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Figure 5 UV Absorption profile
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Table 3 In Vitro Studies of Four Commercial Brands of Theophylline
Sustained-release Tablets

Brand Weight Content of Active Dissolution Rate

(mg) Integredient Constant

(% L.A.) (min')

(n =20) (n = §) (n = 6)
A 0.4939 + 0.0049 109.35 + 0.36 0.0029 + 0.0090
B 0.4225 + 0.0046 103.08 + 0.66 0.0026 + 0.0006
c 0.3007 + 0.0031 101.72 + 0.58 0.0190 + 0.0005
D 0.6843 + 0.0092 103.35 + 0.76 0.0017 + 0.0005

" All value are presented as mean + S.D.
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DISSOLUTION PROFILES OF
Theophylline sustained-release Tablets
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Figure 6 Dissolution Profiles of Four Commercial Brands of Theophylline

Sustained-release Tablets in Simulated Gastric and Intestinal Fluids
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Table 5 Dissolution Rate Constants (K,) of Four Brands of Theophylline

Sustained-release Tablets in Simulated Gastric and Intestinal Fluids

Dissolution Rate Constant (K,) (min")
Sample
Brand A Brand B Brand C Brand D
1 0.0021 0.0036 0.017 0.0020
2 0.0042 0.0024 0.020 0.0025
3 0.0021 0.0028 0.022 0.0017
4 0.0026 0.0022 0.025 0.0014
5 - - 0.0026 0.0029 0.010 0.0013
6 0.0036 0.0020 q.ozz 0.0012
Mean 0.0029 0.0026 0.019 0.0017
S.D. 0.0009 0.0006 0.0053 0.0005
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Table 6 Analysis of Variance for Dissolution Rate Constant of Four Commercial

Brands of Theophylline Sustained-release Tablets in Simulated Gastric

and Intestinal Fluids

Source of variation d.f£° ss” MS® F
Among group 3 0.0012 0.00043 61.43
Within group 20 0.00014 0.000007

Total 23 0.0014

F 0.05 (3,20) = 3.10

a = Degree of freedom
b = Sum of Square

c = Mean Square

d = Variance ratio
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Table 7 Comparison of Dissolution Rate Constant of Each Brand of Theophylline

Sustained-release Tablets with that of The Reference 's Product

(Brand B)
Brand Ax Statistical
Significance
A 0.0003 NS
C 0.0164 S
D 0.0009 NS

t (0.05, 20) = 2.086
LsD (0.05) = t  x S, = 0.0035
S = Significant difference at P ¢ 0.05
NS = Not signficant difference at P » 0.05
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Figure 7 High Performance Liquid Chromatogram of Blank Plasma Sample
Spiked with Internal Standard (B) Extracted with Zinc Sulfate
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Figure 8 High Performance Liquid Chromatogram of Theophylline (A) and
internal Standard (Etofylline) (B)
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Figure 9 High Performance Liquid Chromatogram of Theophylline (A) and

Internal standard (etofylline) (B) at different concentrations
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Table 8 Recoveries of Theophyliine and Internal Standard (Etofylline)

Conc. Theophylline Etofylline
Peak area ratio’ peak area ratio’
(mcg/ml) % Recoveryb % Recoveryh
Sol" Plasna Sol" Plasna
1.25 0.4760 0.3903 83.89 0.3641 0.3277 90.00
2.50 0.8268 0.6949 84.05 0.5124 0.4602 89.81
5.00 1.0245 0.8664 84.57 0.8865 0.7969 89.89
7.50 1.1560 0.9236 79.90 1.1257 1.0110 89.81
10.00 1.7490 1.4588 83.41 1.3743 1.2340 89.79
Mean % Recovery + S.D. 83.16 + 1.87 89.86 + 0.09
4 C.V. 2.25 0.10

mean peak area ratio from each concentration (n=3)

% Recovery

Peak area ratio from spiked plasma x 100

Peak area from solution
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PLASMA THEOPHYLLINE CONCENTR ATION
Subject No. 1
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Figure 10 Plasma Theophylline Concentration-Time Profile of Subject
No.l1 Following Oral Administration of Theophylliﬁe

