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Abstract: Objective To provide a reference for the industrial production of the extraction process of Compound Baihuang Xiere Zhili
Tablets (CBXZT) by exploring the optional extraction process parameters based on determining the index weight. Methods With the
extraction capacity of anemoside B4, berberine hydrochloride, aesculin, aesculetin, scopoletin, and ratio of extraction as comprehensive
evaluation indexes, the weighting coefficient in six synthetic evaluation indexes was determined by Analytic Hierarchy Process (AHP),
Criteria importance through intercriteria correlation (CRITIC) method, and mixed weighted AHP-CRITIC. And ethanol-extracting
process was optimized by orthogonal test. Results The excellent linearity with correlation coefficients were 121.1—1211.0, 82.2—
822.0, 22.3—223.0, 15.42—154.2, and 1.6—16.0 pg/mL, » 0f 0.999 7—0.999 9 was obtained, and the average recoveries of the five
compounds were 99.23%—100.63% with all RSD values less than 3.0%. Mixed weighted AHP-CRITIC was more scientific,
reasonable, and stable than AHP and CRITIC. The optimal process parameters were confirmed to be decocting for thrice with 2 h in
each by eight times the amount of 60% ethanol, according to the weight coefficient determined by comprehensive evaluation.
Conclusion These optimized technologies are stable, feasible, and suitable for standardized production of CBXZT. The weight
coefficient determined by mixed weighted AHP-CRITIC was objective, real and could reflect the compound compatibility information.
These optimized technologies are stable, feasible and suitable for standardized production of CBXZT.
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RS B WA ST (IR D) CEIDD,
H SRS BOIE. B 3 URZAL L, HATTE IR
W WERTZ S, R AR MEAREDY,
(7RG €T IS ¥ i IR WP (A& D SHp]
(RIBEAs b N o e R 2 T B A A i 250 7, AN
IOREE T RAL 7728 iy HLA] V6T e B R A #
AL ICAANIR « IR IR IR, T Ve I B
HEARE, B AR R 2 T, BRI
rfE. AR BRI, Frst R kIR o sk
FIICE Rl A S5y F0EE , R IR H R
MIFA LRI AR, R LS 21 B4
PR R AN SRR, IE EESAEY)
B, AR MR /NERERR K R d e (5%~8%), HPiH
PR, B FERET R, FRLE,
B ZBRRERERIMEY, b, ZRTPER,
28 g £ Font 2 Pl Bt s SR A A AR sk A D,
AR AR AT B A I . HE AR R
FWERRAPEN R R IEERER, X ER3)
WAL SR AT T A 75 2R B B il 2 A7 2
BEARAR AT %1ty SR A b vh 2 FR O R
PV FERR, ABE0R B 5 Fhses i 5
TR R M dS, SR ZRATE (AHP) P
CRITIC ( criteria importance through intercriteria
correlation) 7% & AHP-CRITIC 7B & INBGEA € %5 F5
FRRLEE, W IEASIREG 45 RIAT LG TEE, THRIE TP
5E G5 53 W 0 126 e AU 3 880, kK ) SPSS 19.0
BAPR B AT R BT VAL » BOHEAT T Z2 000,
S E PR IR ST AR I, B A
1B JR G TOT e fiE % .

1 FE5HH

Waters €2695-2998 7 R0 AH (il 4, &
Waters A H]; CPA 225D BRI R, 1702 —,
BB AR A A R A T AW220 B HL 7K
e, 19y —, HAEH A 7] Millipore Synergy UV
REAliKAL, 2% E Millipore 2 ]

