Chapter II1
Results and Discussion

The results are classified into two main sections according to the
procedures described in the previc @ as follows.

1. Formulatith Detelopr 2nt and In Vitro Evaluation

anulation Method

nees, Methocel E4M as dried

d/or lactose by geometric

In e grope
powder were mixed h;
dilution and then absolt @1 /a8 allded to make suitable wet mass.
It should be noted that -Methoe — 5_aqueous solution was not
selected to be bitider-b of-two-prineipat-tepsons. Firstly, its high
viscosity may makﬂuc stick the d@g could not be regularly
spreaded in the matriges. this result directly affected both the uniformity

of drug mnﬂt%ﬂ@ ﬁmwr&*%@s that it was much

more easier t0' vary the amount of polymer in the formulation as dried
powd) B\ bk ek o o soluin.
However, the production of wet granules using ethanol had to be done in
a hurry in order fo avoid too much fines from the harder mass caused by
ethanol evaporation.On the contrary, the advantage of ethanol as a
granulation agent was that the problem of overwetting could be easily
solved by allowing the ethanol to evaporate while kneading the mass

simultaneously.
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1.2 Physical Properties of Granules

1.2.1 Moisture Content : There was a little difference in
moisture content among six formulations as shown in Table 5. Tablets

with 40 % lactose (formulati 0 ’err had the highest moisture of
all.

granulations, with

quite low.

1.2.2 Pafti

and 6, the percent weight ¢

Among formulations 4, 5,
€ was > 850 um tended to
¢ was < 150 pm was likely to
e increased (Table 6

decrease while that of g

change in the reverse order: & amc

and Figure 2).

msmble explanation was that an increase of

e i h ) H o Lt it i,

which equally Weakened the bipding force. within granyles. The larger

pride TN B ke Hhitd 5

123 Angle of Repose, Bulk and Tap_.Densi.lx, and
Compressibility: The difference among all formulations did not seem to
have the effect on these three parameters. As shown in Table 7, the
repose angle of 35.4 - 37.1 was almost the same while the bulk density,
tap density and compressibility showed only a little difference.
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Table S Moisture Content of Theophylline Granules Prepared by Wet
Granulation Method

Formulation % Moisture Content (S.D.)"

Without Lactose :

0.41 (0.06)
0.58 (0.05)

0.43 (0.03)

0.55 (0.06)
0.57 (0.14)

0.96 (0.22)

ﬂumm&mﬁ,
’QWWNﬂ?ﬁUNWTAﬂEﬂﬁH
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Table 6 Particle Size Distribution of Granules Prepared by Wet
Granulation Method

% Weight Retained on Sieve Series

58.6
55.8
47.6

38.0
31.5

Dl
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Figure 2 Particle 8ize Distributiomof Theophylline Granules Prepared
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Table 7 Angle of Repose, Bulk Density, Tap Density and Compressibility
of Theophylline Granules Prepared by Wet Granulation Method

15.38

15.69

11.76

:I U
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This indicated that the method of preparation could produce
the same proportion of spherical and irregular-shaped granules which
accordingly produced the same flowability. A little difference in particle
size distribution of each formulation may be supposed to give the nearly

similar bulk and tap d '”i also compressibility which was
derived from bothm@ /

__J
e —

124 viline riations in the percentage of
drug content was ¢ / 1ong! cach f rmulation (Table 8). The low
standard deviation, hefvadtd, £xhibited the niformity of drug distribution
in the granules. e

ardpess an ation Time’/The average values of
\‘
hardness are mosty rangin, : -u'l - 11.05 kp and the

disintegration times of all tablets are more than 120 minutes (Table 9).

