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Jong Won Kwon, Shin Hong Min, Shanghi Rhee and Yong Bae Kim (Dong-A
Pharmaceutical Co., Ltd., Seoul): Studies on the Tablet Product Design.
Effects of Anhydrous Lactose and Corn Starch on the Preparation of Predniso-
lone Tablet by Direct Compression Method.

Abstract—Prednisolone tablet product design problem was
structured as constrained optimization problem and subsequently
solved by multiple regression analysis and Lagrangian method
of optimization. Prednisolone was the drug chosen and anhydrous
lactose and corn starch were the adjuvants. The effect of
anhydrous lactose and corn -starch concentrations on tablet
hardness, volume, disintegration time and in vitro release rate
was studied. The concentrations of anhydrous lactose and corn
starch used in this experiment were 30~60 percent and 5~30
percent, respectively. A full second-order (quadratic) model with
all possible two-factor interactions was employed. To obtain the
values of anhydrous lactose and corn starch which minimize the
in vitro ' release time (tg%) subject to the constraint on
tablet hardness, disintegration time and volume, we solved the
Lagrange function. Multiple correlation coefficients for the
regression models were correlated at less than 0.05 level and it
was found that the optimum concentrations of anhydrous lactose
and corn starch were 45 percent and 21 percent, respectively.
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el B 48383 %84S prednisolone(KP ID), #f—K#% #4(KP ID, S8 (KP
D), fmK5LE(USP XIX), 28 olel Al w24 (KP IDo| i 2%+ Beckman DU-2 Spectro-
photometer (Beckman), Erweka equipment(Erweka), Monsanto hardness tester(Monsanto),
Dissolution tester(Erweka), Calipers Zgo] v},

FERGeMIS) 9 T4 0 24 prednisoloned- {HHG o BH 2A L HER—AKHT
4, ol A vhaMlg, OKILEE W ST MBS st 28 250 mgd 1gEoE kA
F18:S Erweka #14u#S /sl B 9mm double punch® 3ton/cm? EEJ) Tl BT84l
o 2 e Table Iz} 2}

Table I-~Tablet formulations used in the optimization study

Formulation Wt.(mg) of ingredient per tablet
No. Prednisolone® l\éltigx;ziiexgm (.‘:a‘;‘II_IP;gg Corn starchd ﬁril()};cirous’
1 5 5(2%) 2.5 87.5(35%) 150(60%)
2 5 5 40 50 (20%) 150
3 5 5 77.5 12.5(5%) 150
4 5 5 40 87.5 112.5(45%)
[ 5 5 77.5 50 112.5
6 5 5 115 12.5 112.5
7 5 5 77.5 87.5 75 (30%)
8 5 5 115 50 75
9 5 5 152.5 12.5 75

The particle sizes were a; 250mesh, b; 250 mesh, ¢; 120 mesh, d; 200 mesh, e; 100 mesh.
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Table II—-Effect of anhydrous lactose and corn starch concentration on the certain physical and
chemical properties of tablets

Percentage of corn starch, X,

Anhydrous lactose Response variables Response variables Response variables

X
Y Yy Yy* Y Y® Yz? Yi© Y Y Yob Yy© Y

30 Mean 12.14 31.5 0.145 15.10 11.6 2.635 0.157 2.04 6.51 1.300 0.165 1.25
+SD 1.262 3.728 0.002 3.469 3.205 0.145 0.003 0.390 0.780 0.245 0.001 0.503

45 Mean 15.54 42.4 0.155 19.66 12.46 5.075 0.166 4.05 10.46 2.35 0.177 2.625
+SD 1.425 5.628 0.001 4.154 1.718 0.456 0.001 0.894 0.715 0.461 0.005 0.635

60 Mean 16.9 49.4 0.160 25.08 15.08 7.86 0.172 5.25 7.28 b5.14 0.188 4.250
+£SD 1.755 2.182 0.002 4.749 2.016 0.521 0.002 1.000 0.876 0.415 0.002 0.698

a. The Y, tablet hardness in Monsanto kilogram units.

