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Tablet product design problem was structured as constrained optimization
problem and subsequently solved by multiple regression analysis and Lagrangian
‘method of optimization. We used Lagrangian method for the purpose of finding
the reason of the previous results. Biodiastase and cellulase were the enzymes,
chosen, Avicel® and corn starch or calcium carboxy methyl cellulose were the
binder and disintegrant, respectively. The effect of the dry binder and disinte-
grant concentration on tablet hardusess, friability, volume, disintegration time
was recorded.

Optimization of this parameter was studied by using the constrained optimiza-
tion method. In addition"to finding a optimal condition of the enzyme tablets,
the application of sensitivity analysis studies to such problems was also
illustrated. In order to get a stable preparations of the enzyme tablets,
accelerated test of coating tablets was carried out in this study. the- results
are as follows.

1) The minimum disintegration time, such that the average tablet volume did
not exceed 0.0154 cubic inch and the average friability value did not exceed
0.62%, was 6.6 minutes and then Avicel® and corn starch were 15.4% and
17.2%, respectively.

* Dong-A Pharm. Co., LTD.
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2) The multiple—correlation coefficients for the regression models of tablet
hardness, friability, disintegration time and volume - were with in the 95%
confidence range.

3) According to the test results, calciuy cwbo,xynia&hyl collulase cpa. be used
as a disintegrant instead of corn starch.
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W —Biodiastase® (1000), #eh), cellulase Ap3(KEH), microcrystalline cellulose
(Avicel(R), NF Y II), calcium hydrogen phosphate dihydrate (K.P. I ), 'magnesium
steatate(K. P. ), corn starch(K.P. ), calcium carboxymethyl cellulose( ] PV,
polyvinyl acetal diethyl amino acetate(AEA®), sugar(K.P. ), arabic gum powder
(K.P. ), titanium dioxide(K. P. 1), calcium carbonate precipitate(K. P. 1), talc
(K.P. 1), acetone(K.P. ), isopropyl alcohbl(K. P. 1), chromium trioxide(Fffdl, 44%)
ammonium sulfate(BEER, 4%), sodium thiosulfate(K.P. I), bgdroxy propyl cellulose
(J PW), carbowax 4000(USP X V), sodium carbhoxy methyl cellulose(K.P. ), elcema
(De Gussa) PEP 101(ethylene propylene 6xide polymer, Italy, S.E.C.I). |
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$8H, W3E—titration apparatus, Stoke’s, tablet machine, punch(diameter 10m/m,
gauge 4.8m/m, @HZ4PK 1/2inch), coating pan(36’’ diameter), hardness tester
(Monsanto), friability tester(Shafer), calipers, disintegration tester(K.P. ), life
tester ({EiE 40°C), desiccator({5i{& 40, 80% RH).

RHREMS BF 116 2 BA—RREM HHE g3t 2ok

Biodiastase®(1000X) 65. 65mg
cellulase 26.25mg
magnesium stearate q.s.
calcium hydrogen phosphate dihydrate g.s.
corn starch 1~31%
Avicel® 5~31%

380mg

1868 StokedTEeits HFHSIY HE&K 10m/m, gauge 4.8m/m & BHZE4  1/2inche]
deep concave punch® 380mg/tabletd EHIst@ on, = SRS Sable I3} 2ot

A= AEAS HE#|s [#EHse pjEsta, paste & dusting powder® A T#74 [
—EHe 2 A G .

Table | —Tablet Formulations Used in the Optimization Study

Formultion Biodilaostase mg. of Ingredient per Tablet Total
NO. (10002 , Cellulase l\élt:géarate Cagf{?&‘) °  Corn Starch Avicel® (mg.)
1 65. 65 26.25 8 257.3 3.8(1%) 19 (5%) 380
2 65. 65 26.25 8 200. 3 3.8 76(20%) 380
3 65. 65 26. 25 8 143.3 3.8 133(35%) 380
4 65. 65 26.25 8 200. 3 60.8(16%) 19 380
5 65.65 26.25 8 143.3 60. 8 76 380
6 65.65 26.25 8 86.3 60.8 133 380
7 65. 65 26.25 8 143.3 117.8(31%) 19 380
8 65.65 26.25 8 86.3 117.8 76 380
9 65. 65 26.25 8 29.3 117.8 133 380

S-amylase {EBI%E—Fehling-Lehmann-Schoorli!® o] €34 0.05N sodium thios-
ulfateg g o2 HAstn ohd Kol webs Higd.