ﬂUEJ’WlEJWﬁWEJ’]ﬂ‘ﬁ

i1 this study, the hardness o blat was iled at around
0 158y i RS RERNAD VGV et of
variable'on the release of drug from matrices. In case of disintegration
time, it could be explained by the mechanism of HPMC in controlling
drug release. On exposure to the disintegration fluid, tablet surface
became wet and the polymer started to partially hydrate to form a gel



47

Table 8 Theophylline Content of Granules Prepared by Wet

Granulation Method

Formulation Mean(S.D.)
1 1t \ | 10230 100.92(1.67)
2 01.00 \ 102.10 101.79(0.69)
3 9.14 100.01(3.35)

With Lactose
4 - L 102.36 102.30(0.24)
5 fipar7 103.7100.97)
6 J 105.47 104.48(0.97)

ﬂﬂﬂ’J’VlEWl‘ﬁWEl’lﬂ‘i

"average from three

determinations
ammn‘imwnwmaﬂ
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Table 9 Physical Properties of Theophylline Sustained-releaseTablets

Prepared by Wet Granulation Method
Formulation Hak Disintegration Time**
Without Lactose m: ‘ , o
1 7 154 (0:45) >120
2 ! 990.(0,22 > 120
3 > 120
With Lactose
4 > 120
5 > 120
6 10.10 (0.30) > 120
=9 8 s

AT IMPINYAE

“n=6
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layer. The thickness of this layer was increasing as water permeated
into the tablet. Concomitantly the outer layers became fully hydrated and
dissolved. Water continued to penetrate towards the tablet core until it
has dissolved (Shangraw, 1988 ; Hogan, 1989). By this pattern, the drug
slowly dissolved and was

barrier without disinte

_ average percent theophylline
i 1.1 N HCI and pH 6.8

Figures 3 angd'-

dissolved from tablets

phosphate buffer, respaftigely It ‘w8 ifidicated that all formulations had
‘ Flehe "

faster release rate in acidic snedinm than, in pH 6.8 buffer. Drug release

from tablets with 5 % Methocel EAM (forn ulatiun I) in 0.1 N HCI was

shown to be much faster th ;;;-;-._;. . An increase of the

polymer to 7 % (forﬁﬁ ation - dditional retarding effect

o
on dissolution rate in Iaoth medium. H Qwever, the further increase to 10 %

polymer (fﬂflﬂl%&ﬁﬂﬂﬂ E%%wgm rate only in 0.1 N

HC but had vefy little effect on drug releasg.in pH 6.8 medium.

Y WIANN I umwma d

cll'h:s is due to the faster rate of hydration of HPMC in acidic
medium than in medium of higher pH which directly affected the rate of

drug dissolution. In addition, it was apparent that the effect of pH on drug
release related with the quantity of Methocel E4AM in the formulation.
That was for the tablets with low amount of polymer, the release of
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theophylline in pH 6.8 buffer seemed to be slower than in acidic medium.
Furthermore, an increase of polymer could slower the release rate in
both medium but with a larger degree in 0.1 N HCI. Therefore, it may
be stated that the increase of Methocel EAM could reduce the effect of

medium pH on drug rel W) y gave more similar release
patterns in both mediu @

B Eﬂ‘ectnfLao 056 0RANS5O!! nm *m les Tested pH Change

Method
From the resafftsfin1°4, fomnuls 7 % Methocel EAM) was

chosen for further devglogmént fof #o teasons . Firstly, formulation
1(5 % Methocel EAM) fays 0k, dibg release in 0.1 N HC than
formulation 2 did, meanwhile their reléase patterns in pH 6.8 medium
were nearly similat’ Secondly althoush farmtitation 3 (10 % Methocel
EAM) provided theimost. simil fofiles in both medium, the
release rate was too sy)w

AUIINYNTNYINT

It wa$ found that the addition of lactose at 20,% initial quantity
was bl ﬂn’&r&t&ﬂ dssg issaliion] @%&l&@ (igure 5) when
compared to the formulation without lactose (Figures 3 and 4). In
addition, this effect had a greater extent to the release in pH 6.8 medium
than in 0.1 N HCI in which drug dissolution slightly increased in the first
two hours. The dissolution profiles of tablets with various amounts of
lactose obtained by pH change method were shown in Figures 6 to 8. It
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should be noted that the dissolution rate was likely to increase in
proportion to the percentage of lactose in the formulations. The tablets
with 30 % lactose provided about 80 % of theophylline dissolved within
12 hours (Figure 7) while tablets with 20 % lactose yielded less amount

W % lactose-containing tablets, the

7 hours (Figure 8).

