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By combinding phase partition technique and using dispersion carriers
such as polyvinylpyrrolidone (PVP K 30) and polyethylene glycol (PEG) to produce
the spherical pellets could improve the dissolution property including physical
property of a poorly water soluble drug, ibuprofen. Ibuprofen pellets produced with
PVP K 30 had uniform size and spherical in shape. Whereas, ibuprofen pellets with
PEG had rough surface and size variation.

Physicochemical properties of pellets were characterized by powder
X-ray diffractometry (PXRD), differential scanning calorimetry (DSC), fourier
transform infrared (FTIR) spectrometry and BC nuclear magnetic resonance (°C
NMR). Chemical interaction between drug and polymer (PVP K 30) were found
during the dispersion state of ibuprofen and PVP K 30. This chemical interaction was
due to complex formation of ibuprofen with PVP K 30 by hydrogen bonding.
Whereas, X-ray diffractogram and DSC thermogram of the dispersion of ibuprofen
and PEG showed the evidence like the interstitial solid solution between ibuprofen
and PEG had formed. The other reason, by disorientation of the structure between
ibuprofen and PEG in this mixture. In the case of the dispersion of ibuprofen with
both of PVP K 30 and PEG at suitable ratio, the weak hydrogen bonding may occur.
However, an evidence of chemical interaction between drug and polymers in the
formulations after phase partition of ibuprofen into pellets maybe found. As indicated
by *C NMR, the signal of carboxylic acid carbon of drug had shifted (except in the
case of the formulations of ibuprofen with PEG alone). It maybe caused by the weak
hydrogen bonding between ibuprofen and PVP K 30 or by disorientation of the
structure of drug.

For dissolution study, ibuprofen pellets with PVP K 30 or the mixture
of PVP K 30 and PEG in suitable ratio had faster release than the formulation of
ibuprofen pellets with drug alone or ibuprofen pellets with PEG. Furthermore,
ibuprofen pellets from a suitable ratio of drug: polymers had good physical properties.
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% = percentage - o
o o= _ alph_a_

= . theta -




CHAPTER 1
INTRODUCTION

The concept of the powder engineering technique using the phase' partition
method to obtain spherical crystals will have an impact in the field of phaﬁnﬁceuticd
technology. This technique can cut down the cost of an expensive equipme'nt' and
labor, and 1s capable of minimizing the complications of the manufacturing process of

various solid dosage forms.

Aim of development of spherical crystallization is to obtain suitable
property of drug substances for manufacturing processes and modified the released
property of spherical agglomerated crystals. These including to provide an increased,
prolonged or sustained release by using modification about method of preparations or
by usilng'various specific properties of some materials that can be add into the

preparations.

There Were many techniques that used for enhancing drug dissolution.
Solid dispersion is the one of the useful technique. Several of carrier systems have
been used in the preparation of solid dispersion, sometimes the active drug interact
with carrier in the system. There are six types of drug-carrier interaction in solid state
dispersion, they are simple eutectic mixtures, solid solution, glass solution, glass
suspension, amorphous precipitate in a crystalline carricr and another of the

interaction is complex formation of drug-carrier (Chiou and Riegelman, 1971).

Ibuprofen is one of non-steroidal anti-inflammatory drugs (NSAIDs) for
the treatment of a wide range of indications, including pain, inflammation, arthritis,
fever and dysmenorrhea. The properties of- ibuprofen showed poor water solubility
and poor dissolution properties. In addition, ibuprofe_ri ‘also had the problem about

micromeritic properties such as flowability and compressibility as well.



Usmg the concept of powder engineering technrque by phase partmon

method to produce ibuprofen pellets is one of the methods to defeat these problems of

ibuprofen raw material (Umprayn et al, 2001). Nevertheless this technique is not
enough to completely defeat the problem of dissolution propemes So combmatron of

1buprofen with a suitable carrier to make solid dlspersron in combination of spherrcal
vilcrystalhzatlon technique is the interesting method to introduce for leadmg to an
increase in drug dissolution. The increasing in drssolutlon of ibuprofen was translated
into better bloavallablhty This, resulting from less time to reach maximum blood
concentration may cause less gastric irritation because it spends less time in the
gastrointestinal tract. All of these advantages could 1mprove the performance of

ibuprofen.

o .. - The present work was aimed to study on the preparations of ibuprofen .
pellets'-v-'\;\rlnoh contained a polymer as the dispersion carrler by using spherical
crystallization technique in combining with solid interdeflon method. Interaction.'..-""

._'_;_b__e_tween drug and PQl_ymer,“‘such as complexation or.'.'.another interactions which
: ':-"-_"-:..'-:Iéiffected the physicochernlcal properties in solid state would be elucidated;_'Freely
: soluble, inert and nontoxic substances: polyvinyipyrrolidone and polyeﬁthyle‘nl"e- glycol
were selected as carriers used for this study. In addition, an evaluation in physical
characteristic_sf:_'a'_lndl polymorphic transition.of the prepared pellets were included.

Finally, thevdi}seolution profiles were examined.



L Objective of this study

On the basis of the fationale mehﬁoned above,. the objectives. of this study
were: - | .

1 Using powder engmeermg approach by phase pamtlon techmque of
sphencal crystalllzatlon to prepare 1bupr0fen pellets which contamed suitable
dispersion carriers. ' B !

- 2.To elumdate mteracuon between 1buprofen and dlsperswn carriers, that .'
effected phy51cochem1cal properties in solid state. N _

' 3. To study the dissolution of ibuprofen pellets and compare the release
preﬁles which drug pellets contained various types and amounts of dlspersmn:_
carriers. : 3 “

4. To develop the formulanon for manmaemnno process and can

_ employed thls technique for other poorly water soluble drugs.



Literature Review

Concept of the powder engineering techmque usmg the plzase partmon ‘method for

- spherical c:ystallzzatzon

Spherrcal crystalhzatlon is a. method for the concept of powder
englneerlng techmque that can be used for modrfymg the propertres of various drug i
substances Crystal morphology of many drug substances causes them to have
extrernely poor ﬂowabrhty and poor compressibility, in accordance with the problem
about their poor: solubrhty Spherical crystallization is a novel particle desrgmng“'

techmque, which could possibly solve about these problems.
Definition of spherical crystallization

- The deﬁnirion of “Spherical crystallization™ is the process of the
: crystalhzatron of drug in solution phase to give the micro-crystals that will be held
together to form the agglorneratlon of these micro- crystals to spherrcal shape during
crystalhzatlon by which crystallization and agOIOmeratlon can be carried out -

srmultaneously in one step (Paradkar et al., 1993).
Important parts for spherical crystallization

Conrrnonly, they are four parts for spherical crysmlhzauon tcchmque

_ 1. Solid phase (S): Mostly is the drug substance th'u is not soluble n
-contlnuous hqurd phase; Li _ _
_ 2 Continuous hquld phase (L1): Tt is the medmm or hqmd dispersion for

drug substances SO thrs solvent has to be undissoluble. tor drug \ubstanccs ,
3. Dlscontmuous hqurd phase (L2): Tlns plmsc maybe used in thc term of

agglomeratlon liquid, bondmg agent, binding solvmt or bridging:solvent; l 2 and L

have to be immisible to each other.

| 4. Solvent hqmd phase (L3): 1t is thc, good solvuu for dmolvmg drugv

‘substances and this solvent have to dissolve in contmuous hqmd phnsc (L.p to.



Process in the spherical crystallization technique

Two processes to produce spherlcal crystals:

1. Crystallization: From the property of the drug substance that can. not _

d1ssolve in continuous liquid phase (L))" so crystalhzatlon process has occur to

produce micro-crystals of drug substance from the solution.
2. Agglomeration: Micro-crystals held together by bridging liquid to form
spherical crystél._'s_"_, the agglomerates are formed by agi.t.a._tiv_hvg the crystals in e liquid
There are the study about the growth of agglo'r'ne‘r.a{es (Bemer et al)
proposed four regions as follows;

1. Floculation Zone: Where loose opens flocs of particles are formed by

: - pendular bridges.

2. Zero-Growth _Zon_e: Loose flocs get transformed 'mt_o_ _tightly packed
- pellets, during which the eﬁ‘ﬁrapped suspension fluid is squeezed out fo_ll_owed by
o squeezing of bridging liquid onto lthe'_ surface of small flocs causing pore spoee' in the
pellet to be completely filled with the bridging liquid.

~The driving force for this transformation is provided by the agitation of
the slurry causing liquid turbulance, pellet — pellet and pellet — stirrer collision.

3__.'_'-Fast- Growth Zone: The fast growt__h_ of the agglomerate takes place

when sufﬁcier.lt.bridging liquid has squeezed out to the: surface of small agglomerates.

4. Constant-Size Zone: In this zone the agglomerate cease to grow, or
even shows slight decrease in size. For this stage. the trequency of coalescence is
balanced by the breaking frequ ncy of agglomerates. o _

There are two theorles__ to specify the rate-dclcrmining__Step."F irstly. the
rate determining step in the aggiomeration growth occurs in zero — gro_w_th zone when
the bridging liquid is squeezed out of the pores as an initial flocs are transformed into
smaﬂ‘f évgglomerates Another assumption point of view proposed that the rate
determmmg step is the collision of pamcles with the bridging liquid droplets prmx lof:_

:the forrnatlon of liquid bridges, this rate. 1s governed by the rate of agitation. -




Methods of spherical crystallization (4.R. Paradkar et al., 1993)

1. Simple Spherical crystallization method Or_:v_’:{:ll__ej__spherical agglomeration
. S |

Crystallization is generally achieved by cnanglng of solvent or salting out.
"'-_."The solution of drug in a “soluble solvent” is poured in an “insoluble solvent” under
controlled conditions to produce the formation of fine crystals. The agglomerates are
formed by agitating the crystals in a l1q41d suspension and adding a “bndgmo liquid™
which preferentially wets the crystal surface to cause binding. Several studres can be
found in the literature for numerous drug such as salicylic acid (Kawashzma- e_t al,

1982), naproxen (Gordon and Chowhan. 1990).

2. Emulslon solvent diffusion method or qua_s:i-'emulsion solvent diffusion

(QESD) method also known as the transient emulsion (TE) method

By this method spherical crystallization can be carried out using a mixed

:"'»:__._.:.__.'__"_I'S'Y'stem of two or three partially miscible solvents. When bridging liduid (or plus good
:‘::'solvent) solution of the drug was poured into poor solvent (drspersmo medrum) under
agitation, quasi emulsion droplets of bridging liquid or good solvent from the
emulsron droplet into the dispersing medium induced the crystallization of the drug,
followed - by agglomeratron Many drugs such as acebutolol hydrochloride
(Kawashima et al 1994) and chlorpromazine nyarocb oride (Nivwwa et al ; 1 994) have_

been spherically crystallized by the QESD. In some cases, they have to stabilize th_e'-_"-'.

initial emulsion, Wthh 1s an essential intermediate for forming spherrcal agglomerates -

by adding some of addmve (Morzshzma and Kayvashima, 1 993 )

3. Ammonia diff\l.s.ion system method (ADS) -

Ueda et al., 1990 studied a novel method for spherieal crystallization of
amphoterlc drug substances. This techmque is useful in agglomeration of drugs which
are soluble only in an acidic or an alkalme solution. For this study, they carried out
spheucal crystallrzatron of enoxacin, whreh_ls slightly soluble in water but _s_o_luble in
acidic and alkaline solution. A mixture of threc partially immiscible sol.-._l/e__n_t_;_i.e.
acetone — ammorrilav:water — dichloromethane was used as a crystallization '.s.ys.tun
The mechanism ofthe modified system is as lollows ammoma water acted as both o

bridging liquid and a good solvent for enoxacin.



Acetone is a water mrscrble but act as a poor solvent thus enoxacm gets
| agglomerated by solvent change without forrnmg an ammonia salt. ‘Water 1mmrscrble
solvents such as hydrocarbon or halogenated hydrocarbons e.g. drchloromethane

: induced liberation of the ammoma water. Thus acetone in the solvent outer into -
droplets of ammonia ‘water whrch are liberated from the acetone - armnoma water -
drchloromethane systems and consequently, enoxacm dissolved i in ammonia water is
precrprtated into dr0plets of the crystals At the same trme ammoma in the

_ agglomerates drffuses to the outer organic solvent phase and it is abrhty as a brrdgrng¢

liquid becomes weaker and the agglomerates are obtained.

Precipitation Addition of Spherical

Solution of the drug ’ .
) olcrystalby  the brdging fiquid agglomerates
in sotvent S . ’ )
: -soventchange Counter diffusion of NS 3 siomecates
“Neutraintration L In the droplets o

| -temperature decrease

Crystattizaton at the droplet surface

“A. Simple spheriga] crystallization B. Quasi-emulsion solvent difﬁlsiol’) method

@ st
"@»

I : m

Mechanism for Spherical Crystalhz_;ilion Using ADS (1) Invasion
Acctone into Ammonia Water Dropiets; (11) Diffusion of Ammonia in
¢ Agglomeralcs to the Outer Solvent; (111) Ending of Agglomeration

.invasion of accione; ¥, diffusion of ammonia: . Crysl:ls of cnoxacin; @ .
w\ll water,

C. Ammonia diffusion systern method

Flgure 1 lllustratron of 3 methods of sphencal crystallrzatxon (A) Srmple spherrcal
' crystalllzatlon method (B) Quasi- emulsron solvent drl‘tusron (QESD) and
(C) Ammonra dlffusron system method (ADS)



Applications and advantag‘es‘. of spherical crystallization technique_-'

1. Modification of physical propertles of drug substances

The crystal morphology of many drug substances causes them to have,._, .

extremely poor flow ability and in some cases crystal morphology can also'f'.'._'_'__:.-.'-"_:.-_ :

srgmﬁcantly impact a material’s compressron characterlstlcs and many formulas

which a high percentage of drug substance do not lend themselves to direct
compression due"to:mpoor compressibility and poor ﬂowahility Kawashima et al’s
work (1984, 1 994 v 995 ) indicate that the spherical crystallrzatron techruque has the
- potential of improving the ﬂowabxhty and compressibilty. -

Poorly compressrble crystal of acebutolol hydrochloride was
-agglomerated by the spherical crystallization technique can improve compressilbility

properties for direct compression. When comparing compression of the agglbmerated

crystals with an initial crystal, 1t was found that, the higher relaxation pressure and the

: lower elastic recovery of the agglomerated crystals than of the original crystals under
.':.the same conditions. These results suggested that the agglomerated crystals exhrbrt
‘greater plasticity during compression, and the greater tensile strength of the tablet of
agglomerated crystals. Furthermore it also confirmed the fact that a stronger bonding
occurred due to plastic deformation during compressron of agglomerated crystals than
in the case of ongrnal crystals. The main factor in an improvement of flow properties
was a s1gn1ﬁcant___reducuon in interparticle friction, due to their spherical shape and
the lower static charge of the agglomerated crystals. Gordon and Chowhan , 1990
modified crystal morphology of naproxen which have plate shaped crystals by the
spherical crystallization techmque The- resulting agglomerales were compact
spherical aggregates of plate shape crystals The data indicated that the sphencal
crystallization technique i mcreases drug compressibility to the degree that can directly
compressed Further, Despande et al, 1997 recommended that spherical

crystalhzaylon can be an alternative granulatlon technique for moisture sensitive

uch as aspirin that use as a model drug sensitive to moisture. This study has"i‘v"’_:_'_”
been showed that the spherical agglomeratron of asplrm using water — methauol

chloroform blend 1S an inexpensive and sattsfactory method for its partlclc size

enlarg ment and can significantly 1mprove the flow properties of aspirin. The rcsult_

showed that, this process would be a better alternative to slugping of mommc"'""

sensitive drugs.
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In ‘addition, spherical crystalhzatlon technique can gave the new

crystalline form of drug substance that d1ffercnt from the original crystals such as the

~study of a poorly water — - soluble antlallerglc agent, tranilast (Kawashzma et al,

991 ). The aoglomerates from the crystallization process were composed of new
.polvmorphlc or amorphous form that could enhance the solubility and the dlssolutton

rate of drug substance.

