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Table 25  Absorbance of Theophylline in 0.1 N HCI
Determined at 268.5 nm.
Concentration (jig/ml) Absorbance
0 0.000
4 0.216
6 0.322
8 0.430
10 0.537
12 0.645
14 0.747
Correlation coefficient = 0.999958
Y -0T053453X + 0.001141

Table 26  Absorbance of Theophylline in Phosphate Buffer
pH 6.8 Determined at 270.3 nm.

Concentration (pg/ml) Absorbance
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Table 27 Particle Size Distribution of Spray-Dried Powders
Prepared from Various Spray Drying Conditions

Process Variable

% Weight Retained on Sieve Size

[Level

45 pm 75 pm 106 pm 125 pm 250 pm
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Table 28 emulative ? Frequency Undersize and z Value of Spray-Dried Powder Produced
at Different Inlet Tesperature

" MTemperature 120°C 130°c 10Fc 10 c

ize

Range |\

(micron) % z am /A am Z am Z
0-45 1597 -0.9958 322 -18500 0.12 -3.0400 63.23 0.3379
4575 6385 03545  69.72 05163 1394 -1.0832 7401 06436
15106 708 05482 7570 06968 2579 -0.6490 7923 08145
106-125 8181 09081 . 8592 10768 59.28  0.2347 86.07  1.0836

125-250 9358 15208 945/ 16045 7700 07337 95.39 16840
>=250) 100.00 100.00 100.00 100,00

(M = Cumulative 7 Frequency L'ndersi:ze

Table 29 Cumulative ? Freauency Undersize and z Value of Spray-Dried Powder Produced
at Different Feed Rate of Solution

"vFeed Rate 18 A 2 D

Size ffil/fflin ffll/fflin ffll/fflin ffil/fflin

Rage

(micron) am  z am  z Mz am  z
0-45 0.se -2.3750 322 -1.8500 5381  0.0956 4145 -0.2159
45-75 46.89 -0.0780 69.72 05163 7457 06609 7313 0.6167
75-106 75.17 06800 75.70  0.6968 8267 09412 7873 07972
106-125 8480 1.0279 85.92  1.0768 80.95 1.2788 86.79  1.1167
125-250 9459  1.6864 9457  1.6045 96.41  1.8000 9751 19617
>=75) 100.00 100.00 100.00 100.00

@M. = Cumulative ? Frequency Undersize

Table 3 Cumulative ? Frequency Undersize and z Value of Spray-Dried - Powder Produced
at Various Atomization Pressiure

Nfltc iiization 4 6

Size Pressure I har bar bar

Range

(micron) am  z a7z a1 am 7
0-45 5891 02251 3304 -0.4389 i - 1,8500 016 -2.9400
4515 7853 0.7903 5043 0.2387 69.72 05163 2889 -0.5566
75-106 8546  1.0565 69.05 04972 7570 0.6968 7131 05624

106-125 9146 1.369%4 86.19 1.0891 8592 1.0768 3054 08611
125-250 96.44 18038 95.93 17425 9457  1.6045 9386 15433
>=25) 100.00 100.00 100,00 100.00

@Mb= Cumulative ? Frequency Undersize
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Table 31 emulative z Frequency Undersize and z Value of Spray-Dried Powder Produced
fros Various Concentration of Solution

AMConcentration 10% 12 N7 Y4

Size Mo fSolution

Range 98N

(aicron} L : Wz H : aH :
0-45 100 -2.3217 322 -1.8500 18 -0.9154 52.74 00687
45-75 6952 05106  69.72 05163 6093 02774 7227 05909
15-106 7131 07490 7570 06968 7882 08003  77.50 0.7553
106-125 8680 L1214 8592 10768 8735 11430 824 1040
125250 940 17988 9457 16045 956 17060 9379 15375
>=2) 100.00 100.00 100 100.00

(Mo = Cuiulative » Frequency Undersize

Table 32 Geometric Mean Dijameter of

of Spary-Dried Product
Prepared from Different Cond&t'y

10Nns

Process Variable D50*
[Level pm
Inlet Temperature (°C)

