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Discussion and Conclusions

/& was to prepare controlled

E— .
ierospheres by spray drying

techniique. Propes ing conditions were

sought for produci met the requirement

for tableting.

ST aray  drying  process of
line- DO ymer-channeling agent
- / : . g
mixtures, the physical prope: = -‘»- materials were investigated
and summarized in ppendix e (spray drying procedure
ol e ——
e e 1‘
in sgueous conditién 3in reasons:

Poor mranule flowsbility and ancp tablet uniformity
could occurr ﬁ 5 was used because
both theophyag EI Cﬁzjﬁ ﬂmﬁjerty The spray-
drymg,q wlar jﬁﬁmca%ﬁt resultant
particles were anerlcal giqm

2. Agueous condition was used to avoid the explosion hazards

becanse most organic based formulations contain an inflammable

solvent, such as acetone or methanol. In the large volumes used,
they pose an obvious explosion danger. Organic solvent was one of
the sir pollution and s8lso toxic for humen. Furthermore, =a

considerable capital investment was required in the construction of
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the flameproof fitments necessary to prevent solvent fire and
explosion. Con.sideration alsoc must be given to the expense of
solvent recovery or to methods for the prevention of solvent reaching
the atmosphere. There was also the continuous expense incurred in
the purchase, quality control and storsge of solvents.

3. More uniform distri

ion of polymer and channeling agent
arison with the method of

é wet granulation. The
E—

ess mostly depend upon

in matrices was‘ possibly
preparing the matric
distribution of pof ;
the mixing dynsmic

occurred. But the

on of polymer easily
- tion of polymer and

drug was used so t : Owﬁ. nixture was achieved.

o
L

0 1€ drying process. The

ropriate polymer was QBWZ‘ o Lon ine with channeling agent.
approp P - s 7 '.f"‘ ‘&;:- ~ * |

In spray;dfying procedure; ormulation was not
suitable to use be@use iile ,—spr@ dried powders adhered
to the wall of spray drwing chamber .gs As a result, the percent yield

e vauner 16 L) PINEINT: e conens

products from the chamber wer€ quite different fromgthose from the

contectd) Wad B3l Eld ML INELSR E)

The theophylline-HPMCP matrix was a pH-dependent matrix. In
0.1 N. HCl, it was not dissolved but ruptured in the special pattern
but did not break apart, this cuased the released profile
unreproducible. In phosphate buffer pH 6.8, it was completeiy

dissolved within five hours. Therefore, this product was not
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snitable for making s 12-hour-relessed matrix. This procedure used
2% ammonia solution as a medium snd it made the drug-content from the
collector was nearly identical to those from the chamber. These
findings suggested that the drug should be completely dissolved in

solution mixture for preparing the matrices by spray drying process.

The Theophylline-et eliblose matrix system was chosen for

further study. 2. 1f was } independent on the pH of
medium and the spra; -‘mnﬂ--- The percent yield

from spray drymg fﬁ\'

content from collectoefs T fered It could be improved

However, the drug-

theophylline wss disgblved Jeokplet \ proprlate amount of 2%
ammonia solution and #h ,, A= obtained as shown in

Table 17.

| \\‘\
by using 2% smmonia gEoltiifién as-a ‘\\ of water, because

The shapi and surface topography of co-spray dried

powders werﬂ%ﬂt{‘] %&lﬁ%ﬁ w Eje’]xﬁh%i of drug mixture

preparation. en the dlstn‘lled water was used a solvent
@GR4 T HHA P ot o
theophyl ine were observed in co-spray dried powders. While, the

mixture using 2% ammonia solution as a solvent(Formulations IX-XIX),
most of the co-spray dried powder was in the form of microspheres
with smooth surface. These results may be due to the solubility of
theophylline. Thecphylline partially dissolved in distilled water

but a lot of them were suspended. When this mixture was dried, the
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crystals that suspended were aggdregated with pdlymer and formed co-
spray dried powders which were consisted of rods and microspheres of
drug and polymer. Theophylline dissolved completely in 2% ammonia
solution and produced clesr solution. When this mixture was dried,
theophylline were precipitated as fine crystals and mixed with

polymer, forming the microspher The formulations including HPMC

'yielded larger powder Pro ther formulations due to the

ray dried powder wass

also affected by eparation. When 2%

ammoniz wss used as XY}, the good percent

drug content was obs it be due to theophylline

dissolved thoroughly i polymer-channeling agent.