FkE (5 140601, DY) 25k R 57
fEAT] FOE (HE5 131201 2% (5 130601).
i (Hts 140100, EPREIZEZNATRA . 4
WR 2 b 22 5 DR R 29 e P 25 BRI S BT AR
WS, F RSN B RRHEY) E K Pulsatilla
chinensis (Bge.) Regel T34, %4 B ERHEY)
— M-I Coptis deltoidea C. Y. Cheng et Hsiao [
THRIRZE, RN ARBERHEY I AR Fraxinus

rhynchophylla Hance [} 1R fe ol 52, 5800 2
RHEYI A S Artemisia annua L. T4 EE5 .
X SRS R B4 (IS 111766-200601) #1182
ANEETE (IS 111895-201303). R H % (b5
110740-200104) Z& 2 7 (4it'5 110741-200506)
REFARE (IS 110768-200504) ¥y E & [ £
2 SR e IEIT G, TR AR B, RS
HI>98%: M. HEE A ke, KE Tedia 2
Hly LFE. WEIR. =LA HTEl, BRI AT
(BEPD HIRFHEAF; KN A 2K .

2 HESHR

2.1 BLHEH B4 HE/NEE. EERE. F
BEZ%. FEENEEEENE

211 s kA Sapphire Cig £ (250
mmX4.6 mm, 5 um); JisAH N CNE-0.1%ER K
W (5 0.2% =) BREEVEN: 0~25 min, 8%~
15% 41 25~45 min, 15%~28%ZJiE;: 45~70
min, 28%~33%4ME; AFAME 1.0 mL/min; #RR
NEEDR. B R. BEOE. K NERRI
K4 340 nm, FHLEEAT B4 ALK A 201 nm;
FE#R 30 C; HEFEE 10 uL, @i LA 1,

2.1.2 ORI A R R RRECE A
PR TS T 24 h S I8 IR IE B,
T B A A SRS 2 B4 1 211.0 ug/mL. 5/
BEBK 822.0 pg/mL. Z& J2 W13 223.0 pg/mL. FH L
#1542 pg/mL. ZREFFHNNE 16.0 pg/mL IR
R

SRR

ISP e

1
1
!

A | | 4 REAIEN

3 T
1 2 4

1 | L R R
2 [N

! 3 SRR
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E1 E&. #tidam. A RE HPLC Bk
Fig.1 HPLC of reference substances, samples, and negative samples
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2.1.3 ARSI T &

(D) PRBOE A5 Ry BRI A J7 8254 (A
k#i9g. FP9g. WMiE9e. HHEH6g D L
8 U, A HINAK A 10%. 30%. 50%- 60%- 70%-
80%- 90%L[HE 264 mL, [MIifEiN 2.0 h, €L, &
HUEW, INPEHUARERD 1.0 L, 3000 gt
IS 5, 12 000 r/min 20 5 min, HC I 10 mL,
IKIEZET, BRI F A A O 2 A28 10 mL &l
o, 0.22 pm MFLIEREERL, BT,

(2) AR Bt s I A RSB
WALy s 3L 9y, R IEASRITFRRH 60% 4
FE A RIRPEE, e, AIFUEM, N 60% LI
A2 1.0L, 9400 IHEAIE R, 12 000 r/min
B0 5min, HUEIEW 10 mL, KBZT, SR H
FEAF AR 2 84 10 mL i, 0.22 um FfLIE
g, B3 9 #atlmys, kikidh S1~S9.
2.1.4  FIPEFESERISIE  KOORTB PRI 13k
Fi WIE. B HESNHA T RAMIL 4 4, N
60% £ 264 mL, [FIAERH 2.0 h, 381, & IFIEHE,
N 60%LBEER 2 1.0 L, 35 BITEARHG: 7l HL
ZEATEAHRGE S, 12 000 r/min 20> 5 min, H b
T 10 mL, ZK¥vZ5T, BRI I A AL i 0 o 2%
410 mL BT, 0.22 pm MALIERE gL, BEIfEH:
SRS S0E. B HE 4 0 BIERE R
215 SMERRFH BB “2.127 MRS
XIS B, TSR R YRR, K ER
10 pL 4% “2.1.17 TR GG SR rE A, LK
RO HERE TR IR B AR AR bR (X0, TR E A
PARR (YD, BEATEAENE, 19205 580 1 el )= 77
T AHOC R B LR PRSI 43 500 0 1 3Rk 211 B4 Y=
3737.3 X410 963,7=0.9999, 121.1~1 211.0 pug/mL;
ThER/NEERR Y=51 038 X—506 569, r=0.999 9,
82.2~822.0 pg/mL; %% &% 5 Y=22 355 X—28 931,
r=0.999 7,22.3~223.0 pg/mL; Z& J7 . % Y=32 825
X—54 155, r=0.999 9, 15.4~154.2 pg/mL; & E
TG Y=46 879 X—5429, r=0.9999, 1.6~16.0
pg/mL.

