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Abstract Pharmaceutical Quality by Design (QbD) emphasizes comprehensive understandings of multidimensional combinations
and interactions among raw materials, process and product quality during the pharmaceutical manufacturing processes. Such under-
standings could be realized by mathematical models, which characterize the “input-output” relationships of process systems and are
important tools for explaining the laws of pharmaceutical quality transfer and predicting final product critical quality attributes
(CQAs). Based on the quality risk management principles and the influence of mathematical models on the final product quality,
process models were divided into high, medium and low risk categories. And good modeling practice (GMoP) was introduced to

standardize the modeling process and to improve the efficiency of process modeling. This paper also summarized the methods of

mechanistic model, statistical model and hybrid model, and reviews the applications of mathematical models to the extraction, dr-

ying, granulation, powder compression, process monitoring and control, and application of process system characterization.

Key Words
hE 5% S:R283.3 CEFRIRAG A

2009 4F, NJHZ 5 AR B Br b 25 (Inter-
national Conference on Harmonization, ICH ) 7F H.38 /5§
S ICH Q8 (R2) Hhfid s 1 B ¥ T8¢ i1 ( Quality
by Design,QbD) ™" Hfi sl il 24 3 75t by 1 5 AR 36y
FE A 7 5 2 1] AR R XU DAy il I 28 5 140
WEFE B Y A2 77 07 o 528 QbD R AE T iz
FECSA R RAE AL Ty OB T 25 2 BN O B 7™ it It
B TEZ W0 Z4E S S EAE N, 2R g R

g H - E R PARERIT H (ZYBZH-C-QINAS ) ; [6 58 [ SRR £ 4k 4

Quality by Design (QbD) ; Chinese medicine; System modeling; Quality transfer rules; Quality prediction
doi:10.3969/j. issn. 1673 —7202.2018. 03. 003

315 ] ( Design Space , DSp ) il ik 4 i 5
2013 4R, sRAAALEE Lt 8 45 1 N7 LA A R TR A
L2, RS 228, W DR 25 1L 2ORS
JE L ARTH R 2 RZ TEA R B R RO
Y, Jedk i o Pl b L AR RS R, 1 3
FEAR R H Y. P, 8 TR AT I B
2 2 R i R TR v 2 R R A S
DAL AL 006 i 2 3

TiH (81403112) 5 [F1 58 F AP 734 B R T H (81430094)

YEB A AT E B (1991, 11—) | 53 FEEehi AT 584, WF 5805 1) < vh 2578 BERL AL, E-mail : sglzd @ buem. edu. cn
AETER ARUK(1985.02—) 5, Wit B4, AR AP A S0, 7 1)« A 24 i A e T 227584l , E-mail : xubing@ buem. edu. en; 77 4
(1956, 11—) 53, Wi 3082, T T AR 0, B9 1ol - oP 2455 B 24 5T, E-mail ; yjqiao@ 263. net



- 544 - WORLD CHINESE MEDICINE ~ March 2018, Vol. 13 ,No. 3

1 ELER
L1 TZAERINGA AROREX R G el Ay Bl
FIE AR GRS X IR B TR ) PEAL IR TR
2538 IR B R GEPIRAS o B BB Sy 523
Hl25 B U B T H A2 A A A
W B 2 i il an g s o B A s R T
BT AL 2 H R 5 . IEAE RN Ig P B ICH
Q12 Fi5 R 5 L BCah QB A ot Fp e it , HH R 2
— R I TR S T R SR ekt
BT TR R A R AE G B kL& Pk ( Critical
Material Attribute, CMA ) | 5& 4 T 7 £ %% ( Critical
Process Parameter, CPP ) Fil 3¢ 48 i i J& 't ( Critical
Quality Attribute, CQA ) 2Z [] 3¢ 28 MIAH ELAE ], fift Bl
2l o i A e FL AR, S B ot O T o R R N A Ok
SESAR bR TR A T 2 AR KU
B AL TS OC SRR MEBOCHE T 2S5, LU Al
SRS i 4 Y B A o 7R R 24 R o AR P AR
B R di 28 7 i A R 2 T R I, BT KU A
PR S, AT LUK AR 2y S PR3 R
BN R AR AR TR A T S 254
P i B AR RO B BT B AR B, ok 2454 77 i v
15 P B 43 ( Active Pharmaceutical Ingredient, API) i
T3 T A A T T i AR, b R R R R AT
SEHT RS TR ( Real Time Release Testing, RTRT) fY)
BARU A 52 ) rP A SE AT 2R TR (%) T 285 SR X DR IR
27 i 1) B R AR B H R g 257
AP R, BSOS B T 45 2R 5k B e 24
Jrit R ME—FER bR, AR Z 8O0 TF & T 2304 18]
AR, LA R el o 42 i 45 L 45 5 3 ) A 52 v g A
YR S A B By 3 (5 P A A5 i 5 Y, 4
2y B AR AL, AR SE B W b, AT AR 4 T
RS ) IRV /0N, X A58 Y 4 A A [) R 1 246 i A0 M
Fi, i A R A A RN A BN o
1.2 TZA@EBmRE 2 LN ks - fid,
AR ST R G L 20 S B O B H 1), B A
9 H A5 LT 20 s E AT R 4 VA ZLLL R it
P BB TR AR 3 M, Ui e 78 e AR S i o A
Tk SRARASRL, JF XA B AT 30 0E 5 Foe 2B A )i
AT bRA = i