2. Modification of disso}ntion of drug substance
- Increased aqueous drug solubility

It is well-vrecognized that the dissclution property of drug substance 1S

" somewhat important to bloavallablhty of the drug. Spherical crystalhzatlon has been

described as an effective technique in improving ‘the dissolution behavior of some
druos-that are characterized by low water solubility and a slow dissolution proﬁle
_h’arnno et al, 1999 studied about fenbufen, an anti- mf‘ammatory and antipyretic -
agent. The very poor solublhty of fenbufen at low pH value is a limiting factor for
- good absorption in the upper part of the gastrointestinal tract. This is the reason_. to
improve the..fe_nhnfen dissolution rate to obtain rapid analgesic and antipyretic eﬁ'ec.ts."”
For the experintental data showed that, the dissolution proﬁle'_of‘ fenbufen exhibit
- better dissolution behavior for spherical cfystals than upstreamlzr'@w .material. The
-E":f__';'cason for this faster dissolution could be due to better wettability or"increasing about
snrféce area of drug substance in the form of micro — crystals. Tolbutarninc,_'_another
example of a poorly soluble drug was prepared for agglomerated crystal‘- from
spherical crvstalhzatlon technique (Sano et al., 1992), the data showed the increase in

dissolution rat_e__ and gave better bloavat ability from agg!omerate_d crystals product.

Otherwise, preparations of agglomerated crystal ~ from  spherical -

crystallization technique by incorporation of some substances for increasing water
-.__--_-s"'olubility or enhancing bioavailability or :sustainino the release of druu were
m\estlgated Incorporated of water — soluble polymers resulted an xmpro\ ed in
wettabi] 1ty with water and increase in solubility (Sano et al., 1987). Kachrimanis
et al, 2000 suggested that the phy51cochem1cal propertics ot the agglomerates., such
as size, sphenc1ty, surface roughness porosxty as well as ﬂo\\ ability and compux\mxt

behavier during tabletting were affected by polymer nature and drug/polymer muos.-_
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.- Design a controlled or sustained action dosage form

Since controlled release dosage forms have been designed to reduce its
side effect and to 1mprove the bioavailability, Kawashzma et al, 1989. modxﬁed
f-sphencal crystallization techmque by coprecipitating the drug with acrylate polymers

-.'..3:'_.to prepared the controlled release mrcrosphere of ibuprofen. The drug: release rate

5 lucould be controlled by the type and the coneentratron of polymer in the formula In

some cases, spherical crystallization can employ to produce sustained release dosage
form for the druéf éubstances to prolong its pharmacological effee;,_Niwa etal, ] 994
used chlopro_rr__r__éﬁne hydrochloride as a model drug. After ag_gle_rrreration of the drug
crystals, microencapsulation was continually performed, and:eﬁ.capsulaﬁno polymer
was added to the crystallization system to prepare mlcrocapsules that can retard

release

3. Reduce the complicated process in the rnanufactxm'ng process

Spherica_l.'_crystallization technique can produce an agglomerated crvstals
of drug substance and give the good physicochemical properties of these drug crystals
that suitable for direct compression. This difference from, wet oranulauon or dry
granulation that required the complicated process. So, using this te_c_hmque to modify
the properties of upstream raw materiel of various drug substarlces‘ for directly

compressible can eliminate many complication steps of granulation process.

4. Dust elimination and reduce cross contanri_n.fl:tio.n effect

Spherical crystalliiation technique 1s an altemtltive choice to prevent and
. ~eliminate dust generalin'g-_.during manufacturing process of plmnnacemicz_rl-.__gqlid
‘dosage forms, such as; sxze reduction, mixing and dry granulation. In mlditiqn.’_:_.i.t. 13

safety and health protection for the operator in werkplace area.




Dry granulation : Weight Drug + ingredients ’ Mixing ’

Slugging —®  Subdivision »  Mixing and lubrication ™™ Tabletting

Wet granulation : Weight Drug + ingredients —» Screening —%
Blending —% Wetting —» Subdivision —» Drying —»
Subdivision—»  Mixing and lubrication — Tabletting

Direct compression : Weight Drug + ingredients »  Mixing
Tabletting
Spherical crystallization : Crystallization + agglomeration

l

Mixing (with ingradients)

Tabletting

Figure 2 Comparing various processes involved in wet granulation, dry granulation,

direct compression and spherical crystallization

11
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Concept of using dispersion carrier in solid dispersion technique

The bloavaxlabmtles of various poorly water—soluble drugc are hmlted by
thelr dlssolutwn rates. (Ford, 1986) For drug whose Gl absorptxon is rate hmlted by
dlssolutlon in enhancement of dlssolutxon rate should improve its absorption
¢ ;_:_efﬁc1ency (Shzn et al 1979). Several methods can be utxhzed to 1mprove the::_
dissolution propertles of poorly soluble drug (Hoener et al., 1 979 Mchny 1978),
these include particle size reductlon reduction in hydroph0b1c1ty such as coating and

granulatlon with a hydrophilic material or surfactant formatlon of polymorphs and

- salt, complexatlon surface aasorptlon and solid dispersion.

Solid ':cl_i_spersion is one of the methods for changing patté_rn of dissolution
#  behavior: (Chiou and Riegelman, 1971). This method can be used for increasfng
: dlssolutlon absorptxon and therapeutic efficacy of drugs by usmg the water soluble ‘. =
'-";'-'_'_,camer in combmatlon with a poorly water-soluble drug. From the above method the

results showed a fast release of the drug from the matrix. On the other hand, using
poorly soluble or insoluble carrier combined with a gdod_ water-soluble drug leads to

- the formulation of sustained release or prolonged release from the matrix.

The concept of solid dispersion was first introduced in 1961 (Se]xmuchz
and Obi, 1961) as a method for reduce the particle size, and increase rates. of

dxssolution and absorpt;on by the formatlon of a eutectic mixture of poorly soluble

drug, Sulfathlazole mix with a thsmloglcally mert easily soluble carriers such as o

urea.
Definition of solid dispersion

Sohd dlspersmn was deﬁned by Chmu and Rlcqelman (C luuu and

Rzegelman 1971) as“ a dlspersmn of one or more active mﬂudxcms in.an Inert carrier

| ~.or matrix at a molecular level in'a solid state “prepared lw lhc meltmU or tuxmn

solvent or meltmg solvent method ”
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Method':_"_ef preparation for solid dispersion
1. Melting or Fusion method

This method was first mtroduced by Se/aguchz and Obi (Sekzguchz and
Obi, 1961) to prepare fast release solid dispersion dosage forms and was subsequently
modlﬁed by a lot of 1nvest1gators (Despande et al., 1982; Chiou and Rzegelman
1969; Genezdz etal, 1980).

Procedure:

The 'i)hysical mixture of a drug ':and a water-soluble carrier was heated
directly until it mel't”sn.-"The melted mixture was then cooled and solidiﬁ'ed_ rapidly in an
Jice bath under rigorous stirring. The final solid mass was crushed, lel\)efized to a

pcﬁiﬁder and sieved.

A supersaturatxon of the drug can be obtamed by quenching the melt
rapidly. Then solidified on stainless steel plates to favor rapid heat loss A
modlﬁca’aon of the process involves spray ~ congealing from a modify spray dner
onto cold me_tal surfaces to gave pedets of the dispersion to_-__elumnated grinding

process and without altering the crystalline modification of the drug:

Advantages‘i.'
- Simplicit.y'and economy
- No toxic solvents requlred
- Possible to obtain ‘a supersaturating of 2 a druo in the system oy

quenching the melt rap1d1y from high temperature

Dlsadvamages

- Irrums<:1b111ty between drug and carrier may occur _

- Thermal degradation, sublimation and polymorph transfomuia:tien
- The SOlldlﬁed melts maybe tacky and unhandable

- Only low meltmg point carriers can be used
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"-Solvent method

Procedure:

This method -used organic solvem to dissolve the drug and carrier,

evaporate the solvent (w1th or without aids of heat or vacuum) and pulverize the SOlld

product (wlnch maybe called coprec1p1tate or coevaporate) The choice of solvent and

'-;lts removal rate are critical to the quality of the dxspersxon Otherwxse the choice’ of

solvent maybe effects to polymorphlc form of the drug substance.

“ . Advantages:

Preventing from the thermal decomposition of drugs or carriers due to
the low temperature required for the evaporation of orgaruc solvent

ngh melting point carriers can be used

Disadvantages:

- Higher cost of operations.
- Difficulty in selection of a common volatile solvent since carriers are

.generally hydroph,lxc and the drugs are hydrophobw

Trace of liquid solvent still presented which may. ‘cause toxicity

problem

~Costly process due to the large volume of the solvents required and

recovery of solvent is not feasible

Effect on chemical stability of dfugs

leﬁcuuy to reproducmg crystal forms of fdrug

Melting — Solvent method

Thls method developed because'"of the probleul' of the previous two

methods that mentloned above thls method has the advantages of both mgltmgb and

solvent method
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Procedure: - _
B Dissolving a drug in a small”quantity using suitable"organic"' solvent and
then mcorporatmg the solutlon dlrectly into the melt of carrier, and the resultant

'soluuon was evaporated to dryness
Physicochemical structure of solid dispersion (For&’, 1986)

The ph'ysi_cochemical structure of these dispersions plays an important
“role in controlling their drug substance. Representative of interaction between drug

and carrier can be divided into six structures.

- 1. Simple eutectic mixtures

Solid solutions |
“Glass svo_lution and Glass suspension
Amorphous_ precipitatioﬁ in a crystalline carrier
Compound or complex formation

Combination

B

To 1nvest1gate about an interaction between druo and carrier maybe ,
exammea by using thermal analysis, X-ray dlﬁracnor mlcroseopxc spectroscoplc or

thermodynarmc techniques and by dissolution rate data
“1. Simple eutectic mixture

-___Usuelly prepared from the rapid solidfication of the fused liquid of two '
components, -which..'show complete liquid miscibility, which the materials are not able
to form'solid solutzon This property can be illustrated in a phase dxagram in Figure 3.
Exeept besxde a phase dlagram the eutectlc mixture can be evaluated by X-ray

dlffractlon and thermal analysis (Sekzguchz e al 1964).
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" Liquid Solution .

Solid A+ Liquid Solution olid B + Liquid SoIL_J_tion

3 1
Soid A| + ° Soid B
]

CA(100%) | E , B (100%)

Figure 3 Phase diagram of a simple eutectic mixture

When a eutectic composed of a pooriy- soluble drug is exposed to water or
~GI fluids, the carrier maybe released into aqueous medlum in. ﬁne crystalhne form~-
(Goldberg et al., 1 965) based on an assumption that both components may
simnfaneously erystalhzeo out in very small particulate size. From_._ reduction. of
particle 'size cause an increase in the specific area so effected to increase dissolution
and absorpt;on of poorly soluble drug. The faster dissolution may cause by the effect -
from camer that operate in the dlffusxon layer surroundm0 the druo particles in an
early state of dxssolutlon since the carrier completely dissolve.in a short period tmu.
as. demonstrated by the faster dissolufion'-rate of acetaminophen from its physical

mlxture with urea than the pure drug substance. (Goldberg ef e 966)
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2.‘Solid solution

, A solid solutron as compared wrth liquid solution, is made up of solrd
lute drssolved in a solid solvent. It is often called a mixed erysta because the two i
components crystallize together in homogeneous one phase system Goldberg et al., )
1966 studied and suggested that a solid solution of poorly soluble drug in a raprdlys
soluble camer achleved a faster dissolution rate than a eutectic mixture- because the
particle size of t_he_ drug in the solid solution was reduced to a minimum st_ate to its

_-molecular size.

The classrﬁcatron of solid solution can be divided mto two categories. The_ ’
first classrﬁcatron dependrng on their solid miscibil ity (Chiou and Rzegelman 1971 )-'-"'

which separated into two groups

1. The continuous solid solution: two components are miscible or soluble
at solid state in all proportions. The bond strength between the different components
is greater than the bond_'strength between the same species of molecules. Up to now, -

no solid dispersion fall into this category.

2. The discontinuous solid solution: in contrast to the continuous solid
solution, there is only a limited solubility of a solute in a solid solvent in this group of
solid solution. Each component showed it capable of dissolving the other components

to a certain degree above the eutectic temperature.

The second classification is based on the molecular size of the two-

components as divided as follows;

1. Substitutional solid solution: the solute molecule substitutes for the
solvent molecule in the crystal lattice of the solid solvent. The size of _thc solute and
the solvent molecule should be as close as possible. TllL molecular size of the two

:‘-_,components should not differ by more than 15 %.

2. lnterstrtral solid solution: the solute molccule OCCUplL\ the interstitial
space between the solvent molecule solute molecule dinmeter should be Tess than

0.59 of the solvent molecule, and__that the volume of llll. solute n‘.OlLLUlL should be
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,- less than 20 % of the solvent. Large crystallme polymer e.g. polyethylene glycols
favors this type of solid solution- formatron other factors such as high vrscosrty
supercooling and physrcal chemical mteractron between the drugs and the polymers
may contribute to the. formatron of metastﬂble solid solutlon if the druo - polyethylene
glycol melt is solldrﬁed rapidly (Crazg 1990). When the temperature was increased,

- the viscosity increases rapidly s0, ‘when quickly solidified of drug - polyethylene..
glycol was occurred the crystalllzatron of the drug is retarded due to reduced solute

‘migration and the drfﬁculty-m nucleation of the drug in the viscous media.

Dark circles: solute species

Open circles: solvent species

A. Substitutional solid soluti_(_m - B. Interstitial solid solution~ -

Figure 4 Illustration the structure of (A) substitutional solid solution (B)‘,in_ferstitial

solid solution
.' 3. Glassy solution or dispersion

A glass solution 1s a homogeneous, syslem in which a solute dissolves in a
glassy solyent:.j It is characteri"zed by transparency and brittleuess below the gléss -
transformir:rg temperature Tg. During .'heating, it sofiéhs prowressively and
contlnuously without a sharp melting pomt due to the facts that bondmg of chemical
m01ett1es in the ﬂlassx state differ i in length therefore in strength and thuc is no one

temperature at which all thcvh_o_nds become loosened simultaneously. Liquid or
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supercooled liqu'i'd 'whose viscosity is greateﬂ'r:'.fhvan 10 pulses is generally called a
glass. This can be dlfferentxated easily by X- ray dlffractlon methods, a glass'i 1s also _
amorphous to X —ray dlffractlon so only produce weak and diffuse diffraction effects

’ h11e crystallites can give strong and sharp diffraction effect g

Pure polyvinylpyrrbli_done and some other polylhe_rs_dissolved in the
organic solvent may become glassy after an evaporation of the e.ol.v:ems. It is possible
that the.'.p'recipitation of drugs introducedv into the system 1is inhibited due to an
increase in v1scosny while the solvent evaporates. Such inhibition’ may also be
facilitated by possible complexation between the drug and the polymer. The partlcle
size of crystallization of the solute is much smaller in the glass solution due to the
difference growth of .t.}.i.e_:_-c;ysta} in its viscous medium. There is another important
advantage of glass solutieh ebout the dissolution rate of drug should be faster than 1n

the_. solid solution.