2.1.6  HRPEEEAES  ORE R RIE] TR G0 I R
(“2.1.27 TR R S mL—~10 mL) 10 pL, %
“2.1.17 TR A AR SR 6 IR, WIE g
W TAR . 25 Sk B 1T B4 SRR/ NEEDR. 2
B P 3R Z8 B G TR BRI RIS TRIAR () RSD 43 731)
H0.36% 021%- 0.27%+ 0.25%- 0.34%, FHWI{X

ARG R R AT
2.1.7 e rEEe HUHE U S3, 2l Tl A
J& 0+ 24 4. 8. 12, 24 h K% W EX 10 uL HEFESM AT,
WME B oA . 45 R SRS 21 B4 $hiR/NEE
Bk ZERE 2R 28 i RN B 55 P IR 06 T AR )
RSD 439324 0.52%- 0.34%- 0.33%- 0.41%- 0.81%,
LWL RAE 24 h WARE
2.1.8 FEEMERE HEKIHATT R 6
B3, BN 60% L FE 264 mL, INHVElAEE 3 1K,
BER 2.0 h, JEIE, SIFIEH, N 60% LEEE RS
1.0 L, Al A i AR i 4 il i
i 5 AR VAV 10 pl FERESM T, 0 5E 2% 1
WETAN, R IR . &R KSR B4,
IR /INBER . ZRI R ZR B CE IR R T R
=080 RSD 4305110 1.02%40.61%-+1.33%-1.26%-
1.44%, KUNZINEELEERE .
2.1.9 RIS o iR R L )
WA S3 (FISKE B 1F BA. EhPR/NEERH. 257
A Z %43 MR B2 IR ot &9k FE AR Il
609.4. 3823, 91.5. 6.15. 60.4 pg/mL) 2.5 mL,
L6y, AHET S mL &R, ARSI AT
TR CE SRS 2 BA. Eh R/ INBER . 23 H2 FH 55 .
Z5 [ CF R B 35 W R i B R BE IR R 6055
406.0. 111.5. 8.0, 77.1 ug/mL) 2.5 mL, #iEilE
[T 25 o = S0 w1 = (BT 59

SER LA AT B4 HR/DNEEL. BT R
Z& B2 &3O R B A N IR O FE B Wi 4 ) e
101.31%-. 99.76%-+ 99.23%. 100.63%. 100.19%:;
RSD 43924 0.37%- 0.19%- 0.26%- 0.42%- 0.51%;
RINZTTERCE R AT
22 HEEXRMNE

K B GRS 20.0 mL, B COVHE TR
MZERILY, KBEZET, T 105 CTH3h, U,
BB PAH 30 min, FEERRE TR, REA
(HEBEFE=T8FEX50/ZiMFE) iItEHEE,
23 REVAFIEERLZERNRERIREIGIT

FALDRT 2R 25 AN AR RO ) N #A [ S N 52 7
S PR BRI LA R AR, SR ILEE 1. 60%
AR TR, 5 FRARPE R AR
e DRI, TEER 60% L BEAE A BB o