120 713.40

130 82.30

150 144.83

170 32.30

Feed rate (ml/min)

18 94.23

24 82.30

21 39.47

30 51.22

Atomization pressure

2 bar 33.05

3 bar 63.00

4 bar 82.30

6 bar 106.54

Concentration of
Solution (%)

10 86.62

13 82.30

20 68.81

25 39.99

AGeometric mean diameter



Table 33  Amount_of Theophylline Release from
Spr YDrled Matrices Prepared at Different
Inlet Air Temperature

i
Al
i

* Mean of six determinations (%)
** Standard deviation
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Table 34 Amomn of Theophylline Release from
Fgggy Drled Matrices Prepared at Different

Feq?rats I 0 SD**

(m1/min

18

|
]
%

21

30

*  Mean of six determinations (%)
** Standard deviation



144

Table 35 ount of Theophylline Release from

Am
Spray-Dried Matrices Prepared at Various
Atomization Pressure

| *%
6‘ ess Zraetlo(rt]Jar) Irlmf " >0

*  Mean of six determinations (%)
** Standard deviation
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Table 36 Amount_ of Theophylline Release from
Spray-Dried Matrices Prepared at Different
Concentration of Solution

. . x
0Cfo nscoelrbttri%tnlo n Ilm o+ SD

1

@
2
%
i

o

20

25

*  Mean of six determinations (%)
** Standard deviation



Table 37 Analysis of Variance of T at Different Inlet Air Tefflperature

SIRE IMEFURES F MANQAE  F o PROBABLITY
Between groups 42,841 3 1428 41403 0.000
Within  groups 6898 X 0.345
DUNCAN MULTIPLE. RANE TESTS
CRERD MAS DIFFER AT ALPHAS(5  CRCERED MEANS DIFFER AT ALPHAS(L
Sap order  Difference Gy order Difference

2 0.708 2 0.967

3 0.743 3 1.007

4 0.765 4 1034

Table 38  Analysis of Variance of TBU. at Different Inlet Air Tesperature

SIRE IMG SUARES [F  MEN SOAE F PROBMBILITY
Between groups 174649 3 5216 65.171 0.000
Within groups 17866 2 0.893
CUNCAN MLLTIPLE RANGE TESTS
(RERD MAS DIFER AT ALPHAS.05  CRIERD MEAS DIFERR AT ALPHARO0L
G order  Difference Gy order  Difference

2 1139 % 155

3 119 1621

4 1231 4 1.664

Table 39 Analysis of Variance of To07. at Different Feed Rate

JRE M QRS OF MAN JQUAE F PROBABILITY

Between groups 1039 3 0.346 3776 0027
Within groups 184 2 0.092

DUNCAN MULTIPLE RANE TESTS
CROERD MEANS DIFFER AT ALPHAS.(5
Sap order  Difference
2 0.365
3 0.383
4 0.394

146



Table 40 Analysis of Variance of 180% at Different Feed Rate

SIRE MRS F MANSUAE  F PROBABTY
Between groups 4.402 3 1467  4.964 0.010
Within- groups 502 X 0.29%
CUNCAN MULTIPLE. RANEE TESTS
CRERD MAS DIFFER AT AFHA06  CRERD MANS DIFFER AT ALPHAROOL
Sap order  Difference Gap order  Difference

2 0.655 2 0.895

3 0.607 3 0.932

4 0.708 4 0.957

Table 41 Analysis of Variance of 5P at Various Atosization Pressure-

ORE IMCF QUARS [F MEAN SOUAE F PROBABILITY
Between groups 0.234 3 0.078 1578 0.226
Within groups 098 2 0.049
DUNCAN MULTIPLE RANEE TESTS
(RERD MANS DIFER AT ALPHAS.(6
Sap order  Difference

