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Study on preparation technology and physical fingerprint of Carthami Flos
Granules based on quality by design

WANG Yong-jie, CHEN Cheng, Deng Li-li, LIU Xin-yan, LIU Xin, ZHAO Ying, ZHANG Yan, LIU Jia, WU Qing
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To study the prescription and preparation technology of Carthami Flos Granules and evaluate its physical
quality based on quality by design. Methods Carthami Flos was used as a model drug. The evaluation indicators were retention
rate of hydroxysafflor yellow A (HSYA) and total flavonoid, primary formation rate, bulk density, tap density, relative homogeneity
index, Hausner ratio, angle of repose, loss on drying, and hygroscopicity. The single factor experiments and the Box-Behnken design
response surface method were used to investigate the particle forming process parameters. The physical fingerprint of granules was
constructed by seven indexes including bulk density, tap density, relative homogeneity index, Hausner ratio, angle of repose, loss on
drying, and hygroscopicity. Results The optimum conditions were as follows: the dosage ratio of drug to adjuvant was 1 : 0.8, the
amount of wetting agent (95% ethanol) was 32%, and dried at 70 ‘C for 120 min. The similarity of the physical fingerprint of 10
batches of Carthami Flos Granules was higher than 0.99. Conclusion The prescription and preparation technology of Carthami
Flos Granules and the physical quality were scientific and reasonable, which can provide ideas and methods for the research and
development of Chinese materia medica.
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FRAR UL S5 A P e FE ] 7. 92 QbD B R i
BLTE o B RUR] 2 1 5 AN 22 O 4 8 i
SN, K25 T e T R . TESHAL.
AR B R E RS, DA IR 2
oA e I R ) B AR,

AN BEYI AL Carthamus tinctorius L.
MITHEAES, E-FREHE. W, W, =6
S, BATE AR, IR Tk, TR
WA ME . BRATIRG RO SRSE . SCRkRIE M iZAE
VIR B 22 B LA BRI . AR . RIIER
H. AR, BIRSEMRE b Al 1,
ARSI L QbD HE NS, RHBRKRRE S
Box-Behnken 1111 B [HIVEXT LT AL SR il 4 T 25
BRATRAL, SR Y3 48 S B X 41 46 J0RL HE X
PE. B WANE. REMI TS A RAE, BTE
TR LA RN IS —FoE A ml 4%, AT N RORL I
il 8% T2k B2 BBk i Pt 5% .

1 XEEHH
1.1 Y8

Ultimate 3000 5 R AH B354 . VWD-3100
B2 K TN BE (4 [E ZEER K A A D) Inertsil®
ODS-3C5 et #: (250 mmX4.6 mm, 5 pm);
DZKW4 BUEHE K (IR e gs A IR
I~ Fl )5 BZF 50 M H 25 T4 46 (_E ¥ Boxun /A F]);
BSA224S HiF R (AL R FE 2 R A W] D; 7Y 1002
B 7R 756PC AT LA e T (il
sk FAEABLHEACIRA PR A D KQ-300V DE XU
Kt Evegs (R A S E R A D
FW-200 BURy AL (LI RHME RS A R A FD; 24
BT AT EEARAFD.

1.2 MR

afe (k=MW HARAA, #5
73390801); FRILLIALH A Z A (HSYA) XfHe & (H
E &2 e e b, #tS 110737-201516, Ji
HHLL 91.9% 1) WAHERE (bt BT
HRTHAEAT, L5 20030310); AHEES (KT
R, #itS 201403100, A (b
FAL TR, it 20171031); K OEE Gits
20171102); mJ¥EMEGER G EEZM AR A A,
fit5 20180346); FLHE CRETHERHE K AR
A, T 20150605); KRG (MU ZABIREA R
TAEAT], 5 180204); HIEE (fikal). LM (1
gl Merck A F] s AR K A EERG IE 4113 7K

2 HESHR
2.1 LREURTREMSIE

FREVZLAETRR 100 g THEFR R, I 24 f5 &
K BEFEEEE, T 70 CRNERRHRE 2 K, [k 2.5
h, P8R, SRR, WR4E, WUETEE (60 C),
RTRE, &H.

