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Abstract: Objective Based on the idea of quality by design (QbD), the percolation extraction process of the classic formula Duliang
formula was optimized. Methods The fishbone diagram combined with failure mode effects analysis was used to determine the
ethanol concentration, ethanol dosage, percolation rate and soaking time as the critical process parameters (CPPs). Based on the "five
principles" of quality markers (Q-Marker), the contents of imperatorin, isoimperatorin, bergapten, ferulic acid, Z-ligustilide,
senkyunolide A and dry paste rate were determined as critical quality attributes (CQAs). The contents of six index components were
determined by HPLC. The weight coefficients of six components and dry paste rate were determined by using analytic hierarchy process
mixed with criteria importance through intercriteria correlation for comprehensive scoring. The mathematical model between CQAs
and CPPs was established by Box-Behnken design, and the design space of percolation extraction process of Duliang formula was
constructed and the process was verified. Results The results of variance analysis showed that the variance of the quadratic regression

model was significant (P < 0.01), and the misfit value was not significant, indicating that the model was statistically significant. The
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optimized percolation extraction process for Duliang formula is as follows: ethanol concentration 50%—55%, ethanol dosage 8—10

times, percolation speed 3—4 mL/min, impregnation time 12—24 h. Conclusion The percolation extraction process of Duliang

formula based on the idea of QbD is reasonable, feasible, stable and reliable, which provides experimental basis for the technological

research and quality control of its preparation development.

Key words: quality by design; Duliang formula; critical process parameters; critical quality attributes; analytic hierarchy process;

criteria importance through intercriteria correlation; design space; imperatorin; isoimperatorin; bergapten; ferulic acid; Z-ligustilide;
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Fig. 1 Fishbone diagram for risk identification of Duliang

formula extraction process parameters
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Table 1 Scoring principles of S, O and D in percolation extraction process of Duliang formula
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Table 2

extraction process in Duliang formula

FMEA risk assessment results of percolation
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Fig. 2 HPLC diagrams of six components mixed reference solution (A), Duliang formula sample solution (B), negative sample

without Angelicae Dahuricae Radix (C) and negative sample without Chuanxiong Rhizoma (D)
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Table 3 Box-Behnken response surface experimental design and results of Duliang formula percolation extraction process

e Ak RERB g e) FHE%
A% B/ C/mLmin') Dh Y e s Ya Ys Y

1 50 10 5 24 1.467 1 0.5203 0.1360 03655 37732 25916 21.976 0
2 50 8 4 24 14039 04965 0.1307 03508 35413 24508 21.7373
3 40 8 4 12 1.3925 03964 0.1323 03506 33532 24955 23.5050
4 50 8 5 36 1.5109 05158 0.1408 03053 29595 29377 20.108 0
5 50 8 4 24 14396 0.5071 0.133 1 03600 3.6550 2.5293 22.834 0
6 50 10 4 36 14503 0.5273 0.1345 03459 29187 2.7949 19.778 0
7 40 8 3 24 1.3454 03909 0.1285 03406 2.6843 2.7693 20.440 0
8 50 6 5 24 14255 04958 0.1314 03460 28816 28138 18.3553
9 60 8 3 24 14400 0.5320 0.1325 03260 2.8658 2.7098 17.206 0
10 50 8 3 12 1.5773 05689 0.1453 03930 33006 3.1266 20.630 0
11 60 10 4 24 14939 05430 0.1388 0.2993 29924 2.8979 20.9370
12 50 6 3 24 1.3352 04662 0.1253 03173 2.7608 2.766 4 19.256 0
13 50 10 3 24 14856 0.5261 0.137 1 0.337 1 2.9555 29040 20.749 0
14 50 8 5 12 14729 0.4963 0.1350 03254 2.8081 2.8132 19.469 0
15 50 6 4 12 14199 04846 0.1299 03247 26693 2.6509 17922 8
16 60 8 4 12 14962 05439 0.1366 03265 29986 29358 18.114 0
17 60 6 4 24 1.344 1 04754 0.1211 0.2531 2.5884 2.5588 164133
18 50 8 4 24 14845 05286 0.1373 03474 29377 28417 19.2813
19 40 8 5 24 1.3267 0.3534 0.1291 03248 25091 27112 21.014 0
20 50 8 4 24 1.478 1 0.5028 0.1356 0.2828 2.8801 2.8502 20.016 0
21 50 8 4 24 14829 05055 0.1379 02849 28666 28404 19.386 0
22 40 8 4 36 1.284 1 03566 0.1236 03401 3.0514 23419 22.386 0
23 60 8 5 24 14299 0.5192 0.1305 02599 28943 28217 18.390 0
24 50 6 4 36 14259 04789 0.1330 02834 27264 27599 18.328 5
25 40 10 4 24 1.3277 04023 0.1277 03169 2.6548 27240 20.792 0
26 50 8 3 36 1.470 1 0.506 7 0.1383 0.300 1 2.874 8 2.8531 20.208 0
27 40 6 4 24 1.1119 0.296 8 0.1127 0.2962 2.1729 2.4432 18.900 0
28 60 4 36 1.439 5 0.5159 0.1329 0.2672 28577 2.7839 18.872 0
29 50 10 4 12 1.5094 0.5274 0.1364 0.2843 3.0319 2.992 5 21.3170