AR R AR g ST B 55 E A A 2 R
BEEHARIK Sl o ALY (8 7 FH B0 TE 2 A R i A 0
Wy BATNERUE 2 )5 , 128 R A BB AR 7 o A
PR ZR R DR v 110 S B B A R 70 00 235 2R, 1) 78
i, IRl T 2R S A R Y AT BB 4E 4

R LR ek T 2R B, LA
R LA RAIAE B, ] [ 58 1T 2 AR A0 3R, 4
AR R S A AR 7 AR A S i, ST AR T
HASHIHIVE ( Good Modeling Practice ,GMoP) ', {1 [&]
1 s,

g e
4

ki BERE ) | DAHHE
- AR A 4 .

Eﬁﬂﬂhzﬁﬂ: '7 . ;jﬁ.pbm

Duplexik ‘ e 1=

K-Sik © SGFH

o —— * ZIGHHKRIE (MSC)

SEXTE . ﬁ:;&iEth (SNV)

AR X . WA PAEEE
ot ot R

$ « [AlR@ i/ —3f GiPLS)
o Bahi Dwi/h —3# (mwPLS)

o I o BKfE BRI (UVE)
° - . L i1 3 47
. Rap © BB
. Giibgem 3

e o RAXEE (B, K-foldi%)
Bk o R ’
o bR o HEFITERR

« L2k

- T
B 1 BarERM—RIESR

1.3 TABAER TN RS A o
FEPEHI AL IR Lo P2 T 24 20 P i FR AL 45 1 2
ERVERATT, NGB R4 TR hDRL R SE T
TCo BUAHALE FIT 25 50T & 57 & BB,
Ry TR AR ML A | e A 2 L
it (AR AR .

L3.1 ALEAAL  HLIRALR RYARF A 5 — P e )
(First principle) Y , GE 45 AR 4l i AR ATLEEHL AR, 40
Py SRE A iR | B 1T L A ) 2 SR AR X
FROFFERY L AT M e R, SRR AR R,
AL HRAR L) J7 ¥ A0 4% B BT ( Discrete Element
Method, DEM ) 8% 4 R JG ( Finite Element Method,
FEM) J7#% , i 88 - 1745 5 ( Population Balance Mod-
el ,PBM) """ 3154 % K 3l 17 %% ( Computational Fluid
Dynamics, CFD) ** % il ) T 2 i FEHL B 42 W &
A, PR AL 2 AR e B s R, R
AN, ey A S R R AT IR A A — SR R AL
PRA 5 2%, AT A iz 3 )y 2 9f iz A DEM /] LA
HEBAREADURE T35 SIRZS , ZEREIURE ) R Wkt
WA R A R AR S SRR
i, PBM 25 [ WORE P A T 1 52
i, AH HABL A TR LA i DEM,, FEM J2 3K i
k737 R A TR) R S AL e 1%, X b 7 ¥ 2 i ik
53 5 /NAT BRIC A 5 Bk R A el B CFD 3
PRI I2A B — A>3 3, A PR 2o A R R i e A
ST KRR Sh g



RS P2y

2018 4F 3 H 45 13 %45 3 1 - 545 -

1.3.2 GEiPRiAl Gt AR A R, SCFR
“PRARATAL” BRI 9K S BT AY 2 B4 A (]
T VLSBT N T2 M 4 SCRe I LA
MU 3% [ Merck BF5T A R, 80% il 24 4
NP AE 2 S I A AN L 20 7 i F v R T G AR A
FHT 0 g AR 78 B 2 A G R G B
P PRI T K 3 B2 A 92 B8 7] ( Design of Experi-
ment, DOE ) ai 4 p i 29 Iy s 4t i ¢

1321 ARy [a] ) A R A e T A v i
Fdsch) iz, T B2 i 5 RS 1 22 8] Y &
KA X IEF LB A T4 1 1 1 22 3 R
ACHEI A G L T o Rl DB B A A 1
B Dy RS S . 7E QbD Rk, DOE J5 % BE 8
BRI ] g 250 7 58 ARG T R BT T 1 A
A5 g . ARSI .o R GO R
e B U DRL Y T 200t s T, DA T 4 i
LY FOR R R M R o B A
518 Box-Behnken B3 | 1E A8 SL B
B Plackeet-Burman 4% 31720 25 75 vh 24 ] 24 1+
FE A SCHRARGE . 2] 24 5 AR P g TR T — ik
K2 JCR PR, R 2T U R A

