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Optimization of water-precipitation process in pretreatment process of Salviae
Miltiorrhizae (Danshen) and Ligustrazine Hydrochloride Injection based on
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Abstract: Objective To optimize the water-precipitation in the pretreatment manufacture process of Salviae Miltiorrhizae
(Danshen) and Ligustrazine Hydrochloride Injection (SMLHI) based on the quality by design (QbD) concept and the sequential
design. Methods A design space was obtained by the global-type sequential design methodology combined with the
fishbone-diagram risk analysis and central composite experiment based on global type sequential design method. The preliminary
optimized zone of critical process parameters was extended in axial direction on the basis of the statistical result gained from the first
central composite design. Then an updated multivariate linear regression model was fitted and a design space was delineated and
verified. Results According to the design space, the recommended operation space of the water-precipitation was as follows: when
the pH value of the material was between 3.1 and 3.4, 3.25—5.00 times of water adding into the solution was recommened, the
standing time was 7—17 h and the standing temperature was 7 ‘C. Conclusion This study introduces the sequential design into the
process optimization of traditional Chinese medicine pharmaceuticals. Compared with the experimental design methods such as
uniform space grid design and orthogonal design with a large number of samples, while samples cover the same feasible zone in a
continuous operation form, sequential design methodology can effectively reduce the workload of the optimization experiment, avoid
the waste of manpower and resources as well as guarantee the prediction ability of the fitting model.
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WAL, kiR T, BRI A B BRI 24
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Bl i)

1 XFEERG
1.1 &R
AB204-N. XS105 #7041 KF, Mettler-Toledo

AR AR; Milli-Q H4ikHL, 3£E Millipore
AT Agilent1100 B S ROBAH %A%, 3% E Agilent
BHHEARAR, MPUTCHEZRE . B HiR
L2 HMG I 2% . ChemStation T/t ; THYD-1030W
IR RS, TRRMEAEE ;s 5804 R BIA RSO
ML, Eppendorf HEARAF; DZF-6050 B 72+
EEFE, R SL SRR SR A .

1.2 K5
HAT B S DTN S P 2R 8, MR

FERFI AR AR, #t'5 XT190501; Xf /& i
FFZEM (5 171027, FiES398.93%) JF )L
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170825, i 4341 98.85%) FHH R B(Hit5 171102,
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HPLC 43 #7644 - i 45/ Waters Cortecs™ Cig
K (100 mmX 4.6 mm, 2.7 pm); LA 0.04% FEZ K
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WA A, 0.04% FF IR L5 W NI shAH B,
BEAT 0 BE e 08 » SR B AR A FE : 0~10 min, 2%~9% B;
10~23 min, 9%~16% B; 23~36 min, 16%~19%
B; 36~46 min, 19%~23% B; 46~51 min, 23%~
40% B; 51~52 min, 40%~90% B; & illy%K 280
nm; AR 0.8 mL/min; #FFE R 3 ul; FEiR 40 C.

B #2732 : 40 il kG B PR BT 25 2240
JRLZRIE . RIEERR . BEIR. FHHIR B ST IR
A XTRAE R, IS 2% M ERET 20% H B KIS
fife, RIS X I S A A PR PSR
JRLZRE . RIEERE . BEIR. FHHIR B ST R
A BREIWRE BN 2.074. 1.029. 1.003. 1.028.
1.044. 1.047 mg/mL, fECIEA b BB G R,
IR

PR S ) 45 i R FREUKIT T 2R
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Fig. 1 Fishbone chart of process parameters for water-

precipitation process
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Carlo J7iA T H A I T L2 0 Bt 25 1A o v )
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Fr & it & B Microsoft Office Excel 2018
(Microsoft, USA) Al MODDE Pro 11.0.1 (MKS
Umetrics, Sweden) #45E 5.
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K H H 0 & A W 114 (central composite design,
CCD) W FU/KIT TR T2 SHAM T 29PN Fabs
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H T &M T 2S8R, E40 1712
15 W SR B I S AR P R S S A5 H DL 4
W — ISR, KRR (XD N 4.0~5.0, 0
KJE VBRI pH AE (X7 T 3.3~3.5, B B IR (X,
KU EAME T % B2 SR v £2 s, K
N-2 CHeghvk, 10 CRykE AR E If, Ktk
ZREKCFRE N 1L 30 4.7 C) KF 10 C,
EENT (Xy) 12~24 h. DUCNIKIE, T35
KPR E MWIIR S T AR 1. SEERZE R LK 1.

