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Development and Optimization of an Immediate-Release Lafutidine
Tablet Formulation using Combinatorial Response Surface
Methodology

Hye In Kim, Seh Hyon Song’
College of Pharmacy, Kyungsung University

2 o E A9 HHL2 BrERUHEE o]8oto] SFEUE FRoke FA WEAY BAE doke Aotk AANE
A1 E3HQbD)O ZATH H4] HHTFCE A HHE 554, FA9 EEFH0A9 g4, AxH FA <
FENES TAEHEAGCRE AHotint. A HIHA AHEFT ARSI SR BAEA vA= FFE v
HAHS o]&sto] RIS & HAZAQ AMEFH ARFHHSLE HAJorgt. BEAR hydroxylpropyl
cellulose(HPC), E3fAIZ croscarmellose sodium(CCS), €2 &2 A5l IHES 54T FEHE 11X
+ Y9FZ Box-Behnken design(BBD)2.2 H7I5t & AMEFS Aottt S 913t EEiA] A8} EEiA 9]
ZghA|7to] HAY tensile fracture stress@} ejection stressOl| T]X]E= JFES central composite design(CCD)E
ol-gsto] Hrlet & ettt FAEFHEALS F540] £oH FEI FA HEE U FAY 2He=E
HPC 9.79 mg, CCS 6.03 mg, water 90.0 mg7t A=A 2w, HA| 9] 5304 53 S Yetli= &4
A AMeFT A AR 47 1.21 mg, 1 E°|31tt. Dynamic powder compaction analyzerZ X Z35}%
AAE H716H92S W, tensile fracture stress+= 3.37 MPa, ejection stress+= 0.68 MPaZ A+ &Aoo BIE A
. 2 doAE BHEREAHR] BBDSE CCDE 2ol 2 EFLEA F83 9FS Ut d4ELELT o
AZYHFE A5t 2348 SFHERAHS o83 A2 QbDo)l 7[5kt A she QJokE Mg ZEok=
gl 8740|3109, dynamic powder compaction analyzergE 83t e}g4 H7PHL AA Y AALY AFof &
ofA AHEE £ Gt

fol z

Abstract A formulation study using response surface methodology (RSM) was conducted to develop an
immediate-release tablet containing Lafutidine. Based on the QbD (Quality-based Design), the flowability
of granules manufactured using a wet-granulation process, tabletability in a tablet compression process
and drug release of manufactured tablets were selected as Critical Quality Attributes. After confirming
the effect of the number of pharmaceutical excipients used in tablets and parameters of the
manufacturing process, the number of pharmaceutical excipients and parameters of the manufacturing
process was optimized. The effects of binder, disintegrant and solvent on the flowability and drug release
were evaluated using Box-Behnken design (BBD), followed by determination of the number. The effects
of lubricant and lubricant mixing time on tensile fracture stress and ejection stress of tablets were
evaluated using the Central Composite Design (CCD). Optimized tablets designed using RSM showed
immediate drug release (dissolution rate at 15 min, 90.6 %), high tensile fracture stress (3.37 MPa) and
low ejection stress (0.68 MPa). The combinatorial RSM combining BBD and CCD to optimize the
attributes of critical material and parameters of critical process can be used for tablet formulation
studies.

