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Design space method for optimizing extraction process of Carthami Flos
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School of Chinese Materia Medical, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To establish and verify the design space for the extraction process of Carthami Flos (CF) based on the concept
of quality by design (QbD). Methods The safflower was used as a model drug. The critical evaluation indicators were determined
through literature and previous research experience. Fishbone diagram and Failure Mode Effect Analysis (FMEA) were carried out to
determine the critical process parameters (CPPs). The mathematical models of CPPs and critical evaluation indicators were established
using the Box-Behnken experimental design method. Results The critical evaluation indicators were the extraction amount of total
flavonoid, hydroxysaftlor yellow A (HSYA), and total solids. The water-adding amount, extraction temperature, extraction time, and
extraction times were determined as the CPPs by the fishbone diagram and FMEA. The variance analysis results of Box-Behnken
experiments showed that the P values of established models were less than 0.000 1, indicating that the models have good prediction
ability. The recommended operating space were as follows: the extraction times were twice and 2.5 h for each time, the water-adding
amount was 23.5—25 mL/g crude drug and the temperature was 65—71 C. Conclusion The establishing of design space for CF
extraction improves the correlation between the extraction process parameters and extract quality, which provides a reference for the
applicability of the design space approach in the field of CMM.

Key words: design space; HSYA; total flavonoid; critical process parameters; risk assessment

21 thed W), EEE W Z R B SR (Foodand  Pharmaceuticals for Human Use, ICH) Q8 firg {5,
Drug Administration, FDA) #Eth [ BRI T Wi 2585 B BT S8l FAE = A et 3G m = mi AU
(quality by design, QbD) P, ¥ QbD FIAZyih  FHlMI @ LERE), AL 7= i A I 45 K
ER. B, NHZMENEARRHEEBR s B, ICH Q8 ittt [A] & o CHGIE ] AT EAfR
(International Conference on Harmonization of  UEiE AN EM T 2ESEM L 44 & KM T AE
Technical Requirements for Registration of U, fEBHHASA N KA K L2 S H U@ E A4

YHSHE: 2018-05-29
TEHREN: B &, BELIFRA, SRR RIB S B AR . Tel: 18801083431  E-mail: chencheng20170602@163.com
HBEEE RO, BuR, WS, AFhLHN S FH AP . E-mail: qwu@vip.sina.com



23

Chinese Traditional and Herbal Drugs 25 49% % 193 20184 10 A

. 4545

MR T EASTE, TEBETH2S [ LA E A B A
W, 5T QbD S HE A T AW R, AT 4SS
P TR R R B AR, SR T ESEE R E
PERIERYE AT Fe, W23 (Al 5600F 5 AT 98
BRI A 24 T fE ) T2 AR AR R

FEGEH IR T AN & rp A 2= TS
[ 1, EEAREE SR A= R EATIRE, =
MIERACTN S BE 5 2T QbD HLAR 1 &= 1A]
PSR AE PR 2R S BT 2 () PN 2 AT DL
(7, B 5 VR AR ) SR AN T A, 1
guit LZ2dlrik. Batcl N TFAY. B,
it AL T EARE,

A NFEHEYI LA Carthamus tinctorius L.
WAL, BT OFFEARE), T~ TIHREHHE.
TR WL, S, wkaE, MR, Ho. B
2, RAEGMIE AL bRz B2y, HTE
JTZ ML, MBKAZE. BATHG . w0, mi
FEALOA SISk G AR E M Z AR 15 2
WEE R BRI . AEMSE . KIEERIE. AL
P8 AN SRR i R S5 U180, B 25 i
BUR. LN PUEEIL. PUMR . e LA
J AR R A28 ARG DLAT A6 s 7 2
ITHEF, RF TS VAL R 259U & P,
H 2 SR R A AR S %

