Chapter III

Results

A\ W/ ;
&ation of co-spray dried
——

Spravsdiying process was carried

powder, preliminsry i

#the feasibility trial,

N

oul  to determine

the batch sizes of

Table 14 summs \{1’«Rfch were interchanged to

thy-drying of theophylline-
polymer and theophyllln;‘-oéég ~&h : ;\ ‘agent. The main factors
which could be changed were:—air pressure, liquid feed rate and inlet

air tempersture.
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co-spray dried powder.

Formulation
Condition I-1V V-VIIT IX-XIT XIII-XIX
Inlet Air Temperature(°C) 140 140 130 130
Feed Rate(ml/minute) 23.8 22.B 23.8 23.8
Compression Air{bar) 4 4 4 4
Dilution Medium water water 2% VH= 2% NHa
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In Formalation I-IV, the maximam liguid feed rate was used
and zir pressure of 4 bar was chosen. Air inlet temperature, 140°C,

was used to avoid melting of ethyleellulose.

In Formalation IV-VIII, air pressure was maintained st 4 bsr

but the feed rate was decressed +o avoid the condition that led to

order to reduce the In the experiment

with the formmalatiorn t of powder products
adhered to the wa 1d not be recovered

from the chamber.

In FormulatIonTXEXIT {3 ', Formul 2 ion XITI-XIX, the same
conditions as Formulatigh I-I¥ ger ed except that the inlet air

temperature was lowered bées mmonia solution hsd a  lower

]

The pe m _ ﬁ! ' 5. It was seen
that Formulatg ' ﬁ:ﬂﬂﬁ ogpe iecovery, because
3. lot : r -3 ‘, ﬁ%ﬁ ﬁ rm_lations
s e ILT O LA TINE TR
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Table 15. The percent recovery from spray drying procedure.

Formulation Percent Recovery

Collector Chamber Total

T 27.58 51.86 78.22
1T 23,81 55.84 : 78.85
IIT 30.85 48.92 78.57
IV 44 .06 84.24
v 39.02
VI 15.58
VII 20.07
VIII 20.08
IX 83.98
X 84 .03
XI 74 .58
a1 68.37
XI1I 88.90
XIv 87.00
XV 77.86
XVI 76.10
XVII 83.00
XVIII 85.30
- XIX 84 .00

The shape and surface topography of co-spray dried

particles were found to be affected by the formulation and method of

the drug mixture preparation.

When the distilled water was used as

a dilution solution(Formulstion I-VIII), high quantity of
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agglomerated crystals of theophylline were observed in the CO—-Spray
drisd particles. . In the contracy, most of the co-spray dried powder
of the mixture prepared by using 2% smmonia solution(Formnlation IX-

XIX) was in the form of microspheres with smooth surface.

The microscopic ance of theophylline powder in

different magnification

appe

e ificati i@ in Figure 5. Theophylline

powder composed of thiek : v&ious length. The surface
N

The phot logi i I-IV were shown in
Figures 6-9. 3¢ seen  in two forms as
microsphere and rod shigpd. | Th 8y dried powder of Formulation
I-IV exhibited microspier ﬁ‘lgft el need sha particles coated on
the surface of the sggl 1 : The shepe of agglomerated

particles were nearly sphericsl with fad 1y uniform sizes.
2

The plibtemierosraphs .“'_"“ﬁ'\; V-VIII in different

O—E.

particles were consqnt of blgge irregular shape particles and

i mirBp 1) Y1 RS T EH) At o

were fairly bal shape. The gurface of gaicrospheres ggere not smooth

© but wa;] w @Q@M w’-}mﬂg% s&ltloles Were

relai':wely larger thsn of other polymer formulations.

magnification werem shown The agglomersted

The microscopic images of Formulation IX-XII in different
magnification were shown in Figures 14-17. The particle shape was
microball with different sizes. The surfaces of some microballs were

rough but some of them were smooth.
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Figure 6. Photomicrographs of Co-Spray Dried Formulation I

¢ Key: A %750 ° , B .k 2000
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Figure 8. Photomicrographs of Co-Spray Dried Formulation III

( Rey: A'27780 .-, B % 2,000 )
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Figure 10. Photomicrographs of Co-Spray Dried Formulation V

( Key: A x 750 , B x 2,000 )
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Figure 12. Photomicrograsphs of Co-Spray Dried Formulation VII
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Figure 14. Photomicrographs of Co-Spray Dried Formulation IX

{ Key: A x 750 , B x 2,080 5
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Figure 16. Photomicrographs of Co-Spray Dried Formulation XI
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Figure 17. Photomicroégzx/;fbeG;S ay Dried Formulation XII

Figure 18. Photomicrographs of Co-Spray Dried Formulation XIII

{ Key: & x 700, B % 2,000 )
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The photomicrographs of Formulstion XIII - XIX were shown

in Figures 18-24. The shspe of particles were. microsphere in
different sizes. The surface of microspheres were covered with
microcrystal that made rough surfsce. However, some of them hsd

rather smooth surface.

The perCent=—¢ gf co-spray dried powder

prepared from va 2t AT € own in Table 18. The

\\ \ _.. a medium had different

Formalations I-VI j ! / . \ J

drug content betweed ¢ products ected from the chamber and

cc;llector. However - ’ ' NS ‘ ' the drug contents from
collector were higher 7 om chamber, but opposite
results were obtaine b1k ion: VIII. The drug content of
powder prepsred accord "f ti s IX-XII and XIII-XIX were

relatively indiffere =

The moiSture contentgof co-spray dried powder were also

roorse i EESe ) BEBSWEARF. ov e 0 0.0

4.00. The formulatlons that contalrﬂ channelmgm,agent had higher

ARARA T0) HUAINE A B
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Figure 18. Photomicrogxéi/f éf Cg—Sﬁﬂpy Deied Fermulation XIV
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Figure 20. Photomicrographs of Co-Spray Dried Formulstion XV

(Rey: A x50 ., B x . 2,000
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Figure 21. Photomicrog;é;y%:bf Cp—Sé;ay Dried Formulation XVI
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Figure 22. Photomicrographs of Co-Spray Dried Formulation XVIL

¢ Key: B x 7507, B x ' 2,800)
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Figure 23. Photomicrog 31 ofiof Coﬂéﬁray Dried Formulation XVIII
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Figure 24. Photomicrographs of Co-Spray Dried Formulation XIX

¢ Eey: A x 750 , B'x 2,000
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Table 16. The percentage of drug content and the percentage of
moisture content.