4. Amorphous precipitation in a crystalline carrier

In t.h_e;:._case of drug and carrier crystallize simultaneoﬁsif from melting
process or a solvent method of preparation, the drug may precipitate out in an
amorphous form in the crystalline carrier. This, because of an amorphous fofrfv_fl;is the
highest energy form of pure drug so it will produce faster dissolution and absefption
"rates ‘than the crystalline torm For example, amorphous norubiocin has 10 - fold

hxgher solubility than it crystaihne_ form (Mullins et al., 1 96__0_),_

5. Compound or complex formation

Complex is defined as a species formed by an association of two or more

interactant molecules o'r'-'_i'_vov_ns (Repta, 1981).

The deﬁnmon ofa complex leads to a classmmtmn nto two groups based

on the type of chemical bonding (Gennaro et al.. 1990). -
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1. Coordmatron complexes These complexes are formed by covalent _
bonds in wh1ch a pair of electron is, in some degree transferred from an interactant to '
the others. The most 1mportant examples are the metal ion coordmatlon complexes
“between metal ions and base_s. Such complex-can be classrﬁed as products of Lewis
acid — base interaction. _Protonation of an_acid species then constitute a special- case of -

this type.

“2. Molecular complexes “These species are formed by poncovalent_
bondmg between the substrate and llgand The noncovalent forces obvrously come
._fr_om electrostatic, 1nduct10n and drspersron interaction. 'Ihese phenomena can give
rise to, hyclrogen bonding, and charge — transfer and hydrophobic effect. Usu_ally, the
~ kinds of complex species that are ncluded ‘in this class are small — molecule
compounds, small_molecule — macro molecule species, ion pairs, dimers and other
self.— associated species, inclusion complexes, intramolecule interaction and clathrate’
complexes, in which a'crystal structure of one interactant encloses __molecule_s of the
secon'd.interaction. It can be classified molecular complex in term of the kind of an |
.'interaction. involved in their formation, the kinds of interactants in__volveclor the kinds

of complex formed are shown in the Table 1.

Table 1 Classiﬁcat_ion of molecular complexes

i Types of b‘onding or interaction . ‘ 3. Type of structure..of complex
- Charge - transfer i 1 -.. S_elf~ associated aggregate :
:...Hy_drogen' bonding' . : v . - Micelle

--:--_:”—.:Hydrophobic lnteraction-'. P ..lnclusion complex

_ S'ta__cking‘interaction N - Clathrate

2 T_Ype of v‘structure of interactants - | S 4, Type oFstrnctn:rc of lntcrncmnts_
- Sma]l molecule — small molecule complex ‘- tinzyme — substrate complcx
3 Small molecule'— macro molecule b.inding s - Anligcn}_/\ntibody._.comp.lcx
- Drug - protein binding
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The dissolution and absorption of a drug into body from a complex is shown in

Figure 5
DnChy (solid)
D, Cr (in solution) nD + mC (in solution)
absorption absorption

Figure 5 Illustration of the dissolution and absorption of a drug into the body from a

complex

The availability of drugs depending on its solubility, the dissolution
constant, and the intrinsic absorption rate of the complex (Chiou and Reigelman,
1971). Polyvinylpyrrolidone was shown to retard the pharmacological action of
numerous compounds such as penicillin, prostigmine, hexobarbital and quinine.The
formation of an insoluble complex between phenobarbital and polyethylene glycol
4000 or 6000 appeared to reduce rates of dissolution and permeation of phenobarbital
through everted guts of rats (Kono er al, 1971). The complexation between
griseofulvin and polyethylene glycol 6000 may be thought to occur on the basic of
traditional solubility study. Methods that have been used to studying complexes
include calorimeter, refractive index, optical rotary dispersion, nuclear magnetic

resonance spectrometer, spectrophotometry, kinetics and solubility technique.



- 6. Combinations and miscellaneous fnechan_i_sm

Increasing in dissolution and absorption rates maybe the eontx"ibution of

different mechanisms.
Mechanism of increasing dissolution rates from solid dispersion

- The increase in dissolution rates from solid dispersion are attributed to:
1. The reduction of particle size of the drug within the dispersion, this_ can

increase of spemﬁc area due to particle size reduction and 0enerally increase rates of

d1ssolut10n
2. The amorphous form of the drug precipitate in the crystallineeanier.

3. The absence of aggregation and agglomeratlon between hydlophoblc

drug: pamcles

4. Many carriers increase an aqueous solubility of drugs and may be led to
induce microenvironmental solubilization of drug in the static fluid layer surrounding

the dissolving 'dispersion.

The possible solubilization effect by the - carrier may operate in the
\microenwronment munedxately sunoundm the druo particle in an early stage of
dlssolunon studles MICCI lar solubxhzanoq and/or lowermn surface tension of liquid -
Iayer by carrier can lead to decrease in dlffusion hyer thickness and increase in
* dissolution rate of drug (Yalkosky ]98]) Some carriers, such as urea (Feldman and
Gibbaldi, 1967) can solublhze drugs by effectlvely breaking up the clusters of
hydrogenﬂ__bond of water molecu[es in-an aqueous solution. This, resuhmg n an ..
increase in the enthalpy of the syst_erﬁ and an increase in \vutcr_so.lubility' of the drué
molecule. Probably the most " irﬁportant soluti(_)“n effect cmiscd--by .hydro'phyllic
macromolecules is. the solutidn viscosity. The. microenyimnmcnt'I\./iscosity i.s a m_]_e'

reflection of resistance of flow by substrate molecules in the solution.
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8 An increase in wettability and dispersibility of adrug This is due to the
 fact that each single crystalline ofdrug is very intimately surfounded by the solubl_g'_"-'-.:
carrifeiyéhich can readily dissél\v/'.e_ié',. and induce the water to contact and wets the drug |
‘partié‘le. In the preparation of dispersion, surfactants a.re ‘often employed to aid in the

wetting of insoluble powder (Chiou et al., 1 976;'An_de.._r_érg etal, 1988).

6. Formati,_(;;ﬁf.b'f soluble compound or complex between drug and carrier

Advantages and disadvantages of solid _diépersion
~Advantages:

| Many advantages according to their rapid dissohition and absorption rates
~ (Takayama et al., 1 982' Stupak et al., 1972; Anastasiadou et al., 1983). Moreover,
this method can be use to obtain a homo geneous dlsmbutlon of small amount, of drugs
in solid state, to increase stability of unstable arugs to formulate a fast 1mt1a1 release
priming dose in a sustained release dosage form, and to formulate sustained release or
')rolonged release dosage form of soluble drugs by using various poorly soluble or

insoluble carriers (Schroeder et al., 1978, Dakkuri et al., 1978). - :'. -
Disadvantages:

Solid dispersion resulted in decreasing rate of dissolution of many drugs
(Chang and Jarowski, 1980; Geneidi et al., 1978). Fbmltllqtiml problem. subh as
tackyness and unhandable' characte istic of some dlspersxons made it difficult for size
reduction. In addition, wet granulanon techniques are also mmCupmble for tableting
the solid dlspersxox;_.:____Stabxhty of the dispersion is an important p.rob_}_c_m to be

concerned.

Critérié’lfﬁoff[;selection the suitable carrier for solid dispersion (Ford, 1986)
1.Should be _frée_'_:_l); water soluble with rapid:inlrinsic dissolution behavior

2. Non — toxic substance
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3 Used for fusmn processes, the carriers should be chemlcally, physrcally: -

and thennally stable low meltmg point is requlred to avord the use of excessrve heat _ ;

4. For solvem processes the carriers should be soluble . a varlety of

orgamc solvents
5. Carrier should increase an aqueous solubility of the drug
6 Carrier should_be chemicélly compatible with the drug

7. Carrier should be pharmacologically inert -

In thrs present study, we are interesting to peruse only two carriers that
/can be used for’ dxspersron of drug. These carriers are polyvmylpyrrolrdone and

polyethylene glycol.

' Polyvinylpy.rrolidone i
(Atherican Pharmaceutical Association, 1986)

For this study polyvmy pyrroudone K30 (PVP 30) was used, the '

molecular structure 1s shown below.

I — CH—CH, —

; : It molecular weight 1s 40,000.-PVP K 3.0 is a while to. creamy, white
,,odorless or almost odorless. hygroscopic povydcr l(s'mcltinn x‘un{,e is'ovcl‘ 775°C
i wrth decomposmon PVP K 30 is soluble in water up to 60 % mul free ly soluble in -
‘many organrc solvents including monohydric - (cthunol methnnol) and polyhydm

alcohol, acrd esters ketone methylene chloride and chlmolozm In addition.. 1t is
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-

essentrally msoluble in ether hydrocarbon carbon tetrachlonde ‘ethyl acetate and

‘_mmeral oil.

. From the melting temperaﬂturev that excess 275 °C, it 1s sujtable for solvent
prepare drspersrons PVP of vanous grade may be use to solubrlrze many -drugs.
"lhese result in an mcreasrng in drug solubrlrty which maybe effect from wetting and
hydratlon of the polymer surface that leads to swelling. thn the molecular weight of
PP was mcreased the dissolution rates of drugs from drspersron decreased. This
: maybe explamed that when molecular ‘weight increase, the v1scosrry of the polymer-

SOlU'[lOD mcrease and the solubility of the polymer decrease -

- PVP can be utrlrzed in preparing solid dlspersron as a carrier such as

furosermde (Anastaszdou etal, 1983) and gnseoﬁllvm( Kaur and Eaves 1 980 ) ete.

- Polyethyleneglycol
' _  (American Pharmaceutical Association, 1986)
| For this study, we use Polyethylene glycol 14_50 . 4000 and 6000

The molecular structure is shown below,
H (OCH,CH,) ,0H

For the empirlcal formula is shown : OHCH(CH,OCH»),CH,OH

Where m represents the average number of oxylene groups.



Table 2 Structural formuia___and molecular weight of typieal polyethyle_ne glycol
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polymers.
Grade ‘m Ailerage molecular _weight
PEG 200 42 190210
" PEG 300 6.4 285-315
. PEG 400 R - 380-420
PEG 540 (blend) : 500-600
PEG 600 13.2 570-613
" PEG 900 15.3 855-900
PEG 1000 5 i 950-1050
'PEG 1450 325 11300-1600
PEG 1540 28-36 1300-1600
PEG 2000 - 40-50 1800-2200
PEG 3000 60-75 2700-3300
. PEG 3350 - 5.7 3000-3700
PEG 4000 69-84 3000-4800
PEG 4600 104.1 4400-4800
7000-9000

~ PEG 8000

181.4

_ Where m r'epresen_ts the average number_ of oxylene groups. -

Polyethylene glycol composed of ethylem oxude and watu PEG: Br'xdes

7 200-600 is hquids while grade 1000 and above are solids at an amblcnt lemperatures.

Solid grades are whxte to off-white color and mnge from pdstes to wa\y flakes. The.

- odor or fam_t and sweet. All

grades of PEG are soluble in water 'md mleIbIe in all
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_ proportxons ‘with - the other PEG grades Solrd PEGS are soluble in acetone,
dlchloromethane ethanol and methanol. They are sllghtly soluble in ahphatxc
hydrocarbons and ethers but msoluble m fats, fixed oils and. mineral 011 The
.molecular welght fractions used for solrd d1sper51on vary from lOOO (soft unctuous
solids) to 20000 (hard brittle crystals) Their molecular size of the polymer favors the
' formauon of interstitial SOlld solution with drugs In addition therr wscous propertles
at temperature just above their freezing pomts retard crysta_l_lrzatron and’ fayor
".supercooling of tlre drug substrate. The high viscosity of the solid PEG may also lead
to precipita_tio..n of metastable product. Their low melting point (< 65 °C) pro\}lde an
economic basis for preparing dispersion by the melt method, and thei'r so_l_uoility" in a
Widev__range_of organic solvent favors solverrt method since hjghl_y'eoncentmted P‘EG.

] solution are viscous and retard crystallization of drugs.

There -are many studies about properties of PEG — drug systems (Ford;.'.
- 1986), during dissolution test PEG may also wet the diSpers_eS drug and promote, ; :

dissolution rate. PEG can increase an aqueous solubility of many drugs such'as

aspirin, mdomethacm griseofulvin probably by weak comple\atron and restructurmo

the arrangement of water molecules. The ability to form solid solutmn enables PEG to
solrdlfy l qu1d drug, which are immisible with water and increase thexr solutlon rates.
_On the other hands they are evidences mdrcated the problem of using PEG in sohd"
; drspersxon techmques For example the problem about chemical m\m‘m ity with druo_y_,.‘
e.g. digitoxin in PEG 6000 is unstab e and fusion of asplrm with- PEG 6000 le ad to
transesterlﬁcatlon of druo by forming salrcyllc acid. In somr cases such” as,
phenobarbltone may form poorly soluble comple\es with PEG. This uduung the.
broavarlab ility ofthe drug Studred about the effect of moluulm \\unht on dr\xolutlon i '
‘behavior. The drssolutron rates of the pure poly_mers. without drugs. durmse as vt_he'.
mol‘ecular'.'.weight increase'dnd were inversely rehted to”thc molecular we.ight-nnd
showed the similar results when some drugs were dispersed with Pi (; dr\\oluumr
‘ rate of drugs decreased as the molecular welght of the polymer H)L.L\l\ul These were : .
found for hydroflumethlazme indomethz ein, sulphmlim.ulxm _:md tolbutumldc .
Y:However for the other drugs such as papavcrine. lmsumdu nml hy dnmhlololhm/me

showed. the reverse trend that dissolution rute decrease whu,h du_lux.\m&, mol_u,ularr
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_ weight of PEG. The reason maybe the higher moleédl_ar weight of PEGs caused more
"‘."’\._'i'_i__s:_cous solutions, thcreby further reducing crystallization of the drug or iﬁcfeasing for
incorporation of drﬁgs as solid solution’ and maybe flake. materials more readily

during dissolution.

Ibupfo_fen: A model drug

Tbuprofen is an anti — inflammatory drug in the 'gToup of NSAIDs." :_‘ ’.

o 2-(4- Iso — butylphenyl) propionic acid

Descripfion A white or almost white powder or crystals with a

characteristic odour and a slight taste.