R 24 W 1 o o 45 5 AR P s B, DA R
(A). $EHUTE] (B) FHR-HGIREL (C) NHLEE,
ZHE Lo(3Y) IEATIRE:, N Z/KF I 2.
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F1 FRRBUATERE
Table 1 Determination of different extraction solvents
B ——— Ml ) B ——— )
FEKE 2T B4 S/ R R KRR B LR PRSI ST B4 S/ PR KRNI RO
K 52.613 19.875 9.625 0.902 3.512 [60% 0 70.084 40.248 9.776 1.398 7.124
10% 21 55.195 25.742 9.416 0.923 3.907 |70%Z 8 61.937 35.614 8.504 1.125 6.487
30%Z 59.606 31.421 9.531 1.120 5.097 |80%ZEE 52.211 35.786 7613 1.102 6.203
50% . 1F 67.379 38.017 7914 1.217 6.202 [90% L1 42.335 32.132 5.728 0.835 5397
£2 L3 EXIRWFITEHER
Table 2 Design and results of L9(34) orthogonal test

> 7. y Zs Hith it/(mgg ) P DY LY
i A/ B O@IHLE)E%%%EB4ﬂ&$wm:#ﬁ$% RN Rl % HER% LR Pra

1 6(1) 1.0(1) 1(1) 1) 27.020 16.489 3.159 0.432 3.116 9.17 36.18

2 6(1) 1.5(2) 2(2) ?2) 57.671 30.212 3.942 1.262 6.087 15.61 69.27

3 6(1) 203) 303 3) 67.709 42.473 10.166 1.025 6.709 17.67 91.45

4 8(2) 1.0(1) 22 3) 62.411 39.777 9.816 1.127 6.191 15.46 86.55

5 8(2) 1.5(2) 3(3) 1) 71.020 41.323 10.033 1.502 6.236 17.63 93.59

6 8(2) 203) 1(1) 2) 49.620 30.213 3.616 0.668 6.781 12.74 63.42

7 103) 1.0(1) 3(3) ?2) 65.716 38.990 8.861 0.938 5.028 16.61 81.09

8 103) 1.5(2) 1(1) 3) 45.567 23.177 5.642 0.538 5.100 11.52 57.34

9 10(3) 203) 2(2) 1) 63.287 38.431 11.199 1.240 7.443 18.31 93.84
24 BRHENERHEXRIHE PR 3 PR 45, AHP iETHEAS B A kS 2

RS “2.1.3 (207 T N AR AW 10 pl,
P& “2.1.17 IR IS SAFIERE AT, W E 2k
S B AT E R, R LK 2.
2.5 $EFRNERYAAL
2.5.1 AHP VEMfEREE MR 7 2iRoE ik
AT RN B % 1oy 2 A E TSRS, AR SR th A
HRFRFRE B A A e br T LAk, B
¥ 6 TURFRT % 5 NZIR, I E S Fa PRSI
J7: USRS BT B4> B/ NEE > 25 e R =23 )
CE>REF AR > HE A, Mo ELE ]
PESERERE, W7 & IR bR [ IR ARN V53, FR bR
LA AL S A e LR 36

1 B4, HhR/NEEL . B R, BR AR RESE
WEEFIH B 2 6 IR bt R4 0.365 7.
0.234 5. 0.1396. 0.078 3. 0.139 6. 0.0424, —%
PEEEBIA T (CR) =0.013<<0.10, EN4EARE5E LR
IR R AR —SohE, BCE R e
2.5.2 CRITIC ¥:ffiEE hE I %@EXJJE
PO AL (1) AR A0 R 8 TRD PRI AH EC A FH 50008 45 F bk
I3 % 07 BARERBUSUR B DT ERAN R], 32 A AL
HRHA K. 5 ER] CRITIC &R LAPEAY
FRARIAIR0 L s S G PEAE R Jealt, i vH AR
VR Z2 0T L A 55 A HH S 119 25 W0 s Bl A A A 1)
WS, AWK CRITIC 724 i #5 Fabn i)