Formnlation % Drug Content(XSD)** % Moisture
Content in
Collector Chamber Collector(*SDy*

I 96.03(0.538) 88.46(0.18> 0.42(0.07
i 91 23(0 61 76.70(08.12) 3.96(3.04)
11% 38. x\ ;;» ”1.14(0.38} 1:02(0.05>
Iv 3. ; .31(0.08) 1.00(0.08)
v .87} 1.08(8.03)
VI .78 1.05(0.00)
VII 72> 2.00(0.06)
VIII s 31 ) 2.04(0.05)
IX d1> 1.02(8.038)
X 47 1.02(0.01)
XI 3 1.00(0.02)
XII 1.02(0.086)
X111 1.82(0.08)
XIv 2.00¢0.62>
XV P . 2.04(0.01}
XVI N SF s 4.00¢(0.02)
XVII & 3.02(0.82)
XVIII 2.60(0.02>
XIX 2.97(8.01>

% Standard
*#* Standard ©

QARG FEIUNI T B 6184 e v

in Table 17. The particle size distribution was depicted in Figures
83 93(Appendix D). It was apparent that particle size of
theophylline—HPMC powders(Formalations V-VIII) were relatively larger
those than of the other formulations. Higher percents of fine powder
were attained for the formulations with HPMCP(Formualtions IX-XII)

and ethyleellulose-channeling agents(Formulations XITI-XIX).
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Table 17. Particle size distribution of co-spray dried powder.
% Weight Retained of Sieve Size (um}
Preparation

212 g 20 5 45 Pan
I B89 11 .32 8.75
II Y2 BR.21 T 320
III .88 38.84 13.32
Iv 88 28.39 " 41.81L
7 .41 39.35 38.10
VI .43 40.03 16.20
ViI B6 1110 B 31
VIII 63 10.82 3.604
IX 20 13.33 56,85
b4 .54 Q.95 60.87
1 50 18.868 44 .23
X1 18 268.91 2.23
X1t 2.50 34.08 36.83
XTIV 0.64 21.16  53.08
XV 4.39 12.21 75.51
XVI 4.04  25.80 ' B57.38B
XVII 2.64 6.26 84.58
/ITE 8.28 +8.18-87.55
XIX 4.84.  7.73- 6B.66
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25. The peak of theophylline at

shown in Figure

2.890 u resulted from N-H stretching.

The IR sbeorption bands at 5.88 sand 5.98 u were resulted from C=0

stretching. The peaks at 6.20 and 8.40 p were resulted from C=C and

C=N stretching, respectively.

.. The peaks 2t 7.7 and 8.0 u resulted from C-N and C-O vibration,

The C-H bending

was observed at 5.82



TRANSMITTANCE (%)

N-H(Stretch)

Figu *‘.! 25. Infrared Spectrum of-Theophylline
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The co-spray  dried  powder of theophylline and
ethylcellulose showed the spectra of theophylline and ethyleellulose
35 shown in Figure 26, The spectrum of ethylecellulose had & peak of
carbonyl group that did not exist in the structure of ethyleellulose,
}'xoﬁever, the plasticizer of this latex dispersion was oleic acid that

interaction between drug and

had 3. carbonyl group.
ethylcellulose was scarce™ and the £ spectra did not shifted.

From this result, iteeobdc-b c‘mlﬁit these formulation were

theophylline-HPMC we 2 layed N T : ] When comparison
between theophylline d" ghédphyddl ine-HPY the pesk at sbout 2.9 p
or 3550 ecm-ilwas shig _ tghk 13 5 \high ) frequency and  the peak

intensity was stronge LA, fifected by OH group of HPMC and

" HPMC was incressed, this pesk

shifted slightly : tensity was weaker.

This result mig t“ﬂ o H-bond of HPMC was

broken down. ’ﬂ IR-spectra of co—spﬂy dried powder of
' theophylline- & W—m m | ine-ethylcellulose—

PVP K30 werﬁﬁiaded i ﬂ'ﬂ l gzﬁjectively. This
reveal . A0 Eio g j ﬁ i On=0 ot s 1t conid
be wgﬂﬁlaiﬁo—smgﬂ the pﬂﬂmri cO-Spray
dried theophylline-ethylcellulose-PVP K30 were simple mixtures. The
IR-spectra of co-spray dried powder of theophylline-ethylcellulose-
lactose were depicted in Figure 31. The pesk of free OH at: 2: 8.4 on
3371 cm~! in lactose spectrum as shown in Figure 30(Pouchert, 1975)

disappesred. This result might be due to the H-bond between the

three components.
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Figure 26. IR Spectra of Theophylline-Ethylcellulose Systens
Rey : A - Ethylcellulose

Theophylline

Theophylline-5%Ethylcellulose

Theophylline-10%Ethylcellulose

Theophylline-15%Ethylcellulose

Theophylline-20%Ethylcellulose
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Figure 27. IR Spectra of Theophylline-HPMC Systems
Rey : A - HPMC
B - Theophylline
C - Theophylline-5%HPMC
D - Theophylline-10ZHPMC
E - Theophylline-15XHPMHC
F - Theophylline-20%HPMC

7
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Figure 28. IR Spectra of Theophylline-HPMCP Systems
Key : A - HPMCP
B - Theophylline
C - Theophylline-5%HPMCP
D - Theophylline-10%HPNMCP
E - Theophylline-15ZHPMCP
F - Theophylline-20%HPMCP
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Figure 29. IR Spectra of Theophylline-Ethylcellulose-PVP K30 Systems
Key : A - Theophylline
B - Theophylline-1%Ethylcellulose-10%PVP K30
C - Theophylline-1%Ethylcellulose-20%PVP K30
D - Theophylline-5%Ethylcellulose-10%PVP K30
E - Theophylline-5%Ethylcellulose-5%PVP K30
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Fagure 31 IR Spectra of Theophyllme—Ethylcellulose—Lactose Systems
Key : A - Theophylline
B - Theophylline-3%Ethylcellulose-25%Lactose
C - Theophylline-5%Ethylcellulose-25%Lactose
D - Theophylline-5%Ethylcellulose-15%Lactose
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5. Thermogram,

Thermograms of theophylline alone, co-spray dried of
theophylline and various polymers and channeling agent were shown in
Figare 32. The thermogram of pure theophylline gave the

characteristic melting sndotherm 2af 268 °C and at 335 °C. While in

theophylline Ev%efhylc?ll ' # n I) and theophylline-20%
ethyloellulose(Formula i éermic peak at 198 °C and

exhibited the ‘it of theophylline.