Melting point 75 I8 G

Apparent pKa 5.2

2 Solubility Ibuprofen is practically insoluble ;In water: soluble 1-in 1.5 of
ethar’i:'ci.)_?l," 1in2of ethe.r'"',._l__ in 1 of chlorofo@_) .and Lin LS ot_‘,ucczonc. Ibupfofen 1S
readily soluble in most 6rganic solvents, a.n.d"_is soluble m ;K}.L.k.‘_.()_l_ls solutions and in
aqueous s.b'lilt_i_ons of alkali hydroxides and carbonates. It s frecly soluble m :

dichloromethane. e



Use Analgesic antipyretic, anti-inflammatory. In low doses, it is
effective in the management of mﬂd to moderate pain and fever. In higher doses, it is
. anti— inflammatory, used in treatment of rheumatoid arthritis, osteoaﬂhrltls and other

musculoskeletal disorders.
 Dose 600 - 1200 mg daily in divided doses.
Maximum total daily dbségs_was 2400 mg.

Adverse Effect The most common adverse effects were gastrointestinal

disturbances. Others were allergic reaction, dizziness and nervousness, etc.




CHA_PTER I
MATERIALS AND METHODS
MATERIALS_: |
"vl_'lll.\/[ODEL DRUG

_ Ibuprofen;_(l;ot no. 4050-0041, Albemarle corporation, South Carolina
U.S.A.; Distributed by Acdon Co.,th Thailand ) -

2. DISPERSION CARRIERS
~ Polyvinylpyrrolidone K30 (Distributed by Samchai chemical, _T_hailand)

Polyethylene glycol orade 1450 (Distributed by Pharmaceutxcal trades :
Co. Ltd., Bangkok Thalland) |

Polyethylene glycol' grade 4000 (Distributed by Srichand United
dispens‘aryv_Co.,Ltd., Bangkok Thailand,Lot no. 0702BSO3 19) - |

Polyethylene glycol grade 6000 (Lot no. 427124/1 33901 Flul\a chemie,

stemhenn Switzerland)
3. CHEMICALS

Absolute ethanol AR grade (Lot no. L 113207 BDH L'lbomtory
supphes England)

Methanol AR grade (Lot no. 01 04 1072, Labscan Asia Co..Ltd.. Bangkok™
Thailand) : g .

Chloroform AR grade(Lot no. 01 03 1125, Labscan Asia Co.l.td.,
Bangkok Thalland) o

Potassrurn dlhydrogen orthophosphate (Kll PO4) (Lot no. 0071 OS. Fisher
smentxﬁc UK lemed Leics UK) )

'Sodium hydroxide pellets (Mallinckrodt Baker, Xalostoc Mexico)
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4. EQUIPMENT

Stirrer(RW 1ORJANKE&KUNKEL IKA® Labortechnik)
Analytical balance(Model A200S, Satorious, Germany)
Dissolution Appa;a%us {Model DT-6R, Erweka®, USA.)

Differential Scanning Calorimeter with Thermal Analysis Controll
(NETZCH DSC 200, Germany) '

Fourier Transform Infrared Spectrophotometer (FT-IR, ___M:c')d'el_'f_-'-l_-7'6.0X,
i Elmer.Ltd, USA.) o

Scanning Electron Microscope (Model JSM—S410LV;_.J§61 Ltd, Japan.)

Powder X- rays diffractometer (Model JDX-3530 Dxffractlon System
JEOL Japan)

13C Nuclear Magnetic Resonance (Model Bruker AVANCE Déx-300)
Powder flow meter equipped with the following:

an analog-to-digital convector (MacLabff‘_)

a personel computer ( Macimq_%)_ a_n.;c_.i.érinte?

a MacLab™ ﬁonf;éhas and :,a_‘_iéo.t.ronic transducer
pH meter { Model 292, Pye Umcam Ltd., England.)
Water bath (Model DT 2 CB2.2-20e DT Hetotherm, Switerland))
Ultravic_)l_t_avvisible (UV/Vis) spectrophotometer (Shimadzu UV 1601,

Shimadzu CoLtd., Japan )

SleveShaker .(J_.c.).s__.c.f Deckelmann, type EMK4, Western Gcrnl;;)

Size measurement by computor program; SemAfore version 2.0
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METHODS: ’

1. Preparatlons of solid dlspersmn of lbuprofen with dlspersxon

__-_vcarrlers, Polyvmylpyrrolldone and Polyethvlene glycol o

: Ibuprofen (IB) was werghed accurately (lO 67 g) and transferred into 10 -
"ml beaker. We added 16 ml of abso ute ethanol and mlx together until a saturated and
clear solutlorr_was obtamed. Aceurately welghed quantity of polymer that was used as |
dispersion carrier, PVP K 30 and PEG grades; 1450, 4000 and 6000, into saturated
SOlUUOI’l of IB in ethanol in various wexght propomons of drug: polymer 1:0. 5
'I 0.75, 1:1 as shown n Table 3. The rmxtures ‘were then stirred until viscous or and
clear solutlons was. obtamed In the case of using PEG, have to mcrease by using
- waterbath to control the temperature to 55 £ 1 °C to produce the complete solubility '
of PEG. The solvent was removed by evaporation under reduce pressure” at _

: ’approx1mately 40 °C and stored in a desiccator for further stumes

2. Prepératiorrs of ibuprofen pellets (IPs) by phase partition_.technidue _

From the preliminary study, chloroform was dispersed in'water (which '
‘was contamed in the reactor) in a ratio as indicated in Table 4. These. e\perxments
d€:31gned for the determination of sultable quantity of bndomo aoent (chlorotorm) for

phase pamtron techmque of IB.



" Table 3 The amount of IB and dispersion carriers in given preparations

h{grediem(s) B - " Weight ()
Ibuprofen 10.67 1067 | 1067 10.67 1067 | . 10.67 10.67 10.67 10.67 10.67{‘ e | t0e
CPVPK 30 - 5.33.5.. 8.003. 10.67 - S Y - : - - -
PEG 1450 - B 15335 | s003 10.67 . - - - -
PEG 4000, : ) ) : : 5335 | 8.003 10.67 - . .
PEG_ 6000 | - | A . . - . ; . 5335 8.003 .';10.67
Ratio 1;0_._5 1075 € s | 107 " 1:0.5 1:0.75 Ll 1:0.5 1:0.75 1:1' '
PVPK 30 | PVP szlo__ PP K 30 | PEG 1450 | PEG 1450 | PEG 1450 | PEG 4000 | PEG 4000 PEG 4000 | PEG 6000 PEG 6000 | PEG 6000

¢e
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T_able 4 Amount of solvents selected from phase diagram used to prepare IPs

Chloroform (%) | Chloroform (ml) Ethanol (ml) Water (ml)
1% 2 16 182
1.5% 3 16 181
S, 4 16 180

- *from phase diagram of cholroform, ethanol , water

The agitator was turned on and adjusted to 1500 rpm at 25 £2°Cfor20
miﬁi:ltes to dispers'et bridging solvent into small droplets. Then, a clear squtionv._Qf pure
drug or dispersion mixture of drug and carriers in ethanol was added to the téactor,
and the phase partition of drug (plus carrier) in ethanol to bridginé..solvent started 'tvo

_occur. The appropriate time for stirring after phase partition started was 15 minutes.
‘After that, the IPs were separated from solvent by filtering with vacuum and dried ina

desiccator for a week then kept i in a closed container for further studies.

3. Physicochemical studies of ibuproefen and drug carriers
3.1 Powder X-ray diffraction

"vj.--_P_owder X-ray _diffractografn can indicat.e'about the Cr)'Stal structure and
atomic arreiﬁgement of drﬁg molecule. The diffractograms will be presented m
sﬁ‘iéciﬁc fingerprint for each molecule with d‘.iffracting and scattering at spéciﬁc angle
20. Degree of cryéta.llinity of sarh'p_le is show in tracing. Moreover, it can be .émployed

for observing the interaction of each component in the samples as well.

In our studies, the samples were evaluated with X-ray powc_i_ér diffractién.

diffraction patterns were obiai_ned on Xaray_s diffractfbmeter (Mod.ci-'-"JDX-(353O E
Diff;;iction System, JEOL, Japan) The pa*terri was co]lecfed with 30 kV. of tubc
ltage and 30 mA oftube current in an angular range 5 <20 <40, ina stepwxse scan

mode (step W1dth 0.04 °, counting 'm e 1 sec/step )
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3.2 Infrvavred spectroscopy study

Infrared (IR) spectroscopy was used to confirm the interaction between IB
and carriers in the formulatlons If the change in the IR spectra were observed, it

could be infer that chemical __r_nterajgtlo_n between substance was occurred.

Fourier transfomi'IR_.sp'ec.troscopy (FT-IR) is a new generation instrument
of IR spectroscopy. It has advantages to record the signal with high sensitivity and

modifying the noise of experiments.(Model 1760X,Perkin Elmer. Ltd.,USA).

Samples were weighed about 1 mg and coQgrinding with potassium
bromide (KBr) and press into disc. Using the scanning rangé was400— 4060 cm™.
FT-IR spectra of IB (with carrier) before and after phase pa:.x._”[_i_t.igrr_-._:vx_/_'e.r_c.:'_-'_obtaine_d. It
was noticed that rigorous grinding should be avoided to prevent f.alsé__. i_n_te_rp_ré_t_é_ti_orr'_.of

the data obtained.

3.3 Thermal analysis

Differential scanning calorimeter was widely used to determine an

interaction of materials, using differential scanning calorimeter with thermal analysis

controller (Model NETZCH DSC 200, Germany).

Samples (3 — 5 g) were weighed in an closed aluminum sample pan and o

placed in the equipment beside the reference pan made by the same method except
without sarrrpl-d Nitrogen was use as carrier gas for preventing sample oxidation. The

rate mperature increment in heating cycle was 10 © C per minute. Pure water and

indiﬁm._;_\_«\‘.(eref;iused '_ro calibrate the DSC temperature scale and enthalpic response.
Themogrérn" 'of 'e.nd'othermic peak of each sample was collected and compared with
the heat flow pattem and otherwrse can give the data in the term of fusion or

enthalpy changing values
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3.4 P Carbon Nuclear vm;;g_.i_'l_ci_t_i_'c resonance (°C-NMR) spectroscopy

13C-NMR spectra were obtamed from a Bruker AVANCE Dex—300 FT-
N’\/IR Spectrometer, operating at 75 MHz for carbon NMR and chemical shlfts (ppm)

of the residual undeuterated solvent (CDCI3) were used as reference.

4. Physical prop_é_rties of IPs after phase partition techniﬁﬁe
4.1 Scanpiog'electron microscopy (SEM)

Studying "a,.bout powder morphology of the raw materials as compared

with IPs from the formulation by the scanning electron mio:oooopy (SEM).

The samples were coated with gold prior to the microscopic examination

with ion sputtering. Size, shape, surface topography of _IPS'weré observed

4.2 Bulk, tapped density and percent Compressibility

Five grams of the samples were accurately weighed and carefully

transferred into a 25 ml cylinder, The bulk volume was recorded and the bulk dehsify'

was calculated according to equation .

Bulk density (g/ml) = weight of the powder . H

Bulk volume

Tapped density is an extension of bulk density measurcmeﬁté .' It was
performed by droppmg graduate cylinder filled with sample ona hard qurface from 5
cm height, until the volume was stable or at lease 500 tnnes (( an R L.,

1970).
Division of the wexght by this constant volume presented as tapped dumly
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Tapped density (g/ml) =  weight of the pow.'.d'er (2) :

volume after__ta'p'ped

The percqﬁt'compressibility v(%“:Céx'-r’s compressibility'”of index) of the
_...'_:__:_--'-"powder was calcql_atéd from the tappedx and bulk density measurements from the -

following equatioh (Carr, R.L., 1970).

‘Percent compressibility = (Td - Bd) VX_'.IOO ' e (®

Td

Where Td and Bd are tapped and bulk density, respectivé'ly.'.' The results

. ‘were average from three determinations.

4.3 Determination of flowability

Th_c_:_.‘f.a.fe of flow of IPs was adapted from MacLab™ program. Adeciuat_e._'._.-
amount of sample was weighed and filled into the funne_l‘__'_which was placed on, the'."
holder. There was a plastic bottle on the sensor. The iShtioeitransducer was pvl.'c.‘n.'éed
Qn_t._l__'le__i.:zdﬂler holders and below the funnel. Then the powder was allowed to pass
through the funnel into the plastic bottle. The graph showed the chang_i_ﬁéWeight of
the sample when time passed. Slope of this: :gréph showed the rate_{"‘(‘)'f flow of the

. samples.

e C lculation of angle of repose 1s one of the method to determined about
flow propeny of the sample. The amount of the sample was weighed and ﬁlled in the
funnel that fixed on the stable height with the clamp Angle of repose was calculnted

from the followmg equation

o = tan"lvv_".H_ L (4)

R
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Where oc is the angle of repose: H and R are the hexght and radius of

'pellet pile, respeetrvely The results were average from three determmanons

4.4 Particle'_s_ize and Particle size distribution determination

Using microscope equrpment and by computer program SemAfore the

mean partrcle size and particle size drstr bution of the samples can be determmed

_using 200 IPs for the measurement in each formulation. -

.5, Dissolution studies of IPs
5.1 Determination ofibuprofen content
Calibration curve of ibuprofen in methanol

Ibuprofen of 400 mg was accurately werghed into a 100 ml volumetric
flask through the aid of a glass funnel. The powder was rinsed off the funnel by
absolute methanol, then dié'solved and adjusted to volume with absolute methanol_‘._'::.'.
Pregi_§eiy pipetted 10 ml of rhis solution into 25 ml volumetric ﬂ.a'sk, and used as svtoc.k

solution.

Different amounts of the standard stock solution, 1, 2, 3, 4,5 ml was

~ individually pipetted into the 10 ml volumetric ﬂas‘k and dilute to volume with

absolute methanol The final concentratlons of the obtamed standard soluuom were

160, 320 480 640, 800 mcg/ml respectively.

The absorbances of the standard.. solutions were Idetermined by -.a
UV/Visible spectrophotometer at 265 nm with absolute meth'mol as a blank rci‘crchee
The absorbance and the calibration curves of 1B are presuued in Table 1 A and
“Figure 1 A (Appendlx Ay, respectrvely The result of cach wncmtmtron of the

standard solutron was averaged from three determmatnom

IPs from the formulations were d_e‘t'e_rmined about their drug content by

wc,ig}ring accurately 5_0_0: mg of IPs into 100 ml volumetric: flash, dissolvcd'mrd:.
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adjusted to volume with absolute methanol Prpetted 10 ml of thls solution and
transferred into 25 ml volumetric ﬂask and diluted to volume with absolute methanol
Plperted 3 ml of the solution into 10 ml volumetrrc flask dlluted and adjusted 0
volume. Then analyzed this’ solutron with UV/Vis spectrophotometer at the same
wavelength of 265 nm. The content of IPs was calculated by companng with the

standard curve of IB i in methanol. The result was averaged from three determmauons

Calibration curve of ibuprofen in phosphate buffer pH_ 7.2

The 150 mg of IB was weighed accurately and transferred to. 100 ml |

volumnmetnc flask, then adlusted the volume with phosphate buffer pH 7.2. ThlS-
solutron was used as stock solution. Different amounts of stock solution, -l 2,3, 4 5
ml was pipetted accuratlty into 10 ml volumemetric flask and adjusted to volume with
phosphate buffer ‘pH 7.2 to obtained standard solution in fmal concentrations of; 150,

300, 450, 60(_), 750 mcg/ml, respectrvely.