Keywords : Lafutidine, Response Surface Methodology, QbD, Box-Behnken Design, Central Composite
Design, Immediate-Release, Critical Quality Attribute, Flowability, Tabletability, Tensile
Fracture Stress, Ejection Stress
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ZEEU(LFS Y NE A =Eol= 241 s|AE
9l H; 84 4gAloltt. A+ Fojd 2pEd2 &%
AR A¥Hor F4d F YA S|AET H,
&A1 Agoto] e}t BHIE JART. SEEUY
Tmaxe 0.5~2AIF0 2 w27 F5EY, F2 7oA
CYP3A4 a2 oJsf thats]a ¥Hz17]= 3A1teItH1].
FHoAE A2 71E 13] 10 mgS 1€ 23] Fojste
A&7 (Stogar®, HFAeho] AlwE|1 Qich.
AA71EE A 1 3K Quality by Design, QbD)= 9]
OFE AN, AR} FATE SHAA EA 7Hstt
AAE Ao dSsta, #et 9 B4 7eZ 7IRe R
9QeFEe] F4S 1Edet= AlAHO|HH2]. QbDe 5
Fog oorEo MAA 5 AR A A&
Higtog g Wol shuhe] ®4E WAHS|7R= OFAT
(One-Factor At a Time) ¥4]9] AFHL A3l &
49 Ad 43 =& EHoF sk= AUAYH
(DoB) L& WA= Y= Aelth3]. ALY F
ool "R HEHH(Response Surface Methodology,
RSM) of2] 7]9] W=7t BRAel 2H8-& shHAl ojd
ghgol S F S o, W] Wit e B
SHA sl A =TE ol-&sto] EAS AUAE
HE T3t} AkEofoA= RREEHY F central
composite design(CCD)¥} Box-Behnken design(BBD)
o] thestA E-8=1 UtH4]l. CCDE 23+ =g A%t
St 20 8RAAM A SR S3& S A
A og &2} A3 §-85HH, BBDE I 2§ ol df
Dol 8214419 EAFS x| o= AARY gt
RFPoE W g FHFFS 4 3%l 4
8ot 8%l F7H9] FAoA AdF FL=7) =oH5].
2 Aol LT Ale 27 (wet  granulation
method) 22 A2 AHEEL FAE 45, 4ot
Azxsta, AzE ZA= A45 Fa dEdS Hof wE
= WEZ YIS A3t 975 S35tk &
HAEEA(Target Product Profile, TPP)2 LFTS
73 SA 249 AR AFsta, TPPE B4
ol gAYl 8EES TR ELEA(Critical Quality
Attribute, CQA)2E A75H{TH6]. CQACl J7F< vl
A= HAEHAEA(Critical Material Attribute, CMA)
o= e A9 |0 TS vIAE A7
A, SoiA, ZAZEgHME AAsta, HAHUITHAES

(Critical Process Parameter, CPP)= AA|9] =4
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o] 24ATle BBDE, 191 A8t ¥
5P| 9IsiHE CCDE A9 4
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= AR A543
o] A =2 R R FAATHE]. £ dAolsd=
A9 F54FFHoNA ST AP E
7171 Y8l 2 7§ dynamic powder compaction
analyzer(DPCA)E ©]-83t A3E DoEoll 8313t
DCPA= i BAkE 915t A2ALY A7) Aol
Al &7FY A 8E ARESt] BAY G- AP 7goN4Y
detachment stress@} ejection stressE &4517] ¢s}
of JIQkEl EAFA|o|THI).

E AFoAE LFTE hfote
7Rstr] sl QbDoll 71¥ket =&y
&oto] A diqt AJ4tol] Hgo

Wyt A RIS AASIIAF gtk

=4 AE
VS

4

&

—
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2.1 Mz I A

of

Lafutidine AA7FE#3KSouth Korea)ollA
QJoto] ARSI, A US3HE(Pharmatose® 200M)
= DFE Pharma(Netherlands) 183 njZHHAE2Q
2(Avicel® PH-101)% DuPont(USA)°lA B34ttt
ZFAZ hydroxylpropyl cellulose(HPC-L)= Nippon
soda(Japan)oll4], BIAIZ croscarmellose sodium(CCS,
Primellose®)& DFE Pharma(Netherlands)oll A1, Ze
A|Z magnesium stearates= FACI(Italy)olA 332ot
ARgSlATE Al2FF9 sodium 1-pentanesulfonate
(Sigma-Aldrich, USA)E AR&s3al, HPLC grade?]
acetonitrile, methanol¥ QAR 4AFH<%=9KSouth

Korea)ol Al F45to] AR&319Act.