x1 ASKRITZH#4E CCD 38

ERWRIFR T EXMT, FEERENT
3.951%~6.447%; FIZ %, LK. BRIEFR.
KBRS ER B /£ LGP AR5 T
88.95%, #iK 2% B0 A A T My B 401 Ok AN i
10%; FHHER A IIREZHAN T 76.43%~88.79%. 1
EAR T, DR SRR PSR
T2 CQA NEMA L REEFHHER A fRET .
¥ MODDE #(F 757 %2 e ek M Bl R Y, 22
B Ko R b, 1R R R 5L
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Table 1 Initial CCD experiment design table for water-precipitation process

e T %M [Eil A 2 A BRI B 2 1%
Xi X X/C Xah o BRFE% PEE BJLRE REER O KER O MHERB FHHEA
1 334(-1) 32(-1) 1(-1) 10(-1) 4799  98.54 94.65 92.16 91.75 92.53 81.52
2 556(+1) 32 1 10 5916  96.33 91.32 90.52 90.56 91.25 78.75
3 334 3.6(+1) 1 10 5518 97.29 94.28 92.29 92.30 93.39 82.90
4 5356 3.6 1 10 4974  96.70 92.71 93.23 94.04 94.54 86.07
5 334 32 7(+1) 10 6369  96.36 93.67 91.71 91.53 91.98 84.35
6 5.56 32 7 10 5033 9651 92.17 90.96 91.00 91.58 79.93
7 334 3.6 7 10 3951  97.61 95.49 94.23 94.39 94.79 87.57
8 556 3.6 7 10 4.045 9692 93.57 93.86 94.78 94.87 87.58
9 334 32 1 20 (+1)  5.623  96.85 93.94 90.58 90.46 90.83 80.49
10 556 32 1 20 5043 96.07 91.82 89.23 89.53 89.98 76.43
11 334 3.6 1 20 4794  97.45 95.38 92.58 93.23 93.33 83.15
12 556 3.6 1 20 4239  97.65 94.34 93.60 94.69 94.87 84.78
13 3.34 32 7 20 5747 96.87 94.75 90.38 90.16 90.33 78.99
14 556 32 7 20 6.447  96.66 92.98 90.74 91.09 91.48 80.45
15 3.34 3.6 7 20 4443 9720 95.96 93.37 93.68 93.75 85.08
16 5.56 3.6 7 20 4288  97.29 94.76 93.92 94.72 94.80 85.71
17 223(-2) 34(0) 3 15(0)  3.345  96.49 92.74 93.44 92.82 93.53 87.10
18  6.67(+2) 3.4 40) 15 4503  97.73 93.73 94.18 94.49 95.42 84.46
19 445(0) 3.0(-2) 3 15 6.170  95.92 91.37 89.90 88.95 89.46 76.88
20 445 3.8(+2) 4 15 4.077 9791 95.90 94.71 95.15 95.52 88.79
21 445 3.4 1 15 4.686  97.00 94.27 91.85 92.20 92.75 80.59
22 445 3.4 7 15 5420  96.40 94.41 9221 92.56 93.23 83.53
23 445 3.4 4 5(-2) 4571 96.79 94.19 93.16 93.15 93.88 85.50
24 445 3.4 4 25(+2) 4261 97.50 95.92 93.03 93.49 93.71 83.29
25 445 3.4 4 15 4707  97.21 95.20 93.14 93.36 94.04 83.85
26 445 3.4 4 15 5224 96.03 93.98 91.91 92.09 92.68 82.50
27 445 3.4 4 15 4.687  97.07 95.04 92.87 92.97 93.56 82.91
28 445 3.4 4 15 4881  96.76 94.89 92.82 92.91 93.34 82.93
29 445 3.4 4 15 5349  97.08 95.22 92.95 93.27 93.65 83.45
30 445 3.4 4 15 5016  96.25 94.41 92.12 92.37 92.81 82.42
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PR A TR B A SmFEE, FEA B e, )
PR A TR B Zf o — B R B PRI ALK,
TN e R e B UL RE T ] 4 25 R R ) EL R M AN
W, TR 25 B8 BN K A5 S O P BN (S FE 1) B 4
YEZ%, M pH EHGTPRHE M i B R R
TRARES), HPENE R S Pr A th A R
M, BRI, AW FEAEAR I AR A S A 45 JE 2
fili b, HEAT 7SS BG, VR SRS On
KAEED) HBOHEE, PR HKIT T Z 0
A