102X (Blank=HAA)  F x5000(unit)

wEel B —BEE & )9 4okl 5B & Hshel Monsanto WREEFHE FIEHL, MR
Bt K.P. 17k oetgich. MRS Shaferiv s Huke] wreb BsEsteleh. Bl 4l 1008
F Wt rheE SRAA A Y3 25rpme 2 AGH HAALF Hik EES £E RS
o BEEE=S 9.

BES e AR fkeke] gatgn



72 & F - B - HEEERS LGl BEY W Vol.6, No.2 -

V=1/6zh(3r+h?), Vgt rc@EReE  hiyo -

RESEG—AES Y 25894 93le 40%RH 80%RHe EEE #Rg & = &

#8710 sampleg Y, Fifist 40°9 life testerd] £% naaste, 1A, 28, 48, 68
g BEF z MR HEE mEs o

R U BE

Table I A% & 4 Q& whsh T FERAHS KW= BHE BESYL &
B ool ne 15%9 SHmos Eig e o9 Avicel(R)(x) o i (x)o] &3  Selel
BE(), BIRE(y:), BRE(:), BHE(n)d 12E 9§ TableIs) 2th

Table [ —Effect of Avicel® and Starch Concentration on Certain Physical and Chemical
Properties of Tablets

Avicel® Percentage of Starch, x,
1 16 ) O Bk
X1 » 2 Y3 3aX10 »n Y2 s YeX10 » ys ¥ y;xf;o

5 54 65 0.70 0147 44 3.7 0.75 0152 42 3.7 107 0.150

55 6.1 055 0.143 55 4.3 0.69 0151 53 2.3 0.18 * 0.158

49 50 0.6l - 0.146 4.3 3.5 0.75  0.153 5.2 3.9 153 0.160

52 47 0.21 0,146 56 3.6 0.75  0.153 43 3.3 L03 0.6l

51 52 0.64 0144 56 30 0.98 0153 35 33 L15 0.160

Mean 521 55 0.5¢ 0145 506 3.6 0.75  0.152 448 8.3 112 0.160
SD 0199 0.770.193 1.204  1.314 0.450.127  1.000  0.727 0:62 0.263 1.000

20 7.5 10.8 0.12 = 0.149 6.8 8.3 0.51 0.153 7.5 6.7 1.02- 0.160
7.9 11.6 0.27 0.149 7.3 8.1 0.52 0.154 6.2 6.9 0.84  0.161

7.9  11.8 0.26  0.150 7.5 7.4 0.53 0.153 6.9 6.4 105 0.161

7.4 10.2 0.21 - 0.149 84 7.7 0.60 0.154 6.0 85 1Ll 0. 161

8.2 12.6 0.25 0.147 7.3 7.5 0.48 0.154 6.5 6.0 °0.98 - 0.162

Mean 7.79 11.4 0.22.  0.149 7.45 7.8 0.53 0.154 6.78 6.3 .02 0.161
SD . 0.6250.93 0.123 - 0.118 0.571 0.39 0. 041 0.707 0.495 0.56° 0.065 0.701

35 14.4°19.2 .0:16 0.150 13.5 14.6 0.31  0.157 10.2 86 . 0.75 - 0.16¢
15.4 23.8 0.14 0.148 12.4 1L.3 0.33  0.156 10.4 9.1 1.00 0.164
121 22.0 0.16 0.151 122 118 0.35  0.158 9.6 &1 102 0162
13.2 220 0.12  0.150 13.0 10.1 0.37 0.15 9.3 88 0.84 0.163
12.2 21.8 0.17 0.151 123 9.9 0.48 0.157 9.8 10.8 0.89 . 0.163
Mean 13.4521.8 0.15 0.150 12.63 11.5 0.37 0.157  9.87 9.1 .0.90 0.163
SD  0.4801.62 0.020 1180  0.6651.89 0.066  0.880  0.440 1.04 0.112  0.701