2.2 ME|Q| ME

FAEQl LFTE 100242 Allste] ZYsH o 35,
Pharmatose® 200M, Avicel® PH-101, HPC-L, CCS
9} E9lstal 20542 Asle] EFES AxA) &
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e B2 = ﬁ?}ﬂﬂ 16§_iﬂ
ofo] AFet 3 50 CollA Ax3Ict A

ARE5ko] F-SE & magnesium stearate
ofal BFY71E ARESH 250 mgd] FAIZR A=A
k. Az 5 =g 9 9542 SA7I(ERWEKA
all-purpose equipment; ERWEKA, Germany)E At
A B3 ARo= @ EPY7I(RAON
XENA-I; RAON XENA, South Korea)E AR8-3}3itt.

S guiE A7|sH

gl

_]

[e]
&9k,

23 {34 =4

SATEHOZ AR LFT 3 A&
71(COPLEY Tapped Density Tester JV 2000, UK)E
ol&ste] & FAoltt. FHEES 100 ml o A4
Ao Y1 EaU%(Bulk Density, BD)&
olojA] 2503] ol W=EUX(Tapped Density,
TD)E &7gs¥tt. 5743 BDS}F TDE Eq. (1)o w=t
compressibility index(Cl, %)& AAFIFLE. IH AR
7+e] 3=E0] $715tH §5/30] Aaste] S840l &
Fo|A 1 CI7k S7keeH10]. vl (USP)olAlE Cl
of w2t 10 % ©l3} (excellent), 11-15 % (good),
16-20 % (fair), 21-25 % (passable), 26-31 %
(poor), 32-37 % (very poor) L2 38 %Ol (very,
very poon)2 & {54E LRI

O

UTE/\]Q-]

A% 7,

"1 [e)
=]

CI= 100 (TD— BD)/ BD o))

2.4 =2 HiE A|H

BAREE LFTY B&E A¥sH] 9ste] Vision
Classic 6(Hanson dissolution tester, USA)S A8}
of 8=AR(dissolution test)Z Bttt tietdl=
FA(1271)Y SEAET F AHEEH)l w2t
900 ml, pH 1.2 &&%0lA 50 rpm9] IH&EEE
LFT 3hf AAY 852 AIFsth AlAA = 15%

oA &&d& AFsty PVDF AE9 0.45 mcm
syringe filter(Millipore, USA)Z oJi}3t & HPLC
1200 Series(Agilent, USA)E Al&sto] A5 =
Al &AL A1 AH(fasting condition)?] HHiEA]
7to] 15~208% A 113sto], BEAIE A = 158
Aol BAREE 85 %0149 LFT7F HEEe A2
2 A1l
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=Y 55481 =9 HEol 8 JFE e
2%, S9lA 191 2-EHo] /\}'Q-Eho“ 2435t
RSMCZ BBDE o83ttt 355, 384, 3¥9
A BHES 236l F 15719 ’1\:1%4% Sl =
A5 S Table 13+ Zo] CI(Yy), dissolution
rate(Y2) & £%5H 4 (response variable)@ A5}kl
HPC-L AR8FHX1), CCS A&H(X,) 1213 water AHE
X3S EHHS(independent variable)Z 3t 15
789l A& A(experimental run)E Design-Expert®

e ool rir
o o>

software(version 12; Stat-Ease Inc., Minneapolis,
USA)E ©]-&sto] Table 29} Zo] A4t 1o w&
AYZANE Bq. Q2 HEE+E 2359332 d(quadratic
polynomial model)oll thdste] A&st mElS 7519
AHES(ANOVA)T A4 2o HA(lack of fit

o
tes) Fo Bl that AL AET W, 2L of

3t p-valueZt 0.05 BIRH](p€0.05), A3 2o 4
A9l p-value7l} 0.1 ZZHp)0.1)A AL Agst Aoz

wAsHITH12).