Theophiylline-HPMC(E d theophylline-HFPMCP

{Formalation IX arn rather same as pure

theophylline. Mo 5l analytical profiles

indicating absence o \\ heophylline and HPMCP.

Theophylline-3%ethyle se -\ lation XIX) had not

exothermic peak of etl ] t \ C, but it had endothermic
pesks at 58 °C and 203 A€ _5;_;74,5_::_ ] _the characteristic melting
endothermic of fmg ‘.- tn 257 °C. - This
might be due to thé S & t%ee components .

SNENT

Th%l X-ray dlffraftlon pa erns of t phyllme and

sreooryl A ol il ien ‘3 LSk ﬂ«&} shom in

Figure 33. The diffraction of the original drug showed sharp peaks.

~J

No difference was observed between theophylline alone and co-spray
dried theophylline-ethylcellulose. The X-ray diffraction pstterns
of theophylline and theophylline-HPMC (Formulation V znd VIII) were
shown in Figure 24. In the co-spray dried theophylline—5%HPHC, some

of theophylline was in the form of amorphous. Buf in the case of co-
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Figure 32. DTA Thermograms of Theophylline, Theophylline-Polymer and

Theophylline-Polymer-Channeling Agent

Rey :

A - Theophylline

B - Theophylline-5%Ethylcellulose

C - Theophylline-20%Ethylcellulose

D - Theophylline-5%HPMC

E - Theophylline-20%HPMC

F - Theophylline-5%HPMCP

G - Theophylline-20%HPMCP

H - Theophylline-3%Ethylcellulose-25%Lactose
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Figure134. X-ray Diffraction Spectra of Theophylline and
Theophylline-HPMC System
EKey : A - Theophylline A
B - Theophylline-5%HPNC
C - Theophylline-20%HPMC
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spray  dried theophylline-20%HPMC, theophylline was in the form of
crystal. The X-ray diffraction patterns of theophylline and
theophylline-HPMCP (Formulation IX and XII) were shown in Figure 35.
The X-ray diffraction spectra of theophylline slone and theophylline-
HPMCP  showed identically. The X-ray diffraction patterns of

theophylline and theophyllinP rellulose-lactose(Formulation XIX)

were shown in Figure 2885 4 ectra of co-spray dried of
theophylline-ethylee LINICSESI schlse @e peak that identical to

theophylline ecrystal.

AULINENTNEINS
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Figure 35. X-ray Diffraction Spectra of Theophylline and
Theophyl1ine-HPMCP Systems
Key : A - Theophylline
B - Theophylline-5%HPMCP
'C - Theophylline-20%HPMCP
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Although the thickness of matrix tablet was not official
in guality control of tablet, but the uniformity of tablet thickness

could predict the uniformity ef eompressionzl force. The mesn and

re presentea in Table 18.
10.02 for all tested
matrices.

2.

tablet hardness were
displayed in Table he relatlonshlp between
polymer concentration enerally, it was found
that the increase tion caused increase in
hardness values except of “HEHCE & ces, @ little increase of

hardness was oObSErict——tlio—ihoioast——it—taee0st coused decrease in

1.'
LER! .
]

hardness values as Iﬁ s

24 9‘;5 HENINYINT
M&sk of the prepargtlona 151ntegrat1 time that was

e SR ﬁu\%ﬂ@@é@d%ﬂ%aﬂ%@aﬂm KV had

dlolntegratlon time that was shorter than two hours. Among three
commercial products, only Theodur<(®» hsd disintegration time that was
longer than two hours. All detail data were presented in the Table

18.

o
Co
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Table 18. Physical properties of the commercisl products and the
matrices prepared from various polymers and
concentrations.

Physical Properties of Matrices

Formulation
Thickness* Hardness* Disintegration time**
{mmt(SD) ] [Rpt(SD)] [minutex(SD)]
I 4.14(0.01) >120
EL 4. >120
III 4. >120
v 4. >120
v 4. >120
VI 4. 120
VII 5. >120
VIII B.
IX 4 >
X 5 30(7)
X1 5 B4(5)
XII 5 %3(12)
XIII 4.
XIv 4. [5.78
Xv 4.
XV1 o5 88(7)
XVII 4.9
XVIII 54
XIX 54
Nuelin<Rr> 4. (7>
Quibron<r> 2. 1(5)
Theodur<R> g,

X
*K
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9.2

[IsS

From the experimental dats, the dissolution or the

release profiles conld be plotted between amount percent of drag

relesse against time. e of release rate profile was

constructed  from the to elucidate the relesse

rate at variouns Lime curse of drug dissolution

from the matrices. b il ~\m\;T, ase rate profiles of

esch formalstion we A( Appendix E).

lated by dividing the

different of percest o time interval with the

time utilized to relclSe r _“,7' oan of the drug(see data in

IRy o
Table 41-54, Appendix E,%%E:‘?". then, was plotted with the

Al LRGN I
average time intervs it nas st he rate of release

;%éTf?:::f_____ff_____—*”f:‘r

decreased with £

4.&.1 The Blank Thecphyllingnatrix

¢ a o/ : :

Pl U8 I dld Pt WZe comrccsca and
the influenc:u of dissolutiodf mediom em theophylliwe relesse snd
re leasgﬂ ’lﬁaﬁiﬂs‘imma ’er ﬂgbanﬂ matrix were
depictediin Figure 38-39. The release rate of theophylline in 0.1
N. HC1 was faster than in phosphste buffer pH 6.8 ss illustrated in
Figure 38. This result indicated that theophylline may be more
soluble in 0.1 N. HC1 than in phosphate buffer pH 6.8. In 0.1 N. HC1
and  in phosphate buffer pH 6.8, the entire wmatrix dissolved in

spproximately five and six hours., respectively. The release rate
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Figure 38. The RelegSe Pr 11§’ \\\ line Matrices without
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Figure 338. The Release Rate Profiles of Theophylllne Matrlce without

Additives
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profile was shown in Figure 39, this release rate was faster than

other theophylline-polymer matrices.
4.1.2 The Formulations I-IV Matrices

The dissolution profiles of theophylline from

thecphylline-ethylcellulose with wvarious ethylcellulose

£

ey ! : A &)» pH 6.8 were shown in Figure
40(Table 34, Apﬁendix ra po&sents the sverage value
obtained from thre {: i en sampling time. The

CONVEX CUrves wWers The release rate was

decreased with time : g \/F \ \ 115 might be due to an
increase in diffusi®nslf pgth ée » \\
\ weight fraction of

ethylcellnlose resultr o — '. nding decrease of the
dissolution rate. f:w . of ethylecellulose in the
formalation was s__g-' ] g factor in cont 1ing release rate of

drug.