) Absorbance was determined by a UV/Visible spectrophotometer at the
same wavelength, 265 nm w1th phosphate buffer as a blank reference The absorbance
and the cahbratron curves of IB were presented in Table 2 A and Figure 2 A, 1__n'
Appendix_.-A, respectively. The result was averaged from three deterrnlnations.____This

* calibration curve for dissolution study of IPs from the formulations. .

5.2 The release of ibuprofen from IPs
5.2.1 Preparation of diss_olution medium

 In this study, phosphate buffer pH 7.2 was used i in the dxssolutron testing.
It was prepared by following the direction accordmg to pbosphate buffer solutron pH .

72 as appeared in USP 23.
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5.2.2 Dissolution study of IPs

Dissolution _vstudi__e_s-.were performed using USP 24, apparatus # 2. Samples

of pure drug, pellets ofpure IB and pellets of mixture between IB and dispersion

carriers (PVP and PEG ) equivalent to 400 mg of the drug (except in the case of

finished product that filled the pellets into capsules samples were equivalent to 200-._.-_"'- o

mg of the drug) were added into dissolution medrum (900 ml of pH 7.2 phosphate:
butfer,avtva-t_e_mperature of 37 £ 0.5°C), which was stirred with a rotating paddle at 50
rpm. Avt”é,lu.'r.ta‘ble time intervals, 10 ml samples were withdrawn filtered and analyzed
with UV/Vis spectophotometer at 265 nm. The same volume of fresh”.rr.redium was

;-replaced and the correction for the cumulative dilution was calcuiated Each test was

i ,_:performed in tripicate.

6. Preparation of IPs filled in capsule

To obser_\;e. and compare the dissolution proﬁies between the capsule of
IB powder and the_'capsules that contained IPs, weighed IB powder and IPs from the
selected formulat'.ion of this study equivalent to 200 mg of the drug filled in the gelatin
capsule No.0 were studied. The dissolution was performed in the same condi_tio'rr_._-_ that

we used. in dissolution study of IPs.

7. Statistical analysis

The indication of different dissolution proﬁles“\_\f.as .tough to justify by
using only visual obser\./‘ation from dissolution pattern:ﬂcoulparison. One of the
parameters for meaSurirrg the difference between dissolutiou curves was dissimilarity
“ f” and similarity factor “ /', 7. At early stage, either dissimilarity or simihrity
factor was developed to specified for immediate release dosage form (Shal el al
1998) but for sustained release dosage forrn thrs was applicable to utrhzc both
parameters (lelay and Fassihi, 1998). Both parameters were caleulated from the

fo llowmg equatlons (Shah et al., 1998).

e
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. Where Li;; and i, represent mean cumulative dissolution measurement at

P time of test and references preparatlons respectively, whlle P is time pomt of

dlSSOluthﬂ observatlons

Conceptually, f; 1s a function of average absolute difference and could be
- referred as a difference factor. On the other hand, /> is a lunctlon of the recxprocal of
‘“‘mean square transform of the sum square distances at all point anc_l_ _could be 1mplled__
as similarity factor. If the two dissolution profiles are identical then fi1s equal to 0
whereas f 7 is close to 100. Thus, similarity of dissolution pattem is mdxcatlon of the
lowest values inf1 and highest values in f 2 variable. By the way, unequality- between
dlssolutlon proﬁle was determined as values for displaying the maomtude of
: dlfference Average percentage of difference which calculated from equatzon 7 was
very useful parameter for vthe above proposal.- The example of various average
percentages .d.ifference and lixnit of similarity factor are given in Table 5. If the_da't'a of
similarity factor could.be obtained then ‘the average per‘clentage differenee was
calculated from equatlon 7. The higher average percemaoe dll‘luence indicate the

numerous unlikable.

f, =501og {[ +( ercent average dszerence)z T X 100’ T
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Table 5 Relationship :bevt:Weén average percentage difference and similarity factor

“f,” of two dissolution profiles

Average percentage differenc"e-": _ Limit of similarity factor *
1 92.47
; s
4 6920
5 64.63
. s
8 54.68
9 52.15
10 50.00

* Limit Qf.?s-i'mil:érity factor “f2” is computed according to the equation 7.

.-__-_mpmcally from the experience in dissolution data analysis, many
researchers agree that an average difference of not more than 10 % at any sample time
point, of the batches of the same formulation may be acceptable that mean f; become
approach to 50 for 51mp11c1ty So we considered that the test batch dissolution similar
to the reference batch , if thef2 value of the two true profiles is not less than 50. We
use this criteria for studied and determined about dissolution profile in this.research

work.




" CHAPTER 11

RESULTS

Part I Preparation and evaluation of ibuprofen pellets without drug carrier
Preparation of IPs (drug alone) with phase partition technique

1. Preliminary studies for determining suitable quantity of

bridging solvent in phase partition

A suitable amount of bridging solvent was selected from a ternary
diagr_am that representing the solubility of bridging solvent (chloroform) in mixtures
of ethanol and water as indicated from previous reported (Umprayn et al., 2001) . For
. this study, the quantitieé of chloroform were varied (1%, 1.5%, 2 % , respectively)

and used for phase partition technique.

1.1 Morphology of IPs by SEM |

- Scanning electron photomicrographs of ibuprofen (IB) raw material and
ibuprg.fen pellets (IPs) from phase partition technique with different percentages of
ibridging_splvent are given in Figures 6 and 7. The microscopic appearance of the
\original IB crysta.ls.showed many short rods and some needle shaped crystals (Figures
6A and 6B). All the ratios of bridging solvent used in this study (1%, 1.5%, 2%

| chlorofSim) can be used to prepare the spherical pellets that showed in Figures 7A,
7C and 7E, respectively. However, at 1.5 % bridging solvent, the IPs seem to be
rounder. Frorﬁ surface investigation indicated that, the surface of IPs were composed
- of smai.l IB crystals. We found that, at 2 % bridging solvent, the surface of the pellets
fhai comp&sed of small crystals were tightly packing when compare with IPs from 1
and 1.5 % bridging solvent (Figures 7B, 7D and 7F). The results of microscopic
f‘examiné’tjon indicated the crystal habit of IB microcrystals were combination o_f rod
and pla:t"e _shapes.'From these results, 1.5 % chloroform in the phase partition

technique found to be suitable for further studies.
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Figure 6 Scanning electron photomicrographs of IB original crystals

(6A: x.150, 6 B: x 1000)
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_ 1 2 Powder X-ray dxffractlon study of IPs of drug alone
: Powder X-ray drffractometry is a useful too] for the detection. of

: crystallinity of sohd phases. The X-ray powder pattern of each’ crystalhne form of a
compound is an uhique Iﬁattern_.-The X--.ray di_ffractograms of IB is shown in Figure 8.
Major X-ray diffraction peaks of IB were at'.6 05°(26), 12.18°(20), “16 54°(29) 17.58°
(29) 18.70 °(26), 19. 02°(26) 19. 42°(26) 20. 10°(26) 22.30°(26), 22 74°(28)and'
= 24 54°(20) respectrvely All of the X- ray drffractrograms of IPs from drfferent ratios
of bridging solvent ( 1%, 5% 2 % chloroform) were not different from each other
as shown in Flgure 9. When compared the X- ray drffractrograms of IPs wrth the X-
"".ray drffractograms of IB, their drffractograms appeared similar to major X-ray
drffractograms of IB original crystals, but found some changes in intensities, as shown'

thigure 10.

_ - 1.3 Differ_ential scanning calorimetry (DSC) of IPs of drug
" alone N : __ : N | |
| The DSC thermograms of IB, pure drug__exhibited a single endofherm__i_c
..'r'esponse. coresponding to the melting poiht of the drug, the melting point was
observed at 78.3 °C as showed in F igure 11. Figure 12 sh.ows the DSC fhemograrns' :
of IPs at d.ifferent ratios of bridging solvent (1%, 1. 5%'. 2 % chloroform). All of these
formulatrons gave the same characteristic of melting enaothermrc peak and closed to

the endot_hermrc peak of ibuprofen, original crystals.

1.4 Infrared spectroscopy of IPs of drug alone _

_ " The IR spectrum of IB raw material is given in Frgure 13 As focused in

© an irrrportant reglon of 4000 — 2000 cm , the drug showed ahphatrc stretchmg

frequency at 2960 c¢m™. This band had a broad baseline due to the presence of"".
_,carboxyhc OH group In the carbonyl frequency region, IB showed a strong band at
1700 cm’ due to Cc=0 stretchmg in carboxylic group. CAll of the IPs, from the

drfferent formulatlons that varied in an amount of bridging agent showed the same IR ""
spectra when compared with each other and were not different from the IR spectrumr

of IB raw material. These spectra are given in Flgure 14.
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2. Dissolution study of IPs with different percentage ratios of

bridging solvent =

The release proﬁles were plotted between the cumulative percentage

amount of drug released as a function of time as 1nd1cated in Frgures 15 and 16.

21 stsolutlon profile of IB raw materlal _
. Dissolution data of IB raw material was studred in a dose of 400 mg with
*Slmrlarly to the commercral dose as shown in Table IB. (Appendlx B) The dlssolutron =

profile of IB is presented in Figure 15. The proﬁ & exhrbrted that the powder of IBV'

raw matenal was raprdly dissolved. We found an evidence that powder of the drug &

held together. to form aggregates during the dissolution process. These aggregates
__-could drrectly affect the percentage of drug release and may cause the problem about

mcomplete dissolution of the drug.

| : 2.2 Dissolution profile of IPs with different_ ratios.of percent
bridging solvent _ | ' _ |
Quannty of IPs was weighed accurately from the calculated content to.

400 mg of drug n IPs for dissolution testing. Drssolutron data of IPs with drfferent
ratios of percent bndgmg solvent (1%, 1.5%, 2 % chloroform‘ respectevtly) are given -

in*Tables 2 - 4B (Appendix B). The release profiles of IPs are presented'ln Fignre 16.

All of IPs from the formulations showed similar a percentage dmg release when

compared with each other and illustrated lower dissolution in an mmal release perrod.
"'(fz analysis). The trend_ to give similar drug release profiles were o_bserved after the
tir__ne passed to 60 _mlnutes when compared with the released proﬁle of IB raw-

material.
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Part 2 Preparation and evaluation of ibuprofen pellets with PVP K 30 as

dispersion carrier

Preparatlon of IPs by using dlspersmn carrler Polyvmylpyrrolldone K 30
in phase partltlon techmque o .' ,

After studymg about IPs from phase partition techmque we found that IPs
of: IB alone was not enough to overcome the dissolution problem So, combination of
 IB with suitable carrier to make solid dispersion m the sphencal crystalllzatlon
process by phase partmon method is interesting. Polyvvnylpyrrolxdone (PVP K 30)

was a ﬁrst dispersion carrier to be selected for this study.

1. Formulation of IPs at varlous ratios of PVP K 30
The various ratios of welght proportion of drug and PVP K 30 at. l 0.5,

1:0.75, l l were conducted as mentioned before.

Morphollogy of IPs by using different ratios of | drug:
PVP K 30 ' _

- The photomicrographs from SEM showed that PVP"K 30 powder was
round shape with various sizes that can be seen in Figure 17.Figure 18, shows IPs
with PVP K 30 at various ratios from this study. Mlsroscomc appearance revealed -

smaller in size and also gave very spherical shape of pellets (Figures 18 A, C and E)

- when compared with IPs using IB alone Otherwise, after studied about the surface of

~ these pellets we found the network" of polymer was adsorbed onto hydrophoblc

surface: of drug rmcrocrystals At all of the ratios of IB: PVP K 30 studied, the crystal L

habit of IB in the pellet’s surface had IB microcrystals in the shape of plate form with
- smaller size when compared with IPs from using drug alone, and all together the thin
layer of the. polymer adsorbed on the surface was also observed. In the case of
increasing"*"an amount of PVP K 30 to the proportion of IB : PVP K 30 at 1:0.75 and
1:1, were found to ‘give thicker ﬁlm of polymer, as the ratlo increased, adsorbed onto

the: surface of the mlcrocrystals of the IPs. (Flgures 18 B D and ).

=



Figure 17 Scanning electron photomicrogréphs of PVP K 30 raw matéfial,f .

at vanous magnifications (A x 150, B x 1000)
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Figure 18 Scannmg electron photomlcrographs of IPs; IB: PVP K 30 at various
ratios. and various magmﬁca’uons (A B: IPs of 1:0.5, x 50,x 2000; CF¥ -
D: IPs ofl 0. 75, x 50, x 2000; E, F: IPs of 11 x50, x 2000 respectlvely)




2. Dissolution study of IPs with different ratios of PVP K 30

An amount of IB in the IB- PVP K30 pellets was assayed and accurately =~

werghed amount of IPs equivalent to 400 mg IB was used for dlssolutron study.
“Dissolution data of IPs with different ratios of IB / PVP K 30 (1:0.5,
1:0.75 and 1:1, respectrvely) are provided in Tables 5B - 7B (Appendix B) 'Ilre
released profiles of IPs are presented in Figure 19 All of IPs from the formulatrons
‘.,__:,;'__:showed similar percent_age drug release when compare with each other. Similarity
factors “f;” of 1:0.75 PV.P and 1:1 PVP were calculated base on using the dissolution
curve of the 1:0.5 PVP as reference, and had the similarity factor 2” {/'alues of 72.45
in the forrnula_t_ion of 1:0.75 PVP and 5_5...2 in the formulation lv:l.:.P.VP, respectively.
We foundvth'a.lt, the formula containing PVP K 30 as the dispersion carrier had the
faster release when compared with the IPs that contained drug alone in all of thevpoi_n‘r
of firne interval that we observed for dissolution studie,d. It was proved by calculéllng
,_',_the sunrlanty factors of each preparation based on usino the dissolution curve of

(13 1,

values for the

formulation of 1:0.5 PVP, 1:0.75 PVP, 1:1 PVP were 353, 33.15__@_'1_(1" 28.4,

IPs- wrth drug alone at 1.5 % chloroform as a reference. The

- respectively. The /)" values of these formulas that were less than ‘SOvvvtl__ra't. mean the

higher 10 % differ_ence were remarkably significant.

3. Physicochemical properties of IPs containlng PVP K 30
In this study, we evaluated the physrcochemrcal properties that can
revealed about the interaction between drug, IB with polymer PVP K 30. The studres
were conducted both bef_ore and after using phase p_amtlon technique to compare and
: .‘:lnvestigated the irteraction in the solid dlSpersion'.o.fﬂlB with PVP K 30, an'd..oﬁer the

process of phase panltion technique for producing IPs.
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_ 3.1 Powder X-ray diffraction study of IPs contammg PVP K 30
~ The X- Tay drffractograms of solid dispersion between IB and PVP 30 at ’
dlfferent ratios of 1:0.5, 1:0.75, and 1:1, and. the X-ray diffractrograms of IPs

containing PVP K 30 in their formulations wi__t..h"the same amount of 1B and PVP K :

' _',:_-j30 are shown in Figures 20 — 22, respectively.