Y= ky+ kX, + ko X, + kg X + kXX, + ks X X
X Xy + R XU kg X5+ kg X
)
Where, Y denotes the measured response, kp—ko
denotes regression coefficients, X;-X3 denote

independent factors

HYE BEE BESE 5SS Uept HHe
243k | SAE AESH 0)F FAT SAS] FolS

Bliste] ofEee st

_I.

q

=
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Fed
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E| =
gely 7992 Dynamic Powder Compaction
Analyzer(Gamlen D1000; Gamlen Instrument, UK)
£ ©o]&sl9 ejection force?t breaking strength®
Z7gstoich. 8382 Fig. 13} Zo] thol(die)oll 173
Sl sigste ged AEs A9 200 MPad| &
ALY E 7Iote] HAR AS5HFT Fstep 1), TolE
90°2 3|HA|7]2L baseE °©lBAIAH HAE ejection
cavity2 YA|AZItHstep 2). TolHe] FAE HAE
olgste] to|2RE ARt HiEEE  IPEAA
ejection forced & F(step 3) vi&H FAE A
|oto] FAQ] AA, FA, A= STt ZA9 =
A4 vluE 3t tensile fracture strength(TFS)SF
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ejection stresst= Eq. (3), ()& AFESIAATH
TFES=2B/(IT x Dxt) €))
FEjectionstress = E/ (H X DXt) 4

Where, E denotes ejection force, D denotes tablet

diameter, t denotes tablet thickness

Step 2: Detach tablet
from die base

—

Step 3: Eject tablet into
ejection cavity and return
die base to start position

|

Eje:tlcn
:avlty

Step 1: Compress

. Ejectlo

Kuned
v [l €—

Fig. 1. Operation order of dynamic powder
compaction analyzer[13]

Table 1. Variables in Box-Behnken design

2.7 28 ZFe| 4A

BBDE ol|&sto] AAE IHE Ao 71%01o],
A9 & F8E A Y 39 AA0A=
A Bdgdol FE dFE A= EEA AR
g S FH35}e] fI5te] CCDE ©]-85H
t}. A9 magnesium stearate AREEH(X;), ZEIA|
MK )E SEHESE Hotal, $8 545 B7iet
7] 3l Table 33} Zo] TFS(Yl)% ejection stress(Y2)
SEHHSE AEsto], 30F, 284, 3H9 F41E wF
EZ mole] & 11709 ﬁua Fgsideh. 11789 A
A A, B A ERl, AIEA] 42 7] Tt
HxAo] AAL Zo] Design-Expert®S 0]83130
H, 11719 A¥A3} A= Table 49+ 2t

mlm

2.8 SA=A

T 2Adn} Zel 7o) HABIE 8l Design-Expert®
software(version 12; Stat-Ease Inc., Minneapolis,
USA)Z EAFEA(ANOVA), A3 Ao HA(lack of
fit test), IHREAS P50} fFEEE A5
p-value= 0.05 1|71 o FAFOZ Fo/do] okl
H S

Levels
Independent variables I 0 "
X The amounts of hydroxypropyl cellulose(mg) 4 8 12
X2 The amounts of croscarmellose sodium(mg) 2 6 10
X3 The amounts of water(mg) 60 75 920
Response variables Goal
Y1 Compressibility index(%) Minimization
Y, Dissolution rate(%) Maximization

Table 2. Experimental matrix and observed responses from randomized runs in Box-Behnken design

Run Independent variables Response variables
X1 X2 X3 Y Y2
1 4 2 75 18.37 86.69
2 12 2 75 14.14 83.17
3 4 10 75 20.71 89.28
4 12 10 75 14.80 84.61
5 4 6 60 21.65 91.34
6 12 6 60 16.33 86.39
7 4 6 90 18.37 91.28
8 12 6 90 14.06 87.38
9 8 2 60 17.35 88.91
10 8 10 60 19.80 81.11
11 8 2 90 13.27 85.48
12 8 10 90 15.93 87.32
13 8 6 75 19.00 89.83
14 8 6 75 18.56 88.46
15 8 6 75 18.97 88.64
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3.