2.2 FRAIHIE

SRR, AR E R S i E AR T
TER-FLBE-RIKS (0.338 1 0.354 1 0.308) 4kl
80 HIfRAINS), LBEIEEAE &M, T 18
Hfidihr, TE e R, B4,

23 FEMIEMRRVIEEE

R 6 N2 ABhr, BFA RS RE R WL
R RN, B, etk et ikl
10 N2 dahr, B HSYA B R AS IR E R 2
AT IR SRR 26 WA RIS E . A
SFRIFEEIRE. Sl Rk, TRk
B2 8 MBERIEF
2.3.1 HSYA fRE R 1 E

(1) HPLC il 2 " il Inertsil®
ODS-3C g ¥ (250 mmX4.6 mm, 5 pm); LI+
J\ e B HE e B S R R AR DR EE- 20 -
0. 7% BRIATR (26 : 2 1 72) NUENAH; Kk
KN 403 nm; #EIE 30 C; &R &= 1.0 mL/min;
HFEE 10 pLo BRI IZ HSYA W T 5 RN AIK
F 5 000.

(2) X FE VA TR 1 1) 2% - B HS YA X R A IE &,
FEERRE, IN25% F BRI RAE 1 mL 7 0.15 mg 1)
W, 125, e, WEHER, RfE.

(3) A3 AR 1) 2% - HUBT i) 46 R RIDREZ) 0.6
g, KEEWE, BAZEHERREY, A 25 mL K,
WIE, FRERE, HALE (K250 W, SiZ 40
kHz) 40 min, Jf7%, FRREFE, FHARENE K
PR, 25, JEid, ESRpEw, AR

(LM R %52 L HSYA S8 i =Rk T (0
NREAARR, WETAR (YD) NAEFREEATZRIE RS, 153
HSYA 52 Y=0.583 1 X—1.494 7, /=
0.999 9,

(5) FEHEHL: B “2.3.1 (207 TR
G 1% 9230 (D7 IR R AR SR 6 1
Tk BRI AR, THEUETIAR RSD 24 0.70%, #KH
IR A

(6) FaEtggd. B “2.3.1 (3)” Wi R
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W, EHI)E 0, 2, 4, 8, 12 F124 h 6 A
RAE €231 (D)7 TN BREAANE, d kg
AR, THEUETFR RSD A 0.67%, ALl i i
£ 24 h NEE .

(7) EEMHL. # “23.1 (3)” TN
T % 7 VA S R VA, PATERE 6 1, 4%
“23.1 (17 BUF IS FANE, 05 G R
HitHESE, HES5 2 RSD N 1.28%, KL
HEMERT.

(8 INFE R 3 %2 7y il kG 2% B A L HSYA
SEMFEMIERS 3 mL, JL6 1y, FHE ARSI
LIS TFES R HSYA X8 SV, 4% ¢2.3.1 (1)7
TR i 2R e, e e m AN, T
WK 97.22%, RSD A4 1.09%, 2% 81 77 iEA4 5 il 5 .

FR4 I 5E 1) HSYA i & 43 0k 5 HSYA R

HSYA {8 % =HIk 5 HSYA & & /HIBiAT HSYA & &
232 AEEERGEE R IED 2 Bk R BUR
BIREN 0.105 4 mg/mL 7 T 5 FESAER 3 mL 5
“2.3.13)7I F A 1 mL T 10 mL &,
SR 5%IEAEERENIA TR 0.5 mL, #2%5), HE 6
min, RJEIIN 10%A5ERER 0.5 mL, 5], #
& 6 min, PN 4% 4 mL, H 70% 8%
SER, BB, #E 15 min J5, T 510 nm 402K
FERE CAD B o LA T X B BT B R B A A A (X0,
AMENP AR (YD BATERIERENE, 2205 T ks
Hh2E [FJH 7724 Y=0.011 2 X—0.004, =0.999 8.

BT B 2 = L 2 /R
2.3.3 BRI R E A ) 5 0 R AR E
&=, Sl 150, fHid s S, WiERe 1 S iEE
Ageid 5 SERRRL, FROERE .