R4 AHP SEIRFREIT LR FI BT L S 26 R

Table 4 Judgment priority matrix of AHP index comparison in pairs

UGS BRETEAER  RERECSIER O BRRAPANE IR ZEEANEE WIIEARA THEE

GRS 1 1 2 4 4 8 8
FERRATIH 3R 1 1 2 4 4 8 8
TN 12 12 1 2 2 4 4
Rl R IR 1/4 1/4 12 1 1 2 2
Z-HEAR N 1/4 1/4 12 1 1 2 2
FENE A A 1/8 1/8 1/4 12 12 1 1

FEX 1/8 1/8 1/4 1/2 12 1 1
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SEERATEAZ . P TFAH N ER . BTARRR . Z- B AN B, 7
JIE AEE A S &TER T OB RE RZ505 58
0.1278. 0.2129. 0.0900. 0.1306. 0.213 5. 0.097 4.
0.127 9.

(3) AHP-CRITIC JR&MBLE: ARIEEBLT7 T
e A B EAEER T, AHP SEA TiF N Fe bR
P E) LR T AR e B R, 28] T L EME BN
TR IR E R Coanp), FEARRIL T G TT B 4845
1) 32 YR S 7 B AR A B s RIS CRITIC

12 RAFAR N TR AR B B AL R (wcrimic), XAMY
FRER] T S REARBAE 148 M S e b ] R AE GRS
AN s, i FLEE b T = B TE I kit (H
PR B BE B RO AR T, R
giack, THEEZAENERY (0 ve), Bl o gsy=
@ AnP;OCRITICH Y. W anpgcriTICH CARHVPHN S R %
M BB, T RAARATER . FRRETHE
WM AE. BIZERR. Z-ZANES. VEIS NER A
TRETER 7 WERNZEAER SN
0.2542. 0.4234. 0.0895. 0.0649. 0.106 1. 0.033 6.
0.028 2.

(4) BV SRR R4 AHP
. CRITIC ¥} AHP-CRITIC JB& INAGE S H15
FIIBE R B SLIR 25 AT L5 5 PP LU, 455
W 5. IR R BT, AHP 55 CRITIC %
Z I A% R BCN 0.933, AHP 5 AHP-CRITIC
TRE IMALERIAHE R 208 0.997, CRITIC 745 AHP-
CRITIC RA IIALE A AH G R ECH 0.921, =3
FRMERE (P<<0.05), ViR 3 PRI 2 F
SR A — 8. WBE RE 1T, CRITIC %5
AHP VERIAHE RECN 0289, MHXMAEE (P=
0.529>0.05), Ui BH =& P e (5 EA A S M.
22, AHP-CRITIC & IR N AN
M2 AN HEANLAELE, FTRILE SR 4
Y, eI a R AR, S8 HER
SEBRIEOL, BIAHE 7R AHP-CRITIC 215 4R
GV
2.5.3 CQAs [MEIEBA KT 20 e & FIH
Design-Expert.V8.0.6 F f:X} AHP-CRITIC £5 & 1F4>
ZERIEAT 2 REJEAE, 153 4 MEBER 2