within the same time (Fi

release was completely t

The cause of thisfining t the dilution of Methocel

E4AM caused by the formulation. Another
possible reason was ghat/ i % _penetrate into the tablet by the pore
occurred after the diSsglu .. This channel is helpful to

g and the following result was an
increasing rate of drug diSsgition (Fordgl 985 ; Sanghavi et al., 1990),

1.6 In Vitro R V ,-“,._ ‘ £ gmn&d_mlme
Tablets Prepated by Diff . J

Tho i) OB BRI ot

theophylline tablets (C, D, E)and the gommercial products (A, B) ,

summizAd i 3ble 10 SRIBARBH L Figures

11 - 12 respectively. It was obviously seen that product C that was

prepared using spray drying process showed the relatively high degree of
uniform drug release of which standard deviation at each sampling time

was the lowest among all products tested. This result agreed with that
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Table 10 Dissolution Profiles of Five Formulations of Theophylline
Sustained-release Tablets Tested by pH Change Method
Al Dissolved (SD)

Time A Nh\!! D E
0.25 4.76(0.517" .08 (0@) = 2.77(0.60) | 6.52(0.74)
0.50 7.19(0.6 o9 7.19(1.07) | 11.40(1.18)
0.75 9.08(0.4 11.31(0.73) | 15.95(1.65)
1 11.04(04 14.95(0.79) | 20.24(2.02)
) 15.26(_{] 25.95(1.20) | 34.77(3.22)
3 17.89(1.] 34.07(1.23) | 44.27(3.30)
4 21.81(2.29) 41.66(1.73) | 49.71(3.45)
5 46.86(2.05) | 54.55(4.19)
6 28 51.76(2.93) | 58.84(3.87)
7 i I 2 55.76(2.81) | 62.42(4.64)
8 ﬁl%(ﬂ ‘ngp'é]!ﬂ %09(3 00) | 65.59(4.26)
MJ 65.41(6. zn) 91.76(5.65) | 76.85(1.06) | 65.50(3.91) | 71.61(4.44)
AN 3] i | maseen

Where A = Theo-Dur® ; B = Nuelin® ; C, D, and E = Tablets
prepared by spray drying, fluidized-bed coating and conventional wet

granulation respectively
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performed by Vipaluk (1993). The variation of drug release from
product D seemed to be less than that from product E. However, this is
only a little difference when compared to Theo-Dur® or Nuelin® either of
which had the quite high value of standard deviation. A comparative
lved (Figure 13) indicated that all
tterns of drug release. In
_coating appeared to have a
ssimilar to Theo-Dur®. The

11 were calculated from

amount of undissolved

plot of average amount of

experimental tablets
addition, the tablets
slower release rate atthe [
dissolution rate con$ts “Ta '
the slope of the fi
» scale as the example
these constants decreased in

A > D. Statistical results, as

theophylline versus timg

demonstrated in Appt

the following order : f

presented in Table 3, exhibited no significant difference

(p > 0.05) of dlssoluhon@ const 'f nt among the formulations C, D, E
b W sirate of all (p <0.05).

2. In Vivo Evaluntlﬂn

AU INININYINT

HPLC"Analysis and Th@ph\fllme Concentrations in Plasma
ntrations in tlasma

’Q"W’]Mﬂim iJ"W’TWEI’MﬂEI

Figure 14 shows chromatograms of deprotenized rabbit plasma,

with and without theophylline, and an aqueous mixture of theophylline
and B-hydroxyethyltheophylline (internal standard, IS) in mobile phase.
Baseline resolution of theophylline from IS is achieved and the separation
of them from endogenous substances are sufficient to avoid significant

interference. Blank rabbit plasma also shows no peaks in the region of
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Table 11 Dissolution Rate Constant (Kd) of Five Formulations of

Theophylline Sustained-release Tablets

0.056

0.046

0.060

0.065

0.047

0.050

0.054

0.003
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Table 12 ANOVA for Dissolution Rate Constant (Kd) of Five
Formulations of Theophylline Sustained-release Tablets

Source of Variation df* SS ° MS ° F-value

ST -
— — / ‘ 0.0057 28.50
GIU“] - ‘d

S 'Q\\\\\

0.0002

- ///s&ﬂ?i\

ﬂumwamw“i"f"m's
ammﬂmw%mm



Table 13 Comparison of Dissolution Rate Constant between
Formulations By Duncan’s New Multiple Range Test

67

Formulations |/}, Statistcal Significance
BandD s At s
SIS
B audf ///!Q\\\ s
cand 7 Y NS

_ NS
— NS
NS

(- .

lelenaad VIE VI WEIT]D ns

RN AN &

S = Significant difference at p < 0.05

NS = Not significant difference at p > 0.05
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theophylline or IS. The entire chromatogram was generated in less than 7
minutes.