1 XEEHR

Ultimate 3000 {55 3GHAH B35, VWD-3100 4§
HMRTINES, EEFEER KA R Inertsil® ODS-3Cis B
R (250 mmX4.6 mm, 5pum); 756PC L 4haf I,
SEIETE, g SR E R AR A R A
DZKW4 BUER KB, ALt XA A R A
Al SHB-I BUEH /KA Z FH I, AN KR T
AERAF; RE-50A RBeHE AR, FlaRA
WAER s BZF 50 B A TH4E, i Boxun 2
A]; BSA224S HLF K. BS110S B HL-F 40T KT,
LR Z AT A Y1002 BT RKF, bifgssiE
PRPEFAR AR A

Zrie, b =MepARRA A, iS5 73390801,
bR 25 R P 2 B X R A AR S e A
i REEHMEYL I Carthamus tinctorius L. 1
1, wEMETE ChEZ ) 2015 4R — 50
TESR, W SRELATHOGER A (HSYA), HE
Tk e b, S 110737-201516, &
SH91.9%; WAHIRE, k5 20030310, JbaTthad

AR TAHRTTEAR: MR, #5 20140310,
RiEmwERAF AT 8L (T
20171031 Jo/K 48 (5 20171102), Jbutfb L
I W, o, tilai, Merck AF]; WAHAK
NEERG G ALK, R K Atk .

2 FEEER

2.1 ZITEKIEEREI &

HEFIARIATAEZ) 100 g TREMrp, siii 5 1F
IONAHRLAE B 7K, BEREEVE, TAH SO T iR
FEW, P, A IR, JE 4 % 2 500 mL % H .
2.2 RREITE

MR S A 7 2 56 45 - B B9 H il AR 2152
M 21 4% i 32 $2 B F2 1) T2 S 80 4% I I 2 44
(B Do FEWRAM. BRERE. R&AMZIT
CHRERAT 4 AN T7TH

K RS RN 0 #r - (failure mode effects
analysis, FMEA) X & T 221520317 2 2 X
FEPEAGI2), il EARE (S, KAEMZE (0) A
FHEZFEEE (D) X L ESH RSt 1k,
P R 1,

GhG bR A PR 08 DL SR IR SRR & T2
ZHN S, O K DA, ¥ =3 1137 {EAH 43 3
XSS 2% (risk priority number, RPN). #R¥E
RPN {H = K #f 2 S T. 2240 (critical process
parameters, CPPs), &FMZ(f¥] RPN HILK 2,
AN CPP 1 RPN H KT 10 B, A& FHo WL AEIRR
SRS R R KB R 2, 4R 9 CPPs.

RPN=SXOXD
221 KEEN RS b S EAARAEAER
2 Mgk, HAPRAE/RIR GO B R
HABNSY, RALKFELEER YRR,
1 HSYA AL e Rm T S B E . AUt
BRI R G NAAEL BT 880 A 3
ARIEVE RS o 1T ik [ A 2 D) 2 2 i 2 LV P 1)
&, o EsaREd i A . Bk, e
AL Z5M R B R R . HSYA $EUE DL ST A
T E ARV TR IR
2.2.2 CPPs HI FMEA MUK PPl 45 SR T 01, $RELK
B I0oK A & SEIGE R FSE HU [A] (1) RNP {EHCK,
RlUG, e fElORE. IkE. $FERGER A SE I
[ N SZ I 2L AR IR FE B T 21 CPPs.