#*5 AHP. CRITIC. AHP-CRITIC 3 MECEMNLEAITNER
Table 5 Comprehensive scoring results of AHP, CRITIC and AHP-CRITIC three weighting methods

w5  AHP  CRITIC AHP-CRITIC |45 AHP  CRITIC AHP-CRITIC |45 AHP  CRITIC AHP-CRITIC
1 926356 933071 92.820 8 11 921726 883174 92.0272 21 89.0072 84.5573 88.166 0
2 88.5625 89.2069 88.629 7 12 83.0077 81.2874 822276 22 76.7333 79.446 3 74.254 1
3 83.1018 854983 80.820 6 13 91.5758 88.4794 91.0399 23 87.3417 82.9090 87.402 1
4 912514 87.2475 90.350 2 14 88.6518 84.928 4 87.6253 24 853698 81.1256 84.3310
5 90.768 6 91.8323 90.827 9 15 85.6767 81.5871 84.823 0 25 79.6198 79.073 6 77.3335
6 904537 87.2909 90.205 2 16 922379 87.7572 92.167 8 26 89.3163 85.5597 88.4570
7 79.9738 79.7402 77.296 8 17 80.8819 76.1420 80.689 0 27 66.1201 67.1302 62.854 0
8 87.7192 84.7976 87.016 1 18 915461 87.8185 91.088 3 28 87.6703 83.189 4 87.489 1
9 892915 84.6337 89.3856 19 77.0039 76.844 5 73.499 8 29 913882 87.9359 90.976 5
10 98.6322 95.7716 98.3250 20 88.6254 84.6547 87.8345
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RZlRlEA, HEIE5FE: 256 17F59=89.31+
6.93 A+4.37 B—0.67 C—1.64 D—0.79 AB+0.45
AC+0.47 AD—0.75 BC—0.07 BD+3.15 CD—7.89
A2—2.75B240.88 C2+1.43 D2, [mlIF4HS 7 240 #r
ZERNEK 6.

WRYE T Z T R, 2 IRE U % (P<
0.000 1), RKIITAEE (P=0.1039>0.05), i%iH
EM ARG R, TR & B R 50 R
HZ KR TG IE R R?=0.933 8,
Rua?=0.8677, 53R (CV) =3.10%, KA

%< 6 Box-Behnken Mo SEIEHI 7 E N ITLER

Table 6 Analysis of variance results of Box-Behnken response surface experiment

EAKIR PR AmE ¥ FE P | ERRIE PO BHRE B F P
AL 1403350 14 100.240 14110 <<0.0001 | A2 404.270 1 404270 56.920 <<0.000 1
A 575.500 1 575500 81.020 <<0.0001 | B2 49.200 1 49200 6.930  0.0197
B 229.360 1 229360 32290 <0.0001| C2 5.070 1 5070 0.710 04126
C 5.360 1 5360 0.750 03998 | D? 13.280 1 13280 1.870  0.1930
D 32.180 1 32180  4.530  0.0515| Wk 99.440 14 7.100
AB 2.470 1 2470 0350  0.5650 | KA 90.020 10 9.000 3.820  0.1039
AC 0.820 1 0.820 0.120  0.7387| #liixz 9.410 4 2.350
AD 0.890 1 0.890 0.130  0.7285| M7= 1502.790 28
BC 2.260 1 2260 0320  0.5815| R? 0.934
BD 0.020 1 0.020  0.003  0.9590 | Rua? 0.868
CD 39.650 1 39.650 5.580  0.0332

PGSR BT, R, v A A 34T Tt A0 434 o
L ZERN 4 MR EY, CEERSEA (P<
0.000 1) FIZEEFE B (P<<0.000 1) AL #E T,
BRI E C (P=0.3998) PAKIRFINE D (P=
0.0515) AARELL — ki, A? (P<<0.000 1)
B2 (P=0.0197) NEFELT, C* (P=04126) F
D? (P=0.193 0) NARIEL, KPR 2= 5 m 5
fEIFAER R E R R ZZEITCD (P=0.0332)
2%, X HERAAHE. RIESHEER FHEADN,
FHRENLZEE VPR A>B>D>C,