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
Subject No. 2
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Figure 11 Plasma Theophylline Concentration-Time Profile of Subject

No.2 Following Oral Administration of Theophylline

Sustained-release Tablets.
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Figure 12 Plasma Theophylline Concentration-Time Profile of Subject
No.3 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
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Figure 13 Plasma Theophylline Concentration-Time Profile of Subject
No.4 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
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Figure 14 Plasma Theophylline Concentration-Time Profile of Subject

No.5 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
Subject No. 6
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Figure 15 Plasma Theophylline Concentration-Time Profile of Subject

No.6 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
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Figure 16 Plasma Theophylline Concentration-Time Profile of Subject
No.7 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
Subject No.8
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Figure 17 Plasma Theophylline Concentration-Time Profile of Subject
No.8 Following Oral Administration of Theophyliine

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
Subject No. 9
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Figure 18 Plasma Theophylline Concentration-Time Profile of Subject

No.9 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PILASMA THEOPHYLLINE CONCENTRATION
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Figqure 19 Plasma Theophylline Concentration-Time Profile of Subject

No.10 Following Oral Administration of Theophyliine

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
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Figure 20 Plasma Theophylline Concentration-Time Profile of Subject
No.11 Following Oral Administration of Theophyfline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRAT ION
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Figure 21 Plasma Theophylline Concentration-Time Profile of Subject
No.12 Following Oral Administration of Theophylline

Sustained-release Tablets.
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PLASMA THEOPHYLLINE CONCENTRATION
Subject No. 13
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Figure 22 Plasma Theophylline Concentration-Time Profile of Subject

No.13 Following Oral Administration of Theophylline

Sustained-release Tablets.
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Figure 23 Comparison of Mean Plasma Theophylline Concentration-time
Profile from 13 subjects Following Oral Administration of

Theophylline Sustained-release Tablets.
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400-1600 mg, 300-1400 twice daily and 200-1000 mg once daily,
respectively that should be maintain serum theophylline
concentrations in therapeutic range as much as they can, for brand

A 6 subjects can adjust dose to be in therapeutic range, brand B 9
subjects can adjust dose to be in therapeutic range, brand C 5
subjects can adjust dose to be in therapeutic rénge , but for brand D
only 2 subjects can adjust dose to be in therapeutic range. It is

happened from % fluctuation more than 100%.

6. In Vitro-In Vivo Correlation

The correlation studies between the in vitro and in vivo data
for brand A, B, C and D were presented in Table 29. Results
demonstrated that there were no statistically significant correlation
between the two data (p>0.05). Therefore, the dissolution rate
constant could not be used as the preliminary tool to predict the

bioavailability of theophylline sustained-release tablet .
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Table 13 Peak Plasma Concentration'(C_) of Theophylline Following Oral
Administration of Four Difference Brands of Theophylline

Sustained-release Tablets

Subject C, (mcg/ml)
No. Brand A Brand B Brand C Brand D
1 4.76 6.95 5.66 6.00
2 3.48 3.94 3.14 7.04
3 6.32 3.08 6.64 3.72
4 5.02 4,32 2.66 3.76
5] 5.50 5.34 3.10 4.20
6 5.12 7.08 i=78 4,24
T4 5.36 3.98 5.84 5.48
8 6.86 4.60 5.14 3.68
9 4.00 5.88 -6.06 5.52
10 5.62 5.74 7.04 3.06
11 11.76 7.02 9.08 7.52
12 7.72 6.88 10.24 12.44
13 2.28 2.26 3.66 4.88
Mean 5.68 Hi23 5.85 .57
S.E.M. 0.64 0.42 0.65 0.68

" already dose normalized calculation to 400 mg per day



Table 14 Analysis of Variance for Peak Plasma Concentration of

Brands of Theophylline Sustained-release Tablets
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Four Difference

Source of variation d.t." ss’ MS® F
Among group 3 2.68 0.89 0.19
Within group 48 227.99 4.75