R 3 IRIRAURT LU R F AR S RE R

Table 3 Priority matrix for comparison on index pairs

BUE TR bR Fik e 4y B4 HhIR/INEET FEHHE KEE AR R OFE HE R
HkE R B4 1 2 3 4 3 6
R /NEET 172 1 2 3 2 5
ZEWER 1/3 12 1 2 1 4
KEF M 1/4 1/3 12 1 172 2
BN F 1/3 172 1 2 1 4
HE & 1/6 1/5 1/4 172 1/4 1
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W, @i 5 AHP %8 AHP-CRITIC ¥4 kb
B, VB S BCEEf E VR  — B R e .
% 3 PRI EIE & Ze M AR AL 2R [ b A = (B
DM — S /ML) (B KA — B8 /MED) X 100 ], T B 547
NG, HHSARAT IR () PPRME (6D
LEARE (¢ HRE (0) ", 458 0L 4,

F4 HEXTEYE

Table 4 Relevant calculation data
EE AKHR

fibs B4
s 31.5273
g 07050
¢ 222267
o; 01038

R RETR ARENE RELR HEE

34.772 8
0.7370
25.6276
0.1197

40.384 0
13330
53.8318
02514

33.650 7
12070
40.616 3
0.1897

29.6598 34.4630
1.6530 0.6610
49.0276 22.780 0
02290 0.106 4

4 1AL, FESRET BT B4, ShIR/NEEm. 2
FHWE. KEENIR. B AR WEE 6 iEhr
28 CRITIC A 1H 545 2 AL R %07 710 0.103 8.
0.1197. 0.2514. 0.189 7. 0.229 0. 0.106 4.
2.5.3 AHP-CRITIC VR IMBGEMEAE A A
TR B VAT B ARG M AR TR A
AHP VLA T PR 4R BRI P [H] LG A I A S 15
B 33T ULV IR AR R A, A
T B st AR R VR IT B AE  IME SR )
FRFRIGE R R CRITIC ¥R 1G4 N 455
(P2 B R AL, IXAMUE R T S FEARS R 122
S KR bR ] (R AE S A R s, 1y Lk 4 T
FRAAZAE I (H PPk B B TR,
NEARFM, MOk —#HaGEk, HEGEEH
B (0 sn ij) = CUAHPz'ijRITICij/ z W AHP;(OCRITICjj* LA
PSS R M. B8, 4% B AR Ak
SR B4 ERIRDEEN . ZRHE . R EE N,
R OFE. HHEE 6 MIRIREEG B R E0 0 R
0.249 0. 0.184 1. 0.230 2. 0.0974. 0.209 7. 0.029 6.
2.6 ZEFMERAIILE

I3 WK 14 AHP ¥ CRITIC 2 & AHP-CRITIC
TR IBLE 3 W1 2 (P AT RO S50 45 AT 45
GV, SRR 5. EWHT, 3 IV kg R
[F) 22 e/ s A A SC R B0 M, AHP 55 CRITIC
R AR R BN 0.991, AHP 55 A INBGZE
Z MR B 0.997, CRITIC 5 IRA L
Z AR R BN 0997, =FMRMEE (P<
0.05), I 3 FRBLES R VE 45 R A& 3.

x5 IHRIUEESENER
Table 5 Synthetical scores of three methods applying

weighted coefficient

W5 AHP CRITIC AHP-CRITIC
1 37.17 36.06 36.18
2 72.90 69.53 69.27
3 93.01 88.54 91.45
4 87.40 84.63 86.55
5 95.50 92.95 93.59
6 65.89 60.59 63.42
7 84.58 7745 81.09
8 58.33 55.04 57.34
9 92.43 94.42 93.84

{HE MALE R B0 M7, AHP 75 CRITIC 352 [8] 1)
FHRRECN-0.371, —FH B, A B
(P>0.05), PrieBrifs SARZ M. Mk T,
AHP-CRITIC B & IIAGEMN T B 2 AT 1N A
&, FTARILRE B A, R LREF
SR RS, AHL, AT SERRE O
27 EREIZHMHBE