T I A 2 ) 5 DR B B T B R R I 245
HVFA M 3D M S, i 3 fs. OREE
% (A, CEEFE (B) MRS T
LAV IECR, TERR) 3D i T i 28 B
Bl . M EIRIEEAR T DDA E, AR
b, HEEAE 2R, PR A AR L
AV . 35 ] Design-Expert.V8.0.6 B4 AL it
AR 1B IR B R L 2 TR N 2 AR AR
IH 51.48%, CLEERIE 7.98 f%, BIEARREN
3.00 mL/min. JZ{5HAIA 12.02h, 7EHA4F FRRAT
RN 1.577 2 mg/g, FMKETEAZE N 0.568 9 mg/g,
HFAH RN 0.144 2 mg/g, FIEEEZ N 0.377 1 mg/g,
Z-BARNEE A 3.244 4 mg/g, ¥ENIE ARE A 3.081 9
mg/g, TEZEHN 20.190 6%, ZZ&1FES N 97.728 9

gy SEESEBR, WA R SRS TSR L2 S 5
WAE R ZBEARFR 8 52%, CFEFI & 8 i, Bk
AR A 3 mL/min. E AN 12 he
2.6 WITFEAIENL

BT Tl AE = R i R AR B — 2 MR PR
P, HURYE Box-Behnken SL36 A&t B, WiEsiE
W =88 s AL H bR, @it 2R E, kA
PR E PR AETE L, DA R A RS PR TR B .
TR A A T () W A A AN Bh A T
B, AR, CEHE. BRARRE. B
i S 2 sk S R FE &, AR — R R
Hlo 4 1 AL TE 23 (R B B o WO L B 4 A
DRI 2% ) (1) 56 2R DRI I SR ie 46 3 o (H2 1
BT A AR 2 AR 3R, BUR B AR
B A e R 2, A I 2 2 1 LR AR A5
. W RS E

ShiEsibr, Ay R B A B AR B IR R
M 4. 3 mL/min FIZIERTH] 12, 24 h [ E K
o AR TR L S Al. HHTAR
R TRINME 5 BB AR — e 22 5%, w2l
WA BB e, R e a0 S 50 i
ANBEKT 0=0.05 WEF XA, X&itas /s
flefk, @it Overlay plot &7, oo BN TH=
], ZiRWE 4. SLprAr=id 2, HERXNENE
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Fig. 4 Space diagram of extraction process design of Duliang formula
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TR B AT ] (0 5 AR DL RO T Tl A K AR
72, DR A 2 5 A A ) N R R 34 50% ~
55%- CBEFEN 8~10 £ BIRAAGE N 3~4
mL/min. &i5iHE]A 12~24 h.
2.7 {EHIZEAYIEIE

N T SSAIE BIT A SRR IR M DA R BT A [

R R R EVE B RESR, Mt 2 AN R A
IBEOR, RWIE TSR] A R AR e DRAE SR I 201
(Y EIE

®7 ORI =EEIER I R AYIEEL

Table 7 Selection of verification test sites in design space

AR, BENUEELR 23 A 4 A ST IAE, Mo R 5 A% BAE  ClmLmin") Dh
1~2 BEZEN, 3 SEEEX, 4 SE, 1 CERPD 5.9 4 24
SIS IR FE 7, WATARIE 8. SHE 2 CERPAD 5010 4 12
R, SERRE S TR 2 T R 2 85N T 5%, FT LA 3 (EfEXED 508 4 24
UEAT RAFRO TGS /s V2 i K B 435 X I py 512 4 (xS 45 7 4 12
#= 8 WHTEWIERIEER
Table 8 Results of space verification test
ok R Rmee ) TR GaTh
Yi Y» Y3 Ys Ys Ye