R R = 3o 07 R O A/ 9 T SR R
234 PAERENE BT, W 25 mL &=,
H2) 5 g IFFIRR S I B = A, AR
BRI (V) HERTPRRIE () BRUT
TUBURL AR, TS RURAN 25

FNBEBE =WV,

235 PRSEEEMMNE K “2.3.47 TR EA R
BRI R, DL 2 s/ARBISIER FRRS) 200 IR, 3k
HR A5 SR AR AR (Vo) W R LA B0RE A 4 R
THEBURLAIR SL 2% %

PR E=WIV
2.3.6  FXTIIFFEFR BRI T A RORL AR IR

oL =0 . By NS LS, IR S min, 4
IE SRR I I 46 B PR RORL o & . B3 FLAR 40 )
N 603+ 303, 188 108 83 wm FI 47 4 78 BE FrO ik,
THE AR Y55 BEHR 4L

HXF 38 55 FE $8 $ = F,/[100 + (dyy — dop)F o + (o —
d)F o+ dy — dp)F st @y — dy)Fpin + . + (dyiy —
Ap)F i)
237 FEIGNLL AL FE AR S B v A

SEHO Lt = IR S P A
238 Kibff SRAREER-SHEEATIE . KRF
KPR I e BE B AR AR AR —E R (HD, %1%
BEBURBIN TR, B2 50k () TS B f 21 s - 1
THRALE o JEHTEBCER AN R REHER A, 5
k£

K 1L /1 =arctan (H/R)
239 TRAEH HAAEPRL 2.5 g, WEME G
PEET TR R E R IR R, JEEAE
5 mm, FEWE, FFEIMREE 105 CHEMmT
T4 5 h, MRS, B2 TS, 54 30 min,
FEMGE, FAAELREE N 1 h, B4, E
JiEE, FBIEELE 2 XFERERNZERANEL S mg l
b FRAERCR I B E TR R E

TR T = (TR TR B — TR ) TR R
2310 WRIEER KA S AL IS AR
TRAs, TN 25 ClHIRFEN, “PH7 48 h, ffT)&
PENFXHREEIER] 75%. U2 2 g F I RS 25 FR
JE Ja VAl T CUE E i B R B ES, JEELAN 2
mm. JEMER (GG MFFEE+d 12h %
T, TN 25 CHEIBF N, T 24 h FRE =,
TEE R R ER R, FEREER,

W3 % = (R TR i — R /5 % )R T
24 BREZEXW

DL “2.3” 0N iENE &P debs, e E sk
B SR A IR AR R = TR
TELRE TG ) 0T S &5 R s, 1 DL ALT )
R EKF. 255t a4s1:05.1:08.1:1.1:
120 1:1.5.1: 1.8, 1:2, JHIBHZEFEDE
45 80%- 85%-. 90%-. 95%, JEIEF I ED BN
WIRLE TR 20% 25%- 30%- 35%. THRiREE
5 40, 60. 70, 80 C, THEmS[AIELFE 30, 60, 90.
120, 150, 180 min.

B ARk o LRI RE I, Ok A R A
A PR, BRI —k . e PR, TR
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R HERUE KA PR b B AR . A
B, EFE 1005, 101 10 L5 VE Az e
IVEEE . 95% CBEAENIEIR AR, B S,
B oW, ER REAA N RIS, PR,
Ffy 32 AT AR RO T T 2 VRN 95% L .

W 5 T R S AT I, ROk 2 2 R A
TR B R AN 0, {H HSYA R85 % 230548 hn
JE I/ R, UL 2 IR AR T HSYA &
B, Bokidy—Me. HERREE . WENEIERR S
SIS RIAE s TR IR 05 O 2 I 7R Y 1Y D 2
SRR SE I N SA R 2R Bl T R 7 (1 38 0 2
80 5 B R 34, E B 7 P R0 R 1 A
EERRR M 25 ERTR, BRI R 25%-
30%- 35%AMAL LS 22 TE

TIEIRER 70 CH, Bk A 285 IR B
R AER . S AR, TR R HE AR
FaE M R ah tEde bR, BARRMAE, HILT L
TR VE R N . DR, SR A RE SRR IR &S
B, TECRIERURL G RO & e, YB3
BAFREDLR, &8 70 CARBAETIREE .