.7
U]
he relessguof drug from this matrices

R ﬁLLLEJ %3{1 BN NE) Feore arrectea by

issolution medlum as shown i Figures 48(A) and 40¢B). The amount

ot the&ﬁ ol amﬁm N LBV RLEL crosprece

buffer pH 8:8. This result may be affected by an increase in

theophylline sclubility as previous mentioned in section 4.1.1.
4.1.3 The Formulations V-VIII Matrices

These matrices hydrated quickly snd formed a

protective gelatinous layer. Both diffusion and erosion could be
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Figure 40. The Release Profiles of Theophylline-Ethylcellulose

Matrices in
A) 0.1 N.HC1

B) Buffer pH 6.8
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(A)
Rate {(%/hour)
5
4 —A— Formulation |
o —X— Formulation i}
25 —¥— Formulation 11}
) B~ Formulation IV
fi
20 \‘

15| B
X
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0.1 N. HCI

8]

10 12
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—~4— Formulation |

26 =] Formulation Il

- S : N _Ar = :
\ . e = Formulation I}

_ll Formulation IV

0 % 4 6 8 10 12
Average Time (hours)

Flgure 41. The Release Rate Profiles of Theophylline-Ethylcellulose
Matrices in
A) 0.1 N.HC1
B) Buffer pH 6.8



important in controlling the release of drug from a2 hydrophilic
matrices. But this gel-matrix had good dursbility, soluble drug may

diffuse out of the gel before erosion occurred.

The relesse of theophylline from matrices

containing all levels of HPMC were affected by dissolufion medium as

displayed in Figure 42. medium affected the release

rate but did not saff g relesse. The release
rate of these formual time incresse as shown
in Figure 43 and thi ase in diffusionsl path

length for drag whi

slower erosion rate of
the rubbery layer(g and faster advancement
of swelling front i -YIE\\*he release rate in 0.1

N.HCl was faster than fer pH 8.8.

ratios affected the slower
relesse rate of dii" of fHPMC was increased in
the matrix tablet 7 ‘J iffusion more than

erosion. Thereforiﬂ incresse in ' conce&ﬂkation would generazlly

s d"“ﬁ‘ﬁmwamwmm

4.1.4 The FoEmulatlons IX-XIT Matrlces

QRIANN AUINIANLIAL .......

’but did not d;51ntegrate into particle during dissolution studied in
0.1 N.HC1. However it was completely dissolved within 5 hours in
buffer pH B.8. Thus, these formulations would be evaluated in two

parts.
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In 0.1 N.HCl, the dissointion profiles of
theophylline from theophylline-HPMCP matrices with varicus HPMCP
ratios were shown in Figure 44(Ax(data in Tsble 38, Appendix E). The
highest smount of theophylline in 12 hours obtained from formulation

X that had 10% w/w of HPMCP. The release rate of this formmlation

also faster than others as shown/ i igure 45(A)(data in Table 48,
Appendix E). This resuli g v be 3 rom this concentration was

an optiman for disintes

formalations IX-2 B)(dsta in Table 386,

Appendix E). \.s\ ‘dissolved within five
\\ et m Figure 45(B){dsta

hours. The relesse

in Table 47, Appendixd

it was indiecsted that the

concentration i_.*L_ ymer obvieusly affecfed the percentage of
druag released. Y r o] i‘f.aiu the different drug

I

released-time pro eb The p ”bf medium ad an effect on the

relesse rateﬁﬁ EI(J wﬁlﬂ?ﬂ Ejafﬂl?'xe ethylecellulose

system was choen for further study

AW AR INYAEY

These Formulations contained theophylline-

ethylcellulose-PVP K30 but the amount of polymer and chasnneling agent
in each formulations was adjusted differently in order to modify the
release rate(see Table 13). The release of theophylline from
Formalation XIII and XIV were affected by dissolution medium as

depicted in Figure 48. The release rate of these formulations
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Figure 47. The Release Rate Profiles of Formulation XIII and XIV
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decreased with the time incressed as displayed in Figure 47. For the
First three hours, the release rate in 0.1 N.HC1 was faster than the
rate in ouffer pH 6.8. Incressing PVP K30 from 5% to 10% did not

affect the dissolution profile and the dissolution rste.

The release of theophylline from Formulation

The relesse rate o ese . Formbd decressed with the time

increased as depict re 49, %@lease rate in buffer pH
8.8 was faster than b -.\ HCl. This result masy

be affected by hig f , ter pH 8.8 and completely

dispersed within 9 38 from 10 to 20% did not

affect the disscluti ilevsndldlss \ rate.
4.1 he Bortnldy -XIX Matrices

ons contained theophylline-

ethylcellulose—l M t of polymér and channeling agent
in each formulatiohs y—in order to modify the

release of theophylline from

release rate(see able 13). ; The

Formulationsqﬂ)ﬁ Iﬂlﬂ ﬁﬂ ﬁﬂetjb?l ﬂ?lutlon medium as

displayed in The release rate of these formalations
= ST AN TR =
release §ate in .1 N.HC1 was slightly faster than the relesse rate
in buffer pH 6.8. An incresse in lactose from 15 to 25% resulted in

decrease of an initial relesse rate as shown in Figure 51.

The release of theophylline from Formnlation
XIX was affected by pH of dissolution medinm ss depicted in Figure

ST The release rate of this formulation decressed with the time
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incressed as  shown in Fisure 53, But the decresse of relesse rate
was Fluctusted. The relesse rate in 0.1 N.HC1 wss higher than the

relesse rate in buffer pH B8.8.

4.1.7 Quibrond(r>

"he &5 8 ile was shqwn in Figure 54.
Quibron<R> dis aolvpd oiip Iete : ours in buffer pH 5.8 and
' ---il

in D.1 N.HC1.

bren(R>  was fastest in

LS
\\\% products tested. "

'8 was aster than in 0.1 N. HC1

comparison with
release rate in p

as depicted in Fi

f relesse profiles of
Thecdur<R> in acid ‘iﬂj;cJaéél o detected. The release of
theophylline fro: lF’.ussolntlon medinm as
111ugtrated in Flg!ﬂ b ed wa a.like appegrance was in
agreement with preyign aly reportgd data(Jonkmen, et al., 1981;

cﬂeugna L (T T

Theodur(®R> in phoaphatp buffer pH 8. 8 faster thagythat in 0.1 N.

o1 2/ 1ASRINIINIRY

4.1.8 MuelindR>

Muelin<®> was completely dispersed within 9
hours in buffer pH 6.8, but it remained in the mstrix form within 12
honrs in 0.1 N.HC1. The dissolution profiles of theophylline from

Nuelin<E> were depicted in Figure 58.
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The release of drug from this product wes
affezcted by pH of the dissolution medinm. The relesse rate of drug
in buffer pH 5.8 was wmach higher than that rate in 0.1 N.HC1 as
depicted in Figure 59. This result may be affected by polymer

aolubility in these two pH medisa.