2.3 SEE
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Fig. 1 Fishbone diagram of Carthami Flos extraction process
F1 AWKEIZS. 0% DRIESERN
Table 1 Scoring principles for S, O, and D in CF extracting process
JEtE PO EE 2R PR bR
N 4 e ZHUNBE B RENS T2 A ) R
3 t: WESHAEBORTEE A SN A REXS T2 A4 7 s
2 iK: ZHHIW AR T ERIFE MR 24BN
1 SRR BAIR L2 LT RA 0
o 3 i 125 80 2 A B AR BB B AT RE PR EOK
2 i 728 50 72 A B AR BRI Bl ) AT REPE AN
1 URZARARE AN Tyl 1 B A ™ AR I B
D 3 RAFERW, AR AT IE]
2 KA, AR IE
1 REDRA S, LR 2
F2 ARFRINIZ FMEA XETHER
Table 2 FMEA risk assessment results of CF extract
KU 28 S O D RPN EEXISE
Ztr IRE R 302 1 6 ASLRIEREBIRAFE A IR, S HN A R BGRUR E R,
ARG EE 4 2 1 8 PRI e A S 56 AN 125 18 24 4 PR 3R A B2 )
HKE 33 1 9
B AR 302 1 6 TSI RS B BT R, XSG
7 A5 111 1
HEHE 4 2 1 8
W AR 12 2 GsSRMEL RE 22~25°C, HIXHEE 30%~35%
R 11 2 2
WEE T 11 2 2
FEHC SRHIRE 4 3 1 12 TLESEWSCE, BEEWRRBORM R, BT b e s,
Ik AE & 32 2 12 DR AS S0 5 6
SRR 4 2 2 16
SR HR (] 4 3 1 12
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FREN-H TR 5 - AN B (PO AT e, DA T
TR, F 510 nm AR ERGE (4 H. BLS
IO I B R B AR AR AR (X0, A N ALFR (V)
BEAT LRI, 13T bsdEth & |5 A
Y=0.0112 X—0.004, »=0.999 8.

2.3.2 HSYA Z&ME

(1) BB, ik N Inertsil® ODS-3 Cig
FE (250 mmX4.6 mm, 5 pm); PA+ ) \Ube ik fi o
HER IR DL EE- 25 -0. 7% FR A TR (26 -
2172 ARAIAH; A 403 nm; AR 25 °C;
PRAME 1.0 mL/min; #EAERE 10 pLo BB E%
HSYA WiHE N AME T 5000,

(2) X HR SR I ) 2% . B HSYA X iR s i
FEBRRAE , N 25% FF I B HSYA 0.13 mg/mL [#)
W, HIE

(3 Ml r % WAAEZ8 100 g,
FEERRE, MUKMEEN 24 6%, T 70 CIRRHZE 2
R, BRR 250, JEIE, AIFIEM, BUEKRAER 2 500
mL, HZRJE, EfS.

(4) &M RHEE: DL HSYA S IR R
O NBEAAAR, WETHRAALER (YD #E T2 ]
H, 15 HSYA HbrdEfiZERlE7F#2 8 Y=0.583 1
X—1.4947, »=0.9999,

(5) WSETTE: F s 25 W O HE i v 5 it
WA 10 pL, JFEANERGEAR A e,

HIFER
233 EEASRECENE TR E VR AT I
TE, R A AEFERGR 20 mL T 28 e i
Mz R, KBET, ZTHEET 105 CAET
BAEhTEREEERE, AHEERERERE,
BIES: 2 IRFREIRZELE 5 mg AN, THE R
PARGEEE .
234 HAEAbE  SBEEIEECE . HSYA #ES
SRR TR AW .

T A B B = (A A B BB TR AR B X R B
B =

HSYA $2EUE = (HSYA $REUHIE X SRR AR £ 2

[ AR B = (P 5 T /20 X B IURAA AR/ A 24 5
Box-Behnken 3255i% 11
K JH Box-Behnken SEIG 501, HEEII/KE (A,
PEHGRE (B). $REUE[A] (C) RIEEXE (D) 4
FSE D EAR IR TAE i N () ALK E S vy S ke ]
PRI 2 7K A g A AE DA S SREG I 545 /- LR 3. N
IR L AT IR PRI T 20PN 7545 5 CPPs Z[H]
PIEER, SR M TRV A S B B i R 2
BEEAE RN Y=ata Xita Xotas Xstas
Xatas XiXo+tas XiXc+ta7 XiXa+ag XoXz+a9 XoXy+
a0 XaXa+an Xi2+an Xo2+ais X2 +a X2, H ag
RN, ai~as NEIERE, Y RRAILERSE
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% 3 Box-Behnken SEIGi%IT RER