TR LR, FORE G KRR 23 B I T P
G, YR IR FRA s MRS T PR R R 1)
B HERPEIR S EFE AR TG B B AR R X
THRGEPETRPR, TR H S TR AT K 2R
B TS T T JeR B T R IR 2 B AR TG K

oM. R, ZRE B RS VEN TR AR I E 45 2R
DAFR AR =0 . 4 TR (a2 H i, 4% 60,
90. 120 min AAL SIS HEEH

2.5 Box-Behnken I IZIT UK E T ZES%
251 RIRTE  fEELR SIS , D2
(A, THIBF 95%LBEHE (B TR (C)
NERRER, BNHEZRERE 3 AKE, DL <237 0
NEVTRIAME N ZE4R R, K H Box-Behnken i
IS VETHEEIT SN, R 3 IR XTI R AL T2
s IR R KRR 1, K58
TP R WK 2, S VPN Fabadll e 45 R LK 3.
252 MRAE T KA Design-Expert 11.0.4.0
BAEXT FIRSEIe 25 AT AU A KT 250w, TF
BN R 4. RSV IR R 7 2 0 gs BT
S, Zgfe . JEVES 2 R TR ] 3 DR 2 e
RAE B L PRSP I T R AR AR A AR 2 5
M (P<<0.000 1); X 50k7 A i 2 B Of B 26 S i i R
AEENTT (P<0.01), XHATRFRARESG S

% 1 Box-Behnken i 38 1% 1+ HI[E & &K FE

Table 1 Factors and levels of Box-Behnken experimental

design
=
- FAETSES
¥ A B/%  C/min
-1 1:05 25 60
0 1:1 30 90
1 1:15 35 120

%<2 Box-Behnken NI N IR IR IT R ER
Table 2 Design and results of Box-Behnken response

surface methodology

s
Jo
>
w

c GER
1 -1 -1 0 0.27
2 1 -1 0 0.27
3 -1 1 0 0.56
4 1 0 0.61
5 -1 0 -1 0.53
6 1 0 -1 0.55
7 -1 0 1 0.72
8 1 0 1 0.55
9 0 -1 -1 0.28

10 0 1 -1 0.60

11 0 -1 1 0.59

12 0 1 1 0.73

13 0 0 0 0.60

14 0 0 0 0.72

15 0 0 0 0.68

16 0 0 0 0.60

17 0 0 0 0.74

FEHZER (P>0.05). LA Egh Rui B3R5 3 A
BRI PR A RO IR A 26 BRALER . HERR
PR R R s T X RN PR 350 — 1 R I sl e ) S G
S 22 5 o BB R 3 B M 2 R AT FR R
K FH B /N - B K bR e AR IR o 3 43 VP4 8 bR 3R AT B
PRAETLAC I, AR B R AR R i R, SR 5 0t
PR AL B 5 (BRI AT S5 A AL E AT . FTRIAR I
4 AN—RIRFRRE REIIN 0.25, W ZZFahRRL
HRB S R A 2 (0.25) BUELER (0.25),
FA%EFE(0.125) RIS B (0.125) TR HL (0.25),
LEAVEr =0.25 X S IR E R B R +0.25 X A R +
0.125 X F2 %5 & +0.125 X R 2% & +0.25 X )i 2k
H, AT ERIE 2.