'%}, in pH Change Method

study  as previously

described, the For superior to the other

formulations. Congdfugh iy . tlon was selected to
gras. ,;\ method and compared to

determine the reless

Muelind<®R> | QuibrondR>

with the cdmmerc al
was excluded from 0 release the drug for 12
hours in both aoid anclia ] kals sm- ' e relesse snd relesse rate
profiles attained were prﬁ gur». 80 and 81, respectively.
The amount of d' Were 82.80, 81.48, and
77.94% for The BEdoes, and NuelincRs,

re.;per-tlvely hﬂrplease rate of heodur& wag lower at first 2

hours in co ﬁ Ej’j mﬂaﬁ%ﬁ )ll ﬂ ﬁm and higher rate
Was observe;ﬁ ﬂ

In order tc determine the effect of type of polymer
and formalation differsnce on the model of drug relesse. Therefore,
analysis of all dissolution dats were carried out to elucidate what
model{zero order, first order, and Higuchi model) could be fitted by
the dats. The plots between percentage of drug against time {(zero

order}, log percent of drug remained versus time(first order}, and
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percentage of drug versus square root of  time(Higuchi mcdel) were,
therefore, constructed and determined the one which was the most

linear as the accepfed model of drug release

2.1 The Blank Theophylline Matrix

and first-order plot of the

at %gure 82-63, respectively.

The correlation coeffi as i ed z=. tsbulated in Tsble 13.

blank formulation were

Since both the Hi v / \ahe ‘.-‘ er plot were rather
linear,it was neceg ‘ e the models. The
trestment was based gl forms of the first-
order and Higuachi 3»452, Appendix E}. The
correlation coeffici ersus Q were higher than
those of rates in Table 20-21 and the
statestical significanceﬁa! found as presented in Table
86(Appendix F), &l r“;"——*"“-wfv;-————"—ges—w» trend of theophylline

release from the mat rut order model would

probably be operatlve

AU oot ﬂﬂilﬂ Bl £ dces
N WA SR B IR oo

the va es of correlastion coefficient of the relationship shown in
Table 19 indicated that the first-order model and the Higuchi model
were interested. The further treatment was based upon use of the
differentisl forms of the first-order and Higuchi equations. The
correlation coefficient of rates of release versus 1/8 were higher
than those of rates versus @ as exhibited in Table 20-21. This was

tyue For zll the matrices having different drug-polymer ratios and
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Table 18, Correlation coefficient of the relationships between
percent drug relessed versus time (A), percent drug
released versus square root time (B), and log percent
drug remained versus time (C).

Dissolution Medium

Formua- 0.1 N. HC1 Phosphate buffer pH 6.8
lation
A B c

Blank 0.9403 0.89702 0.8528
I 0.8179 0.9985 0.9748
13 0.9215 0.9880 0.97%4
I1E 0.8340 0.9893 (0.9648
IV 0.8217 0.9882 (0.8588
v 0.9684 0.98668 0.89730
VI 0.9602 0.9968 0.38898
VII 0.9658 0.8985 0.9658
VIII 0.8585 0.8883 0.9676
IX 0.9230 0.9818 0.8737
X 0.8001 0.97868 0.98628
XI 0.8047 0.8777 0.8740
XII 0.8103 0.9957 0.8445
XIII 0.9130 0.8856 0.8761
XIv 0.9075, :i: 0.8967 - 0.8772
XV 0.8727Ii = 0.8565 0.9988
XVI 0.8351 Q& 0.8562 . 0.98851
XVII 0.9446 — 0.8906 0.938862
XVIII 0.9632 M 0 39868 0.998 0.9% J- 0.8803 0.9989
XIX 0.8332 e 0 9880 0. 9987 0.8474 0.8878 0.9861
b thon, EE%J EJ“’&% R
Quibron<R>0, 0.9804 0.9611
Theodur<R>Q.9807 0.9704 D 9877 0 9871 9103 0.8451

aw’]a\mm NI Y
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Table 20. Comparison of linearity between plots of rate of release

against reciprocal amount (1/Q) and smount (Q) of
theophylline released from the matrices in 0.1 N. HCl.

* Formalation Correlation coefficient of
rate dQ/dt
versus Q versus 1/8
Blank 0.8808 (0.8487
i 0.9885
T .9863
I1T 3430
Iv
v
VI
VII
VIIT
IX
X
X1
xr

en plots of rate of release
nd amount (@) of
ibes 1n phosphate buffer

‘%}ﬂ’]ﬂ\‘iﬂﬁ@ﬂ w’mmaa

0.5151 0 8995

0.5045 0.8903
VI 0.4857 0.8%41
VII 0.4831 0.8833
VIII 0.4764 0.8875
IX 0.8137 0.7878
X 0.9458 0.5865
X1 0.8271 0.7086
XIT 0.4477 0.6868




T3 13

% Drug Release

Zs X
A r’
80
60 -
40
20 —A— Blank in 0.1 N. HCI
-X-' Blank in pH 8.8

P\ 2.5 3 3.6
.t ;i

Figure 62. The Hig H ot ﬁ' op > Matrices without
Additive
.l""“

2og;; % Drug Remal

—A—

Blank in 0.1 N. HCI
_.—T:_t Blank in pH 6.8

1.6} YN e #
U

| ﬂus ‘Hﬂﬁﬂﬂﬂﬂi
%J:W’]ENﬂ‘i ma'rmmaa
¢ SO DR A\ PR O

Tlme (hour)

Figure 83. The First-order Plot of Theophylline Matrices without
Additives



N 118

(A)

" % Drug Release

—%—- Formulation |
~%- Formuiation il
—¥— Formulation I
-+ Formulation 1V

80

T

60

40

20

0.1 N. HCI
! &

25 3 3.6

i % Drug Release

—%- Formulation 1. =~ m
80 ol SALEION Ty . 4/
e o
B Form tion _m
80 .