Total 51 230.67

F 0.05 (3,48) = 2.60

a = Degree of freedonm
b = Sum of Square

c = Mean Square

d = Variance ratio
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Table 15 Comparison of Peak Plasma Concentration (C_ ) of Each Brand of

Theophylline Sustained-release Tablets with that of The Reference 's
Product (Brand B)

Brand A x Statistical

Significance

A 0.45 NS
C 0.62 NS
D 0.34 NS

t (0.05, 48) = 2.0176

LsD (0.05) =t _.x S, = 1.22

05

S = Significant difference (P ¢ 0.05)
NS = Not signficant difference (P > 0.05)
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Table 16 Time of Peak Plasma Concentration (t_) of Theophylline Following
Oral Administration of Four Difference Brands of Theophylline

Sustained-release Tablets

Subject : t  (hr.)
No. Brand A Brand B Brand C Brand D
1 3.0 8.0 3.0 6.0
2 1.0 6.0 3.0 8.0
3 2.0 4.0 0.25 12.0
4 6.0 0.5 4.0 12.0
D 3.0 3.0 2.0 8.0
6 8.0 8.0 .4'0 16.0
7 4.0 6.0 3.0 8.0
8 3.0 6.0 3.0 8.0
9 1.0 4.0 4.0 8.0
10 3.0 3.0 - 3.0 8.0
11 6.0 4.0 8.0 8.0
12 8.0 4.0 6.0 8.0
13 4.0 4.0 3.0 6.0
Mean 4.0 4.65 3.56 8.92
S.E.M. 0.65 0.58 0.52 0.77
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Table 17 Analysis of Variance for Time to Peak Plasma Concentration of Four

Difference Brands of Theophylline Sustained-release Tablets

Source of variation &t gs’ MS° F
Among group 3 237.50 T AT 15.01
Within group 48 253.13 5.274

Total 51 490.63

F 0.05 (3,48) = 2.60

a = Degree of freedom
b = Sum of Square

c = Mean Square

d = Variance ratio
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Table 18 Comparison of Time to Peak Plasma Concentration (t_) of Each Brand
of Theophylline Sustained-release Tablets with that of The

Reference 's Product (Brand B)

Brand A x : Statistical
Significance
A 0.65 NS
C 1.00 NS
2 D 5.36 &

t (0.05, 48) = 2.0176
£SD (0.05) = t_ xS, = 1.285
S = Significant difference (P ¢ 0.05)
NS = Not signficant difference (P > 0.05)
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Table 19 Percent Fluctuation of Theophylline Following Oral Administration of

Four Difference Brands of Theophylline Sustained-release Tablets

Subject % Fluctuation
No. Brand A Brand B Brand C Brand D
1 52.56 66.27 88.67 183.02
2 22.54 27.92 175.44 450.00
3 85.88 68.64 147.76 57.63
4 90.15 53.19 62.20 193.75
5 150.45 53.45 131.34 138.64
6 28.64 39.37 53.15 49.30
7 157.69 57.94 62 .50 101.47
8 63.33 32.18 58.64 155.57
3
9 72.41 47.00 90.57 112,31
10 43.37 55.14 105.56 191.18
11 226.67 75.50 54.57 79.05
12 82.08 69.46 50.59 128.68
13 90.00 117.31 195.16 183.72
Mean 89.67 58.72 98.16 155.72
S.E.M. 15.99 6.32 13.74 28.14
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Table 20 Analysis of Variance for Percent Fluctuation of Four Difference Brands

of Theophylline Sustained-release Tablets

Source of variation g ss’ MS® Fd
Among group 3 253754.52| 84584.84 20.39
Within group 48 199097.18 4147.86

Total 51 452851.52

F 0.05 (3,48) = 2.60

a = Degree of freedom
b = Sum of Square

c = Mean Square

d = Variance ratio
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Table 21 Comparison of Percent Fluctuation of Each Brand of Theophylline