74J'I_I. o

3.1 I =49 AA

o] TR 2YA,
%2 A% 9o 157
< Eq. 5, (O3 Zeon,

Al

==

JE

=k

B4, 28] AR
< Yste] 715 23k
BAEA(ANOVA) Z3t=

Table 52+ Zt}.

Y3t Yoo 2de] Higt p-value
0.00922 &RRl=o] F=
S} ASk

T, T1H"

RXHp<0.05). E

=z

=
A

A Al

0.0005,

SEHRY1, Yo Zlo] & gt

4 29 349 p-valuee Y1

7} Yol tisl 22t 0.1241, 0.2536202 SQlxo] nd

& AYSIAHPO0.1). F7H51d

Sl diste] 3

Y, =18.84—2.47X, +1.01.X, — 1.69.X; — 0.42.X, X, +0.25.X, X; + 0.05X,.X; — 0.41 X7 — 1.43.X;— 0.83 X7 ®)

Y, =88.97—2.56.X, + X, — 1.21.X, — 0.3X, X, + 1.12X, X; — 0.1.X, X; — 0.62.X?— 2.4 X2~ 1.63 X

Table 3. Variables in central composite design

©

Levels
Independent variables =] 0 )
X; The amounts of magnesium stearate(mg) 1.2 3.0 4.8
Xz Mixing time(minute) 1.0 3.0 5.0
Response variables Goal
Y1 Tensile fracture strength(MPa) Maximization
Y, Fjection stress(MPa) Minimization

Table 4. Experimental matrix and observed responses from randomized runs in central composite design

Independent variables

Response variables

Run X, X Y, Y,
1 12 1.0 3.30 1.27
2 48 1.0 2.82 0.97
3 12 5.0 3.11 1.40
4 48 5.0 2.29 0.72
5 0.5 3.0 3.48 138
6 55 3.0 2.56 0.70
7 3.0 0.2 3.32 0.86
8 3.0 5.8 2.80 0.83
9 3.0 3.0 2.86 1.16
10 3.0 3.0 2.69 1.26
11 3.0 3.0 2.80 118

Table 5. Analysis of variance for quadratic model of the experimental responses in Box-Behnken design

Source DF Yi(Compressibility index) Y2(Dissolution rate)
SS F value p-value SS F value p-value
Model 9 90.50 35.16 0.0005 112.36 10.56 0.0092
X 1 48.86 170.84 < 0.0001 52.53 44.45 0.0011
X2 1 8.22 28.75 0.0030 8.00 6.77 0.0481
X3 1 22.78 79.66 0.0003 11.76 9.95 0.0252
Xi 1 0.6257 2.19 0.1991 1.42 1.20 0.3225
X2 1 7.52 26.28 0.0037 21.19 17.93 0.0082
X5 1 2.54 8.88 0.0308 9.80 8.29 0.0346
XiXz 1 0.7056 2.47 0.1770 0.36 0.3046 0.6048
XiXs 1 0.2550 0.8918 0.3884 5.03 4.28 0.0933
Xa2X3 1 0.0110 0.0386 0.8521 0.04 0.0338 0.8613
Residual 5 1.43 - - 5.91 - -
Lack of fit 3 1.31 7.22 0.1241 4.86 3.10 0.2536
Pure error 2 0.1209 - - 1.05 - -
Total 14 91.93 - - 118.27 - -

Xi, the amounts of hydroxypropyl cellulose; Xz, the amounts of hydroxypropyl cellulose; X3, the amount of water