But in Formnlations illed water as a solvent,

the percent tween the products

collectéd from ch@a

solubility of theophylline and gproperties of polymers. In

theophyumeﬂrucgﬁ m &m;maﬂ i—IV), the co-spray

dried powders from chember h#d percent gdrug contentgless than that

e ARSI HIAAINETNG e 2em

Tl@ result may be due to

collector. It was ressonsble to assume that the more percent of
polymer, the more adhesive property. But in theophylline-HPMC
mixture(Formulations V-VIII), the inverse effect occurred. This

result could be explained that the large psrticles that contained
more theophylline crystals were expelled and adhered to the chamber

wall while the smaller particles that contained less theophylline
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crystals were followed the air stresm and were collected in  the

collector.
3. MHeisture Content

The moisture contents of co-spray dried powder of

drug-polymer were lower than s % But the moisture contents of

CO-Spray dried powder of drug - neling sgent were more than
2%, and the range was Bet — £ : is result may be affected
by channeling agen than polymer
alone. Lactose m drate which contained
spproximately 5% and 0.1 % of sbsorbed
water. PVP K30 amounts of moisture

being absorbed at L 72 nidi \ ‘American Pharmaceutical

Association, 189863).

The pegks in X-ray dif atflern of co-spray dried

Formalation V wer@less intense ose% the original crystal

and those of Formuldtéen VIII. 0Fhis finding indicated that some

theophymne%ugﬁi TN INE N RBeres 2omm aue to

rapid crystallization. !rakeuchi, dHanda, and G.Kawashima(1987)
suggesadW;]: aﬂﬁﬂg meijsua m&d’nﬁcﬂolymer ratio
Was an ;.Important factor for formation of the amorphous state in the
system. They found that the same drug-to-polymer ratio that
prepared by different dry rate wés in different forms. While the
spray dried powder was amorphous, the solvent evéporated powder was
found to be crystallized without amorphism. The water ratio of

Formulstion V was lower than thet of Formmlation VIII. When these
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two Fformulstions were sprayed, the droplet would be dried in
different drying rates. . The Formulation V droplets were dried
faster than the Formulation VIII and formed crystals less than the

Formulation VIII.

Although theophylline was soluble in the ethylecellulose

lastex-2% ammonis solution(Form XIT1I-XIX), the physiecal state

of drug in the co-sp pie éﬂded on the solubility of

s "'] . systems had been classified

drug in the polymer.
as monolithic so 'described formerly in the
general backgrou wder, which theophylline
crystal was visib crographs, represented s
monolithic dispersi ightly melting transition

was presented on DTA A ion XIX powder.

Mt i B s

The thick t'.no- ""‘““""“"’”‘:ﬁ‘:m:;l t the compressionsl

force was uniform Et onm'xever exceed *0.02 for

all tested matrlces Compresslblllty of the co-spray dried products

= R RN ARG o s

their greater ardness It‘wa., found that the m ase in polymer

concenq W']cas@ 2 %% %Jm% wides ") ﬁa feftylcellulose

appear to be the most compactable and the HPMCP, the least
compactable. But the increase in lactose caused decrease in
hardness values. This result indicated that polymer had a binding

property but lactose would decressed binding property of polymer.
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The relesse pakbterns of the matrix Formulations I-VIII were
characterized by a smooth convex curve without an inflection point.
The release rate of these matrices were relatively fast at the

initial stsge, followed by =2 stage with decressed rate. The

matrices Formulations I- intact over the dissoclution

3 dissolved or becsme worn to
!‘

the ha%of the test

The vrelesse - \\ ne from formalations

1fferent amounts of

tested period, where thes

very small, soft mass,

ethyleellulose as dkpedtef _f -_- from matrices more
slowly with an inc#ess n gt lulose coi tents;‘ therefore, the
release rate of drug hanging the ethylecellulose
contents in the matricesic — 4 sse matrices were brought in

contact with water, as@éries of (mass sport phenomena occurred.

First, the pores rgar the uj were filled by water

and  initisl drug ‘gffu51 WES ed b@ the dissolution of the
solute in the wateréfilled pores and by its continuous diffusion in

water. (Gumyﬂzuaﬁj gs%l EJ m m E;lquﬂ ‘jof ethylcellulose

inecreased, the relesse rate fecreased anid that was Eéund to be true
for FOQAE f]iﬁﬂ\’ﬂ ‘im uuf] a’m EJ ’]la J.EJrease in the
coat thlckness and the path overwhich the drug was diffusing and

consequently the dissolution rate was reduced.

