
ZRMR, TR NS 2T R, B
FERE L A0 JAEAH R R 7 R B Rk, B R
YERIR8), Hipa it D A EAERE & 2 BA B
FIEE.

PARZGF 2T W, A 7~ rh Sl e 8
WU D58k, DR &Rk D Re, I £F4EtL,
X G IR BE M U EYE, BRI
TS 2 O R A A 129320, 24 9 e = BLE M Rl
SYFERIR . VENIE AR | S REAEHIHIH N A 0E, #
)3 PSRRI 0 AT 1, 9D BB G T AR
A — 58 B IE CRA AR FH 3981, ARt 5 1k B, e 247k
TN, M DL IR BTEER
BEACHEE . FENE AR | NS0, 5
JE VAL 25 )1 B 1 b 1R 2 & e it e . S
] 2] LR SR FH 2 B B B e R A S 78 ) ) v A
AT EENE, HIEE D PR, SRR
HV R R A O A AR A BT, ORI R
H 3 AN B I L EAT BRI . AW TR
WM T ERFEBURE T 244, RN 59505
R EHEAR—S, nO— BRI L 2R = iR A
SR o
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