40

-
-
-
-

-
-

phosphate buffer pH 6.8

1 i 1 1

0 0.5 1 1.6 2 2.6 3 3.5
Square Root Time

Figure 84. The Higuchi Plot of Theophylline-Ethylcellulose Matrices
in
A) 0.1 N.HC1
B) Buffer pH 6.8



119

5 Log % Drug Remained

p—— 'l//

0.5 | = Formula ""'-'
—%- For

o g . /, | 0.1 N. HCI

1.6

=)
—
oo
ad
-
oo
-
alle
-
oo
"
=
al)

ol pfais et

—%— Formulation 11
-3- Formulation IV

UMINYIAY

phosphate buffer pH 6.8
i i i i
o S 2 4 8 8 10 12 14
Time (hour)

Figure 85 The Flrst-order Plot of Theophyllme— Ethylcellulose
Matrices in

A) 0.1 N.HC1
B) Buffer pH 6.8



120

indicated that the trend of theophylline relesse from ethylecellulose

matrices, Higuchi model would probably be operative.

4.2.3 The Formulations V-VIII Matrices

All these formnlations gave similar release

model in both dissclution le 18 and Figures 6B8-87 gave

the compsrison betweén the ] }‘F ; 3 f release rate dats by the
—

two models. Both g ot  and first-order plot were
linearity with the cquer®lat icn LR TN values greater than 0.96.
HoweVer, the Higuchi 1o [gaVe consis ly higher values for the
correlation coefficig hdrdthat di \t st-order equation.

Nevertheless, since lelgy were acceptably linear, a more
well, was utilized to
distinguish between the o &y 35 ,' 3 he relative validity of the
test was obtained by erentisl forms of the rate
equations. Th-; :PW-, ,__;WWWMH;;;.;V__VEFw,«f indicated that the

- i
release data would pos

4.2.4 #The Formulatiens IX-XII Matrices

AUEINENINYINT

For fhe test in 0 1 N.HC1, the Higuchi plot
= RN TUIMYTRY T Y~ =
respectiflely. From the Figures B88(A)-639(A) and the wvalues of
correlation coefficient of the relationship shown in Table 18 pointed
out that the first-order model and the Higuchi model were interested.
In further treatment, the correlation coefficient of rates of relesse
against @ were higher than those of rates agsinst 1/Q. This was
true for Formulations IX-XI but Fermunlation XII was opposite as shown

in Tsble 20. The statestical significance difference of Formulations
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X-XII were observed, but the t-viue of Formulstion IX showed rio
statistical significance difference(Table 68, Appendix F).
Therefore, the release profiles of Formqlations X-XI wonld probably
follow first-order Vmodel, while Formulation XII would possibly
exhibit Higuchi model and the model of Formulation IX was not

cleared.

: -
these formulations in . wn in Figure 88(B) sand
69(B), respectivel fzr}:' ! 9(B} and the vslues of

in Tsble 18 pointed

correlation coefficd
model were interested.
In further freatmegf, L] Xe) efficients of rates of
relesse against Q we _ ﬁ-;7i€' e of rates against 1/Q. This
was true for Formalati :gf_ _3? - Wlation XII was opposite as
presented in Table 21.

Formulation XII showed no

statistical signif? 'q:....l._..f.-::.*:..'.::—_r_':.;i:::.r., lations IX-XI would

Y )
mﬂiel of Formulation XII

possibly follow fiEﬁ

was not cleared.

Al ﬂ’&iﬂ;ﬂﬂﬁjﬂ AV N
o W'] AINSR] WD BE FY o o

uomparls between the linearizations of the first-order model and
Higuchi model among the Formulations XIII-XIV. The correlation
coefficient values of Higuchi plot were higher than that obtained
from first-order plot. The further treatment was based upon use of
the differentisl form of first-order and Higuchi equation as

tabulated in Table 22-23 indicated that these release profiles would
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Table 22. Comparison of linearity between plots of rate of releasse
against reciprocal amount (1/Q) and amount (Q) of
theophylline relesse from the Formulstions XIII-XIX and
commercial products in 0.1 N.HC1.

Products Correlation Coefficient of
Rate dQ/dt

versus Q versus 1/Q

0.9508
0.6315

Quibron<R>
Nuelin<R
Theodur<R>

en plots of rate of releasse
 1/@) and ) amount (@) of
ations XITI-XIX and

Table 23. Comp iso

‘.E’roducth1 ¢ o, Correlation Coefficient of
u EJ 'versus - versus 1/Q
0. 4750

0 9389 0.4920

XVII 0.7535 0.89311
XVIII 0.6878 0.8399
XIX 0.7893 0.8011
Quibron¢R> 0.8984 0.7602
Nuelin<R> 0.6864 0.7188

Theodur<R> 0.0695 0.4370
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possibly follow Higuchi model, except Formulation XIV in 0.1 N .HC1

that would possibly follow first-order model.

Table 18 &and Figures 72-73 gave the
comparison between the linearizations of the first-order model and
Both the Higuchi plot and the

“_’-;be further treatment' was

' ffiller&es of release against Q

as presented in Table 22-

Higuchi model for Formulatio

first-order plot were
examined, the correlatd
were higher than those of

23. As a result, the -robably be operative.

IX Matrices

e '4475 gave the comparison

between linesrizations o 2 S st igider model snd Higuchi model for
Formulations XVII-XVIII. "plots were linear, so it was

necessary to disth further trestment,

the correlation coé ‘~ versus 1/Q were

higher than those Iﬂ rates versus Q as prPsejELd in Table 22-23 snd

e t“FTﬁ’ET’W"E"]’VI’?W 3 e

The cqpparlson ween the 1j inearizations of
the £ 1rQ wq m ﬂdﬁlﬁél‘“ﬂ%&eﬁ@ﬂ:ﬂﬂa EX presented
in Flgure 76-77 and Table 18 and indicated that these two models were
interested. In further treatment, the correlation coefficient of
rates o? relesse versus 1/@ were higher than those of rates versus Q
as tabulated in Table 22-23 and the statistical significace
difference was found as presented in Table 668(Appendix F), these

indicated that the Higuchi model would probably be operative.
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% Drug Release
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4.2.7 Quibron(R>

The Higuchi plot =and first-order plot for
Quibron<R> were shown in Figure 78 and 79, respectively. The highest
correlation coefficient as presented in Table 18 obtained from the

irst-order model and Higuchi model

Higuchi plot, however, both the
were interested. : the correlation coefficient

of rate of release vers ,- &5 ig ! that of rate versus 1/Q

as shown in Table Z2 istical sig ificace difference of
Quibron<R> in bu ) w \\ presented in Table BB
(Appendix F), i - ~!rﬂiaézc rqqi model would possibly
be followed.