Plasma theophylline concentrations at any sampling time interval
up to 72 hours after oral administration of each product are presented in
Tables 14 to 18 and Figures 15 40 19, respectively. The profiles revealed
that theophylline conce \x—:""fa‘«.--

given the same formuiation:in Qmparaﬁv& plot of mean

plasma concentrations als sted m: among formulations

2.2 PharmacokinetigiPafameters and Statistical Results

as shown in Figure 20

The relevant phdrmagokine yarameters derived from plasma

‘ ; ﬁl-Time Curve (AUC?):
The total amount of‘.diug absorbe%intn the systemic circulation is

represented %m%ﬁlww ﬁﬁoducts A B C D

and E were 2.&10.25, 2.16+0.37,2.05+0,19, 2.021+0.17 ,and 2.04:0.16

mg_hfféqlﬂmﬂnﬂ ordeb) (44634 5] There Wefd 9 statistically

significant differences (p > 0.05) among AUC; values of all formulations
(Table 20).

This result obviously demonstrated that the amounts of
theophylline absorbed were the same for tablets of all formulations.
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Table 19 Area under the Plasma Concentration-Time Curve (AUC? ) of
Theophylline Following Oral Administration of Five
Formulations of Theophylline Sustained-release Tablets

: N | 7
Subject N Vf ’% ng-hr/mlL)

1 1.55 1.44 1.57

-

Z/MN
. / E&lh\\\

.81 294

1.83 1.50 1.78

[ //,@ms

F olely |

5 229 2.20
6 227 1.73
7 287 230
8 229 1.65
X .05 d).ﬂl 2.04

U
Sk MG BRI

* normalized to 300 mg
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Table 20 ANOVA for Area under the Plasma Concentration-Time
Curve (AUC; ) of Five Formulations of Theophylline
Sustained-release Tablets

Source of Variation dLt ‘w[/ MS © F-value *
Among Group \*\ 0.083
Within Group 080 0.3002

\\\!\\

s //f‘ AN

b = Sumofﬂquam

ﬂﬂﬂ?ﬂ&ﬂ%ﬁﬂ‘i

’QW]Nﬂ‘iWNWH’IaH

e =  F-value obtained from the table
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In this study the mean relative bioavailability was also
calculated by comparing the mean AUC; of each product to that of Theo-
Dur® which used as a reference. The values obtained for products B, C, D
and E were 103.35 %, 98.09 %, 96.65 % and 97.61 % respectively.

2.2.2 Time to Pe s_ Oofigéntration (1) : This parameter

time to peak plas
absorbed. As prese _.. _, ‘
9.38+0.82, 9.00+0.78, 928 4067,108840.55, and 8.50.:0.89 hours
for products A, B, C ghd F respsii

(Table 22) showed nb gtafist
among tya values of a

average ftimes were

. OUne way analysis of variance

cant differences (p > 0.05)

This ested_that ¢ == -release theophylline
tablet provided the Same onset h uﬂl their individual release

mechanisms were quife different.

ﬂUEJ’MEJWﬁWEJ’]ﬂ‘ﬁ

223 cak Plasma Coucentration {C...c) : Thissis a parameter
which e mpigyed folndiods e sy bt &L’L& & hrug product.
The mea.u peak plasma concentrations for products A, B, C, D and E
were 76.01+4.19, 73.84+5.61, 68.261+4.69, 68.19+4.91 and 82.11+3.88
meg/mL respectively (Table 23). There were no statistically significant
differences (p > 0.05) among Cys values of the five formulations tested
(Table 24).