1.3.2.2 WEASEEIR A E R (Latent Variable
Modeling, LVM ) 2 i 3o £ B 7% 75 12 ( Latent Varia-
bles, LVs ) i) 5 20K Ji f o 4 25 o] 5 5% BIR G 25 1]
I HAH R R AT RE 2 B O) B BUIR 15 B, AT 5K
X v AR R AT A4, 9K 5 TRV 78 1k 2 [A) vh A A
A BRSO R . A8 2 i, LA
BRI X (12 x3) A, 2 1 I a6 2 6] oy = 4
23 6], SR 2 SR R LVLLLV2 5 = 4Eas
[ X ety — 4 s () (W8S i) , H LVL 5
LV2 b FIEAET7 1), 550k i = 4 25 [a) Fe i, — 4
o S 11 ) 1 T AN D A= et T O B 6
REAELLAD i BE 4 20 s rh i R 22 53 05 ) 4 BT
At , PRI L A Hh STk AR R A 28 H, iy ELVE
A 2 (AR S 1Y I HLOW A A3, R AT LA fE
AR O R DR T AR S 55 O S AR L
BV A8t ARy 1 R A 32 1843 43 A7 ( Princi-
ple Component Analysis, PCA) | 3= {43 [8] )3 ( Principle
Component Regression, PCR) L B A 5% /> — 3¢ ( Partial
Least Square, PLS) ™2 &5 |5 25 J3f5 1t 1 35 K LA I
Klls N ERASF B S A% Ak, S B 22 T e T A e A
Jiik, W Z A8 32 43 43 B ( Multiblock PCA, MB-
PCA) 2R B /> —3f ( Multiblock PLS,MB-PLS) .
TE A8 B /N —3f€ ( Orthogonal PLS,OPLS) %%

Xy

WY L \
LV, N ) *

LV,

J5 A a7 [f] AR )
B2 EBTsRBFEREE

1.3.2.3  NTHEmgs ATz R AT
DU A g 37 o bt 205 2B 7Y, R AR Y [ 2
H s N A e T DL A B B AR M e T L RS
S HBE AR RO A . A 1) B 22 ) 2% (Radi-
cal Basis Function Neural Networks, RBFNN) J& T Hi
BRI ML, EE B A R R 2 =8
OIS T A TR 22 B I A5 i A 22 ) 2% ( Back Prop-
agation Neural Networks, BP-ANN) | MR -H £ 2 i 15
P2, FERB A8 LU 20K 2 JC IR AT 2 Y 1 2
MR TR B R 4 ( Deep Neural Networks,
DNN) B HA Z 2B S 2 e 2 M4 il 20 g
—AEEAATT, WE 3 R, UEA ZERE
JZ1¥) DNN Shy 5], (8 & 375 1 28 00, 52 35 5040 H i A
2 TPANNEZP ORI S LRI (0 S S N 1 U ]
FRHATAE REOTRE AFidE R )E . HEA
T 28 ) 4 300 i SR i AR A AT I 5, TE S B
18 P AR TR 31X — 20K, JF H 24 0 2% g A 8%
Z I}, BP-1 22 0 28 25 AR K AR A5 AR 42 2%, B0 2k
PR EGENG LR 2 o) HE AR AR SO B . TN LA
LM S B HLAR Ltk iy JE B T7 20, B DL A i 15 2
AR A 48 B2, 3 B Sebsaz A, T REAE A
B ST AR HTIE

Xy

<
Q

shith 7 Q
!

B3 REWEZMEELE
1.4 FHrmENL  ZFrmEPL(Support Vector Ma-
chine, SVM ) J2 5 T 4t 115 > HLE 1 ]y B8 e A 7 v,
— IR T TR AT 0y 2 2] T i, B



- 546 - WORLD CHINESE MEDICINE ~ March 2018, Vol. 13 ,No. 3

TAF AR LA AL BERE T FIHETBE T, LAZE A XU B
N B S R S R G A K Y VN DS SV ey
[F) R, Hofe ) 32 % T3 28 R, 4Rk SVM 2 &2
FHTFAEZAE: 8105 0 ek H50E T, AT AR A BR AR AR
ST S e MR~ > e ) Z 8] SR 4.
FEEIEAY b, & 8 T e/ 3 SRR 1] dE AL ( Least
Squares SVM, LS-SVM) , 75 fiff the /INEEZR | 18 4 0] 751 A
AR AN )45 5 T, AT A RS B AR i, 2 A e
Sy EBOE B, 2 T E R L R 2
M2 A (RS SR T B 1A% L A% RR A A
KOS PO T B e B sR O R B e e i 2
BOO SR A ) R 285G 1Y, I HL7E A 3R MR 4
P, 5 B PR AN 5T B ] £ I