R2 RAESKAIZHHFLEASZEEITFNIEREFERL
RESH

Table 2 R? values, regression coefficients, and weight

coefficient of indicators for regression models of CCD

experiment for water-precipitation process

Bk FHRR A FlkE SRR A

BE  REE | BE REE
Xi 0.010 0.170 | X3 0270  —0.620
X2 —0.790 0.790 | XiX> — 0.330
X3 0.010 0.350 | X2X3  —0.400 —
X — -0.260 | #®H  6.140  28.670

X2 -0.210 0.240 R? 0.736 0.880
X? 0.250 0.160 Ragi? 0.653 0.835

26 ETHFREIZENTRIEERAESKALE
R ElIHE R B H

T RIMKGEMELEE, FERSH 1R
CCD SE3—30 pH EH 5 #F BB, di—P%
SZhkfEE (XD, pH H (X)) KFEEERE (X5
XKUT L Z A LR R . R, HR2EE
NP P T i - AT N Y 8- S|
i€ 8 15 he JFHSLIIEA CCD SLimit, T&
SR ENR 3, LI RHR LRI e 45 R %
3. Hrf, 75 50, 51325 &8 MODDE #4F H 3))
SR R A, TS pH RMEXRMET
RS EAE T o YA 51 ANSEEG A BdE 5, B
BB, RS EHEMFTFS KT CPP 5 CQA . Ja]5%
AR ShRUE AR TR 5, IR [ R 50
R* LA Rogi> W3R 4.

2 NMEFFEY Rag® 3K T 0.8, Ui BABLAYR
BRI AR 5. [, 5 “2.5” DAL AL A

Efift
EE,

#3 ASKRIZHHT R CCD TWFITHIE R RKFEF

SEIEER

Table 3 Sequential CCD experiment design table for

water-precipitation process

. T2 Ek%  THRER A
gﬁ Xi X X/C BRE% AREE%

31 1.68(-1) 32(-1) 1(-1) 3.390 90.78
32 278(+1) 3.2 1 5.174 81.07
33 1.68 3.6 (+1) 1 2.897 92.47
34 278 3.6 1 3.967 84.88
35  1.68 32 7(+1) 2384 94.89
36 278 32 7 4215 86.87
37  1.68 3.6 7 2.033 95.54
38 278 3.6 7 3.301 88.24
39 1.13(=2) 3.4(0) 4(0) 1.353 98.20
40 333(+2) 34 4 4.157 83.04
41  223(0) 29(25) 4 4227 82.87
42 223 39(+2.5) 4 2.521 91.85
43 223 34 1 3.993 85.52
44 223 34 7 3.139 90.12
45 223 34 4 3.360 87.80
46  2.23 34 4 3.377 88.04
47 223 34 4 3.493 88.14
48 223 34 4 3.631 83.11
49 223 3.4 4 3.419 88.63
50  4.30 29 7 5.561 78.16
51 3.00 29 3 5.824 76.43

x4 RBKATZHHL
RESH

Table 4 R? values, regression coefficients, and weight

AW EITMIEARETER R

coefficient of indicators for regression models of sequential

CCD experiment

A B2 FHRRR A - Btk FHREE A
Xi 0.120  —0.100 | X3 0.270 —

X -0.400 0.580 | Xix» — 0.120
X3 -0.160 0310 | W4  4.470 17.050
X — —-0.160 | R2 0.836 0.909
X2 -0310 0300 | Ra®  0.813 0.897
X22 J— J—

RIS, AR 25 B R AR Ry HH
0.653 #£EZE 0813, SRR A {RE RN Rag’
H 0.835 $2 = & 0.897, Ui 2 AN L & Fahna AR
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HIPEREXI A SE . MR 4 o 2 DMEAREl AR Y 2%
TR R KA LR AR pH B ] 1425 B
FREFLRE R, T pH B2 i B IR P2
A TR B AR RN, BURM pH (& B
IKAEEA R TRRERE LA, ML AR+
FHBYER A 1E LIS IR B
2.7 RITEERY T EFIEIE