L 0.268

3 0.281

4 0.289

Table 42 Analysis of Variance of TBX at Various Atomization Pressure

JRE MG QURS F  MAN QUAE F PROBABILITY

Between groups 3.488 3 1163 2910 0.060
Within groups 7992 X 0.400

DUNCAN MLLTIPLE. RANEE TESTS
(RERD MA DFFER AT AFHAR0.05
Sp order  Difference
2 0.762
3 0.79?
4 0.823
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Table 43 Analysis of Variance of T50X at Different Concentration of Solution

SIRE IMGFQURS OF MANURE  F PROBABILITY
Between groups 2.526 3 0.842 29,099 0.000
Within groups 0579 A 0.029
DUNCAN HULTIPLE. RANE TESTS
CRERD MAS DIFFER AT ALPHAS(5  CRCERED MEANS DIFER AT ALPHAS(L
Gp order  Difference G order Difference

2 0,205 2 0.280

3 0.215 3 0.292

4 0.222 4 0.300

Table 44 Analysis of Variance of T807. at Different Concentration of Solution

SIRE IME QURS [F MAN QA F PROBABILITY

Between groups 816 3 2715 9.745  0.000

Within groups 5512~ A 0.219

DUNCAN MULTIPLE RANCE TESTS

(RERD MAS DR AT ALPHAO05 - CRIERD MEANS DIFFERR AT ALPHAS.01L
Gp grder D|ff%r%r§%e Gapzorder leBeg%%ce

v 0.667 3 0.905
4 0,687 4 0,930

148
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esium stearate on Amount of

Effect of_MagFg _
Theophylline Release from Spray-Dried Matrices
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Amount of Theophylline Release from
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Table 50 Analysis of Variance of TiP at Different Magnesium stearate
Percent of Spray-Dried Matrices

SIRE MRS OF MANSUEE  F PROBABILITY
Between groups 122661 2 61331 4490166 0.000
Within- groups 02056 b 0.014
DUNAN MLLTIPLE. RANGE TESTS
CRORD MAS DFFR AT ALPHA)(6  CRCERED MEANS DIFFER AT ALPHAR01
Gyp order  Difference Ggp order Difference
; 0.144 2 0.199
3 0.151 3 0.208

Table 51 Analysis of Variance of T8V, at Different Magnesium stearate
Percent of Spray-Dried Matrices

SIRE MRS F MANIUFE  F PROBABILITY
Between groups 560675 280.338 4499802 0.000
Within  groups 0934 15 0.062
CUNCAN MULTIPLE. RANE TESTS
CRRD MAS DFFR AT ALPHAQS  GRCERED MEANS DIFFER AT ALPHAS.(L
Gyp order  Difference Gap order Difference
2 0.307 2 0.426
3 0.322 3 0.443

Table 52 Analysis of Variance of TP at Different Compressions!
Pressure (50010-15001h)

SRE IMCF QA F MEN SQUARE F PROBABIITY

Between groups L7400 2 0870 3588  0.000

Within groups 0364 B 0.024

DUNCAN MLLTIPLE. RANCE TESTS

(RERD MAS DIFFER AT ALPHAS(S  (RTERD MEAS DIFER AT ALPHAS.(L
Gp grder lefegerfgg Gaozorder legezrggce

? 3 0.217
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Table 53 Analysis of Variance of T80 at Different Cospressional
Pressure (5001b-15001b)

SRE SMFQURS OF MANQUAE F PROBABITY
Between groups 15.142 2 1871 74943 0.000
Within groups 155 B 0.105
DUNCAN MULTIPLE. RANCE TESTS
(RERD MAS DIFFER AT ALPHAS(S  (RCERD MEAS DIFFER AT ALPHAS.0L
Sap order  Difference Gep order Difference
1 0.399 1 0.553
3 0.418 3 0.575

Table 5 Analysis of Variance of T5X at Different Cospressional
Pressure (3002b-7001b)

SIRE IMEQURS F MANUAE F PROBABIUTY
Between groups 0066 2 0033 1214 0.324
Within groups 0405 15 0.027
DLNCAN MULTIRLE RANE TESTS
CRERD MANS DIFFR AT ALPHAS(S  (REERD MANS DIFER AT ALPHAS (1
Gp order  Difference Gp order Difference
2 0.202 L 0.280
3 0.212 0.292

Table 5%  Analysis of Variance of T8J. at Different. Cospressional
Pressure (3001b-70010)

SIRE IMEQURS OF MANQUARE F PROBABILTY

Between groups 10086 2 5043 24703 0.000

Within groups 3062 B 0.204

DUNCAN MULTIPLE. RANE TESTS .