LS RAHA TR R A E
AR RS BIR A , T TR 6 A Ty 1 — K L AR 2 5 R L
PARTRL A ) AR TR I BRI Yy SN A A5 3, SRR
NIRRT R, RABALE RIS IR S 254
PEARSS G, TR AR By T+ 2 T B0 T
BB RIPAE TEGETERE™ o IR AR R 2
B THLEA 5 2 B B 1 A A, 22 30 18 AL PR TIE TR
AR 4R R T DABL R A B S B Al TR &
BB, HAMERNZ AL RE TR 58 , IR T &5 BBz 1k
REJIH 22 A Bk o ik T J0 RUBE 2 50t 7 A = 5]
(Regime Map) "/ i &4 750 i % it 0 5 4580 15 4L
FRAAY ) Ry BRAE , Mk FRBLIR A £ B8 B 53 b ol A
TR AR A O T RUE S5, s HGE RS 1S-
SVM AR R , A 3 T vb 24 PRz i A5 1Y
B, DR PR IC R SR E | 18 2 200K, AT
AT LATRIN R G LS8 3 .

1.6 BBIAE 244 T2 i

L6.1 rhehfglfud fedi i RN T ZZ1IFZ ey
M2 = AR b A 2R 4 ok AR AL AR, T Sy
NAREE Bl ) 2 KR R A% o B A B 3
“E R T 2GR RISl ) A R N
AR ) ¢ RRE-AL T vh 2 SR L X T AR Y
WF7E” 450 H ORI E K B ARFHA IR AT, % T
TR KA 2 i o i B O S kBl
BRERA SRR B, AN G SR IO R B b IR AT R
B2 R AL TR A4 Fick 55— A
il Fick 55 5@, JET Fick 5 — @& Mgy
PRI AR AR HOGITE IR F AR L ), e 15
B B LB 1 ok B 55 I Ta) | P R AR BR A TR 3R 1
HCR, T4 T 325 B B iy $2 B 4L
Fick 55 5 4 7 A 72— B (] vfe B B Bk 1] 1) A5 A6 175

o, % e T B R SO A e . B
RITEL T B O 2 W =i k& ™ 2
BESR AR e 2 o Y AR Bl 2 B 808 T
FAT R A T2 A ARG R 4

gt A b 25 SR BGS AR v d A N, iz
BP 1 28 [0 265 45 5 15 AL 505 55 e o T 23T 2 s 2%
it M I 37 oA RO A AR BT AT AR
FIF 7 7 w4 11 )3 ( Support Vector Regression, SVR)
A 5 o o7 TR B A S e 448 W 22 v o A ) B A0 L

37
P

1.6.2 Wz Tl A TR — IR A
S AE TR oL 7, B YDRE T 3 i B B
AT Tt B . Wk Box-Behnken M
LIRS REE TSR TP e R B R TR T
ZRIATE S, AR S I B s R AT — U A AR
LT E 2%, 2 THEREE T 3 S A0 B R g
7. Page BUA AR AU A 1 IR E B AT s TR YRR
PE, RIS HCAT I F 3R T 4 2 rpoK 43 T 8 2R 1Y
ARG A BT AR AT IR TR O B AR AR R
BT TR BN F UM D3, BORE R0 R 7K AR LA
KAPERRLE RS2, JF S T TR A e T
[E] 1Y) Page 2fj J) 27 AR | HE-T 320058 Y i A 03000 2 A5 1Y
Tl E it is F GRS Bl ) 2 pL
RIX TR RSB IT B e R E TR L2 %
F 6 BT LA S 4 A R TR S A Y
HrRlA

1.6.3 il hia FEAEAE R b 2 2 ol
H AR LR 25 B0, X2 R A A% O 2 A
SERCEF R T GE AR AU E DR A R B2
PLERIASTE B N OB R D o Qi Ge 1 1Al H
7720 19 1E 22 B8 11, Plackeet-Burman #8314 #4714
T e TR 5 S BN R N 3 B P DR AR R
FIFH R B A B AR B AR R 5 R [A]
FESRNFEE G, WA HAERERAERY
AL T 28, iz A LS-SVM BRI 5% vh 24 i il
SPURRRE SRS R . X TR R T R 28
1. Box-Behnken 3¢ T1-Wi B 17 3% . 3 4 [l 5
(PCA) (b U A B35 ) 5 DR AZ AR s i
AT ELRS R L 2 K K B A R R i B Y R
W24 AT 4 3 5 7 R A B Regime Map
BIF 9 0 o ik B W kst R 2 e S A B b A
A AR AR 1 AR U T RUEE S 880, TR BUIRS 45 70 1Y)
G3AT SRR ASIEAT o i R TR AL
WHI, REAE B OCHE T 2 28, v et &5 ], AT