The y; is tablet hardness in “Monsanto kg units. The ys is dxsmtegratwn time as

measured in minutes. The y; is tablet friability as measured by percentage wezght loss ‘
The y: is tablet volume in cubic inches.
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Table II —Results of Multiple Regression Analysis

2 R Tablell

Coefficients Trend

Regression Coefficient Value

and Trend Component . ] L
Components Name Hardness, y1 Disintegration, y» Friability, s Volume, y4x 10?
Bi,g y-intercept 9.0800%10° 8.9222%10° 6.2222% 107t 1.5455% 10!
Biyx, Linear in x, 2.3565%X 107 3.3286x 10"t  ~1.0955x10"2 1.4222x10"2
Biyx, Linear in x; —5.8888x1072 —2.2198x107! 2.3644x10"2 4.4222x 1072
Bigx)? Quadratic in 4.9777x107  2.8145X10"*  2.0888x10"*  2.9629% 1075
Biyx? Quadratic in x, —2.0888X 107  8.4590X 10"  4.8888x10™*  1.6296X10°*
Bisxix, Linear X linear —3.2000x107® —1.1644X10™* 1.8888%10"* —1.3333%x10"
interaction
Bigx,x,? Linear X guadratic —1.1852x1074 4.5930% 104 1.1407X 1078 —2,9629Xx 1076
interaction
Biyx,®x, QuadraticXlinear —1.7481x10% -—3.4677X10™* —1.6703X10"5 2.3703x 1078
interaction
Bigxi’x,* Quadratic X guadratic —8.8888X 1076 2.5297X 10 5.0370X 107"  —2.7654X107¢

interaction

The analysis were performed on a polynomial of the form yi=Bis+ Biix;+ Bizty+ Biyx2+

Bi4X22+ Bi5x1x3+ Biaxlxzz+ Bi1x12x;+ Bigxlzx,”,

Table W—Verification of Generated Polynomial Models

where i=1,2,3 and 4.

New Experimental

Predicted yi 95% Confidence Experiméntal
Conditions Variable
% Avice.®x, % Starch x, from Polynomial  Interval Results

12.5 8.5 Hardness(y1) 6.36 4.44~ 8.34 7.56
27.5 8.5 kg 10.05 8.1 ~12.00 10,14
12.5 23.5 5,85 3.9 ~ 7.8 6.90
27.5 23.5 8.81 6.86~10.76 7.98
12.5 8.5 Disintegration(yz) 6.85 3,81~ 9.89 6.7
27.5 8.5 min 12,20 9.16~15.24 *8.2
12 5 23.5 4.88 1.84~ 7.92 4,6
27.5 23.5 8.48 5.44~11.52 8.3
12.5 8.5 Friability(ys) 0.475 0.246~0.704 0.34
27.5 - 8.5 % wt. loss 0.253 0.024~0.482 0.25
12.5 23.5 0.802 0.573~1.031 *0,24
27.5 23.5 0.635 0.406~0. 864 0.60
12.5 8.5 Tablet Volume(ys)  0.1500 0. 1464~0. 1536 0.150
27.5 8.5 in®x107t- 0.1520 0. 1484~0. 1556 0.153
12.5 23.5 0.1566 0, 1530~0. 1602 0. 157
27.5 23.5 0.1578 0.1542~9, 1614 0. 157

* This value fell slightly outside the 95% confidence range.
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Table Well A <& 4 gl& ek o] (EEHREE 2Kk X2k ZEER7A Katgow,
Avicel(R) o ol Bia gemlel TR, BiNPEE, WHREE, B EHAMGHE =¥ 95%
FRESHAA & debix oot EEHBRY REES B st REHA
BB astd Efe #stel sl B Avicel®(x) 12.5%9} 27.5%, Bb
(%) 8.5%3k 23.5%2) ¥ &= giflE Watatgle o LEEER Kol BEE, PWE,
BRE 9 @R Rz oA ol A& HEFTgstel EinEe KRMES H#F A& Table
Nl FiRstgl = ‘ :

HohfEh WAL 2 BEEEAA £4 LIS BAST 25 SEEEENNC 3o =
A REFEGER BRERY B AT & d& REke d&¢ FUT & 9

Contour Graphso| {E&—Avicel(R)(x) 2 ¥ty (2) & Aei7tAl WA= FEs] 718
39l w RE%S JeblE contonr curver Figure, 1~4o] BER3MATH ~
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% Avicel® X, % Avicel® X;
Figure 1—-Contour curves for tablet Figure 2—Contour curves for disintegt-
hardness(kg), illustrating levels ation - time(min), illustratin
of Avicel®and starch producting levels - of Avicel® and starc]
producing similar responses.