DF, degrees of freedom; SS, sum of squares
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24 (regression analysis)& 3t o, Yio tsfiAl ol f-54 7S flsl 2FAIe 2389 AHEEFS
£ 0.9844(R%, 0.9564(adjusted-R)0IT, Y.o thshal  F7HAI71E Zlo] Axtzlolghs A& Qujdttt. ole} it
L 0.9500(R?), 0.8601(adjusted-R?)°| T} g2 BaAIl CCS AFRFHX)o] S7HE4E Vi 57}

Table 59141 Y13} Y.l thste] Xy, Xp 282 X39]  sto] -840l Hasks 205 et ol= 53
pvalueZt BE 0.05 #greg [ougt AFay A AL IR QA F4HHETE T watero] SHA
(direct effec)E U= A2 ERI=EGL Vit Y, o Fuo] A9 a3vt Zraske Ao 718t
HEoA W7o HE ASAEX X, XiXs, XoX3)2 Ao F wokdErH15].

Fouleta] 2 Aoz YERITHp0.05). olxtaxt 2 AN X X7t 37FSE dissolution
(quadratic effec)= X%9] p-valueZb 0.0037(Y1),  rate(Y2)7} Z4sk= Aab= HPC-L} watero] AA|Y
0.0082(Y)& YEt X0l Aat gojujsta, X*3} X5*  Zdee S7H171Ed axzleld, X7t 71 1 v,

£ fofusiA) ke Aow ek 7} S7k5he A3k BRIl CCS7H AR ] dhelA
TP 72 H5EC] ASE W4V Weo] 9%e  Bol ANE T Uehia 98 s
ulAe AEe Bl gtk o) A4 A5 EHE U BEDE ol8% IY 249) 44 Ago] uet s}

ERf T 29] AgE di 598 vehe ddigle] & ® #-9] A2 1% F HPC-L 9.79 mg, CCS 6.03
2 Hhgo] & JFE u|AH14]. F ZD(Eq. 5), 6) mg, water 90 mg °|ith. Table 63} Zo] ZZ5he
BT X9 A7t 7R 2 (Y, -2.47; Yo, -2.56) B ALY Y3 Y= 42 15.26%, 88.62%2) Gl&gt
< Yol Vi3t Y29 Zraol 7R & S mA 2 UEhfglen, ol AdstiS o A&z 47
U Aol FRI=I. 14.57%, 90.60%& A& §A}sto] BBDE 0|83t 1dll
o] a3E 2% 33 W EHE(Fig. 2)014 2 dE&oat F2 Aoz FRIEQIL)

AA IS 3= HPC-LX)H 2212 water(X3)2)

ArgEol S7EEE Yi(CDe Fadhks 2SI = 3.2 EEd ZHo M7

dom, Eq. G)OIME X T Xs= 22 AsE UeRdL), CCDE o]gs}o] ge] TAHL HASIYL 0 mele

>

Compressibility Index (%)

Compressibility Index (%)
Compressibility Index (%)

- 1]
& . % Xi- Binder(mg,
Xi: Binder(mg) X:: Solvent(mg)

_
-~ =
g < 3
~ :*3 o
o = =
g = g
= 2 k=t
k=3 - =
: 2
K] 2 a
4 a
A
4 - T ..
X;: Disintegrant(mg) Xi: Binder(mg) Xs: Solvent(mg) Xo: Disintegrant (mg)

Fig. 2. Three-dimensional response surface plot of Y1(A), Y2(B)
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Eq. (7), (8)% Zon, BAHEA(ANOVA) Eit=

Table 78} Ztt. Y13 Y9 Bdof gist p-values
27y 0.0031, 0.00752 ERI=o] T F5HR(Y1, Yo
£ 2dof| 2 gkpth(p<0.05). ESH A do] A9
pvalues= Y13+ Yoo s 242 0.3176, 0.1635% &
=0} Hel2 A3SIATHp0.1). F&H ol thet 3
HEA(regression analysis) ZI= Yo tisids
0.9483(R), 0.8963(adjusted-R?)°1LL, Y20l disfrli
0.9258(R?%), 0.8515(adjusted-R*)°1 At