Due to an .a.morphous_ property of PVP K 30, no .sharp peaks were
observed (Figure 20). In the case of solid dispersion between IB and PVP K 30, in the
, rafros between IB.and PVP K 30 1:0.5, 1:0.75 and 1:1 their X-ray dif&actoérams are
'provrded in, Frgures 21A B and C, respectrvely The di ffractograms exhibited a totally"
amorphous nature, and no spectrum peaks of IB was observed. Furthermore we try
to decrease the ratio between IB and PVP K 30 to I:0. 25, from the X-ray
drffractogram in this ratio, a ﬁngerpnnt of IB appeared (Frgure 21D).

; X-ray d1ffractograms of IPs with PVP K 30 in the ratios of 1:0.5, 1:0.75 . .___‘-': |
v-;."'and 1:1 are given in Figures 22A, B and C, respectlvcly By varying the ratio of drug |
and polymer like the ranos above, all of these X-ray d]ffractograms were not much
different from each other but decreasing in the intensity of the dlffractoorams when

compared with IB, orrgmal crystal were observed (Figure 22 D).

3.2 Infrared spectroscopy of IPs containing PVP K30 _
| Flgure 23 shows IR spectra of PVP K 30 in the region of 4000 -
400 cm' , with the_ahphatrc C-H stretchmg frequency at 2940 cm™ with a very broad
band around 3500 .cm" which could be attribofed to the presehce of trace of moisture
_-inthe PVP K 30 In the carbonyl frequency region, PVP K 30 gave a strong band at
| 1670 cm™ due to the C= O stretching in the cyclic 'mude
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Figure 20 X-ray diffractogram of PVP K 30 raw material
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Fxgure 21 X -ray dlf‘ractograms of the solid dispersmn of IB with PVP K 30 at
: various ratios ; (A) 1:0.5, (B) 1:0.75, (C) 1:1 and (D) 1:0.25
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After prepared the sohd dlSpCI‘SlOH between IB and PVP K 30 in all of the.
ratlos for this study, the IR spectra showed similar results when compared to each -
other. Fi igure 24 shows the IR spectra of solid dispersion between IB and PVP K 30,
. we found the change in the IR spectra from these solid drspers1ons that showed that
some interactions b_etween two substances might occurr. At the. carbonyl frequency
regiorrindicated_ the broad band coverd both C=0 stretching of two,s_ubstances andv
have the new _spectrmn at 1682cm’ which can bev_seen. This may be due to__ the
_.'_.1:::fr'possible compiex formation in this dispersion, and the spectra in the position of c=0
stretchmg in carboxylic group of the IB at 1700 cm™ still can be observed Otherwxse
the spectra of this solrd dispersion still showed the same bands of C-H stretches for
the IB and PVP. K 30 at 2940 — 2960 cm’ w1th a very broad baseline covering the:""'
'range 2400 — 3500 cm’! mdrcatmg the presence of pronounced hydrogen bondmg
between 1B and PVP K 30. In the low frequency regxon 1600 — 600 cm™ the bands
 were almost the same for both IB and PVP K 30. On the other hand, the IR spectra |
from IPs with PVP K 30 from these drspersrons are given in Figure 25. This figure o
present interested results in the carbonyl frequency_ region and C-H stretching |
- frequency that had some of evidences to shown about the interaction between IB and
PVP K 30. We found that the broad region in their areas was decreased andvvin the
carbovnyll.. frequency region, had both of two C=0 stretching bands from IB and PVP
K 30 separated to 2 peaks. i g

_ 3.3 Differential scanning calorimetry (DSC) of IPs con‘_t__:lining
PVP K 30 | el | " B
Scannmg of PVP K 30, mdxcated amorphous 1n nature as: indicated in.
Frgure 26A. In the case of solid dispersion of IB with PVP K 30, all of these ratios
“had the same broad endothemic peaks as shown in Fi xgures 26B-D. In the casc o_t' IPs
with PVP K 30, their V_IDSC thermograms represented the same ‘endothermic peak
about,_.’_Z4'. °C in the small and decrease in intensity of endothermic peaks, these peaks

are illustrated in Figure 27. a _ o ' e
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Flgure 24 FTIR spectra of (A) solid dlspesmn of IB: PVP K 30 (B) IB
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Figure 26 DSC thermograms of (A) PVP K 30 raw material and solid dispersion of ':

1B w1th PVP K 30 at varions ratlos (B) 1305, (C) 1:0.75.(D) 1: 1, and

(E) IB raw matenal



70

Figure 27.D_‘S_C:thermograms of IPs at various ratios of IB with PVP K 30 (A) 1: 0.5,
(B) 1:0.75, (C) 1:1,as compared with PVP. K30 raw material (D) and IB

raw material (E)
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3.4 BC Nuclear Magneﬁe' Resonance of IPs containing
-~ PVPK30
Figure 28 summarize the data about "C NMR spectra of [B, PVP K 30,
solid dispersion of IB with“ PVP .K' 30 and IPs with PVP K 30.The signal of the
carboxyhc acid carbon in 1B’ appeared at & 180.715 ppm, which is typical of a free
carboxyhc acid. On the other hand, the signal of the carbonyl carbon in PVP appeared
at 6 174.913 ppm. The spectrum of the solid dlsperswn between 1B and PVP K 30
showed the carboxyhc ac1d carbon signal appeared at 176.691 ppm and the carbonyl
carbon signals at & 175.467 ppm. After this dispersion was u"ansferred though phase
partition to gave IPs the signal of carboxyhc acid carbon and carbonyl carbon were
shifted less than the signal from the solid dispersion alone. These shifts were appeared

at 179.318 and 176.315 ppm, respectively.

Part 3 Preparation and evaluation of ibuprofen pellets wi_t'h' PEG as dispersion

carrier

Preparation of IPs by using dispersion carrier: Polyethylene glycol in

phase partition technique

' Aswe know for a long time thé{, polyvinylpyrrolido_n_e was hygroscopic
substance and may cause some problems about aggregation and t_a'ck.yness when used
n the formulation. So, polyethylene giycol (PEG) was seleeted as another dispersion

' camer in this study. We study three grades of PEG; 1450, 4000 and 6000, for
5 vdetermmmg the suitable grades of PEG and to employ as dispersion carrier with IB In

”'phase partition technique to produce the IPs.
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Figure 28 NMR Spectra of (A) IB raw 'm'aterial, (B) PVP K 30 raw material, -
(C) solid dispéréio_n'df IB with PVP K 30 and (D) IPs with PVP K 30
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1 Formulation of IPs at various ratios of PEG 1450, 4000 and 6000, at
various weight proportions of drug (1:0.5, 1:0.75, 1:1) at all grades of PEG as

was mentioned before

1.1. Morphology of IPs by using different ratios of drug:PEGs
1.1.1 Morphology of PEG raw material ,
Various grades of PEG that we used in this study were the waxy flakes

with various in sizes and have the smoother surface that can be seen in Figure 29.

1.1.1 IPs with PEG 1450,4000, 6000 ,

Figures 30 - 32 shows the photomicrographs from SEM of 1Ps w1th PEG
1450, 4000, 6000 at different ratios, respectively. All of the formulations showed less
spherical in shape pellets, varied in size and gave the bigger pellets more than in the
formulation that used PVP K 30 as dispersion carrier. Studying the surface of the
pellets from these formulations, we observed their surface with much rougher than IPs
with PVP K30, its composed of IB crystals rather loosely packed on. the surface. In
addition, the network of the PEG polymer adsorbed on the surface of IB microcrystals
was not present as IPs with PVP K 30. PEG 6000 gave the most spherical pellets and
less rougher surface when compared with others (Figures 30 — 32A, C and E). From
the results of microscopic examination indicated that crystal habit of IB microcrystals,
IPs with PEG 1450, 4000 and 6000 were the combination of rod and plate shape
similarly to IPs with drug alone. (Figures 30 -32 B, D and E)



Figuré 29 Sc;;nning electron photoxhicrographé of PEG at various grades
(A, PEG 1450 X 50; B, PEG 4000 X 50; C, PEG 6000 X 50y
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F iguré 30 Scanning electron photomicrographs of IPs with PEG 1450'a1vvuriou's. -
ratios of IB:PEG and at various magnifications (A,1:0.5 X 50: B, 1:0.5

X 2000; C, 1:0.75 X 50; D, 1:0.75 X 2000; E, 1:1 X 50; F,1:1 X 2000)_ |
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jF'.igure 31 Scanning electron phofqiﬁicrograph of IPs with PEG 400_0_._.?t'lvarious ratios
of IB: PEG and at various magnifications (A, 1:0.5 X 50; B, 1:0.5 X 2000;
C, 1:0.75 X 50; D, 1:0.75 X 2000; E, 1:1 X 50: F. 1:1 X 2000)
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Figure 32 Scanning electron photomicrographs of IPs with PEG 6000 at various
ratios of IB: PEG and at various magnifications (A, 1:0.5 X 50; B, 1:0.5
X 2000; C, 1:0.75 X 50; D, 1:0.75 X 2000; E, 1:1 X 50: F, 1:1 X 2000)
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pro_perti¢s of IPS obtained after phase partition that produced by thé' used of IB Wlth
PEG were also included. The ratio we chose to study was IB: PEG 6000, at 1:1."
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Figure 33 Dissolution profiles of IPs with PEG 1450 at various ratios of (A) 1:0.5,
(B)1:075and (C) 111 . e |
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Figure 34 Dissolution profiles of IPs with PEG 4000 at various ratios of (A) 1:0.5,
(B) 1:0.75 and (C) 1:1 o

% Orug released

Figure 35 Dissolution profiles of IPs with PEG 6000 at various ratios of (A) 1:0.5,
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3. 1 Powder X—ray diffraction study

S The X-ray diffractograms of PEG 1450, 4000 and 6000  are shown in
Flgure 36 All of these materials had the major X- ray diffraction peaks at about 19 3
°(29) and 23.4 °(29) respectlvely Flgure 37 displays the X- ray dlffractograms of the
solid d15pers_10n between IB and PEG 6000 as compared with the X-ray 2
difﬁaetograﬁis of IB, original cfystal and raw material of PEG 6000. We found that -
severai diffracti_on peaks of fhe drugs disappeared but some peaks suc_h' as a.t_about".
6.4 °(26), 12.5 °(20) and248 °(26 )v could be deteeted'in this dispersion, and the
X-réty_diff_rac_togranis of PEG still could observed as maybe se_eh at 23.4°(29 ). For'the
X-ray diffraetogra_ms of '.IPs With PEG which presented the peaks that correspofiding _
,,to. IB,on’ginal. crystal. Similar results were oBserved in all of the gTade' of PEG.vthat.

" used for this study, as illustrated in Figure 38.

' 3.2. Inffared spectroscopy _

'. Figure 39 shows IR spectra of PEG 1450, 4000 and 6000, an ifnporiant
spectra of PEG were the C-H stretching at 2900 cm’ !and the C-O (ether) stretching at
1110 em™ Companng the spectra of solid dispersion of IB and PEG 6000 with the IR '
spectra of IB ongmal crystal, and raw material of PEG 6000, no dlfference was shown -
in eyery position of _the IR spectra. The specira can be simply regarded as the posmon |

of those 1B and PEG 6000 as shown in ! uure 40.‘ IR spectra of IPs frem the
dispersion of IB with all grade of PEGs in all ratio that we used in this study sﬁowed '
the same wavenumber of all the spectra andd dosely to the spectra of IB, ongmal

crystal as glven in Flgures 41 - 43.
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ﬁigﬁre 36 X— ray powdef diffractograms Of P.EGY; (A) PEG 1450, (B) PEG 4000,
- (C) PEG 6000 ' L
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Flgure 37 X ray powder dxﬁractograms of (A) the solid dispersion of IB with
“ PEG 6000, (B) PEG 6000 raw materlal and (C) IB raw matenai
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anure 38 X- ray powder dlffractograms of IPs with VaIIOUS grades of PEG ata muo
~of 1 1§ (A PEG 1450 B PEG 4000 and C, PEG 6000)
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Figure 39 Typical FTIR spectrum of PEG raw material
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Figure 40 FTIR speqtré of (A) solid dispersion of 1B: PEG. (BB) P1-G 0000

, _ra_w"_-_vmatefr,i:al and (C) IB raw material
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Figure 41 FTIR specira of IPs at various ratios of PEG 1430 (A) 1: 0.5, (B)
1:0.75 and (C) 1:1 '
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Figure 42 FTIR spectra of IPs at various ratios of PEG 4000 (\) 1:0.5.(B) 1: ().75 :
: and'(C) 1:1 .
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Figure 43 FTIR spectra of IPs at various ratios of PEG 6000 (A} 1: 0.5,
(B) 1:0.75 and (C) 1:1. |



3 3 leferentxal scannmg calorlmetry (DSC) of formulas
contammg IB with PEG _ . o -
" The DSC curve of raw rnatenal of PEG at different grades PEG 1450, o

: 4000 and 6000, exhibited the single endothermic response which corresponded to the
meltmg of each grade of PEG. Onset of meltmg was observed at 51 °C, 63 °C and
64. 3 °C for PEG 1450, 4000 and 6000 respectlvely as shown i in F1gure 44 The DSC
thermograms of the mlxtures comammg IB with PEG 6000 are depxcted in Figure 45.

These thermoorams demonstrated the endothermlc peak corespondmg to the meltmg _

at 55.8 °C and dlsplayed a shoulder covered 65 °C - 78 °C. Whereas the thermograms '

of IPs at all grades of PEG shown the only endothermic peak in the same region '
around 72 °C, Figure 46. | |

| ,. 3.4 " C Nuclear Magnetic Resonance of formulas confaining 1B :

with PEG B : | | o

_ Floure 47 summarize the data about BC NMR spectra of IB, PEG 6000 '

hd dlspersmn of IB with PEG 6000 and IPs with PEG 6000. When compared the

.’_sxgnal_s of solid dispersion and pellets of IB with PEG 6000 with the .sxgnal_ of the
original crystal. It seems that all of the signals were closed to the original signal of '
their substances. There was only a little shilt at the carboxylic carbon signal of the

' spectrum of the solid dispersion between IB and PEG 6000 which appeéred at & .
178.748 ppm. This signal shifted from the signal of carboxyhc ac1d carbon in IB .,

:ongmal crystal that appeared at o 180.715 ppm.
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F igm;e 44 DSC. thermo.grams of PEG at various grades (A) PEG 1450,
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* Figure 45 DS__C':'.thermograms of (A) solid dispersion of IB with PE_G 6000
(B).PEG 6000 raw material and (C) IB raw material
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Flgure 46 DSC thermograms ofIPs m various grades of PEG, ata mo of I: 1
(A) PEG 1450, (B) PEG 4000 and (C) PEG 6000, 1 = IPs at vanous grades

of PEG, 2 = PEG raw material at various grades, 3=1IB raw materlal
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: (C) solid dispersion IB with PEG 6000 and (D) pellets of 113 with
PEG 6000 | -
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i) Part 4 Preparatlon and evaluatlon of 1buprofen pellets with PVP K 30 and PEG :

- in sultable ratro

Preparatlon of IPs by usmg dxspersnon carrler Combmdmg PVP and-
PEGi in smtable rauo for phase partition technique v

In this study, IPs from using solid d1spersron that prepared from soluble |
carriers, PVP had the dlsadvantage of bemg tacky and hygroscopxc propertles and
/ therefore drfﬁcult to subd1v1de and handle. In the case of using PEG, we found the
pro_blem_s about physrcal properties, such as IPs from these substances had the less
i spherical in shaoe and _had the rough surface. So in this study, cornbinations of PVP :
3 and PEG were used as dispersion carriers for IB that can produee the _appropriate IPs

fromphase parﬁtion technique.