(RERD MAS DIFFER AT ALPHAS(S  CROERD MEAS DIFER AT ALPHAR0i
Gp order  Difference Gaozorder leBe;%rice

3 0.802
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Table 5%  finalysis of Variance of TH0P% from Batch [-I1|

SIRE IMEF RS OF MANIUERE  F PROBABILTY
Between groups 0232 2 0.141  6.761 0.008
Within groups 033 b 0.021
DUNCAN MULTIRLE RANCE TESTS
(RERD MAS DIFFR AT ALPHAS(S  (ROERED MEANS DIFFER AT ALPHAR0(L
Gp order  Difference Gy order Difference
2 0.178 L 0.246
3 0.136 3 0.257

Table 57 Analysis of Variance of TBX fro® Batch I-I1I

SIRE IMGF QRS F MANQUAE  F o PROBABIITY
Between groups 3138 2 19569 3.158 0.004
Within groups 23% 55 0.192
CLNAN MLLTIPLE. RANE TESTS
CROERD MEANS DIFFER AT ALPHAS!D  CREERED MEANS DIFFER AT ALPHAS.0L
Ggp order  Difference Gy order  Difference
2 0.540 2 0.743
3 0.566 3 0.779

Table 53 Analysis of Variance of 150% fro® Batch I-I11 and Scale-up

Batch
SRE IMEQARES F MANJURE F PROBABUTY
Between groups 0.290 0.097 3345 0.040
Within groups 0.579 0.029
OUNCAN MULTIPLE. RANCE TESTS
(RERD MAG DFFR AT ALPHAQ(S  CRCERED MEANS DIFER AT ALPHAS 0L
order  Differenc! G order Difference
2 0.205 2 0.280

7 0.215 3 0.292
4 0.222 4 0.300
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Table 3  Analysis of Variance of 802 froa Batch I-111 and Scale-up

Batch
SIRE MRS F MANSUEE F PROBABILTY
Between groups 4.246 3 1415 5439 0.007
Within groups 52005 X 0.260
CUNCAN MULTIPLE. RANCE TESTS
CRORD MAY DIFFR AT ALPHAS,05  (ROERED MEANS DIFFER AT ALPHAR0(L
Gyp order  Difference Gy order Difference

L 0.615 2 0.840

3 0.645 3 0.875

4 0.664 4 0.898

Table 60  Analysis of Variance of T502 fro® Spray-Dried Matrices
Nuelin and Theodur

RE IMEQURS F MANQUAE  F PROBABILITY
Between groups 9.973 23 4987  62.966 0.000
Within-groups 1188 5 0.079
DUNCAN MLLTIPLE. RANE TESTS
CROERD MAG DIFFR AT ALPHAS(S  CREERED MEANS DIFER AT ALPHAS.0L
Gp o5der Difference Sap order Difference
0.347 2 0.480
0.363 3 0.500

Table 61 Analysis of Variance of T802 froa Spray-Dried Matrices
Nuelin and Theodur

SIRE IMEQURS OF MANUARE  F PROBABILITY

Between groups 21.276 2 13638 23199 0.000

Within groups 8813 B 0.588

OUNCAN MULTIRLE. RANE TESTS

(RERD MEAS DIFFER AT APHAH)05  (RCERD MEANS DIFFERR AT ALPHAQ.01
Gp oEder lef%rgﬂze quzorder le{e?)rggce

3 0,989 3 1.362
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Table 62 Particle Size Distribution of Spray-Dried Powder

from Consecutive-Three Batch and Scale-up Batch.