SFLRE VP 5 R TR, 3R EILA T FE
N Y=-6.435 6+0.901 3 X;+37.827 4 X,+0.010 3
X;+0.587 5 X:.X>,—0.003 3 X.X3—0.029 4 XoX;—
0.403 6 X,°—55.093 3 X,>+0.000 1 X3*, Hr X, X5,
X3 3 MRS PG LG L R S TR I, oA
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Table 3 Box-Behnken test results of each evaluation index
2 HSYA & 23flfR  FAX¥SF MR IRSIERY TR R ZEET Mk R
B 2/% B /% FEFREK (gmL™")  (gmL™) /% % gtk e /%
1 88.58 95.24 0.008 2 0.33 0.46 5.53 7.41 1.36 31.17 93.03
2 89.61 93.50 0.006 3 0.29 0.39 3.02 7.66 1.35 30.96 93.45
3 92.13 95.59 0.013 5 0.40 0.48 5.70 7.09 1.19 27.92 97.13
4 92.34 96.00 0.007 1 0.29 0.38 2.94 7.42 1.35 28.81 98.30
5 92.49 95.94 0.006 8 0.36 0.48 5.99 6.33 1.33 32.62 97.57
6 93.94 96.06 0.008 2 0.29 0.38 2.91 7.19 1.31 34.22 96.70
7 93.59 98.36 0.0122 0.36 0.48 5.58 8.07 1.33 28.59 98.53
8 96.41 97.79 0.009 0 0.28 0.38 3.66 6.85 1.38 30.54 96.50
9 95.69 95.29 0.012 1 0.29 0.40 5.16 8.72 1.40 27.70 95.27
10 93.51 97.25 0.0109 0.33 0.45 5.09 8.51 1.36 26.34 97.38
11 87.78 98.78 0.006 7 0.29 0.40 3.39 7.93 1.36 28.81 95.07
12 92.10 97.96 0.007 4 0.36 0.48 4.36 6.81 1.33 28.37 97.02
13 93.73 97.42 0.009 5 0.29 0.42 3.97 7.36 1.42 30.96 97.22
14 95.12 98.35 0.010 6 0.33 0.46 4.06 6.96 1.36 30.75 97.06
15 91.77 97.63 0.009 7 0.32 0.43 3.79 6.99 1.35 31.80 97.24
16 92.24 96.43 0.0105 0.33 0.43 3.93 7.28 1.30 31.17 96.68
17 91.37 98.01 0.0103 0.32 0.46 3.26 7.09 1.41 28.81 96.51
T4 FEDH HORE SV A B AT 2 Y s (B A R R )
Table 4 Analysis of variance [ 4 i, /?:\ Xﬁ% *ﬁ_ E(J % };@ﬁ;ﬁ e “3 =4 @;ﬁ }iz asy =2
Wit PR Eh PR P L TS 2 VRS . BRI K25 BT
HSYA (Rf1% 5256 584 121 04086 MR IIAOBOINTINNN, F TR MK, Wik
R R R 3037 337 9.8  0.0040 AR o
MRS )5 HR 000 000 135 03018 253 WM TZZHBWMIUEES KM Design-
IAE R 0.02 001 2243 <0.000 1 Expert 11.0.4.0 #1471 Numerical 3 G815 21 1 Fe ik
- %, e B Ta] A in, FIEIZEE3E4 K
TR 1300 463 1624 0.000 1 32%, TEERFESN 120 min, TMEIZEEEEN
» T2 583347 IGUESEEG, I
T 300 044 140 03363 g?jﬁ%ﬁﬁMIzéﬁ#ﬁ3MLﬁ%% %
—— 003 000 152 0297 UESEEGE R IR 5. B0 RS 56 25 5 3R 0 % VPN 45
KA - - . . IR . . “ NIV
. g 476 148 03081 s SEMAE 5 To0 AR &5 SRAR I, U0EH BT 8 L E
. ' ' ' ' RIS el L1 X N I e I i s L EA W2
LRSS 21.39 7.13 6.22 0.007 5 pe . "
- R T 2S5
LREVEa 035 004 799 0.006 0

R R AT 5 Z 0 M, PAE/ANT 0.01, KRBT
BESTHIEAT R R G AR R R i
LB B B A B, AT A T
SSHRAMERE TR RORRA T . IRSEH L. THR
SRE AR OR B R S SR AR TN

SN EL L A R S TR R] 3 IR SR
VRS I 1. B 1 ATLUE Bk
JR B 2R PPy B 2 LG L I R R AT 1
BRGNS, b R AT RN TR B
ARG HIVE R, HUERIERGER, A E =N

2.6 ZITEFAIHIRTE S EE

2.6.1 ZLACRURLA)E R R e AR kL
(VP ER P o Bk A 22 e o, R B = R
4TI, BPHMERRME. XML WshME R e,
Vi R 2L A6 UKL P BE 4 S0 B E 1) — e da b o i ik
H 7 ASYELEE bR 2 H0R) 2L AR R ) 3 4 S
W R AR, AN E . IRSEEE . M
XTI EEAR R, SNt Rk, TR E
T TR