Table 3 Box-Behnken experimental conditions and results

R E/(mg-g™)

R E/(mg-g ™)

w5 AfF B/C  Ch CHT HSYA BEE WS AfF B/C  Ch JrE T ————
1 15(-1) 35(-1) 2(0) 2(0) 1259 1498 384 | 15 20(0) 35(-1) 3(1) 2(0) 1339 1542 381
2 25(1) 35(-1) 2(0) 2(0) 1228 1550 346 | 16 20(0) 75(1) 3(1) 2(0) 13.04 1584 411
3 15(=1) 75(1) 2(0) 2(0) 1299 1541 377 | 17 15(-1) 55(0) 1(-1) 2(0) 11.88 1470 353
4 25(1) 75(1) 2(0) 2(0) 1411 1614 372 | 18 25(1) 55(0) 1(-1) 2(0) 13.84 1629 336
5 20(0) 55(0) 1(-1) 1(-1) 1076 1333 294 | 19 15(-1) 55(0) 3(1) 2(0) 1335 16.01 373
6 20(0) 55(0) 3(1) 1(-1) 1147 1415 315 | 20 25(1) 55(0) 3(1) 2(0) 1433 1645 375
7 2000 55(0) 1(-1) 3(1) 1460 1639 38 | 21 20(0) 35(-1) 2(0) 1(-1) 9.42 1084 284
8 20(0) 55(0) 3(1) 3(1) 1237 1694 422 | 22 20(0) 75(1) 2(0) 1(-1) 1143 1328 342
9 15(-1) 55(0) 2(0) 1(-1) 9.82 1219 319 | 23 20(0) 35(-1) 2(0) 3(1) 1371 1594 383
10 25(1) 55(0) 2(0) 1(-1) 11.70 13.52 328 | 24 20(0) 75(1) 2(0) 3(1) 1411 1580 426
11 15(-1) 55(0) 2(0) 3(1) 1409 1670 418 | 25 20(0) 55(0) 2(0) 2(0) 13.13 1631 380
12 25(1) 55(0) 2(0) 3(1) 1343 1671 403 | 26 20(0) 55(0) 2(0) 2(0) 13.08 16.03 375
13 20(0) 35(-1) 1(-1) 2(0) 11.96 1406 354 | 27 20(0) 55(0) 2(0) 2(0) 1420 1638 385
14 20(0) 75(1) 1(-1) 2(0) 1330 1581 374 | 28 20(0) 55(0) 2(0) 2(0) 12.86 1562 367
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BT 28PN FR bR, Xiv Xov Xav Xa A CPPs,
R FH 22 6 14 51 U5 2 A 50 B A B b A e 2 8 X
I, KA NFIRE A Y 1) 235 /K8 0.05. FIr
A SIS HHE TS MODDE 12.0.1 B8 58 i, 2
SEAEAYI, AR ER A R ) g A AR

1E Box-Behnken =256 FE At I, S Monte Carlo
TR T IA bR MR 2 ) B2 () o % T BT A SE48
W5E BT ES DML . RES K TES
Bt LKA 0.01, R ARMIES A6 H A
BENLEL, 22K o A 0.05, BEEBIIECA 50 000
Ko HTHREB B RAESN, BRI
S B H Oy — [ e A
25 XEIZSHHTMIE

Box-Behnken 24045 UL 3 s, SEEEHHE
HUEAE 9.42~14.60 mg/g, HSYA $2HUETE 10.84~
16.94 mg/g, SEASEZIELE 284~426 mg/g. H