and first-order plot were
shown in Figure 80 sndeSilc wécpect “._Tn 0.1 N.HC1, the highest
correlation coef‘F " 39" éiged from first-order

BIH s

coefficient was 0.9871 s4hat obtained,from zero-order plot(Table 13).

i uasnor o4cbE) 0 Wl el Bk n 0.1 v

would probably follow Higuchi ¢ model withsthe correlation coefficient

ARSI TRAIDD A Yo i«

as tabulated in Tsble 22.

plot(Tsble tE highest correlation

4.2.89 Nuelind®>

From the Figure 82-33 and the walues of
correlation coefficient of relationship tsbulated in Table 19 pointed

out +that the highest correlation coefficient value in 0.1 N.HC1 and
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% Drug Release
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buffer pH 6.8 obtained from Higuchi plot and first-order plot,
respectively. In further treatment, the linearity between plot of
rate of release against 1/@ and A of Nuelin<R> in buffer pH 6.8 was
rather indifferent snd the t-value showed no statistical significance

difference(Table 68, Appendix but in 0.1N.HC1 the correlation

coefficient value of rate e, inst 1/Q was higher than that
of rate against Q. Ine€ ion; A_ﬁchi model would possibly

>diag! bedin, pH Change Method
3& (s .

YN

y. W\
z ’\ re 50,84, and 85 and the
highest value of corrs ; £ "ﬁ‘ﬂ ient in Table 24 that obtained

from zero-order plot indica ted that the relesse of this product wonld

g
ﬂ EI fj gﬁﬁlﬁ and the values of
correlation cquc:.ent ixnﬂn«i sh ;7 he first-order model
¢ , o/
and Hiﬁwmﬂ’f‘f‘fﬂﬂeﬁﬁﬁﬂﬂﬁ 6
correlatjon coefficient value of rate versus was higher than that

of rate versus @ as shown in Tsble 25 and indicated that Higuchi

model would probably be operative.
4.2.10.3 Formulation XIX

" The Figures 84-85 and the

correlation coefficient values in Table 24 indicated that first-order
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model and Higuchl model were interested. In further evaluation, the
correlation coefficient value of rate against 1/Q was higher than
that of rate agsinst @ and the statistical significance difference
was observed as presented in Table 66(Appendix F), these pointed out

that Higuchi model would possibly be operative.

Table 24. Correlation coeffic "-,‘-‘-“!.! ) /s' relationships between
percent drug reless: d versas gdme (A), percent drug
released verst ausregroot=time (B), and log percent drug
remained versus bam ) i -Eﬁg_y- method.

=

N 777//F )\ -

XTX g \\ 0.9964
Nuelind®> ‘ 3.89. 3.9848
Theodur<R> : 0.9177

'
eEier S
. r ,'\Jﬂ L i . [
Table 25. Comparison © eabity Between plots of rate of release
against recipfocad amount (L0 ) 8nd amount (Q) of
theophylline relé : Formulation XIX and

commercial pr shange method

Product j‘r’; S T ati f@ ent of

e

versus Q versus 1/Q

EEELL%J’J NUFENINE

Heodur<r> D 1150 g. 34'*9

Q‘mﬂﬂﬂ‘im N ANTIA

4.3 S )

The dissolution data was analyzed to clarify drugs
release mechsnism using equation Me/M= = ktn (Equation 7) as previous
discussion in the section of the analysis of drug release mechanism.
The Dztatest computer program as presented in Appendix D was employed

for this interpretation. All results were shown in Tsble 26-28.
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Tsble 28. The values of kinetic constant (k), release exponent (n)
and correlstion coefficient (r2) following linear
regression of dissolution data for values of Mt/M= in
0.1 N.HCL.

Formulation

n k r2
Relesse Kinetic Coefficient of
Exponent Constant Correlation

0.8885

0.9884

" 0.8973

_ QQQ%

L 128 393990
3\

B

Nuel ﬂ

PRIAATUAMINYAE
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Tsble 27. The values of kinetic constant (k), release exponent (n)
and correlation coefficient (r2) following linear
regression of dissolution data for values of Mt/M= in
phosphate buffer pH 6.8

Formulation n k r2
Relesse RKinetic Coefficient of
Exponent Constant Correlation
BLANK .87 0.9989

0.83880

38395
o.m_‘/-‘ﬁ 9992

I
II
III
1V

¥
Yi
VII
Vi1

? ‘-.‘-

IX
X
XI
X1I

I‘..\‘“ : %J
- o 7 1S

ik Ii\.__.l Lot bt

ke 1

X111
XIv
XV
XVI
XVII
XVIII

XIX ﬁﬁf

e 8 e b0
A ARG B NAS e

regression of dissolution data for values of Me/M= in pH
change method.

Formulation n k r2
Release Kinetic Coefficient of
Exponent Constant Correlation
XX 0.73 0.162 0.9965
Nuelind<R> 0.61 0.03886 0.93938

Theodur<R> (.83 0.072 0.9935
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These exponent values were compared with the value of cylindrieal
sample in Table 7, except the values obtained from Formulations V-

VIII were compared with the value of cylindrical sample in Tsble 8.

4.3.1 The Blank Theophylline Matrix

t was dissolved both in 0.1 N.
\\\ V@'

ease exponent n were 0.77

not dissolved and not e Waloe .'_ , k, r 2 were shown in
Tsble 26-27. 1In 0.1 NSHCE and phosphéite buffer pH 6.8, the trends
of the release exponent #E -5_, *>£n 3 then the ethylcellulose was
increased. =='-*-=-'-77--T:T-==-”7-=3———=' concentration of
ethylcellulose theiﬂc ?Eran diffusion but have
other mechanism such %s leaching from the water channel. In higher

‘ethylcellulosﬂ % 8%@%@%’%@} to 0.45 that

indicated that he main meohanism was closer to Flckl transport and

e ML HY I BHE cwiav

predlct that when the concentration of ethylcellulose was increased
until the critical concentration was reached, the mechanism would be

Fickian transport.
4.3.3 The Formuletions V-VIII Matrices

The theophylline-HPMC matrices were formed a

gelatinous matrix and swelled. The release exponent n, the kinetic
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constant k and the corfelation coefficient r 2 were shown in Table
28—27. The release exponent value would be compared with the value
in Table 8. The release mechanism was anomalous(non-Fickian)
transport. The release exponent value tended to be decreased when

the amount of HPMC was increas

—XII Matrices

matrices would be
sepsrated the e according to the
characteristic in .1 N. HC1l, The matrix
was ruptured into 4 thest release exponent
value was obtained This may be that this
concentration was
disintegrant. The fel 5 5*fi ients thich compared to Table 7 was

indicated that the mechan In phosphate

buffer pH 6.8, 2ly in the range of

the testing time. Eﬂhéwj w-oniat n was obtained when

using 10% of HPMCP. ? release me ism was seemed to be anomalous

transport. ﬂ‘iJEJ’J 'VIEJV]TWEJWﬂ‘ﬁ
AN ﬁﬁﬂ“ﬁ”tﬂﬁ‘ﬂ“’l"ﬁ‘ﬂﬂ“’lﬁﬁl

increase release of theophylline from
matrix tablets containing ethylecellulose, water soluble additives

suéh as PVP K30 and lactose were incorporated as channeling agents.