RS P2y

2018 4F 3 H 45 13 %45 3 1 - 547 -

Xof kL R AT A S 4
1.6.4 ek Rl fe s BT, ity
PLHEARITE b 24 1 7 1 24 BT Y i 42/, iz H
ZICIE A BIARRL, DAPUIK SR BE N FahR, B 5 rh 2542
I SHEHE SRR ) SRR Sk ES
FRRPE 6 R o 3 gk FEAE AR % L e R Y
Ky RYy FAE I, iz ] Heckel HLBRAEHSTTA 1704 vh
PR R R R, I HLAT DA DX 43 AN [R) 280 1 s 4
178 AT T R AW 5T W) B 57 5 B2 M 22 (] 1Y
BUHEPE , JETAR B A 05 BRI RE S

R 7 B 2 2 3k B 2 Ah TR H A ] 24 T
2RIt A B RS . ARG AR | R 2R
(et T P ML B R B 55 T T BP 22 I 4%
HENT 18 B 2 i RS, rh 24 R 5 4 A B o ) R
IS
1.6.5 b Bt NP miAl  is AR 2040 i
BORGE G 22 PR E BT % vh 24 19 48 B R R AT
P AR 3 ok ST 24 B WG R T 208 (Near
Infrared , NIR) 7EZR Kl 5 4t , 12 H] PLS R B SEIS A£G
M 25 G AR PSR BGE A2 5 AP 2 B AR o R A
NBFFEXT G2, iz ) R IX (6] 115503 (Simple Interval
Calculation, SIC) X} PLS %€ &= A8 B 47 5658, 55815
RS ARSI 14 R B i, oAy v 24 4 B R ) o 4
SR T BT LAY . R R ST R AR T 4R
G R B ShASBE , 73 il S PCA i fie /) —3fe ] I
1 (Partial Least Square Regression, PLSR) 317+
1 (Parallel Factor PLSR , PARAFAC-PLSR ) 115 il 455 A4
KRR R AT T e
il o

W2 RO BRI T S 2 R AR, 5 R TR A
Tl A T B, PR TR L 2 A 7 i A h i SR T —
Rk AL . iR NIR SGiEH AR #57 PLS
R0 AL BT RS g 4 ARG 7~ 5 I 1) Bl B it
FEAT W B 5 56 O T S R T 4 A ok
i, SR P B T A A sl ph o AR 5 52 T NIR S
HORGE & 1S-SVM BEAURN PLS fEAIE LR MR 4 T T
TESHRAE T AR i A6 T2, 52 BN G B o 42 g
SRS W 0T AR T2 S 3 B 5 3 T R AR
Yyms i s At 78, etk e 22 5, e Sr 1 AR T SIC
BT LT AN PLS 45 AR 750 B S s
I AR 2 T Ge i B4 ] (Multivariate Sta-
tistical Process Control , MSPC ) A5 75l S sl & , 52 F) it
DLAL I R B TT PR R . MSPC B2 T+
SV, T LUSE G A AN A O R i T A

TERIAHSCZ AL, T a2 il T 203 7

TR FEAE T 21 25 3 B o5 48 B, 73
P37 F2 A ( Process Analytical Technology, PAT) 45
TR, NIR 456 2 R A BB Y ey s 7EIR A
PRI A 2 TR RI A R . iz I 20810
FAR 2R PLS #51Y  PCA-BP i1 25 0 45 455 U 1 /)N
A AG-BP 1 25 W 28 AL S At 7S R 3 B AU R R AU
TATRERD, IF HLB 3 AN A Bk RE Y 5 oA
ST LLANGIE SR R IS R Z ARy PLS & &
R K BRI TR LA R A 3 A
AU AR MG R AR LS & Z R BSR4
R G kB, R B S B F A 55 (Moving
Window F test, MW-F test) Witis o 25t 5 ORLIE 75 5
RO St B S 1 RS Bl B v O 22
( Dynamic Size Moving Block Standard Deviation,
DMBSD) 32 , BE % WL S5z W TR 5 3 72 vh AR 25 10 22
AP SR P 3 N AR S A A R W R 2
T 5 UKL Y SR A 7 R R e R R R A it
FEFATTEL S AR W42, A SR 5 I IR], 42 v 7
Jo i — 3tk
L7 R LERG AR rh2yhl 2 i By
JEURME e 2 HE AR IR N R 2 SRR . Tl
Wk T A A PR Al A T R T (8
) R, & BT BBE E 1 L2 PR A B i 2 1
WP 25 ARG, AP I R R R R A
BTG AL AL B AN Al oy TE DI RE B AH B PR A 52
M), 4 v 24 5 A o e A JRE 22 ey — RS BROCHR R B
AL PR WL 45 F R, P2
il 24 B R GE AT 43y ER A IR FIR IR 3 B
FET xR 2 25 1 1 AR G SR, AR TR BT 4
H 2 AR 7 A R G, R A A B R AE e Y
Hr 2 24 AR R e 0 o i SRRSO I AR RN
ARG RN, T R B v 245 2 7 oo A o A
AU, HES) 24 24 20 i R SR T A 1) g A
ARG AEAREBI A . oK™ %R A 3 0 PLS
ARy 2 BTG A R R R AT R BE S Y
FBEI, 0 4 Pros, X1 ~ X4 gt FAs AR I, Y
RS SRR o JE e 3o R AR A ST RE L BT 5 HS
I v 24y ] 24 3 e 1) Jo i SR BR AR 5 T8 e A Y
KA BN AL, DT B R G I B R 1
AN, P& 0 = p B ( Panax Notoginseng Sap-
onins ,PNS) Jy (1R & b F2 | 1 ik R o 7 | T4 i
e BIREBRSE R ERIEN -T2 RS, 5]
PLS .OPLS #1 MBPLS3 Ff %2 I 91 PNS pi 8 T