1 (ZEAD 1.484 9 0.5373 0.143 4 0.2537 3.0037 29558 19.916 0 90.958 5

2 ([ 1.546 9 0.545 5 0.146 1 0.284 2 3.1152 3.0757 21.268 0 93.846 0

3 (EfEXIED 1.501 9 0.543 4 0.1384 0.3490 2.967 6 2.8610 19.5450 92.707 4

4 (=AM 1.328 7 04224 0.1297 0.2789 2.769 2 2.8420 19.772 0 78.666 6

3 Wie
3.0 REGZEMIEESHE

] 5% 25 i M B SR 24 e PP O R A 1 (o
7 HI A L2 AR S R GRAT)) 23,
HIRf R TR 2 1 T R A e L2 RN EE T “
W LS DR AR B R Rk, H
AT, QbD HEATE R 2G4 B T 2L, R 2l 4 K
HIFRART28 2oy Eaifb I ik %, BIE
F v L RS AR AT ™ o B w4, ORI TR A
QbD HLEMRAERR T IR T2 #FR A
B2 BRA R, H A EBEAGRR S NE TR
RAMEEBO,  IE AR NE R H LR
VIS, IR SR BATE T K, (HIE AR
MR R RAT R Z AT E, WE 5 RAE
Claisen MR 2L EHE, A BUONRRATEA R, BMEER S
RO FAAR 25 e, R A 1) A e iR B (R B O
F&/GRBRA MR B — MR T
%, PRECER, —MRIERR T, JUREH TR
AFEE AT AREL, TER AR R 2. B2
FINRE S QbD BLE XA T 2371k, 24 )5
(A SR FABY, K, AR 2B R R L
T, RREUF MR B A Ry, 7oy RAEH
IRIT o

KT CEEARF B ESE, A7 R R 3 5000 K
L 6 NMEFR R B B IITE 50% L EEAL B KAE -
£ 30%~90% L BERS, BTERER 2 I EAE 50% LAk
WA BT, T fEbEE OB B T L
BEIRHTEAC BRATEHER . RRATIHE . M AR,
Z-BEARNES FE)IE NEE A X 5 MR ERE L
BEARFR IS B AR AR — B, 7E 30%~50% 2,
R B SRR B T Eni . R 50% 4
BE AL AR KT, 1 5 B SRR AR 7 H T i
LEEPCETHR, T8 90% L BEAL & 2 AEH B
1T 50% CEEAKF- o ATRERE B 50% LB N Fe B i
i, FERGRT R EE . SRR AE CBhE T I
B AT LA 50% L FEA 0 7K 3047 0 B T AR AL o
3.2 CQAs HNEER LS TEMN IEFRAIR L

AHIEFLIE T B 2 e PR 1 2 AR )
(Q-Marker) M ZME FrAPE. TR IS SR
AP T BCAR “ TR, H3EAT CQAs T «
“HR” & Q-Marker ML LER. HAERM, FE
R VR TT IR I8 (0 25 R0 o AU 17, RRHT
A RERATEHR . Ph T NBEA B AT A S
REMS, BABRIIRIER, el RISk
JRABE 2R R BRI AN G — S8 BUK o Z-BE AR B
NN A AEZNE P RH LSS, BEY
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B EWSE AR, IR ASRIE T E AN,
BAPUgM. PrRBUREER-I,

M AL 15 5 R 0 A, IR PR RS R A 2
JR AR ISR R BT, & 2 Q-Marker i &
(P EBAKYE . A WFFOR AR AL N LR 53 HE AT 50 AT
AFFFRROT, 3356 FE R 00t R T A 2 . BRI 3R
WFAH AR BERER . BEARNEE. FEIE MR A 55
JRAIN L5y, REIX 6 DSar#nl NI, nIfEA
HR TR EE SR SR, A
TR EVENEZ T MR B 2 iR Rk
WEPIRKAT IR . FRKETEAZ . T BRI
W, RIS AR A R dE 2, 48 m H A A
MEW, &5, X 6 Mo BAa M. Kifiit
FIX 6 N E A Q-Marker HHAT 2 B %

TENBGTE43 7T, RRETEHZ . SRERATHH AR
LT FANER LR B (P E 288 2020 SRR
BWEFEPREC, HAR I B T e
B TERATH R FERRTH R, #% AHP SEIRBU F
ZiETER 3 ANRER B LAY ABRHT = = 5
RRATEH 2 > FAH AR Z-BE A N i 25 2 iy LA
VERGR, FIELRR N Sk Im 25 s 2 —, HoA
I (PEZGH) 2020 FRR BT E N TR bR L
e AHP VERAUS 251155 3 ANabs s ik st
It R B BR IR = Z-BE A Y I > 6125 N R A [RIE
AR 2GR, T RN TR TN R
33 ®ITTEAENL

