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Progress on application of central composite design-response surface
methodology in optimization of preparations in China
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Abstract: Central composite design (CCD) is one of the most commonly used design methods in response
surface optimization and has been widely applied in the field of pharmaceutics to optimize preparations. On the 20th
anniversary of the introduction of CCD into China, the paper reviews its application in domestic pharmaceutical
researches. Based on the brief introduction of basic principle and operation steps of CCD, the mistakes emerging
in the application of CCD are summarized, including conceptual confusion with Box-Behnken design and face-
centered CCD as well as wrong designs. Besides, the issues concerning the selection of factors and responses are
discussed. The article is helpful for researchers to comprehensively understand the CCD and facilitates the rational

application of this method.

Key words: central composite design; response surface optimization; pharmaceutics; improper application;

principle

LG50 2 — I TE 25 W R 70 T BEAR L A 7 Ak Ty
TE RS BN LR SR R
WEFErR, 9 7R AR T, B 5 2 A RO i 771 o A
sz, BN EZ S E A% . TR 5 AT, B
PR 3R 25 542 de i A4 7 i, (H A0 0775 B [R5 1)
HIAR AR, RORAT R BB seih HOE & T B & KF

Wik H #1: 2020-07-23; 1418 H JH: 2020-08-12.

BT H  E K H AR RS % I H (81973247, 81872815, 81872826,
81573363); |- i 17 Bl 4 & L 4 % Bh I H (19430741400,
19410761200, 19XD1400300).

*@ iN{E# Tel / Fax: 86-21-51980084, E-mail: fd_luyi@fudan.edu.cn

DOI: 10.16438/j.0513-4870.2020-1244

ORI R B, 582 I U BT 75 SEER IREUOR 2 0 IEAE
Wt AN S et R BON H AL T7 %, (HRS BEAS
%, BEAS T e 7 AN 2 SR 5 A X R di DR R R L
BT 0], AEAE B E 7K P I AR K Al /IMEL, AR 3 IR TA
ES[ R o8 7R R A E N L P E PO M = AT TR 7 R R Rk
Hop Mg 2207 kT — RS2 g8 B Ak, B 7 S8
B B>, e B S 2 R & 1AL AR AR, O RE 3 AT A
SRR AR R R, RBONEAR ML TN,
AN TH AL B R ) S B Wit T RAHE 2 R & K
H &2 5%t (central composite design, CCD) A1 £ K &
—7KF[f) Box-Behnken # 1. CCD ¥ i1 7E [ £ 455 1]



- 170 - 24244 Acta Pharmaceutica Sinica 2021, 56(1): 169 -177

NG T 1962 4, FH G0 1H & 5 4 55 M7 B Bk AR
KT A3 G A EER FEE, 2000 4 H 5% A 4512
SINE A, FEA R T A P38 T Tz IR .
fE 51 N E N 20 A4 2 B, A 3CH [ i CCD £ il 571 A
A A R DR, 7E 73R FE R A 5 B 5 45 20 BRI Ak
b, BB EEAY HE TS CCD I 5T s,
DIRAETE Z A 08 T iR & BLAEH CCD, RIEHAEZ
P T ) AR .
1 CCDEEMANAFIZEMRPHMAER

Bl 1 i 20 4 5K [ P 24 771 2% SCik o R A CCD i
A7 4 5 e Ak e o ) 2K R e Fe bl . AT L, CCD AR
IAE BRI R GOR BRI SR A ARG HT 2
NP, AR 3@ ) 7 1 AR TP B L. Tk
il FAILE T 10 42 SR AF 78 AR 4 K3, CCD 7E G K il 71 v (1
N TR BRI, 290 46%; ok LU E LIS
RS MR SRR 5 L £, oAb gk 77 £
AL o K L AN GRS o 7 G245 B 1l 7 o 1 2
FH UL BREERE B B R R FIB B R 55 N &,
ik LA G R v N i v A S AR G A, L
FINLY 7 22 72 B ) 75050 20 1 17% A A7 o 35 38 il 71 o DA
BRI ot 2, BN IR SR A B,
F B L RO S R R L AN IR 5
WA — 58 N, F 2 o I ) i 13% A A .
2 CCDHIRBMILE
2.1 CCDHRIE

CCD /& 25 B THI AR Ak 2 ) — B e k77 =X, DH A1
2050 7 T P A ¥k 1) 3 A DR R S ek S G g ST RGN AE S

IR 25 /KT 0] f bR o6 & (RID25% N2 D), 38t 2% R B 52
SRAT TIUHA 28023 ] B % R 3% 7K ST f M 9 e, sz 3
SIS AR A . T RS AR o — R SE IR ) 4
RWAEW, &HEFEX — RIILEMHEZKFHET
5y EE L, R T AR MR R (1 1F AS BT E B ) BT HE
DLAL & H AR R 2R T, T 2 AT AR R — &
& T RO AR AR R R KPR
22 CCDHI£E
221 TWAHRKSEZKFENHE ELARITHNZ
K& F AP, KPR N 0021 flta, Hod 0y rh
8, a RME. AR, EH Kk =2Hk =30
S AT I 2 P

HE 20 LA H, B A% 2l F = 24K hr i
TF (7 HE ALY« 2K VR B AR 55 S 36 (A b b Ab) AT x ¢ Hp
O SE T SIS (Pl s L) MR . B AE o I EUE N
(F)¥4, tbtn, =R E SR, a= (28" =1.682, Hath
AT 1.732, SL IO S BE U, 2 R pIW. H oAb
CCOWHMHER Kk N2~4, 5Z RN a5 xinE 1l
Fim o

€ 7 LK RN SE 50 7 R R G, b 75 2
W 7K ARG 3 4 oy S B (R 3R K P 150, 7 AR
OS2 56 R B R 22 7K T 1A AL S ], LA KRN Al /N B

Table 1 Common factors number (k) and corresponding extreme
value (o), repetitions of central point (x)

k o X Experiment run
2 1.414 5 13
3 1.682 or 1.732 6 20
4 2 7 31

Figure 1 Dosage forms and proportion of domestic literature on pharmaceutics that adopted central composite design in recent 20 years.

SMEDDS: Self-microemulsifying drug delivery system
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Figure 2 Distribution of experimental points in central composite design with 2 factors (a) and 3 factors (b)
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Table 2 Common problems appear in the application of central composite design

Type Problem Number Percentage /%
Conceptual confusion Confused with Box-Behnken design 32 3.2
Confused with face-centered central composite design 8 0.8
Wrong design Insufficient repetitions at central point 23 2.3
Insufficient experiment runs 5 0.5
Wrong value of a 11 1.1
Improper transformation of level code 7 0.7
Others 18 1.8
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Figure 3 Distribution of experimental points in Box-Behnken

design with 3 factors
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Table 3 Common responses adopted in the optimization of different dosage forms

Dosage form

Response

Liposome
Nanoparticles
Self-microemulsifying drug

delivery system size, polydispersity index

Encapsulation efficiency, drug loading, particle size, polydispersity index
Encapsulation efficiency, drug loading, particle size, polydispersity index
Self emulsifying time, equilibrium solubility, dissolution, entrapment efficiency, drug loading, particle

Gel Gelation temperature, appearance, viscosity, release rate

Tablets

Ointment

Granule

Sustained or controlled release
preparations

Disintegration time, hardness, crispness, appearance, taste
Appearance, initial adhesion, adhesion, peel strength
Size, hardness, angle of repose

Drug release at each time point, stability
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