Sustained-release Tablets with that of The Reference 's Product (Brand

B)
Brand A x Statistical
Significance
A 30.95 NS
c . 30.44 S
D 97.00 S

t (0.05, 48) = 2.0176

LSD (0.05) =t % S, = 36.04

.05
S = Significant difference (P ¢ 0.05)

NS = Not signficant difference (P > 0.05)
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Table 22 Area Under the Plasma Contration-Time Curve (AUC)of Theophylline
Following Oral Administration of Four Difference Brands of

Theophylline Sustained-release Tablets

Subject AUC (mcgxhr/ml)
No. Brand A Brand B Brand C Brand D
1 98.56 136.86 100.94 90.12
2 72.76 84.46 71.86 95.98
3 118.60 79.82 78.62 65.06
4 04,22 92.92 52.66 61.62
5 88.78 112.70 56.50 73.60
6 103.78 143.78 144.26 , 91.50
7 87.62 27.26 98.72 110.46
8 139.36 100.22 88.38 64.40
9 75.00 116.40- 113.16 105.32
10 115.78 103.30 136.00 . 69.50
11 173.84 129.08 201.40 152.82
12 123.08 127.02 217.06 198.80
13 40.90 42.70 65.16 75.44
Mean 102.48 104.34 109.60 97.28
S.E.NM. 9.21 7.68 14.54 10.86

x normalized dose to 400 mg per day (all brands)
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Table 23 Analysis of Variance for Area Under the Plasma-Concentration Curve

(AUC) of Four Difference Brands of Theophylline Sustained-release

Tablets

Source of variation gt ss’ MS® F
Among group ) el 1% 403.72 0.24
Within group 48 79660.94 1659.60

Total 51 80872.10

F 0.05 (3,48) = 2.60

a = Degree of freedon
b = Sum of Square
c = Mean Square

= B
n

Variance ratio
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Table 24 Comparison of Area Under the Plasma-Concentration Curve (AUC) of Each
Brand of Theophylline Sustained-release Tablets with that of The

Reference 's Product (Brand B)

Brand A x Statistical
Significance
A 1.86 NS
s 5.26 ' NS
D 7.06 NS

t (0.05, 48) = 2.0176
LSD (0.05) =t  x S, = 22.80
S = Significant difference (P ¢ 0.05)
NS = Not signficant difference (P > 0.05)



Table 25 Recommended Dosage Regimen for Brand A
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Subject Experimental Calculated
dose normal ized dose normalized
No.
peak trough Factor peak trough
1 4.76 3.12 B 19.04 12.48
2 3.48 2.70 5 17.40 13.50
3 6.32 3.40 3 18.06 10.20
4 5.02 2.64 3 15.06 7.92
5 5.56 2.22 3 16.68 6.66
6 .12 3.08 3 15.36 11.04
7 5.36 2.08 3 16.08 6.24
8 6.86 4.20 2 13.76 8.40
9 4.00 2.32 5 20.00 11.60
10 5.62 3.92 3 16.86 11.76
11 11.76 3.60 1 11.76 3.60
12 T2 4.24 2 15.44 8.48
13 2.28 1.20 8 18.24 9.60
Mean 5.68 3.05 3.46 16.51 9.41
S.E. M. 0.64 0.26 0.49 0.64 0.80

number of subjects that can be normalized to therapeutic range (10-20 mcg/ml)

6




Table 26 Recommended Dosage Regimen for Brand B
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Subject Experimental Calculated
dose normalized dose normal ized
No.
peak trough Factor peak trough
1 6.95 4.18 2 13.90 8.36
2 3.04 3.08 5 19.70 : 15.40
3 3.08 2.36 5 19.90 11.80
4 4.32 e 282 4 17.28 11.28
5 5.34 3.48 3 16.02 10.44
6 7.08 5.08 2 14.16 10.16
7 3.08 2.52 19.90 12.60
8 4.60 3.48 4 18.40 13.92
9 5.88 3.62 3 17.64 10.86
10 5.74 3.36 3 17.22 10.08
11 7.02 4.00 14.04 8.00
12 6.88 4.30 2 13.76 8.60
13 2.26 1.04 8 18.08 8.32
Mean 5.23 3.33 3.69 16.92 10.76
S.E.M. 0.42 0.28 0.48 0.65 0.63

number of subjects that can be normalized to therapeutic range (10-20 mcg/ml)