Table 21 Time to Peak Plasma Concentration (tmex) of Theophylline
Following Oral Administration of Five Formulations of

Theophylline Sustained-release Tablets

St W /o

No. —_ﬂ D B
T8 ”/"7‘$§\ %
3 ol 1@1 \\\\ 1200 12.00
4 | ‘ =K 12.00 12.00
5 - N 9.00 5.00
6 12.00 7.00
7 9.00 9.00
8 0.l o o 1200 o 7.00
X PTIgD § T VTR 154 I i’oss 8.50

0.89

= mmﬂwumwm@ﬂ
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Table 22 ANOVA for Time to Peak Plasma Concentration (t;e) of
Five Formulations of Theophylline Sustained-release Tablets

Source of Variation F-value ¢
Among Group 1.44
Within Group

- ///Eé'“ \\

ﬂummﬂma'm
A9 897307 Harnesds
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Table23 Peak Plasma Concentration(Cmax) of Theophylline Following
Oral Administration of Five Formulations of Theophylline

Sustained-release Tablets

i N
No. ﬂ ‘ E
1 / 93.50

//l
2 78.31
3 85.94
4 93.00
5 79.75
6 80.17
7 59.04
8 87.20
X 82.11
s.ﬂﬂ Iam” 3.88

q
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Table 24 ANOVA for Peak Plasma Concentration (Cyax) of Five
Formulations of Theophylline Sustained-release Tablets

Source of Variation df " o1 Jea MS °© F-value °

Within Group | ' 4 s 128.89

- /// A "i?f‘li\

.A
H
... 7.
- -

\r 1. ..l

i

Mean Square

ﬂumwm'ﬁmmi
QRIANN T ANTINE R =
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Because there were no statistically significant differences in
AUCY, thaand C,. among all five formulations tested, it could be stated
that the experimental tablets prepared by different techniques were
bioequivalent to Theo-Dur® and Nuelin® in terms of the rate and the
extent of absorption.

centration-time curve, it
- phylline in rabbits after
v 0 compartment model

could be stated that thg
oral drug administratig
with first-order absorpf

ﬂ‘l -d
224 AbsorptionfRafeCo ;r , Phe average absorption rate

. .qf g A
constants for products M RAT ndiE Were 0.16:0.04, 0.2040.18,
0.15+0.04, 0. 1510 03 an:}w-., 740045k "' respectively ( Table 25 ).
Statistical analysis s esnited in Tahle 26 Indicatel d4 that there were no
significant djﬁ‘erennﬁ ong K, va ﬂl of all formulations.
That is to say all formylations were abgorbed at the same rate.

ﬂ‘lJEJ’WIEJV]‘ﬁW?J’]ﬂ‘i

Itqélhnuld be noted that the absorption rate was independent
of the ata/af $45k ifsbivioh! B hsthnde) 46 thdeh Nuctn® SR

showed higher dissolution rate than the others ( Table 11 ), the

absorption rate of all formulations were still the same. This result was
consistent with the experiment which used 1o as a parameter to compare
the rate of drug absorption.



Table 25 Absorption Rate Constant (K.) of Theophylline Following
Oral Administration of Five Formulations of Theophylline

Sustained-release Tablets

89

*’x\\ 3

Subject
"""E"" D E
7N -
//’ i\\\ 0.14 0.16
0.15 0.16
0.12 0.13
0.14 0.21
0.17 0.17
0.12 0.16
: ‘3.:1.1? 0.12
. E}m 0.17
B0 | o004
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Table 26 ANOVA for Absorption Rate Constant (K,) of Five
Formulations of Theophylline Sustained-release Tablets

Source of Variation F-value ¢

Among Group
Within Group

—_—
i ///aé "‘?& \

ﬂﬂﬂ?ﬂﬂﬂmﬂ;}ﬂ‘i
’QW’INﬂ‘iﬁUNW’I‘Wﬁ“H’
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2.2.5 Elimination Rate Constant (K) : Table 27 shows elimination

rate constants of each plasma concentration-time profile including the
average values which were 0.08+0.01, 0.07+0.02, 0.09+0. 02, 0.07+£0.02
and 0.10:£0.02 hr ' for pmducts A, B, C, D and E respectively.