Formulation

Batch |

Scale-up Batch

%Weight Retained on Sieve Size

45 um 75 um

16.34  3.80 3.9
20.45 454 85
15.01 5.18 5.3
19.05 7.90 6.3

[ep NN de

Table 63 Cusulative XFrequency Undersize and  Value of Spray-Dried  Powder
from Batch I-111 and Scale-up Batch

N'\ s Batch

Size N

(micron)

0-45
45-75
75-106
106-125
125-250
>z

N

1

QMK

68.56
84.90
88.70
92.69
9%.97
100.00

z

0.4834
10322
1.2105
14531
1.8767

X

59,05
17159
8244
89.74
9471
100.00

@Mb= Cumulative X Frequency Undersize

Z

0.2287
0.7583
0.9323
1.2667
16173

CUnX

66.14
8115
86.33
91.70
97.13
100.00

04162
0.8833
1.0955
1.3853
1.9000

106 um 125 um 250 um

Scale-up

Bateh

56.21
15,26
83.1¢
89.52
9.49
100.00

0.1563
0.6828
0.9604
1.2544
1.8100
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Table 64  The In Vitro Release Specification of
Theophylline Product Prepared from
Ready Made Granule manufactured by
Boehringer Ingelheim KG

Time Amount of
(hr.) Drug Release
1 15-30%
3 40-60%
5 55-75%
7 65-85%
9 70-90%
11 75-95%

Table 65 The Values of Release Exponent ( ), Kinetic
Constant (k) and Correlation Coefficient (r2)
following Linear Regression of Dissolution Data
for Values of Mt/M?*,

Batch ko r2
Release Kinetic Correlation
exponent constant coefficient

I 0.52 0.2350 0.9910

[ 0.52 0.2398 0.9847

I 0.52 0.2415 0.9856
Scale-up 0.52 0.2427 0.9876
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Figure 63  Calibration Curve of Theophylline in 0.1 N
HCl at 268.5 nm.
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Figure 64  Calibration Curve of Theophylline in
Phosphaste Buffer pH 6.8 at 270.3 nm.



161

Cumulative % frequency undersize
100

80

60

40

20

0O 20 40 60 80 100 120 140 160 180 200 220 240 260
Particle size (microns)

Figure 65 The Plot of Cumulative %Frequenc¥ H_ndersize
e

of Spray-Dried Powders Prepared at Different
Inlet Alr Temperature
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Figure 66  The Plot of Cumulative % Frequency Undersize
on Probahility Scale Versus Log Particle Size
of Spray Dried Powders Prepared at Different

Inlet Air Temperature
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Figure 67 The PIot of Cumulative %Freguency Undersize
F dpFr{a -Dried Powders Prepared at Different
eed Rate
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Ficure 68 J1he Plat of Cumulative %Frequency Undersize
J on Probability Scale Versus Particle Size
of Spray Dried Powders Prepare at Different

Feed Rate
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Figure 69  The Plot of Cumulative %Frequency Undersize
of Spray-Dried Powders Prepared at Various
Atomizing Alr Pressure
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Figure 70  The Plot of Cumulative %Frequency Undersize
on Probability Scale Versus Log Particle Size
of Spray Dried Powders Prepared at Various
Atomizing Alr Pressure
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Figure 71  The Plot of Cumulative %Frequency Undersize

of Spray-Dried Powders Prepared from Various
Feed Concentration
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Figure 72 The Plat of Cumulative % Frequency Undersize
on Probability Scale Versus Log Particle Size
of Spray Dried Powders Prepared from Various
Feed Concentration
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THEOPHYLLINE SR 12-TABLETS

Batch to bhatch-variation

100 -

50

Percent liberated

15

Liberation time ( h )

Theophylline SR 12-tablets, batch A -X  Theophylline SR 12-tablets, batch X
Theophylline SR 12-tablets, batch ¢ SR 12-granules, unprocessed G

Figure 75  The Batch to Batch Variation of
Dissolution Profiles of Theophylline SRI12
Tablets
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