MODDE 12.0.1 #fFxt bk s $ods 45 R kA7 13
W, BEMEGERNEK 4, TESNERIE S,
& 4 ATLVEH, Pra R R #7E 0.89 Ll L,
R #7E 0.83 LLE, Q*H KT 05, HR*E QW
ZEEANT 0.3, LIRS B, A RE AR RS
HIRFR A . B RUB IR T 0.25, R
B R EIMEERT 0.5, SRR BA R4
Bk W ESIERTUE S, P EHENT
0.000 1, FRHI 3 NSCEVFAN 4RI 1R 5 e B Ay
giitrm s, BABIFRIE .
% 4 Box-Behnken & A LER
Table 4 Box-Behnken model fitting results

KEVFUIRFS  R? Ra® 0 BURAGHME EILE

REEEPEECE 0.89 0.83 0.71 0.90 0.80
HSYA #2H(E 096 0.94 0.90 0.85 0.95
RERPEEGE 090 0.88 0.85 0.60 0.96

*®5 ARRBMAENNEGER

Table S Variance analysis of CF extraction

. B T B B HSYA $2HUE T R

o SFOrRL ¥y P P PR 77 F{HE PME SE 7 F{i PfH
[m 15 4229 423 1393 5722 572 45.64 31766.70  7941.67 50.20

B 5.16 0.30 2.13 0.13 3 638.27 158.18

Mt 47.45 59.36 35 404.97

P <0.000 1

P 2 O & PR 3R B A8 B o A S i i
HSYA $EHCER LS BIA TR BCR AR R 5, &
O IR W2 R ZO0 S VR R AR (2 O IEAR G,
ARE I EOR ;s Sz WY 5%, RIBHES HSYA
PRECE . ] A PR A S R R R A . A
K 2 i HSYA RUEZ R AT UG H, NKMGE. &
WG BRI 18] R SR IE 4 R0 HSYA S it
BEMY LMK, HYEAEZEEER, Hh
RBRBCE R WRRKAZ AR, SRR
FEANFREURHON HSYA $RBUCRA B sz, Bl
WG DB . SEIUREO S, BAH T HSYA 3R
Ho M R SRBCRE S R AT UG, REGRE . 1%
SIS 8] e B B iRt [ R S i By — e R R 1Y
IEHEEN, SRHCREI S R, SRR 5 5E
IS TR AR S B A — B, UL SR SRR 45 R 7T LU
H, 4 PIE S AR CR (2 m b 2 IEAR G, H
IR SRR ASEIASAA B R
SREHURT E) X0 A S A R U T B 2 PR s R

ZEHAERH, KA S R R [R5 A T P
(PRI IEAR DG,  BIFE — 58 Y6 Il N 3d 2442 my k%
R R FREUT A BT 4R e TR R PR
2.6 EITEIEAIFREN

PRI B T OB A T ST ) 3 AN B, JF
R SEBRAE =, Ay Bl KRR S BUR
31 HSYA $2HUE 5 A B R Se iR R v Re =, B
DL E HSYA 5SS ECE R AR i N Bk
B T AR B, 7 ) A SR A 2 SRR
e H HARTE N 200~400 mg/g, HIMLHIE T
HSYA #2HCE . SIEEiE i E 5 S EARIE 3 4
FAEVPE FR AR H bRyl W3 6. R A Monte Carlo
R IREUEE TIAFAME R (B T2 (8] BT 451 i
BRI MM ER A, B TR B
HER), BREBITALT, FULE RGN 2
K, PSR WE 3 Fon, BIR el T22480%
TEAH N XIS, RBEVPAN FEAR R RER AR AR, 2K
FREK, RENERITTREERA, AT TES
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2.0
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n=28; DF=17; R*=0.96 n=28; DF=3; R?>=0.90

1.5+ 40
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o0
& H
< 0.5 H 207
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® &
< 954
% 0.5 o
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—1.51 -20
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D D? A B C
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2 CPPs 5XEIFMIERIEXZKE (BFRXER 0.95)