When concentration of ethyleellulose increased the mechanism
of release shifted to spprosch Fickisn diffusion by observing the

exponent n which was decressed to near 0.45. It could be predicted
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that when concentrstion of ethylecellulose reached critical
concentration, only Fickian diffﬁsion would occur. This prediction
was supported by the result from MNuelinCR2, The mechanism of
release of Nuelin<R> that tested in 0.1 N.HC1l was Fickian diffusion
with the exponent n = 0.45. From calculation, the amount percent of

polymer used in Muelin<R> was t 49% thsat would be egqusled to or

above the critical conce

Furthermor?' Jicatdwathat the release profile wss
similsr  in both medd j \ \\ ate was slightly faster in
0.1 N.HC1 when co > his could be accounted

for by their differa ug release profiles from

Formalation I-IV wo 1imchi model.

v
3 :
A visual inspeetiomd of = relesse profiles from the

formulations V-VIII reveal model. The drug relesse was

WA

observed Lo greabeéx 0 b. HEl.

The followw : ; --i'ij in the release process
— i
from this system:

: ﬂ“%’ﬂ ’ﬂ%&}%ﬁ wtﬁ ﬁ}ﬂaﬁw the dissolution

flnid
3. Dissolution of the drug in the gel
4. Diffusion of drug through the gel layer
5. Slow dissolution of the outermost gelled layer
Any or a combination of these could be a rate-limiting step

in the process.

&
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The diffusion of dissolution fluid through the gel was
affected by the gel strength. The protective or barrier gel was in
turn, controlled by the viscosity and concentration of the polymer
used. Therefore, as expected, there was an inverse relstionship
between HPMC concentration and the rate of relesse. As the level of

HPMC was increased, the gel formed was firmer and more cohesive.

This resulted in slower

in the HPMC concentration

Hourrounding fluid, which

On the ot

would also incre

would incresse t would slow the permeation
rate of both the diss e drug through the gel
layer
e

-i'on-itions of the stomsch is
limiting factor in ;hu’éﬁa AQJ fprolonging mechsnism for the oral
route The v via : ‘ ‘J environment throughout
the length of tthﬁI et & ia the dosage from design.

A1) | see;é’wﬁ:m:ﬁ:;:;t::::‘“'::::
“‘”“"‘Q"Tﬁ"leﬁ"ﬁ’ﬂ‘i mw ”I"?“‘ﬁ El‘“fﬂ'ﬂ i i e

representative plot showing the effect of dissolution fluid pH on the
release rate of blank theophylline was shown in Figure 55. Seversal
authors(Jambhekar, and Cobby, 1985.; Borodkin, and Tucker, 1974.;
Timko, and Lordi, 1978.) had shown that the dissolution fluid as well
aé .the drug solubility affected drug relesse to different degrees.

Shaikh, Abidi and Block(1987 sa.) studied sbout Theophylline-
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ethylcellulose solid dispersion and found that the release rate of
Theophylline was slightly slower in buffer solution pH 7.4 compared

to 0.1 H. HCL.

The dissolution curves of Formulations IX-XII which contained
HPMCP in buffer pH 6.8 were distinguished by their much faster

release rate than those in

.HC1 due to the enteric-coating

Nuelind<R> in different V ; >8) was non-disintegrating
matrix which showed 1imall -'ﬁ;a gosion in 0.1 N.HC1. 1In
buffer pH 6.8 mediumf® Nu€lig<R> dere gradually disintegrated to fine
particles and a few = .
did not occur, and 4O e s : e matrix slowly decreased
during the dissolutich procé i-{V;_ai issolution of Nuelin<R> at pH
8.8, resulted in more e :

upon agitation. It n Figure 58) that the release

profile was pH—d:;. oH:. | 6.8 media produced a

- — - ‘.

far more rapid reléas ﬂ]

i
Nuelin<R> inpH, change method(Figure 61),the release rate of

noerince> sl ribbler) ) ) Vidicl Bhoge,  zottomea vy

stage with a decrease rate. At time intexval betweens2-3 hours, the

coter sl hiGhE b bt el o chhd o Gl hevcace vace

did not increase significantly. After the first three hours, the

release rate increased gradually again, which cansed an infliction on
the release curve. It was reasonable to assume that this point

corresponds to the starting point of the core erosion.
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Theodur<R> was a product that consisted of two different
regions of drug release, a matrix in which some drug was dispersed,
and a pellet formulation which was embedded in the matrix. The data
clearly showed that the release was pH-dependent, with the product
showing more rapid relesse in the pH 6.8 than in that of 0.1 N.HCI.

ort by Buckton, Ganderton, and

This result was the ssme as t »

dlcatlon that the unususl

ut ion cha.racterlst 1CS.