5 10 2530
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% Avicel® X, % Avicel® X,
Figure 3—Contour curves for - tablet Figure 4—Contour curves for tablat
friability (percent weight lose), - . voluime (in®X10), - illustrating
' Avicel® and  starch

 illustrating levels of Avicel® and levels . of
starch producing similar responses producing similay responses.
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Figure 5¢] = S-amylase®] 7JEE @iEst 4 AIEHESS HHRE HESI 959
A
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Figure 5—Contour curves for activity of S-Amylase(units per 2 tablets),illustrating levels
of Avicel® and starch producing similar responses (calcujated activity 2524u).

contour curved] {ERe #Ed HI BES vebd B9 ofvst £%42 graphE F¥
ol A& Ml HEAA Ystes BEY T 24¢ 4 .

& Fig. 69 4 8} Zo] BEEESL KRS contour curved & graphe]l &7 o714 %l
ol HES = WO EHI T BES RS gEAJE Avice® () E B (x)

e f\ige] 35 & 4 ok o Wl x, 0 B HELESS FEe BEY
30

25k

25 30

% Avicel® ¥,

Figure 6—Feasible solution space defineu vy nypothetical restrictions on tablet hardness
and disintegration time. key:~—, hardness contours(kg); and.---- , disintegration

time contours (minute).
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Constrained Optimization—357.2) BA A BES wH, BKE Bste HIRT
° WAES BAS MBS 9T R RS BEREH Jolok gk

debd MR A MBS MmN RERS MEEA Foldl BETAA B
3 BHE 4+ 9= BEEAS 27 93t constrained optimizationg Flf ).

ol AE AvicelR)(x) o B ()9 Bkl whet HREGO)T BOE e Ao
e RE BPR e a4 2 %9 e R

Fam Fa(Xyy g wreveereriversrsernssetenesessisrenssessn s st ssssaas et ansreiuc s e neens (1)

olul feMlel FSHEEREE 0.62%, TS 0.0154 ind BT M F1 Avicel(R)

B P AR 5~35%9k 1~31%0n

BSX S35 wererrerrereeressneneraessseeses retrerereeesesaessstessrasestaiesaeaees )

ISHEIL corerrrrerrreesseenes sresisesussstusssssaessasisnesaanesnieainsstnneseas )

Py Fo(Epy Ha) S0, 62evrerersersssasarerereresastesesissanssistesersresesaates s saansanssases %)
Vo= Fa(%g %) SO, 01540r0ereres SO S O OOV PE SOOPPI PPN ()

2] &Kol Rargt.
Table M) RX& Lagrangeiiz #sial
F=By+ By1%,+ By, + By3x,? + Boy,% + Bosxa%, + By %2+ Byyxi*%:+ BasX®x%+ 44
(Bso+ Bayxy+ Byyx,? + Bygky? + By x,7 + Bask iy + Byg150,2 + Bz 2%+ Bogxi 2.2+ 4%
—0.62) + 2, (B4 Byx:1 + Bytto + Byox,? + Bux? + Bexix+ B“;:wca + wa, %5t
Bttt H @+ L SAX 1072) wovveereriersinierienisesnssesesionsassisnsassesssstasases aened “(6)

o] =]o] unconstrained optimizations] 3% ] %u}. {8, ol# gy qzlf_— _slack_variable"
o]™] 2, %= Lagrange multipliero]ct. -
ER Lagrange BI(E % BB Mo Av¥sid Foz ¥I pkd 64 BAAE
o o] v e “
%=15.4%, %,=17.2%
o o W) FAEE 6.67& Asith
Figure 7¢ & ()~(5)914 %% constrained optimizationfIREE WMT Aotk =
Pl A pHRo = T2 Fol WAL M THEDR BT Folzl R A ol 5
A& FMRoI .
Sensitivity Analysis—Constrained optimizatione] % 2,"—0139_ B ﬁkiﬂ-"i 59%%5‘
BE B 1T BESGE doAE e EES 2R 3 | ‘
B4 RAA 2% fhz e ﬁasﬁ:~ '
VeSay ereeeeerees [ eersestestevssans ereeceen erssesssaskessitrennrens - (7)
54, E3 |