K H AHP-CRITIC V&4 IiAE AT 2 A R 4L
XSG 45 AT LR GV (3R 5)5 R SPSS 19.0
X IEASRIS 25 AT 708, BT as R 6,
T EMTEERWEE 7. EWAPAT5, SR A
TR BRI T2 I8 C>A>B, 7%
SR, C g4 R HA W& 2 (P<
0.05). B NERmAKFRAE, SRt TES35
AB3Cs, HI 8 £ 60% LEEINH AR 3 WK, FF
% 2.0 ho

x6 EMSH

Table 6 Intuitive analysis

AL A B C PREHED
K, 196.90  203.82  156.94 223.61
K, 243.56  220.20  249.66 213.78
K; 23227 24871  266.13 235.34
R 46.66 4489  109.19 21.56

x1 HENH
Table 7 Analyses of variance

TIZERWE EZEVTIM AmE FE BEE

A 395.073 2 5.086

B 344.026 2 4.429

C 2310.079 2 29.741  P<0.05

D (i%%) 77.673 2

Fo05(2,2)=19.00  Fo01(2,2)=99.00
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2.8 IGIERIE

RS ERRIAL T S 254E 3 4, 4%t T2 AsB3Cy
FATFBEATERIG DSE AR 21T B4y ERIR/NEED
REWER BROH REE NS LA, 5
HER, 4R IE 8,

FHER 8 n 4N, 3 LIS UFIRIG &5 & PEr 343k 97.56
PLLE, RSD 4 0.432%, H 3 fEFESSFabrtk sy
¥R RSD /N T 2.051%, 41068 &M% 5,
KX L ZREWAT, EEMERL, nTHT A
POEIRT T TAb A HREL .

F 8 IERIGH
Table 8 Verification testing results

Wi/ (mgg™h

Atk k&2 B4 ERIR/NEET F R R N R RO i Ry
1 71.712 42.591 11.092 1.543 6.789 17.59 98.38
2 71.331 42.359 11.132 1.481 6.682 17.82 97.56
3 71.813 42.431 11.017 1.511 6.864 17.38 98.16
RSD/% 0.355 0.280 0.527 2.051 1.349 1.251 0.432
3 g #t, 1982.

2 AP R R TR S, AR R T
PR IR I AR, IR T AEIS T Tk
HERDBROUW S . ST, AR R 2530
). W2 MRS 21 B4, B/ &
R, REFEANE. B OF S5 HER
SERE AR AR FR AT VT, LA Fabnsi & BT
SHEARIE AR R RIS, BA AT

B R S — B TR 24 I T 2 2 e T
Wi B G ) . A SOk, R 2 2
FMRAGE . AHP AL (S e,
PAE— R BRI T TR 2 AR L, R
MR, 552 Rl AR R BERN BE ()5
Wi, ANSEE AN NI, e G i A7 F T g 22 T
SEBRFEAEIRIE S . AHELZ T, CRITIC ¥Rk
MAEMEIAE S, HEAE 2R R EX R,
BTy BRI B A, CRITIC ik
RIHXTFEAR M X EASS, AL CRITIC 5%
AHP VEIRALA T, 1] AHP-CRITIC Y8 & G2 fb &5
TAFERBEAT LR AL AR R R R 1 1)
[FII, SRR FEAE A, PRUEEE 559 708
SIS REE TSR, Ik, ABPRGE A AR T
WL ZRE RIS Brts o, K H AHP-CRITIC VR &
INBGEIREL, 57 TRME . AHENSEA T TR,
28 SPSS 19.0 J7 2= Mk A w47, ki)
R R R T2, O DU R s A Tl
PR A =Bt T B S, BAT RO SRR B FH A
S 3k
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