This nsobabl 3 1o iriation of drug excretion
among the tested rab - cduse the‘absorption rate of all drug products
were found to be the sasfie |

iff. -
J‘J‘ a ¥

2.2.6 Biological Jfal Ifi’e’*& Ffic teab halflves of theophyline
for products A, B, C, D/#and- ﬁ \ S02:+17358, 11.0144.72, 8.36+1.65,
10.7043.13 and ?ISﬂ_&&fiﬁ‘dnﬁw “the_above order (Table 30).
Statistical analysi§

values of all fnnnm@ms (T

Heiences among half-life

2

ﬂm uf theophylline in
rabbits fnlluwmgﬁg mgcsnnn of five sustamod-release theophylline
) WWW%W SRR s of thes

correspofiding parameters, except K, demonstrated that the three
experimental tablets (C, D, E) were bioequivalent to each other and also
to commercial tablets, i.e. Theo-Dur® and Nuelin® .




Table 27 Elimination Rate Constant ( Ka) of Theophylline Following
Oral Administration of Five Formulations of Theophylline

Sustained-release Tablets
3 Al -1
Subject N )
No. A — D E
1 0 0.07 0.08
2 0.0 10724\ o, | o006 0.12
3 0.10 oo * 0.07 0.12
ﬂdg-| \ \
4 0.08 0,06, | 0.07 0.07
e
i _:r*"':"'
5 0.07 _ 0.09 0.09 0.11
_;m#k 4
6 o A 006 0.11
0.13
0.07
0.10

0.02




Table 28 ANOVA for Elimination Rate Constant ( Kg) of Five
Formulations of Theophylline Sustained-release Tablets

MS ¢ F-value ¢

0.00135

Within Group -ur"" “\\ 0.00039

346

e ///aé ?li\l‘\\
AN

ﬂuﬂ’JVJEJ.‘VIMHQﬂ‘i
Qﬁﬂﬁﬂ\ﬂimﬂﬁwaﬂ‘



Table 29 Comparison of Elimination Rate Constant (K,) between
Formulations by Duncan’s New Multiple Range Test

Formulations Statistcal Significance

o -
E and & //&'K\\\ NS

b — ~d

A

: i Ns

mﬁwwﬁ’wmr s

B and D N§
mﬂmqw.maﬂ

q
S = Significant difference at p <0.05

NS

Not significant difference at p > 0.05



Table 30 Biological Half-life ( t,) of Theophylline Following Oral

N

Administration of Five Formulations of Theophylline
Sustained-release Tablets

Subject N 2fhr)
No. AT E
777/ \\\\\
- ,//z,m
338 /| "“;-,' 10.04
6.13
6.30
5.29
9.12
7.18

1.85
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Table 31 ANOVA for Biological Half-life ( ;) of Five Formulations
of Theophylline Sustained-release Tablets

Source of Variation F-value ¢

Among Group

Within Group

=1
- ///gé ‘G’R\\

ﬂummmmmm
QW?ﬁﬂ\ﬂ‘imﬁJﬁW‘ﬂﬂ“ﬂ
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2.3 In Vitro - In Vivo Correlation

As presented in Table 33, It was AUC?, not Cpax OF tay that
showed statistically significant correlation with the dissolution rate

constant (p > 0.05). This was due 16 the fact that both Kd and AUC?
were calculated using total lution profile and plasma
concentration-time cugygerespectively. Inweonirast, C,. and t,,, were
obtained from only=at arSpbiific ;-‘-:; chthe absorption was yet

N

incompleted

From this rly useful to employ the
suitable Kd as an impg 0 contrel the lot-to-lot variation in
the manufacturing p ating the bioavailability test for

each time of production tg f‘i": :t’s efficacy.

-
-

-vl—— hY ‘ “
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AULINENINYINS
A TUAMINAE




Table 33 In Vitro-In Vivo Correlations

Correlation Correlation t value Statistical
(n=5) Coeﬂim | Significance

Kd vs Cpex ﬂ U/ @9 NS

Kd vs toa NS

Kd vs AUC; 03¢ //& ‘\\\\3“ s

(- 3ANN
‘iﬁﬁ \

a = ﬁ” -,-?‘ 1 from the table

Ju

Al | <0.05

'!( _ r;’ T at p>0.05
] L

ﬂ‘NEI’J’VIEWI‘iWEI’]ﬂ‘i
’QW?Nﬂ‘iﬂJ UNIAINYAY
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