=9




Table 27 Recommended Dosage Regimen for Brand C
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Subject Experimental Calculated
dose normalized dose normal ized
No.
peak trough Factor peak trough
1 5.66 3.00 3.5 19.81 10.50
2 3.14 1.14 5 15.70 5.70
3 6.64 2.68 3 19.92 8.04
4 2.66 1.64 7 18.62 11.48
5 3.10 1.34 6 18.60 8.04
6 7.78 5.08 2 15.56 10.16
7 5.84 2.80 3 17.52 8.40
8 5.40 2.62 3.5 18.90 9.17
9 6.06 3.18 3 18.18 9.54
10 7.04 3.60 2.5 17.60 9.00
11 9.08 6.34 2 18.16 12.68
12 10.24 6.80 1.9 15.36 10.20
13 3.66 1.24 5 18.30 6.20
Mean 5.99 3.19 3.62 18.17 9.16
S.E.NM. 0.66 0.52 0.46 0.40 0.54

number of subjects that can be normalized to therapeutic range (10-20

5

mcg/ml)
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Table 28 Recommended Dosage Regimen for Brand D

Subject Experimental Calculated
dose normal ized dose normal ized
No.
peak trough Factor peak trough
1 6.00 1.96 3 18.00 5.88
2 7.04 1.28 2 14.08 2.56
3 3.72 2.36 5 18.60 11.80
4 3.76 1.28 5 18.80 6.40
5 4.20 1.76 4 16.80 7.04
6 4.24 3.12 4 16.96 12.48
7 5.48 272 3 16.44 8.16
8 3.68 1.44 5 18.40 7.20
9 : 5.52 2.30 3 16.56 7.08
10 3.96 1.36 5 19.80 6.80
11 7.52 4.20 : 2 15.04 8.40
12 12.44 5.44 1 12.44 5.44
13 4.88 1,72 4 19.52 6.88
Mean 5.57 2.38 3.54 17.03 7.39
S.E.M. 0.68 0.35 0.37 0.60 0.71

number of subjects that can be normalized to therapeutic range (f0—20 mcg/ml)

=2
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Table 29 Estimated Pharmacokinetic Parameters (Mean + S.E.M.) of
Theophylline from Thirteen Subjects Following Oral Administration
of Four Different Brands of Theophylline Sustained-release

Paraneters Brand t-test’
F-test |with respect
A B C D to brand B
C_ 5.6819.64J 5.23+0.42| 5.85+0.65 5.57+0.68 0.19 NS
(mcg/ml) (2.60)"
4.0+40.65 | 4.65+0.58 3.56+0.52 8.92+0.77, 15.01 A=B=C<D
(hr.) (2.60)"
AUC 102.5+9.21|104.3+7.68|109.6+14.5|97.28+10.9| 0.24 NS
(mcg hr/ml) (2.60)"
% 89.67+15.9(58.7246.32(098.16+13.7|155.7+28.1| 20.39 A=B<«C«¢D
fluctuation (2.60)"

x S =Significant difference at p < 0.05, NS = Not significant difference
at p » 0.05

xx F value obtained from the table



Table 30 In Vitro-In Vivo Correlations
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Correlation Correlation t value Statistical
(n=4) Coefficient Significance
1) Dissolution Rate Constants 0.003 0.0042 NS
versus C_
2) Dissolution Rate Constants -0.028 -0.040 NS
versus t
max
3) Dissolution Rate Constants 0.012 0.017 NS
versus AUC
4) Dissolution Rate Constants -0.0014 -0.0020 NS
versus %fluctuation
t (0.05,2) = 4.30
a = t value obtained from the table
S = Significant difference (p < 0.05)
NS = Not Significant difference (p » 0.05)
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