QbD B A% O AE T 1 E 28 (B I S 5
IR T 22 R B R 3 eI 45 A IR A8 S e th
RAEM T ESH, HRIE E PRI T 2280 T
A7, 5y FEOR R R EE — bR 8] 5 & 3
L3y N ol eI R R A B = P N Rl s
CPPs [ AT E52 Y0, 75 vt )y el 9 mT AR 4 A= 7
WA TR 0 & DL RO RIS T2
SHGIAT RIGAT, R, &7 &
FaE M. AWFFLEE T2 [ S H A B 5K
P 0=0.05 (B (5 X 8], @R ELEZR AB 1)
weitasial, A RlEE S 2 MEE. YEEB R
MEAE 5 mL/min B, FERFHS[E] 12~20 h ZFEH
VT2 () TR AR Bl 32 VT ()38 0 A8 A i 5 B 2, i
RIEET ) 20~36 h AR, Bt 2 A AR IR V)
F) 3 AR AR P A 2 AN . 4[] s VS AR AR A R A
4 mL/min B, FERBINE 12~24 h EREHF T
(i) T R i 92 VLR [ 389 0 R A8 i B e s 24 [l o

BIRAFREL 3 mL/min F, 7RI 16~20
h R PR ] TR R P R4 AR A I
L 2P

PAZEE T3 88 438 R IR, /K3 Box-Behnken S

56 A2 SR A B LU TR AR 4. 3 mL/min Y4

KEH, IRBIE 12, 24h A KZH, HoMESE

PR S 58 BT AAFR RN S mL/min A 5 ¥4, 123

FER T ZSH P IR BN (8] 2408 12~48 hB2, ik

WPRRBARIR R 4. 3 mL/min, REIIE 12, 24

h 73R AL B B0, S AL B HJ#RIESS

8153 5128 50%~55%. 8~10 fif. [N, EHE AL B

NEERZ, 2HIEL A DY 50%. 55%F1 B 9 8 i

10 f5 2 KT, Mz AS 525 1S TR R &

AR BT 1] B BE T 2310, 45 RRHHR BUN AL 12~

24 h BRI A B bR . W4 G SE R e B FR L

L ZEHN BRI B 50%~55% LBERTEA

8~10 & BIEAFE N 3~4 mL/min. 25 1]

N 12~24ho WIESKIEA R S MMER & R4, &

WAE VT2 18] N #R A BE CRAE AR 977 IS R AR OB T B

¥ —wl i Bt asalkis TR TS TR AL

ZREERAT, NERRRAE T T ES R fe 4t

.

RlBAR FTANEHYERARALEA TR

SE 3k

[11 °R-EBEE. XRSEAR. 2fF A —wr (M) Eifg
EHRAROR AL, 2003: 163.

[21 AW AITAR. Etih i orisE M JERt:
NRTAEH A, 1961: 34,

[81 FCE, i, KIS, A AR A A
7 [J]. P E R RRIBEZ, 2021, 30(1): 17-19.

[4] XHs, 51EEE, HBT, & JIESXAEY 4 MECD
REM AW S IE R EISE (7], 2554554k, 2021,
56(7): 1804-1810.

[5] SunJ B, LiH, SunJ H, et al. Chemical composition and
antimigraine activity of essential oil of Angelicae
Dahuricae Radix [J]. J Med Food, 2017, 20(8): 797-803.

[6] Wu S P, Wang N, Li J, ef al. Ligustilide ameliorates the
permeability of the blood-brain barrier model in vitro
during oxygen-glucose
HIF/VEGF pathway [J]. J Cardiovasc Pharmacol, 2019,
73(5): 316-325.

[ S5, K&, B0, 55 )67 LI 8 25 FEAL
M (], 10T P BRG R AR, 2023, 25(5):
102-106.

[81 ER, &ift, FEAE. #YE ORI S5 T7AR

deprivation injury through



= 3500

¢EH 2023F6H £54% B 1M Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

W [, hETZGIRE, 1995, 20(4): 227-228.