The ethylcellulose-PVP K30 matrices were not
dissolved but had some erosion. The value of n, k and r 2 were shown

in Table 28B-27. In both medium, the release exponent n of
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Formulstions XIII and XIV indicated that the release mechanism was
snomalous transport. When ethyleellulose was reduced to 1% w/w (in
Formulations XV and XVI), it was found that the matrix was completely
dispersed in phosphate buffer pH 6.8 within 8 hours. The relesse

"exponent n pointed out that the relesse mechanism was snomalous

transport. The value of te buffer pH 6.8 was higher

then the wvalue from ossibly according to the
matrix erosion in p higher than in 0.1 N.

HCl. This result mi e propertyhof PVP K30.

4.3 Pmaiations XVII-XIX Matrices

matrix was slowly er in ; {f'.' ‘he value n was increased
when incressing the unt; 'j < Hj or decressing the amount of
ethyloellulose(Tablé 2 - » _;;: , buffer pH 6.8, the value n
was rather ste:;' ot ANCIGes g bk ' -‘,;f lactose, but the
value n was increw & of ethylecellulose in
the matrix. Flnq}l the rele mechsnism of this matrix was

anomalous trﬁ %EJ ’ga%q;%] % ﬁﬂl&}quﬂ ‘jof matrices which

followed the same release mechenism. o
RIRINAUANVANE Y

The release mechanism of Theodur<R> was not
clesr becanse the correlation coefficient value was rather low. The
relesse mechanism of Quibron<R> was anomalous transport. The n
vslues from 0.1 N. HCl snd phosphate buffer pH 6.8 were 0.73 and
0.78, respectively. The relesse mechanism of Nuelin<R> in 0.1 N.HC1

was Fickian diffusion with n value = 0.45. But Nuelin<R> was eroded
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in buffer pH 6.8 and the release mechanism was anomalous transport
with n value = 0.84.
4.3.8 The Products Tested by pH Change Method

In the pH change method, the Formulation XIX,

Nu
-4

Nuelin<®> snd Theodur<R> #
Theodur<R>, Formulatio e

The release exponents n of
#5 were 0.93, 0.73 and 0.61,
respectively(Table 28 ' cabé

E——
k4 sat. the relesse mechanism
of these three pr sport and the relesse

mechanism of Theod ero-order transport.
When the wvalue of enomenologically one might

conclude that the re

ions in the pattern of the

in vitro v_:__ @ “: e influence of pH.

Variation of these ?\ c@ to have significant

influence in vivo. ‘a

SMEANNINDGe o o
Y AR I -

assumptions were as

b

1. Dissolution was the rate-limiting process for absorption

2. All drug release would be sbsorbed, whether in the
stomach or intestine, i.e. no absorption window problems. The oral
bioequivalent(F in Eguation 1) equaied to one.

3. No biotransformation process occurred during absorption.

4. The elimination rate remained constant.
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5. Pharmscokinetic parameters were obtsined from the report
of Malee Sse Jung(1988). The selected psramefers were received from
Thai male non-smoking group which had average body weight about 860
ke .

6. The relesse rate that, ealculsted from the release profile

should be used to calcu idual dose every 15 minutes.

Then, from ithese dose
—

drug plasms concent{ ’

Equation 1.

g ; &cokinetic parameters, the
ind i ' be calculated, using
' 15 concentration of overall
individual doses | V
7. Assum CEer ) et ; % matrices were passed

through the GI tra human body. The GI
tract presents some Elare not foﬁnd in other
routes of drug administrafion.  The'telatively brief transit time

through the GIL tra t?ﬁ s, constrains the length

of prolongation g isbility in stomsch

emptying time andj the c en@al conditions of the

stomsch were sdditiongls limiting fasgtors in the choice of prolonging
cectanions 15| chietdoe] | rbabbiipnd eidorkfal Fransit tine in nan
U

the dsta listed in Table 29(Ddvis et al .5, 1984; Ritschel, 1889) could

R FAAAR 3 LB N DG v

tazblets was summed and the result was 617 minutes or sbout 10 hours.

From these sssumptions, the drug plasma concentration
of individual dose could be calculated for every 15 minutes until 24
hours. The latter dose would produce the drug plasms concentration
that shifted from the former for 15 minﬁtes as shown in Figure 86

(data from Formulation XIX in pH change method). From the
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Drug Plaswma Concentration (mag/ml)
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Figure 87. The Simulated Plasms Concentration Profile of Three
Products Assumed that Delivered by One Dose every

15 Minutes, Amount of Dose was respected to the
Release Rate
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dissolution data(Formulation XIX, Nuelin<R> and, Theodur<(R>in pH
change method), each matrix could be divided to 48 individual dose,
and created 48 curve of drug plasma concentration that shifted from
the other for 15 minutes scale. Therefore, the cumulation curve as

depicted in Figure 87 could be derived by summation the individual

curve together. ’,//
Table 29. Gastromtest f f! . utesiSD of pellets and
intact t // / \\\

Tormilation

olom.c
/ ST i rival
Time rangit " Time

i ' min]

Pellets (%) 78 %

; 305 £ 100
Tablets 184 £ 92

285 £ 58

% For pellets the transit ti : for 0U% of the particles to leave
or arrive at the parti - . '

Theodurm> showed a highest predﬂed blood level than
any of the o ﬁ Wﬂ[ eﬁwhich wé.s reached
at ten hoursEﬁE[ lﬂzﬂ m 8 ug/ml

o Veckdiad w&m AN UFRE. erwicnm

blood level The platesu of blood level was reached at time sbout
four hours and maintained for sbout eight hours. The pesk of

platean was about 5 pg/ml.

Muelin¢®> had a lowest pesk of blood level which was
about 3.5 pg/ml. The nearly platean state was reached within five

hours and maintained for seven hours.
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