- 548 - WORLD CHINESE MEDICINE ~ March 2018, Vol. 13 ,No. 3

EREMIA T LBH MR TE RSS2
OGN T T £ R A JEHR BT 20,
ST £ RS AT,

Z BRI

X, | X; X; }
x,|x1|x3|X4| T§ﬂ4
E4 HAEFIRBEHEERERE

2 iFig

AR L A 7 i R AR L, 2 2 g AR A
A JEEORIRZ R, 0] 2 2 v ] 4406 250306 12 45
SR AR IE AR m, T HRE 1 2 25 T2 B
Rk T BT ok sE 0 BRAR b 24 50 R Y
PLEAERT, B AP BB 5 98 G A AU A v 24 5 T
S RIIEAZ o ORI rh 2 25 T 2 AR
MGETHERDN ] 25 Booid B AT oo e S 4, (H 2
M2 2 R ) R GE R Bk = A TETRE Y, TRk TR
ABUEHI 2 LRGSR G BT BB

T SEBL R 2 S R R, A A S
2 fG R RGP S TRR RS AR,
TR P v 24 1] 24 3 72 vh B9 AL BEAE T DL B o]
2y B, X il 2 L 2080 i B R R AT 2 M S 42
P, N 2R 2R R AR, T R RO
X 24 25 R AT S I A e e A o M 4, 23
T2 245 1 2 R G REDL AL S8 BEFEE I
Sk

[1]Baber N. International Conference on Harmonisation of Technical Re-

quirements for Registration of Pharmaceuticals for Human Use (ICH) ,
ICH Q8(R2) [J]. BrJ Clin Pharmac,1994 (37) :1404.

[2]8R0K, OB, FRAE L, &5 rh 2 50 A= 7= T 2 e s Tl il e 57
[J]. shE 2255 ,2013,38(6) :924-929.

[3TIRAAFL, L BRHE, X, 45 2SO T 2 s S A AR A
Z[J]. A2 ,2013,38(22) :3797-3800.

[4]Djuris J, Djuric Z. Modeling in the quality by design environment:
Regulatory requirements and recommendations for design space and
control strategy appointment [ J]. Int J Pharm,2017,533 (2) :346-
356.

[5]ICH ICHICH Points to Consider( R2). ICH-Endorsed Guide for ICH
08/Q9/Q10 Implementation[ M]. Geneva,2011.

[6]Sin G,Gernaey KV, Lantz AE. Good modeling practice for PAT appli-
cations ; Propagation of input uncertainty and sensitivity analysis[ J].
Biotechnol Prog,2009,25(4) :1043-1053.

[7] Bilgili E, Capece M, Afolabi A. Modeling of milling processes via
DEM, PBM, and microhydrodynamics [ M ]. Netherland: Predictive
Modeling of Pharmaceutical Unit Operations,2017 :159-203.

[8]Liu H, Li M. Two-compartmental population balance modeling of a
pulsed spray fluidized bed granulation based on computational fluid
dynamics( CFD) analysis[ J]. Int J Pharm,2014 ,475(1-2) :256-269.

[9]Gopireddy SR, Hildebrandt C, Urbanetz NA. Numerical simulation of
powder flow in a pharmaceutical tablet press lab-scale gravity feeder
[J]. Powder Technol,2016(302) :309-327.

[10]Adam S,Suzzi D, Radeke C, et al. An integrated Quality by Design
(QbD) approach towards design space definition of a blending unit
operation by Discrete Element Method ( DEM ) simulation[ J]. Eur J
Pharm Sci,2011,42(1-2) :106-115.

[11]Sen M, Barrasso D, Singh R, et al. A multi-scale hybrid CFD-DEM-
PBM description of a fluid-bed granulation process[ J]. Processes,
2014,2(1) :89-111.

[12]Pei C,Wu C-Y. DEM analysis of the effects of die shape and orienta-
tion on die filling processes[ M ]. Germany : Engineering Crystallogra-
phy: From Molecule to Crystal to Functional Form. Springer, 2017 :
437-449.

[ 13 ] Asadzadeh M. An Introduction to the Finite Element Method (FEM )
for Differential Equations[ J]. Acta Applicandae Mathematica,2014,
10(3) :309-312.