122,531 soeriontonnnes eeesedterasitesaissttanietsiteiiiisisstriasesetann ’f'f':',":'""";""cs)
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Figure 7—Graphical analysis of
constrained optimiza-
tion problem defined
by Egs. Keys: o,
disintegration  time
(min.); <, Volume
(cubic in.) o,Fria-
bility (%) and A,
percent starch.

30

% Starch %,

i 11,1’1uuw(mnunummuu

y 1/
5 10

25

1 ]
15 20
% Avicel® X,

30

30¢
Figure 8—Optimum disintegration
=3 201 time as a function of
é restrictions on tablet
Y friability.
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AA BERE()E At TR s Ao 22718 %Wsy Aste] BHEES HHEE &
A7 Aol Fig 8olct. : |

YA a, 0.62%% BRE 3t 2 x: AA45 F780 2 M kdAE S#MboT S
stk 2o EE AERIAE nhEEe BRE REel TaEd T d¥e €A 44 @
4 vk . _ |

= n3 e o) REE Fig. 99 2o @RTezA nlexe] #EC 2 KY M B
i # f nekel EEMECl Whstel Mtk webd ol¥stA Lagrange® €
% 9L o] Wel® o] BESHES W EHsich.

Gemlel BRIRIE W gaRS) BMbol webA x, m L BMES Zhol EatdALl A Eel 97
Az BERE A% 5, 5 A PEES Table Vol Fmstsich

30¢

g

Percent of X, and X,

1or

0.5 ) e
Moxjmum ‘acceptable friability(%) Wi, foss.

Figure' 9- Optiniizing values of Avicel® and starch as a “function  of « restrictions on
: tablet friability. Key: A, starch; and B, Avicel®..
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Table V—Optimizing Percentages of Avicel® and Starch and the Corresponding Optimal
Disintegration time as a Function of Simultaneus Restraining Values on _Tablet
Friability and Volume

Maximum Acceptable Constraints Optimizing Values of Optimum Disintegration
Controllable Variables Time (min)
. Friability Volume
(% wt. loss) (inch3®Xx 10) % Avicel®x, % Starch x,
0.35 0. 150 17.2 6.7 8.6
0.154 26.8 13.1 10.1
0.158 38.4 15.9 14.6
0.60 0.150 8.5 10.1 5.2
0.154 16.4 16.8 7.0
0.158 30.5 22.6 9.1
0.80 0.150 1.3 13.2 3.4
0.154 6.8 19.3 4.0
0.158 19.3 25.4 6.7

BERH— ko) I SR RS W RERAES R Q51T e
Astel HEEHS 44 5%A0h
AR EAT B BE kel BEsE HHol Yomz, HET W BRI

30 7 77

25

C.M.C X,
& S

% cal.
rs3

5 10 15 20 25 30
% Avicel® X,

Figure 10—Graphical analysis of constrained optimization problem used by Cal.CMC
for disintegrant. Key: ®, disintegration time (min); ¢, volume(cubic);
©, hardness(kg); and A, percent Cal.CMC; @, friability(%).
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wpel 7 ekl AR AERANAE of B HEHEsyl sy m&%ﬁji A.E.A
2] & spray ko 2 SR, A—EHE BEsta, 2sA S calcium CMCZ o #3149
Pb B RELERS RET B Fig 109 2.