Fig. 2 Correlation coefficient diagram of CPPs and critical evaluation indicators (confidence interval is 0.95)

®6 AWRRRERIZXIEITNIERMBIRER
Table 6 Target range of critical evaluation indicators of CF

extraction process

Bk 2ete, 3 DM TEAR MEA A A B PT
ZOR; Erhax IR R Bt 2R, LA
AT ZIXIENES, TESHERM BRI B 5%

REERF it PRfchite R B EIRERAL, HSYA $REUE R E AR 45 Rk
HSYA #RMUR/(mgg ) WA —  — PR s B P B LT A FOR ML LR R
REARIE mge)  FAREE 200400 i AR A BRI BERIEHTR K
RAMER R mgg)  BIE MR LR ST 1 e 2 R — A B A i

%
R 1 h FEHUR ] 2 h I I 3 h

PRI/ C

20
TR s

JlibiS=vLi

PR KEL 2 Tk FRIHL 3 X

PRIEL 1 X

20
Tk A

E3 THRERIZRI=E

Fig. 3 Design space of CF extraction process

], /KRG SREUEEE . FREUR A LA S B £y
AR ERN R, - ERSAE G
FBE T2 [V I (R Bl . 4 A CPPs b} FTf 25 B =
BRI, AEREAT BRI, A7 2 2% )

W 4 5 Z A0 R ARG B B Se g 5 SR o SEBRsE
FE R, R R BGR R E AT S HE 2 1R
FEULAGE T T 2R AT", 15 BRI R 25 )
NPEECREL 2 Ik, BEEUNTE) 2.5 h, BHZK &N 23.5~
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25 fi5, $REUEE 65~71 C.
2.7 WITTIEIRYIEIE

N T SRR T A ST AR R R DA R T A TR
AIEEME, DR, R R R R AT IR IE
BPHRELREL 2 IR, $REUETE] 2.5 h, DK AE &N 24,
PEURE 70 °C, “PATSZE 3 K, S5 IEE 7. I
WEZERATUVE Y, SLIE ST AR, REIZE
RGBT EE /1, BAERTE S ) Py AR RE R
UEFEBGH o & (AR e P

KT AHEWNTIZRIFER (X +s,n=3)

Table 7 Verification experiment of CF extraction process
(X xs,n=3)

KEEVE R R TR /(mg-g ™) SEIE/(mg-g ™)

BT E R 14.06 14.0540.09
HSYA $EHE 16.37 16.5440.33
S EAR R E R 390.00 391.0042.00
3 it

WP T EMA T, 2R R LR &
IEAZSREe R ik iR e T2 S8, A il g
AT . SERRAE AR, 2R I 5 G
BRI, SR E A7 T ZSHE ™ M= i
Jou R A 22 S AR . TR A S, mTRA
YRR RS R T 238, #RT1E
SRR A A AL NI, 2877 B
WREIRFF 8 #—PiRm T LZSH 5 E
Z BB SRR, PRAE ™ i ot B Bt ) — 2ok, A
TR ¥—nfE.

ASERIET QbD HG N T AAEIRIR SR T
ST, R A B SCHR LK R SRT T SRR
TRFEACIRR ST R BEVEAN F5 bR 9 HSYA $EHUE:
e T B R A [ AR R . RIS &
FMEA A€ K&, SRIGEE . Sl |, $2
WX BN W LG IR IR R BUL R ) CPPs. JE R
Box-Behnken SIS T FL T CPPs %f RBP4
PRIOSENA, I 249 B AR IR IR AR I L ZHERE 44
IRy SERORE 2 Ok, SREUNTE] 2.5 h, JoKAE &
N 23.5~25 %, BRHUREE 65~71 C. WiESIL,
RETMMERTE RIF, (ERH2 R R RAERE SRAF AL
PESE OB B 2 — AT 4%
sy
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