2.6.2 ZARBURAERERAFIE % “2.27 T
U7 10 LA AR T RURL ) BRI 4R AR
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Fig. 1 Contour map of effect of three factors of medicine auxiliary ratio, wetting agent dosage and drying time on

comprehensive score

#*5 WESLWEHER (X E£s,n=3)
Table 5 Verification of experimental results (X £s, n = 3)

BRAEELD T e SE
HSYA T~ B %/% 93.90 91.03£0.22
SRR B /% 99.06 98.92+0.40
FHXT I F5 e 0.01 0.0140.00
FABEE/(gmL™) 0.35 0.35+0.00
PRSLHE/(gmL™) 0.46 0.45+0.01
UK /Y% 4.56 4.5840.02
W2/ % 7.33 7.3540.17
SR 1.34 1.30£0.03
RIEA() 28.85 28.59+0.18
B /% 97.25 97.16+0.54

Mg, #59051°4 20190313, 20190314 20190315,
20190316 . 20190317 . 20190318 . 20190319 .
20190320, 20190321, 20190322 (G1~G10)
2.6.3 W ETRARIIbREIGEAR B 10 R
K, A3HIE BiA 7 ANYERbRIE, FTEEREN T
SO, SIS (AR Z [ —YE R, B 0~10. %
VIERSBF I AT RO REIEUE TG 28
[ 2441L) 2015 4R SCHRIBGE! 'Y, 3 —ZhRhris:
W75 BATHERAAE G W3 6.

2.6.4 ZLAEMURI B AR SIS R 4% “2.37
TR 745 10 #La B RR ) 7 MY B R b 2 4
8, FEXTETIAS 1) S 00 H0 i B AT AR v A i 4 )5
&2 1) T a2 P& DA I 25 L Ik £ A R0RE (1) 1) 3L 4 2
B, DL 10 FLLAE PR Z0 A bR AL B S
SR IME 2 B IR B, VR Rxt B A B4R g B,
LK 2,

R6 —RYNIEREBIERIAREN IR
Table 6 Standardized conversion method of secondary

physical indexes

— 2 dEhy Z AR ¥ ] i
HeRAME M E/(gmL)  0~1 10 x
PRELHEZ/(gmL™") 0~1 10 x
B XGRS 0~0.02  500x
wmaE EHgNLL 3~1 (30—10x)/2
ik /e 50~0 10—(x/5)
e FHLEY% 10%~0 10—x
W W22/ % 20%~0 10— (x/2)

x FR (i
X represents a certain value of the range
2.6.5 VIEIRSUEITEARMLE S 0T KPS 10 fikar
6 BRI 4 3 Fi S P 55 0t R S0P o AT AR AL
FE 53 HT, R FHERE A BEFR A SPSS 17.0 R AR
SZAYMT T EARALRE o ARACLBE BRI 1 3R B 5tk
YR LT ACJBURE P 7 B A o OB OUT o R R 11 5 45
AIHT, 10 L4 e MU [a) i 4 315 S0 B AR UL 7
0.99 L b SIS L, AR EIRT
0.99, 3R W5 IR LT AR FIORE (1) P B o 22 S AN K
3 g
IR R T SR T, R
PRI T KAl 22 R A — B R RIR B AR,
S 2GR 5 T H R E S . B
BRI, LR T 2B 50N 2 DUBTRL R R
P FEAR, 128 T TS ER Bk 20%
oy B LSO R R R AR . R, ARSI
DARIURI A RO PR R . B R . HERUME . 3 —
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AHXT 55 BEFRH AHXT Y5 BE R 2 AR 1155 FE 4R 2
NI P 5 PRIk S g kA Fa 5
SN PRS2 S SN PR SN PRS2
TR I 2 TR E TR 2 TR E TRV 2 TR E
G4 G5 G6
AT 855 BEFa L AHRXT 35 55 FEFa 3 AN 3555 FER 4L
NI PR NI P B k£ T
L PRS2 S ZELL PR i L PR S
MR R TFHRRE IR TFHRRE Sl TRk E
G7 G8 G9
AR5 BEFRE AR5 BE R4 AR 155 FE 4R 2
NI PR NI AR Rk A R
SR ‘ B9 SR B9 SR WA
Sl THRAE TR 2 TR E TR 2 TR E
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