Figure 73} w28l 25, F— SE0IA calcium CMCS] ARl 2o WS 27bsta,
2AARL GO, 2L BERA 1 REERe dold AL #= & 47 gk

EERB IR 0% 80% RH EHRME Y1 RiEs) 40°Ce HF life testerd]
s —EEMRE & EAAE 7 R HENES S BERE FRE Aol
Fig. 110] o},

20 50
< 50
> 70 -
o capping . Z
=15 »
7
d 50 / _ S
- - »
S 50
f,-_’ 10
8
& .
R 5t
Safe
ol H ] ' A 1
5 10 15 20 25 30
T % *Avicel® X,

Figure 11- Contour curve for the change rate(%) of coating tablet appearance in hard
accelerated conditions. Key: ¢, 40°C, 80% RH, 1 week; ¢, room tfemp.,
80%RH., 2 weeks; ®, room temp., 80%RH, 6 weeks; A, 80% RH;8 weeks-
Calcium CMC '

Figure, 1A% & 4 S& ook 2] WEHE REREHCE BEHAED LAAZ B
B Aeehd 1 RERS AT BT FE EH A RAEES 344 4F
ol 50%°14 RERE wlid Fovk Calcium CMCE AHEstg € w& 473 sl
244 BAFdE FAGRzAAA 2 FHiRl W, Avieel® Fxo :q}_—ﬂ]ﬁo[ %2
sk vebsker |

S-amylase JJfE: B HRBL oot qRISA Bach. WEEKE —@9) amino
MAEAEC] BE 1 B WM MRBLE SRR BHSE F4 &E A4 E
o ERBHOE or BAEHIALT Atlel 4 4 gk MBS HA =t G0 UOE
stet. | | -
EHEAA AW EASE 4 dry binders] SUME ARE KMt Aol Table ¥
oA Rl dek | | o |
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Table V. Combining Effect of 20% Dry Binders

Dry Binders

Hardness Fr1ab111ty Disintegration Disintegrant
Official Title Alternate Title (kg/cm?) (%) (min) (16%)
Avicel Microcrystalline 7.45 0.53 7.8 Corn Starch
Cellulose
Sod. CMC Sod. Carboxymethyl 5.15 0.38 8.7 Corn Starch
+ Water Cellulose
Elcema G250 Microfine a-Cellulose 5.97 0.¢4 4.5 Corn Starch
Elcema G250 Microfine 4.30 0.598 23.0 Cal. CMC
a-Cellulose Granule ’
Elcema P100  Microfine 4.68 1.256 11.0 Cal. CMC
a-Cellulose Powder _
PEP 101 Ethylen propylene 5.17 0.925 25.4 Cal. CMC
Oxide Copolymer
Avicel Microcrystalline 6.19 0.285 6.43 Cal. CMC
Cellulose
HPC Hydroxypropyl Cellulose 4.44 0.715 35.45 Cal. CMC
Carbowax 4000 Polyethylene Glycol 4000 2.06 4/10 26.0 Cal. CMC
Sod. CMC+ Sod. Carboxymethyl 4.37 0.729 : 4.0 Cal. CMC
CaHPO, Cellulose
Lactose Gr. Lactose Granule 8.27 0.437 21.0 Cal. CMC
Tablet weight, 380mg; Diameter, 10m/m; Gauge, {.8m/m.
A=A BEipelr}t Calcium C.M.CE 16% = BEEsty £% dry binderE 20%= Al

AA g F 94 BE, ERE, RREE
BEAA Rl B oel Avicel®o]

F—fefho 2 WEkES AT BADe A—
$43b vhehgtoh.

& ]

Biodiastase @ cellulase® #F3o 7 3} microcrystalline cellulose 3 -2 RH|

= 9 of gemlel BE, BERE, BIRE 3 gl vids $BS Rty ded 2
BRE a9

L gelsl BEHREE 0.62%0] 8, B8 0.0154in,. o elAl $alAZ& A= she BBk
S Avicel® 15.4%,

B 17.2%0] 5], o W EHAZL 6.650]ch
2. geplel B, vlex, A=, BHEAA & RpASS TEMEERE BRE 524
o - 0l gl ot

3. RT BOBEEES MEXK, BARBIA N HREAA T ERYo R wEstge

EITEA A FifERiel dry bindere] f@¥Esl Eol =& Fae ERR KEMWT W
BEStSA Tt

4. BH HRE, BRE A BEAL HFAIQl Caleium CMC2 wpFo] o % 4
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