XL, FE, ILRR, 5. MRAFVESCEDTR (1], 51
BH 1 B 25 Bt 2741, 2002, 24(4): 50-51.

PR 24 [S]. —#B. 2020: 1428-1429.

RAE, X, AR, IEAS IR D R R AR U 77 e £
WLZ [J]. Jeisest e, 2013, 30(5): 2577-2581.
KT, TR, A, 5 HRIT RO TR
T EREPH AT (0] B2 EEEZ, 2020, 31(1): 100-
102.

R, BKE, T, 5. g REEG S PG
JriE A R N A (], L, 2022, 53(20): 6319-
6327.

JEA. eh 25 52 77 37 298 R vh T 20T 5 5 9% HA )
[7. FEHZ4 &, 2014, 23(16): 1865-1867.

KB, PRk, EA, & A REREY (Q-
Marker): 124 7 il Jit 2 6 OB B [0]. P2,
2016, 47(9): 1443-1457.

Chen L, Yang HY, Yu C C, et al. High hepatic exposure of
furanocoumarins in Radix Angelica Dahuricae is
associated with transporter mediated active uptake [J]. J
Ethnopharmacol, 2018, 212: 74-85.

A, £HEME. AELETT RS B IEE R MK
B fi S R T 1 B O (0], i MR S22 4R B2
221, 2018, 44(3): 487-492.

Chen Z J, Zhang C, Gao F, et al. A systematic review on
the thizome of Ligusticum chuanxiong Hort. (Chuanxiong)
[J]. Food Chem Toxicol, 2018, 119: 309-325.

Li D, Rui Y X, Guo S D, et al. Ferulic acid: A review of its
pharmacology, pharmacokinetics and derivatives [J]. Life
Sci, 2021, 284: 119921.

KB, T, TRFM, & BRI ML 40 20T
FU [J]. HEBRRLF 252, 2020, 37(4): 443-446.
RIRIE, mY, M, & BT ERSNTEL S Box-
Behnken ¥it-Mi 52 [ R 77 [ i it 7 INBR$& L L 2

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[7]. 24,2019, 50(12): 2862-2867.
Z=w, TR, IR, & T AHP-CRITIC B & L%
R S8 TR 2 FF) e 2 1 ML) 2 0 ok % R PR A 2%
2 [J]. FHE LIRS E, 2020, 26(20): 124-131.
ma, R EE, AL, . SRR R T2 A
[7]. 24, 2022, 53(8): 2324-2330.
WL HENERGR-RE D), T, 5 BT 2R
TR E R BT A AL B 7 6 R B L T
[3]. " ELACR HZG%, 2019, 36(1): 64-68.
ERZ S REERRAMF RO, BRAGHERAH
FL R T RAT (R E T IFAER T2 AEARES
JRGAAT)Y FIE 5 (2020 258 43 ) [EB/OL]. [2020-
12-04]. https://www.nmpa.gov.cn/xxgk/ggtg/qtggte/
20201204153840138.html.
RAIHEL, T B, 5KER, %5 Box-Behnken 1it-Mi [
VLGS & B eSS TR FI AHP-RALEAR Ak 22 842 77 /)
ARAGRBITE [J]. P, 2022, 53(20): 6472-
6480.
R, 1%, 2, % B TREHFET %IHQbD)
R I PLGA 90K & L 285 [J].
2}, 2022, 53(15): 4678-4686.
B, wiK, R, % REIE TR ERA M il
B L ZEHR R (1) BURDR A B SR AR (D]
WP E P25 26 R, 2017, 42(6): 1037-1042.
Vs, AP, 0VEE, 2. 3T QoD EAMILTESAE
VIR A B L2 [J]. RERZEER: AARE5 TR
FARRR, 2020, 53(11): 1204-1210.
Zhao H, Feng Y L, Wang M, et al. The Angelica dahurica:
A review of traditional uses,
pharmacology [J]. Front Pharmacol, 2022, 13: 896637.
FAW, BaFE. RALGMLT M) 2 7 Wi dbat:
AR A AL, 2016: 104-110.
TwisE, B, TR PABIRRR T 2R
(1. "hEFZEaE, 2020, 45(5): 1039-1046.

[Fritsi  Falpl

phytochemistry and