1. Formaulation of IPs with combinding of PVP K 30 and PEG -
The preliminary formulations were conducted to find th_e'suitable ratio 'of :
drug:. PVP: PEG to forrn solid dispersion that can be used for phase parﬁtion
; technique to.give IPs. We tried to reduce the ratio of PVP K 30'from‘. the weight _rario
of 0.5 .because we found the problems as previously mentioned above,v_so added an
amount bf PEG to that forrnulation instead. In the case of using PEG”145.0, we can n_ot”
reduee an amount of PVP K 30 from the weight ratio of 05 If the 'quan.tity of PVP
K 30 is less than this ratio, from phase partition technique we can not produce IPs. So,
i the formulation of mixing"PVP K-30 with PEG 1450 that can gave _spherical pellet".
was the ratio of drug: PVP K 30: PEG 1450; 1: 0.5: 0.25. On the other hand. using
 PEG 4000, it can be reduced an amount of PVP K 30 to the weight ratio of 0.35 and
can added PEG 4000 in the werght ratio ofO 25 in the formulation. PEG 6000 w: as the
best substance for the aim of decreasing an amount of PVP K 30 in these formulations
because usmg PEG 6000 can reduce the wexght ratio of PVP K 30to 0. 75 by uidmb
PEG 6000 in the weight ratio of 0, 35 mto the’ formulatron PEG 6000 can also.
formulate IPs from the same ratio of PEG 4000 (IB: PVP K 30 PEG 4000 or (v()()O
el 35: 0 25) as well. In. summary, the formulation of IPs by using dl\pt,r\mn carrier

: combmdmg PVP K 30 and PEG-at the ratlo are mdxcated in Table 6.



%

‘Table 6 Mixing ratio of IB : PVP K 30 : PEG solid dispersion

- Type of PEG -~ | Weight ratio of IB : PVP K 30 : PEG |
PEG 1450 | 1:0.5:025 |
PEG 4000 - - | | 1:035:025 °
PEG 6000 = | 1:0.35: 0.25
o 1: 0.25: 0.35

1.1 Morphoiogy of IPs by'using combination of PVP K 30

. and PEG '

_ All of the IPs from these mixing ratios were spherxcal pellets and had -

smooth surface When studied the crystal habit of IPs from these formulanons we :
fo__und the small microcrystal in the shape of plate form which were smaller than the
micré_crystals bf IB in i_Psi from the formulations that used PVP K 30 or PEG alone.

We also'found' that, For the formulation contained the weicrht ratio of PVP K 30 .up to.

>0 35, thm layer like the nctwork of the polymer adsorbed on the surface of IPs were :

obvious. This was dlfferent from the formulation that used weight ratio of PVP K 30; VI

0.2_5 that had no networ_k of the polymer adsorbed onto the surface. In the case of PEG
14‘jv50vth'cv1.t we éan not decreased th_é weight ratio of PVP K 30. The re_suli of crystal

habit of the microcrystals was ﬁot differém'when compared with the formulation ._of

IPé with PVP K 30, all of these results are illustrated in Figures 48 - 49.
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»,;:,.:‘Figure"?iS Scanning ellectron photomicrographs of IPs by using the weight ratio of |

(A) (B) IB:PVP K 30 : PEG 1450; 1:0.5:0.25 and (C), (D) IB:PVP K 30 :

PEG 4000; 1:0.35:0. 25 and at different magnifications (A, C X SO B, D
X 2000)
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Figure 49 Scanning electron photomicrographs of IPs by using the weight ratio of
(A),(B) IB:PVP K 30 : PEG 6000; 1:0.25:0.35 and (C), (D) IB:PVP K 30 :
PEG 6000; 1:0.35:0.25, and at different magnifications (A, C X 50; B, D
X 2000)
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2 Dlssolutlon study of IPs at dlfferent ratlos of PVP K 30 PEG

We studied the drug content of IPs by analyzmg an amount of IB in the

; pellets Wewhed the [Ps acculately that contamed 400 mg of drug for the studymg on |
 the dxssoluuon property. - . o ' .
Dlssoluuon data of IPs at dlfferent ratios of PVP K 30 thh PEG as. the

; dlspersmn carrier at the sunable ratio. Dissolution data from these formulations are -

- shown in Tables 178 - 20B (Appendlx B). The release proﬁles of IPs are presented in

_\’ Fxgure 50 All of IPs from the formulations showed percentage drug release were not
different when compared with others which had different weight ratios between PVP.
K 30 and PEG \\hjch were used in-this study. When calculate the sxmllarlty factor “f”v
/ of these formulatlons and used the formulation; IB: PVP K 30: PEG 6000,1: 0.35: 0.25 _. '
as a.reference, the data are given in Table 6D (Appendix D). We found all of the
formulation had the “4” value more than 50 which indicated similary in the

dissolution between these 4 formulations.

- 3. Physicochemical properties of IPs with PVP K 30 and PEG

The phy51cochem1cal properties was studied concerning the mteractlon -

between druo IB with two polymers (PVP K 30 and PEG) that were used n the _' |

formulatlons The studles were conducted in both before and after usmg phase
pamtlon techmque to compared and investigated the mferactlon between these_
substances. In this case, we have selected to study on the interaction in sohd
dlspersmn between IB PVP K30 and PEG 6000 in the ratio 1:0.35:0.25 before using
phase pamtlon technique. The physxcochermcal properties' of IPs was studied on
mixing PVP K30 and PEG as the dispersion carriers in suitable ratio (see Table 6) o

after phase partition technique.
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Figﬁre 50 Dissoiutibn profiles of IPs by using,the weight ratio of (A) IB: PVP K 30:

PEG 1450; 1: 0.5: 0.25, (B) IB: PVP K 30: PEG 4000; 1: 0;35:_ 0.25,
(C) IB: PVP K 30: PEG 6000; 1: 0.25: 0.35 and (D) IB: PVP K 30:
PEG 6000; 1: 0.35: 0.25 R
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3.1 Powder X—ray dlffractlon study _

: : Flgure 51 d1sp1ays the X- ray dlffractograms of the dlspersmn between IB :
PVP K 30 and PEG 6000 in the ratio, 1:0.35: 0.25 as compared with the X- ray
'dlffractograms of IB ongmal crystal and raw material of PVP K 30 and PEG 6000.
,We found that several diffraction peaks of the drugs were dxsappeared and some were:,
decreased in mtensxty, and the X-ray diffractograms of PEG still could be observed as:
seen at 23 4°(26) For the X- -Tay dlffractograms of IPs from 4 formul tions of suitable
;rauo of PVP K. 30 with PEG are 1llustrated in Flgure 52. All of them presented the:

:.peaks that correspondmg to IB, ongmal crystal and the peaks of PEG™ were.
_dlsappeared '.

3.2 Infrared spectroscopy

 Figure 53 shows IR spectra of raw materials of IB, PVP K 30, PEG 6000
as compared with the dispersion of IB with PVP K 30 and PEG 6000 in the ratio of
1:0.35:0.25. 'The above dispersion of 1:0.35:0.25 showed the IR spectra,v thet the '
'Positiens'of' the bands" were not different from the original substances Ihat used in this'-
:formulatlon It could be seen the strong bands in these spectra such as at 1700 cm v
.due to C=0 stretching in carboxyhc group of IB and still had the band at 1670 cm™
due to the C=0 stretching in the cyclic amide of PVP K 30.An another one of strong
.:peak at 11 10 cm-l 1ndlcated the C-0 (ether) stretching of PEG 6000 also can be seen _.
‘in the IR spectra of these mixing substances. Studies in the IR spectra of [Ps from the.
suitable Welght ratio of the m1xmg Detween PVP K 30 and PEG in the orades of 1450,
.:4000 and 6000 that can produced the IPs after used p‘n\e ptrtmon techmque They'.
are; IB: PVP K 30: PEG 6000, 1:0.25:0.35, .IB. PVP K 30: PEG 6000, 1.0.35.0.25,-.
IB: PVP K 30: PEG 4000, 1:0.35: 025 IB: PVP K sO’ PEG 1450, 1:0.5:0.25,
;respectlvely All of these formulations had the same IR speetra as illustrated in Flgure."_
54 The spectra were not much different from the IR spectra of the dlserSIOH of IBI_
‘with PVP K 30 and PEG 6000 ; I = 0.35 :0.25 which we studied before, only had the
_._deerea.sin_g n intensity of a peak at 1110 c.m"v, that was the PEG b_hnd as al_rea_dy_'_

‘mentioned previously.
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Figﬁré 51 X- ray diffractograms of (A) the solid dispersion of IB: PVV_'P-'K 30: PEG
6000; i: 0.35_:‘,_0.25; (B) IB raw ma_tefiai; (C) PVP K 30 raw material
and (D) PEG 6000 raw material
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JFigure 52 X- ray difﬁé'c:_tograms of IPs at various weight ratios of (A) 1B: PVP 74 30 : :_ -
PEG 1450, 1:0.5:0.25, (B) IB: PYP K 30: PEG 4000: 1:0.35:0.25. (C) IB: B

PVP K 30: PEG 6000; 1:0.25:0.35 and (D) IB: PVP K 30: PEG 6000:
1:0.35:0.25 L ’
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Figure 53 Infrared spectra of the solid dispersion of (A) IB: PVP K 3C: PEG 6000;,
' -1:0.35:0.25, (B) PVP K 30 raw material , (C) PEG 6000 raw mx: tterial and

(D) IB raw material
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'Flgure 54 Infrared spectra ofIPs at various welght ratios of (A)IB: PVP K \()
* PEG 1450; 1:0.5:0.25, (B) IB: PVP K 30: PEG 4000: 1:0.35:0.25.
(C) IB: PVP K 30: PEG 6000; 1:0.25:0.35 and (D) [B: PVP K 30: PLIG
© 6000; 1:0.35:025
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3.3 leferentxal scannmg calonmetry (DSC) of formulas .
contammg IB with PVP K 30 and PEG in suitable ratio = o
" The DSC thermogram of the solid dispersion of IB PVP K 30 and PEG

6000 that we used in a ratio of 1: 0.35: 0.25 for studying the interaction between these
substances The results exh1b1ted the broad endotherm for the meltmg of 1B, and the |
polymers were no longer appear as shown in Figure 55. Flgure 56 111ustrates the DSC -'

thermograms of IPs- from 4 su1table ratios as mennoned before, only a SInOIe broad '

endotherm was. observed for all of these forrnu]atlons The melting pomts of these

fonnulatlons were closed together abont 67 e,

3 4 13C Nuclear Magnetic Resonance of formulas contammg IB -
w1th PVP K 30 and PEG in suitable ratio .
Fi 1gure 57 summanzes the data about °C NMR spectra of IB, PVP K 30 |

and PEG 6000 solid d;spersmn of IB with PVP K 30 and PEG 6000 1n thxs ratio;
1 0 35: 0. 25 and IPs from the same ratio after used phase partition techmque When
oompared the signals from the solid dispersion and IPs of this formulation with the
,signal from the original substances, it seems all of the signals were closed to the
original signal of their substances. Only had a little shifte ét.the cafboxylic carbon
51gnal of the spectrum from the solid dispersion and IPs of this Iormulatlon These _
sxgnals appeared at § 178. 505 ppm and 179.412 ppm Wthh slnﬁed frorn the original
bs;gnal of the‘carboxyhc acid carbon of IB crystal that showed at 5180.715 ppmu .

P:'avrt 5 Physical properties study o_vaPs
* Physical properties of IPs containing IB with PVP K 30 and PEG

1. Partlcle size & size dlstrlbutlon -
, '~ Particle size and sxze dlstnbunon of IPs from tln Iormul mon are _
presented in Tables 1C-19C (Append1x C). It was nonud that in the (ormulauons
of IPs with PVP K 30 alone at; 1: O 5,1:0.75 and I: 1 had thc size of pellets Iess lhan

lmm
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I
|” DSC ImWimg

Nexo

Figﬁre 56 DSC ther.mvograms of IPs in various ratios of [B: PVP K 30: PF(‘.
(A) 1:0.5:0.25 PEG 1450 (B) 1:0.35:0.25 PEG 4000, (C) 1:0.25:0.
PEG 6000 and (D) 1:0.35:0.25 PEG 6000
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Figure 57 NMR spectra of .(A) 1B raw material,"(B) PVPK 30 m\y_mmerial,
. (C) PEG 6000 raw material, (D) solid dispersion of 1B: PVP K 30: PEG
6000; 1:0.35:0.25 and (E) IPs of IB: PVP K 30: PEG 6000; 1:0.'35:0.25_ -



' In addition, another formulations (IB: PEG 1450, 4000, 6000 at weight
ratios; 1:0.5, 1:0.75 and 1:1,IB: PVP K 30: PEG 1450, 1: 0.5: 0.25, 1B: PVP K 30
PEG 4000; 1:0.35:0.25, IB: PVP K 30: PEG 6000; 1:0.25:0.35 and IB: PVP K 30

'PEG 6000; 1:0.35:0. 25) had the brgger size that more than I mm. The results also B =

showed that in the Iormulatron of IPs wrth PEG may cause vanatlon in srze of the
.pellets In the case of IPs thh PVP in the formulatxon of IB: PVP K 30 1:0. 5 1: 0 75 '
.1 l including in the formulamon with [B: PVP K 30: PEGl450 1:0.5:0. 25 .
formulation with IB PVP K 30: PEG 4000;1:0.35:0.25, formulanon with [B: PVP K _
:30 PEG 6000 1:0. 25 0. 35 and 1: 0.35: O 25, we notlced the narrow srze drstnbutlon of '.
:these pellets as mdrcated m Figures 1C — 19C (Appendix C) B

2 Bulk density, Tapped density and Percent COmpl‘ESSlblhty
_ Bulk volume and tapped volume of IPs in various formulations were
jrecorded from the experiments. These data were calculated to bulk densrty, tapped |
'der_xsity and percent compressibility. The results are shown in Table 7. The _bulk -
densities and Tapped densities varied between 0.32 — 0.40 g/em® and 0.33 — 0.42
glem’, vresp.ectively. From the.data, percent compressibility .of" IIP.s_fror_n. various

formulas had the range from 3.64 —9.05 %.

| .3. Flow rate and angle of repose determinavﬁon

- We determined about flow property of IPs by using the diata'_ of flo_w rate
':an(:l'ahgl_e-of repose that can be represented in each formulati_oh. The rés_u_lts are -
';preserlted in Table 8. Whl_en the angle of repose and ﬂow rate of Il’s from -the _
_forrrlulation were eomp'clred, it was found that in the foml.u.lati_onvof IB: PVP”K 30:
PEG 6000;1:0.25:0.35 had the highest flow rate of 747.60 g/min and the lowest angle
'-_of repose of 22.55°. We found in the formulations that used the mixing ratio of PVP
K 30 and PEG (excepted in the formula*ror of IB: PVP K 30: PEG 1450; 1:0.5:0. 25) '

_had better ﬂow property when compared with another tormulatlons of lPs
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Table 7 Bulk densxty, Tapped den51ty and percent compre551b1hty of IPs prepared

from V&HOUS conditions

" Bulk Density -

Tapped Density

Formulation % Compres__s___i__bility

(g/ml) (gml) o
1% CHCLD 037" 039 6.60
15% CHCL® 0.38 - 0.39 482

2% CHCl, ™ 037 039 533
[105 PVPK30® 037 039 563

1075 PVPK 30 037 _ 0.40 6.98
1 PVPK30™ 037 0.40 727
10, 5 PEG 1450 © 032 0.34 "4.99
1:0.75 PEG 1450.% 034 0.37 8.38
[T1 PEG 1450® 0.37 0.41 9.05
11:05 PEG 4000" 0.32 0.34 5.34

1:0.75 PEG 4000 @ 0.34 0.37 738
1:1 PEG 4000 ¥ 0.36 0.38 5.32
1:05 PEG 6000% "~ 0.32 0.33 - 3.64
[10.75 PEG 6000 0.35 037 3.84
.1 PEG 6000 038 0.40 6.45
10.5:0.25 PEG 1450 © 034 037 627
1:0.35:0.25 PEG 4000 040 - 042 732
1:0.25:0.35 PEG 6000 0.40 0.41 3.89
1:0.35:0.25 PEG 6000 ™ 035 0.37 766

(1) = bridging solvent alone, (2) =

IB with PVP K 30 in 1.5 % bridging solvent, (3) =

IB with PEG 1450 in 1.5% brldglng solvent, (4) = 1B: PEG 4000 in 1.5% bndg,mg
solvent, (5) = [B: PEG 6000 in 1.5% brxdomg solvent, (6) = IB PVP K ?O PEG
1450 m 1.5% bndgmg solvent, (7) = IB:PVP K 30: PEG 4000 in 1. 5% brldgmg

vent (8) IB: PVP K 30: PEG 6000 m 1.5% brldgmU %ol\ ent

~* Averaged from 3 determinations.