FIZ BRI L Z M EZ B bR 2R EAET
IKITR I TR SR, e TZS 5,
B EARIEZ B R R, R ORIES i ) 22 4k
FESLFEA b, BT ORAEA R IR . JFZK
VUL IR TR A DA HAl 32 27 2
PROREA 2, DRIFHEIR A A OR B R IRABAE A IR TS o
AR B TR HI5% 0, SRE T Z PRk
Bk, Zib, OB RIT L EME, RAERT

2.0 3.0 4.0 5.0 2.0 3.0

A SIS R PR E A, BOE LR KT L 2
FRbrARitE: X KUT L 2 0 A 2 bR 5 P R A 1R
R R B B ARPRAE, 730N 4.85%5 78%, HRAY
B2 ) 4 S50 U & R BN 5% 4 kAR
#E, KA “2.6”7 TiFT/FEABAY, F MODDE %
THEAS B2 ]

TE L 2R bRiE MRS 35 = 95% M & it 28 ] (T
R R <5%, B 2 et eX ) Ju kst A
B A TEAE S 8589 brA TR,
TEAFTRNE pH ERRTIE T, 8 B IR £ &
B I A) B i B R B R ARIE T2 o R IA B 2
#E, T RS ERERBOKIT T EMN S, KU
B pH L2008 3.2, BEi, BONFa gk
AN K AE & 3.25~5.00, # B AN 7~17 h,
FEIRERT C.

FEREM

4.0 5.0 2.0 3.0 4.0 5.0
Tk e

B “O0” HETNEAZAA N T ZSHUE N, RSB TP fabrbr e R
Index in the “00” means the failure rate for process here using corresponding parameters
2 ABKRLIZHBEIT=IEE
Fig. 2 Design spaces for water-precipitation process
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2.8 WEER5EIT=EAIEIE

D 6 A AU A Y ) A R 1 R BT s TR A P
P, AE “2.77 WA etk RN . SMBUR EEATSRALE
HARIGAE RUSRIG SR AT S SRIG S5 R IR 50 MIRIESK
B R AR, % 90 E S T bR S BV 5 R T
EVE N, TR B T e
BOF 2 M NS HOATRAE KT T Z (VI~V3) i
EARPRIYIEARAE, T8 B R A S B AT A
HIKITIE (V4~V6) [l 7 % B3R RIE Bl IR

e, VLEE G 2SN 1 T2 280k is S A4~ Re
TRUEETF 0 T2
3 g

AR FEET R EE TR SR TSN E
W SV T AL PRI R P S IRk G B KT L2, Bk
F T Sl B 0 B A S B T R B S
THEE NI T MR T, R&A83 TKITTE
BT 2 (B o FdEAT T 300E, R4 T RO R
g PR A 2 1]

x5 FASKRIZRITZEMIGESIEFHRER
Table 5 Conditions and results of verification experiments for water-precipitation process
FE O OMKEE  pHEE  WEEEC  GEMEL UG JYROTR A PRRH%%

FitE SEME TR SEME

V1 5.18 3.35 7 16.7 5.144+0.30 5.00 82.594+0.92 82.70

V2 3.40 3.00 7 7.1 5.621+0.49 5.58 81.78+1.52 80.37

V3 4.68 3.42 3 5.0 5.091+0.46 5.27 83.141+1.43 82.92

V4 4.05 3.47 3 15.0 4.83+0.25 4.83 82.59+0.69 83.01

V5 3.51 3.45 3 15.0 4.60+0.24 4.82 83.3940.67 83.01

Vo6 3.80 3.73 7 15.0 4.17£0.38 3.87 88.16+1.17 87.23

T 5G, AHE T A O EE R S R BGRK T
TEW RSN SHEGEAT TRV, BRE
(NI A 2 DA ROK TR G 2R 0 pH R &5 B[]
B IR B R T B — P SR R R AR
KT 228, HiRk, KH CCD i T S8 it
FE MR E @ ST KT T E CPPs Al CQAs [A] (%2
AL, B KIT T 251 CQA M HAx, &5
THE IR TR PR R MO 2 1) Bt 2 [A] . AR it
], PES N E R S AT AL B R P 2 a4
KUT L Z M AR AR KPR pH EHA
3.1~3.4 I, /KGR 3.25~5.00, FFERIEN 7~
17h, BEEENT C.

TESRI W AR, TRt S 1 SRl b,
BTN G T SRR AW e T8 1 IRSER IS
BT e, RIS 1 R geit 4
R, ETFIRIE, Gl T 2 RIS
ZATEHE; BE, BRA T 2 RIS B, it
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