[14]Fang ZD. Applying computational fluid dynamics technology in bio-
processes-part 2[ J]. BioPharm Int,2010,23(5) :4245.

[15 ] Troup GM, Georgakis C. Process systems engineering tools in the
pharmaceutical industry[ J]. Comput Chem Eng,2013,51(10) :157-
171.

(161 B, Rk, &, 25 22T QbD B & A ok i 2F 4k 2 v 7 57 001D
RIS SR E[ ] . 25242440 ,2015,50(3) :355-359.

(17 TR, s, 5 DI, 2. Aoy KUBORE AR 22 25 1 T eI DAL IX
5[ T]. TP EZY B ,2017,28 (10) :1392-1395.

[ I8 JXUEGHT, XRG4, BT, . K Tt fE FEFl BP R4 935 T R
TESIRETE T 2T [T]. o E 2544 5,2009,34 (19)
2469-2472.

(19 J1al A, dhids , TAREY , 45, WO ZMEKAR T2 B b SR ShT
Mg vE [T ]. 24 ,2017,39(10) :2045-2049.

(20 J#E i JE , ARk, 70 %, 6. BRI T RO AR My AL T i
NEHTCID) « BE T3 25 ) i e R4 e ms [ ] b | b 25 205K,
2017,42(6) :1048-1054.

[21]Sun F,Xu B,Zhang Y et al. Statistical modeling methods to analyze
the impacts of multiunit process variability on critical quality attrib-
utes of Chinese herbal medicine tablets[ J ]. Drug Des Devel Ther,
2016(10) :3909-3924.

[22]Tomba E,Facco P,Bezzo F, et al. Latent variable modeling to assist
the implementation of Quality-by-Design paradigms in pharmaceutical
development and manufacturing: a review[ J]. Int J Pharm,2013,457
(1):283-297.

[23] Ferreira A P, Tobyn M. Multivariate analysis in the pharmaceutical
industry ; enabling process understanding and improvement in the
PAT and QbD era[ J]. Pharm Dev Technol ,2015,20(5) ;513-527.

[ 24 ] Rajalahti T,Kvalheim OM. Multivariate data analysis in pharmaceu-



AP EE2y 2018 43 H 5

13553 - 549 -

tics: a tutorial review[ J]. Int J Pharm,2011,417(1-2) :280-290.

(251 KR, ST MG [ M. dbst : Ab2F Tl s ik, 2010.

(26 JBFRI P BLEESN, vi 34 - SAR P ). RAE. frdh Tolk i iy 72
AIFTEORIM]. JEan A2 Tl i, 2016.

(27 ) 4kvk, B, 800, 5. STk £ Hirk/)
WAL AN 2 4 5 o i
#r,2014,34(3) :638-642.

eI AF M
SRR [T]. e S i 4y

[28 ] Djuris J, Djuric Z. Modeling in the Quality by Design environment:
regulatory requirements and recommendations for design space and
control strategy appointment[ J . International Journal of Pharmaceu-
tics,2017,533(2) :346.

[29]Luo G,Xu B,Zhang Y, et al. Scale-up of a high shear wet granula-
tion process using a nucleation regime map approach[ J]. Particuolo-
gy,2017,31(2) :87-94.

[30]E&—, sk3rte, EEE, % ZAMHEI AR EET R T L
A R gl g 2 R e sy [T, P2y, 2016, 38 (12) 1 2575-
2581.

[3LTBR, Sk, i, 25, SR IUS) g 22 B A0 i A B B%5 8 3 i Ao 2
TERMAERFFEL] . o T 24 ,2014,39(2) :230-234.

[32 ] 958, EAHHT, XUHFT, 5. KIRZG YIRS B 1 3 ) ReA iR
[J]. J &2 ,2011,42(2) :384-391.

[33 JliAnt , B SCUT , VAN , 5. SRS IR 2 WM =i 2tk 5 mh

g [J]. 'Rl ,2009,30(3 ) :20-23.

[34]F 5 —, sk fe, £ XM, 55 WA SICH 1 2 1A% 53 ) %
BIRIBEFE[1]. T2 ,2015,38(5) :1060-1065.

[35 T304, 2, R, 45 KRR I B AT 2 HE R 3l ) A B i
FELT]. TR 2B 24 ,2015,31(2) :161-166.

[36 ] 743 ABIHLL, TR, &5 25T 2 MM r i AN T A
BRI T ZARACHIFE [T ]. i RE25,2018,49(1) :135-141.

(37 Tl i8R, 14 R, g 22 S o) 4k [l U5 RNy R 17k DAL 2 24

TAI]. H2h81,2015,38(12) :2611-2615.

[38] BIH4T , A1f, #77 , . Box-Behnken ¥k (AL R T 1 HTARAE 7
REFXTHRITZ0I]. HE P22, 2015,40 (12) : 2330-
2335.