Table 6. Comparison of predicted and observed

response for optimized formulation
Response szr;iiec(z/e)d ?Efj;;;j Predicted error
0, V 0,
Y. 15.26 14.57 4.74
Y2 88.62 90.60 2.19

Y, compressibility index: Y, dissolution rate
Predicted error = (Observed value - Predicted value) / predicted
value x 100%

Table 7014 YiolA Xi, Xo= p-value?t 22t
0.0005, 0.0065% -oJv|st AFaAHE Yehl Zo
2 FAFAHp0.05). Y2olAE Xi9] FHET R} X7

*]7KX2)EE]' g3 o & 3 Ve Q=

= 9ulgtt} Fig. 39 3AHY WRSEHEOAME %’Fﬂxﬂ
o AREF} GEiA| o] FAITo] F7IRtel wet A9
TFS®} ejection stress”} HAdh= A0 =2 UelTt &
E—HZﬂL 4 ZHo] F2Eo] £Uxke] A% Weliete]
< AsA7]a, to|ERE A7t wiEd e
£ 230] ejection forceE ZAAIZITH15].
A, A ARG ZEiA|9] S3kAgte] S0l H
#l5to] TFS} ejection stresse A4S AIS UEr
Wit

BAY Az F ASE= P8 =2 TFSS
%2 ejection stressO|H, TFS?} ejection stress= Ef
AdEo| FI7ASE A F7ske #heltHi6]. AL
% 34°lA 200 MPa®] EFIAEolA 2 MPa ©l49]
TES®} 5 MPa ©]3}+9] ejection stressE 7HA= AA|7}
Aol Al aido] qiokal HarEar QIeH17]. wEbAl,
CCDE ©|-8st9] 200 MPa%] EFFU=olA AxH &
A7} 2 MPa ©%39] TFS9} 5 MPa ©|5t9]
stressE YEI =S e AR A
= FH3leled

Al g9 T2 17<q % magnesium stearate
1.21 mg, EHA SAAIRRE 1 mino|ith 2 H3tE

-

o
H

=

o

ejection
SATE

o] olAEITE FrofulEHA HERATH<0.05). TIAHo R HAAS A|ZR5}o] TFSE} ejection stresss At
Yot Yool woted X2 Xolieh & W) B8 WS 251919 o, 242} 3.37 MPa, 0.68 MPaZ Hehjo] 4
3z glom, o] EEiAe] ARERHX)o] EEiA] 23t
Y, =2.78 —0.33X, —0.18X, —0.09.X, X, +0.08 X/ +0.1.X; )
¥, =1.2—0.24X, —0.02.X, —0.1.X, X, — 0.04.X— 0.14.X; ®)

Table 7. Analysis of variance for quadratic model of the experimental responses in central composite design

Source DF Yi(Tensile fracture strength) Y,(Ejection stress)
SS F value p-value SS F value p-value
Model 5 1.21 18.29 0.0031 0.6223 12.47 0.0075
Xi 1 0.8427 63.97 0.0005 0.4713 47.21 0.0010
X2 1 0.2648 20.03 0.0065 0.0033 0.3304 0.5903
X’ 1 0.0347 2.62 0.1664 0.0105 1.05 0.3520
X2 1 0.0546 4.13 0.0978 0.1117 11.19 0.0204
XiXz2 1 0.0289 2.19 0.1993 0.0361 3.62 0.1156
Residual 5 0.0661 - N 0.0499 - -
Lack of fit 3 0.0512 2.30 0.3176 0.0443 5.27 0.1635
Pure error 2 0.0149 - - 0.0056 - -
Total 10 1.28 - - 0.6723 - -

X1, the amounts of magnesium stearate; X, mixing time
DF, degrees of freedom: SS, sum of squares
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Fig. 3. Three-dimensional response surface plot of Yi(A), Y2(B)
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