evaluate the use of
the matrices for the
purpose of enhancing =f 5 : 1_' : V 'he cleese rate of the matrix
' . se without them. This
result might have bee e to A g 7 that channeling agents

included in discrete microSpheres/iesild promote penetration of

has-—oertain sdvantages ovér
the other additiveﬂ réﬁce from all routes of

administration is wel} documented. It is svailable in a variety of

mee G BARBRAPYH G o e
%hﬁ t;].s@l mjw ng Zl ﬂﬁ’l@gﬂ altered by

incorporation into PVP solid dispersions(Chion and Riegelman,1871).
This concept may be utilized in the matrices. Finally, PVP is sa
relatively high molecular weight hydrophilic polymer that exists in

solid state.
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The matrix has & physical erosion caused by the high
hydrophilic load. This erosion can be clearly seen upon visible.
inspection. When PVP K30 was incorporsted into the matrices,
surface PVP K30 probsbly dissolved and was released by the matrices

bt the fact that the release rate still decrease even, to conclusion

that a significant portion of | remains in the matrices. This

ﬁ K30, although it is =

18 po& 2 moleculsr weight of

is consistent with ©

hydrophilic °ubstan

40,000 and will no,%

that PVP K30 will no

—=

1 the matrices. The fact

to smaller molecule ¢

less attractive as "; %dent with which to enhsnce drug

dilution effect of channeliu_-.

r-'.‘:.}-‘f

When lachuSe—was—used— ehneling - agent, the matrix was

K"
s aﬁi was relessed from the

graduslly eroded. ED '
matrix, ss the resg& channels w e formed and the porosity was

s G BN PR} TV e i

which drug and lactose partigles st thP surface of trlx dissolved
e AREHIE] T T~ (TR
surface nould escape in turn. These channels would increase the
release rate. The release rate decressed with time more slowly than
for systems without sdded chsnneling agent, because the increase-
path-length was compensated by the channel transport.. The similar
finding had been previously reported by Desai et al.(1966).  The

increase percent of lactose in matrix from 15 to 25% did not produce
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a significant improvement.

These findings suggested that the type of chsnneling agents
was more important s factor thsn the smount employed. When a large
molecnlar weight cherneling agent was used, the voids formed by

dissolution initially contain a rather viscous solufion,

chesrscteristic of. dissclved ¢ agents. The high viscosity

in the pores served Lo n of the drug at the esrly

stages of release. rélease, the channeling

stance to diffusion was

decreased. The n gfofy pr this processides that the decrease in

agent solution becs
release rate, whic‘v d ss.the drug concentration
in the matrix decrg [ wnaterials éor the matrix
and channeling agen uand the amount of them
were sppropriated, it & o balance the decresse in
resistance with the concentration, leading to
drug/polymer sys;é 7 WEEC <hibited constar r'elease at & desired

rate.

WElaN JUSNANNS .. o
-y TRV DTN a1aN [T Y

the value from Theodur<R>, zs this result the Formulation XIX was

From this pafﬁﬂbf study, it@édould conclude that lactose is &
better chan

used for further study which is pH change method.

An extensive literature described significant c¢linical

differences between theophylline products(Buckton, Ganderton, and
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Shah, 1988; Jonkman, Berge, znd de Zeeuw, 1883). Using certain
assumptions, the in vitro performance could be translated to show how
they might behave in vivo. Buckton, Gandertan,‘ and Shah(1883.} had
shown that the diverse masnufacturing technigues employed gave very
different relesse patierns. They used a certain assumption, and

calcnlated the amount of drug i

[’ body in the manner described by

Welling(1883).
Conclusions

Theophylline es could be prepared by

spray-drying meth he pH of dissolution
wedinm affected dm ations in this study.

Dissolution studi led Sing, ¢ ly polymer could not
achieve the effective’c ' e Eve : In selection of
type and concentration of d in combined formalation, the
effect of concentyation of ~Single 7 Or1 ‘rug release pattern

shall be tske ’y— Yshitable polymer was

ethyleellnlose laz dispersion at conce@ration of 3% w/w. In
selective type of cHammeling sgentused for wmodifying drug release,

the high soﬂl‘u ﬂﬂm &meeﬂlﬂ ﬂ;welmg agent was

suitable. The proper chann agenttwas lactose &f the amount of
5% w/g m’] ﬁ)dﬂcﬂhj mcuuft] Q m EJ;-]GQ'VEJO prepare.

ThlS matrlces give amount of drug release sbout 81.46% in 12 hours,

the mechsnism of drug relesse from matrix is sncmalous transport and

the model of drug relesse would possibly be Higuchi model.
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5 tion for Fut Result

In further study, the Formulation XIX should be tested in
animal, and then in Thai male whose bédy weight sbout 680 kg. The
drug level in blood should be plotted and compared with this
prediction for drug level in blood as presented in this study. The

relationship between in ' // Etion and in vivo study would be

ined, the conversion factor

he 1a_ter study, only the
tions the in vivo profile

that could save tif matrix evalustion.
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