b. The Y; is iz vitro release rate as measured by time in min for 60% of the drug to be in solution
(te0%).

c. The Y; is tablet volume in cubic centimeters.

d. The Yj is tablet disintegration time as measured by KP II method.
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Table IITI—Results of multiple regression analysis

Coefficient and

Trend component

Regression coefficient value.

trend component name Tablet In vitro Tablet Dis'integration
hardness, ¥, teon, Yo volume, Y3 time, Y;
Big Yeintercept 1.2319X100  L6407X10'  L6455X107  8.8120X10°
BuX, Linear in X, 6.5555X 1070 2.9955X 1071 6.0444X107 17924107
BuX, Linear in X,  —1.9022X107 —LZ724X10° 8 1885X107 —5.7433X 10"
BioXy® Quadratic in X, —1.7037X107 —13333X10° —6.2222X107 +1.6593X 107
Biu Xz Quadratic in X, —2.9926X10°°  7.4755X10°% —3. 1111107  3.3548X 10
BisX, X, Linearxlinear =3 1978510~ ¢ —1.5622%10%  1.8944X10°° —7.7089x10™
BisX, X7 LinearXquadratic _3 5gspx10¢  8.8704x10¢  6.9630x107  4.8163X10™*
BaXiiX, Quadratic linear ¢ (7265104 4.1926X10¢  1.0370X107 —4.9333X10°8
JFpu— QuadraticXquadra- _5 5 8 _5
BSXj2X, iadraticXquadra- _g 5051076 —1.3026% 107 2.9741x10°°  1.3304X10
Multiple correlation coefficient 0. 8580 0.8971 0. 9925 0. 8897

* These analysis were performed on a polynomial from Y7=Biy+Bi1 X+ B2 Xp+ BisX,?+
Bis X2+ Bis X; Xp+4 Bis X, Xo2+ Bi X2 X5+ Big X1 X352, where i=1, 2, 3 and 4.

Table IV—Verification of generated polynomial models

New experimental conditions

Predicted Y,

. 959% Confidence Experimental

% Anhydrous, 9% Corn Variable from

lactose, X; starch, X, polynomial range result
37.5 12.5 Hardness (Y}) 12. 4 10.5~14.5 10.7
37.5 27.5 kg 10.5 8.9~12.2 *8. 8
25.5 12.5 16.1 13.1~19. 1 15.2
52.5 27.5 11.8 10. 1~12.5 10.7
37.5 12.5 In vitro teon 9.2 8.0~10. 4 9.1
37.5 27.5 (Y3), min. 2.9 2.6~ 3.2 2.8
b52.5 12,5 29.8 23.3~34.3 28.2
52.5 27.5 5.0 4,1~ 5.9 5.1
37.5 12.5 Tablet volume 0. 151 0. 148~0. 154 0. 150
37.5 27.5 (Y3s) cm® 0. 163 0. 160~0. 166 0. 163
52.5 12.5 0. 163 0. 160~0. 166 0. 165
52.5 27.5 0. 175 0. 172~0. 178 0.171
37.5 12.7 Disintegration 9.8 8.5~11.1 9.3
37.5 27.5 time (Y4), min. 2.5 2.2~ 2.8 2.4
52.5 12,5 16. 2 13.2~19. 2 15.1
52.5 27.5 4.1 3.08~5. 12 4.5

*This values fell slightly outside the 95% confidence range.
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Fig. 1—Contour curves for tablet hardness (kg), Fig. 2—Contour curves for in vitro tgx (min),
illustrating levels of anhydrous lactose illustrating levels of anhydrous lactose
and corn starch producing similar res- and corn starch producing similar respo-
ponses, nses,
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Fig. 3—Contour curves for tablet volume (¢m?®), Fig. 4—Contour curves for tablet disintegration
illustrating levels of anhydrous lactose time (min), illustrating levels of anhyd-
and corn starch producing similar respo- rous lactose and corn starch producing
nses. similar responses.
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Fig. 5—Feasible solution space defined by hypo- Fig. 6—Graphical analysis of constrained optimi-
thetical restrictions on tablet hardness zation problem defined by Figs. 1~5.
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