[391FIRZE R0, T, 45 MU BR PR P B0 TR R A Bl Ty 2
WFFELI]. LBl RL 2017 ,45(13) £ 157-164.

[40] F52, 255U, XL , 45, ARATR O B 2 AR T K 3l
Ty EAIESEL 1] P 2540, 2011 ,46 (12) :921-925.

[41]Luo G,Xu B,Sun F,et al. Quality by design based high shear wet
granulation process development for the microcrystalline cellulose
[J]. Yao xue xue bao = Acta pharmaceutica Sinica,2015,50(3) :
355-359.

(42 ] 5t , 6 R B0-PCA BRI B RS S Tk kL IR A
WEFE[T]. R 20 ,2015,18(9) . 1496-1498.

(43120, G8/N55 K58, 45 ANREIEAG Jv ik dDk T Zr5E ()] 70
i EE25,2015,59(3) :65-69.

[44 JJE% =, ARBR, B 278, 5. Box-Behnken 504000 18T B D 28 3 %
Ttk T2 [ 7].2018,25(1) :84-88.

(45 12 tmr , 104G AR AE , 45 2B R BLHE I (9 v 25 S B 3

HFFIE[)]. P E 22 ,2010,45(8) :608-611.

(46 JHAE, BXSL A, RRHEM, # ﬁ SRR B BT R AR BB
[J]. 1 824,2013,35(5) :928-932.

[47 ] Martinez J,Monteiro A R,Rosa P T, et al. Multicomponent model to
describe extraction of ginger oleoresin with supercritical carbon diox-
ide[ J]. Ind Eng Chem Res,2003,42(5) ;1057-1063.

[48]Jia D,Li S,Xiao L. Supercritical CO, extraction of Plumula nelumbi-
nis oil ; Experiments and modeling[ J]. The Journal of Supercritical
Fluids,2009,50(3) :229-234.

(49 ] Bti SO, BRA, T A8 3, 45 BE 2R L vl 4 v 2 BRI PR i
IR E [ )] . db st fb TR 224l B 8RB 2% 0, 2011, 38
(1):14.

[50] 52 5Hf, SBr oG, FFAETL. FET 3R 1) 5 ALY vh 25 R 5 0 A BT i
SrpeLT]. 252235 ,2010,35(6) :699-702.

[51]Sui C,Wu Z,Peng Y et al. Validation of NIR Model for On-line Mo-
nitoring of Flos Lonicera Japonica Extraction Process with Different
Batches of Materials [ J ]. International Journal of Online Engineer-
ing,2013,9(4) .44.

[S2JBTIMEE, AR K, 0, 4. 6T SIC kA FHS R R 2151
RGO )] E 27835 ,2016,41(5) :823-829.

(53] EMEE, BRI AWK, 5. BT IELLAMEEBOR I H R 6T
BRI BV [T ]. 2 2% 5, 2016,41 (19) :3537-
3542.

[54 27T, 40K, T3, 55 L L0AIMDGIE T R AL B Sl Ak A $ i
PGS R I BT FE [T ], b E 22k, 2016,41(3) 421-
426.

[55] Gong X, Yan A, Qu H. Optimization for the ethanol precipitation
process of botanical injection :indicator selection and factor influences
[J].Sep Sci Technol ,2014,49(4) :619-626.

[56] RV, X%, 2, 5. /N " FeSHF 1WA dre /N — e i 7E
B+l alifb T 2050 2080 s e S A v i R [T ] B2y,
2015,46(7) :990-997.

[57]Xu B,Wu Z,Lin Z, et al. NIR analysis for batch process of ethanol
precipitation coupled with a new calibration model updating strategy
[J]. Anal Chim Acta,2012,720(1) ;22-28.

[S814RUK, ST, FRIEIL, 55, S AERT L2 I B 278 i e v Pt
TIRFFEL)]. b BE 2 2R 5 ,2012,27 (4) . 784-788.

(59 TARIBEAN , RN , ABRE, 55 PELLAMGIE 2 T /S DR B AU R
TRA AR B BT WF 5T (0], o B 3R H 2547, 2006, 23
(S1) :644-646.

[60] T, &M, XU, 55 29 AR & 1 B £LAMEZAG I BIF
X[ )], P E 2247 ,2013 ,48 (14) :1151-1156.

(61 1Al ok, Tk , 5. FET RS S F AR I (Y P 24 10 Oy WORL IR
BRSEEE AN AT RS L], b E T 2542 35,2016,41 (19)
3557-3562.

(62 IARIEYN, b tif, Tk 0K, 4. v 241k i R 4 i AE 4R 58 7 IR F 5
[J]. pE 22,2017 ,42(6) :1089-1094.

[63 4K, e, b A, & Ry B IR T3 [J]. s E P2y
Z%35,2017,42(6) :1015-1024.

(64 115uK. P2yl R P g i R AL =W R [ D ] JEat Jb
AR E 2 K2, 2013,

(2017 =12 - 13 A5 A4 TR IF)