/ Table 8 .Fl;_oxv;'v rate and Angl'e of repose of IPs

2

-~ Formulation.

_ Flow rate (g/min)* | Angle of rep(;se (degree) *
1% CHCL®. 528.60 2749
15% CHCL® 57420 2752
2% CHCL" 578.40 2719
| 1:0.5 PVPK30% 1649.80 28.04
[1075PVPK 30 @ 579,60 2892
Tl PVPK30% Not flow - Not flow
[105 PEG 1450® 486.00 26.09
T075PEG 14500 43540 2861
| .17 PEG 14509 592.80 2581
[1:05 PEG 4000 @ 615.00 28.02
10.75 PEG 4000 58920 28.49
[T PEG 4000™ 71520 2570
105 PEG6000® 490.80. 2757
1:0.75 PEG 6000 717.00 2932
1 PEG 6000 701.40 29.66
1:0.5:025 PEG 1450 @ Not flow Not flow
[1:035:025 PEG 4000 678.00 2442
1.:6.25_:0.35-PEG 6000 ® 747.60 22.55.
| 1:0.35:0.25 PEG 6000® £ 686.40 - 23.54

(l) = bridging soltvent alone, (2) = IB with PVP K‘30 in 1.5 % bridging solvent, (3) =
IB with PEG 1450 in 1.5% bridging solvent, (4) = IB:PEG 4000 in 1.5% bridging -
so_lvevnt,.(S) = IB: PEG 6000 in __1;5% bridging solvent. (6)v = IB:PVP K 30 :. PEG
1450 in 1.5% bridging solvent, (7) = IB:PVP K 30: PEG 4000 in 1.5% bridging

\ sol?ent,"(8)_ IB:PVP K.30: PEG 6000.in 1.5% bridging solvent -

* Averaged fro_m"3 determinations.
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Paft ._6 Fo'rmu_latio_n and evaluatiou of IB capsule

Using IPs prepared from mlxed carriers fo_r producing IB capsules ”'

 We selected a formulation of IB:PVP K 30:PEG 6000 at 1:0.35:0.25  that
: gaVe good dissolution and physical "properties to produced' the IB capsules. We
- studied the dlssolutlon profile of B capsules prepared from the IB powder and'
: cornpared w1th IPs as prev1ously mennoned in the dose of 200 mg per one capsul '
(capsule No: 0). Dissolution data of these f‘ormulatlops are glven in Tables 21 — 22B“
: (Appendlx B) The release profiles of IPs are presented in Flgures 58. We found the..
' fortnulanon of IPs capsules gave better dissolution profile when compar_ed:_. with tlle
formula’uon of capsules with IB powder. Proved by calculating for “f;” value and’
compared between these formulations, by using the dissolution curves of IB powder
in the capsules as reference. For this case “f” value was 39.50 meamno that- between :

_this2 formulanons there was a significant different on the dlssolutlon profiles.

120
100 |
. 80 4
O
%2}
o . oy ™ ,
T, 60 - 1 —o— |B powder
S) B
Q. 4
2 ] '._‘_' IPs
: 40 - 3 o
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Flgure 58 Dissolution proﬁles of capsule of IB powder and IPs prepared from IB
~ PVP K 30:PEG 6000 at a wexght ratio of 1:0.35:0.25



- CHAPTER 1V

DISCUSSION AND CONCLUSIONS

Formulatlon and morphology of IPs

In this research work, we started to study the preliminary formulations
that varied the amount of bridging solvent in phase partition technique at 1 %, 1.5 %
and 2 % chlbroform for producing IPs. From the scanning electron photorﬁicrographs
~ of these formulations revealed that IPs produced by using 3 ml of bridging solvent

(1.5 % chloroform) was a suitable and gave rounder IPs (Figure 7). So we determined
| to use 1.5 % chloroform in the phase partition technique for future studies.

| In the case of using PVP K 30 as the dispersion carrier in the
‘.pre'pa__ration of IPs from phase partition technique that we studied in three ratios of
fB:PV__P K 30 at 1:0.5, 1:0.75 and 1:1, respectively. We found that, using the weight
ratio of PVP K 30 less than 0.5, IPs could not be produced. IB microcrystals on the
3 sufface of the pellets from these formulations seemed to be composed of some
aggregates of plate shape. Furthermore, we found the network of the polymer
adsorbed onto the hydrophobic surface of drug microcrystals. The network of PVP
' KT30' seem to increased in thickness when the ratio of PVP K 30 in the drug was
incfeased: 1.e, polymer ratio from 1:0.5 to 1:0.75 or 1:1 (Figure 18). |
S PEG was another polymer that was used in this study, compared among
the f'ormulations. containing various types ( PEG 1450, 4000 and 6000) and amounts
of PEG in three weight ratios of drug: PEG (1:0.5, 1:0.75 and 1:1). From this study, it
was found all of the formulation had the same characteristic particle size, shape and
the IB microcrystals that was deposited on the surface of IPs, and this chara_ctenshc
v‘vas.si_rnilar to IPs with drug alone. The microcrystals in the surface of the pellets of
IB with PEG seemed to be larger in size when compared with IPs of drug alone
(Figures 31-32). This might be explained that by using PEG in the formulation
incfe.ased the viscosity of the system. It act like the barrier for phase partition of drug
.m ethanol water to the bridging solvent. | _

=  When used both PVP K 30 and PEG in the formulatlon of IPs. It was
-foundﬁ that using different in PEG chain lengths gave the different of suitable ratios

that caﬁ produce [Ps from phase partition technique. In addition, when using the high



molecular weight PEG, the result "slrowed that we can reduced the amount of PVP K .
30 in the formulation more than in the case of using low molecular weight PEG.
-_,-From the results of this study that had four formulatrons of IPs from suitable ratio of
; drug PVP K 30:PEG 1450 at the ratio;1:0.5: 0. 25 1 0. 35 0.35 PEG 4000, 1:0.25:0.35
: PFG 6000 and1:0.35: 0.25 PEG 6000. However, the IPs of the formulation 1: 0.5:0.25
PEG 1450 had tackiness problem. Leuner and Dressman 2000 described that the
mﬂuence of the PEG chain length, PEGs of molecular werght 4000 — 6000 are the
most frequently used i in the manufacture of solid dispersion, because in thrs molecular
weight range the water solubility is still very high, but hygroscoprcrty is not a
problem, and the meltmg points are already over 50 °C. However, when PEG w1th '
too low a molecular werght is used, this can lead to a product w1th a- stxcky
consistency which is difficult to formulate into a pharmaceutically acceptable product.
Surface investigation of IPs from these formulations indicated the surface of IPs
composed of IB  microcrystals and had the network of polymer adsorbed on the
surface, and more dense when the welght ratio of PVP K 30 in the formulation

lncreased (Figures 48-49).

In physicochemical propertie_s_'studied, we used four methods for & ° B

investigating on the molecular orientation of drug and interaction between drug with
polymers that were used in the formulations; they are Powder X-ray diffraction ,
infrared . spectroscopy, thermal analysis and Carbon nuclear magnetic resonance
g0 NMR) spectroscopy For physicochemical propertres of IPs with drug alone
that was produced by phase partition technique to compare wrth lB raw material. The
results can be explamed that the process of phase partition and the solvent that was
used in this process had no affect on the physicochemical propertres of IB. We found
that all of the three formulations “which varied in amount of chloroform are no
different in physrcochemrcal propertres This previous results were also compared
with 1B raw material and all of the result can be explained that the property of IB
from IPs did not change from IB ongmal crystals. X- ray diffractograms that. had the
different in intensities of some peaks (Frgures 9-10). In the process of phase partrtron:...-
techmque IB raw material was dissolved in ethanol had to rcerystallized to produced.
the agglomerate of IB microcrystals and gave lPs An arrangement of the drug
molecule may be change from the orrgmal pattern SO dlllerences in the X- ray

drffrﬁ;

grams can be found. The same pattem of DSC thumograms and IR spectra of



W E

[Ps with IB ovrig'iyna.l crystal (Figurel2 and F igurel4, respectively) confirmed-that , the
process of phase partition technique and the solvent used in this method had rlo'__:a'fflect

on the thermal and spectral properties of IB.
Chemical interaction betwééh IB and PVP K 30 in solid dispersion s_tate

PVP K 30 1s a polymer that was used as a dxspersmn carrier to produce
- IPs. Comparing: the X-ray dlffractograms of IB, PVP K 30 and IB — PVP K 30-_3'_f-
dispersion. From these diffractograms, it can be explamed that IB was the crystallme
drug whlch had very strong diffraction peaks and for PVP K 30 that showed an
amorphous in nature as we mentioned before. For IB- PVP K 30 dxspersmn it was
observed that the X- ray diffractions of this dispersion exhibited a totally amorphous
nature. In the case of decrease the ratio of IB: PVP K 30 from I: 0. 510 1:0.25, the

peak of IB still appeared ThlS result indicated that the crystalline nature of free drug

5 still remained even 1f a ratio of 1:0.25 PVP of the dlspersxo_n.. While at the higher -

rtatios of PVP K 30, we observed a totally amorphous in nan;r_e_.- of IB (Figure 21).

Similar results were reported for the nature of solid dispersioh'-'of IB with PVP 30
(Najib et al, 1988).
Studies in IR spectra of the dispersion of IB w1th PVP K 30 and compared
with IB crystal and PVP K 30 raw material. Inferestmo result was observed for the
spectra of solid dlspersmn of IB and PVP K 30, its presemed a very. broad band
basehne covering the wavenumber of 2400 — 3500 cm™. This mdlcated the presence
of pronounced hydrogen bonding betweea IB md PVP K 30 in this dispersion. For
“the carbonyl frequency region, the drug showed a narrow strong band at 1700 un
due to carboxylic Cc=0 stretching, and for PVP K 30 gave a. oroad strong band at. 1670
em” due to the cyclic amide C= O stretchmg In this dlspersmn both C=0 stretchmn
were seen as a broad band at 1620 1740 cm’', presumably due to complex tonmmon
through hydrogen bonding. In the low frequency region ot 600 ~1600 cmf_",_ _(hc bands
in these regions were almost the same for th,h,_- IB and PVP (Figure 24) This might

~indicated that although.“".[he drug molecule Was"hydrosﬁen bonded with PVP K 30

.'"‘i-':."tnrough the carboxyhc acid OH group, the overall symmetry ot the-molecule was not T

significantly affected. (Sekizaki et al., 1995)
DSC studies were performed on IB, PVP K 30 and IB - PVP K 30

dispersion. The dxsappearance of the drug pea}\ from the thcrmogram of IB ~ I’VI’ N
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30 dxspersron mdrcated that all of the drug has mteracted with the polymer and thrs
excludes the presence of a crystalline -drug in- the dlspersmn (Figure 26). As a =
consequence of the evaporation of the solvent durmg ‘the preparation of the solid
dispersion, viscosity mcreased very rapidly leading to a decrease in drug mobility.
When the solvent evaporated completely, drug molecule was. frozen in the polymer
- matrix so a crystal lattice was not formed (Mooter et al., 1 998). : "

In order to get further evidence on the possible 1nteract10n of 1B with PVP
K 30, 13 C NMR spectra showed the changing in the orientation at molecular level
of carbon atom of IB . The signal of the carboxylxc acid carbon in IB and the carbonyl
carbon in PVP K30 that shifted from the ongmal substances (Figure 28), suggested
that the carboxyllc acid group of IB interact with PVP through hydrogen bondmg:_.:’._..-‘
(Sekizaki et al., 1995).

From all of these results, it could be implied the formatlon ofaIB - PVP

30 complexation in a type of H- bonding complexation was formed

Chemical interaction between IB and PEG in solid dispersiou" state

The X- ray diffraction analysis of IB: PEG 6000 dispersion; at ratio 1:1 as
compared with the diffractograms of IB and PEG 6000 original crystal demonstrated
that the crystallinity of drug had been cons;derably less (Figure 37). The resu_lt_.. lrke
this revealed in another studies of IB: PEG dispersion (Khan and Jiabi, 1998). lhelr
results showed that the dispersed system of IB wrth PEG 6000 were not a simple
eutectic mixture but mterstrtral solid solution may have formed (Betagari and

Matkrai, 1996). Furthermore the lack of drsplacemem ol PEG peaks led to the

i conclusion of formation of an mterstmal solid solution durmg preparation of solid

"v..;dlSpCI‘SIOD But from the X- ray dlffractograms of this study, some dlffractograms of
'.lB strll exists at high intensities, it was also implied that some parts. of the structure of

IB d1d not form an interstitial solid solutron completely.

The DSC thermogram for this IB: PEG solid dispersion showed the single
endotherm at- 55 8 °C (Figure 45) which was close 1o the endothem of PEG 6000 at =

64.3 °C. This supports an indicating of formatlon ofsolld solution.
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‘ IR spectra of IB' PEG disper'sion also obvionsly showed the spectra of |

| both IB and PEG 6000 that had not the new spectra or the changrng from the. orrgmal

’spectra of IB and PEG 6000 (Frgure 40). So 1t revealed that thls drspersron had not a :
chemrcal 1nteractlon between drug and polymer in thrs system The above result

_correspondrng wrth the C -13 NMR data of thrs dlspersror that only had a little shrft
at the carboxylic carbon srgnal of the drug from 180 715 ppm to 178. 748 (Frgure 47)

- The changrng of the position of the carbon in this case maybe caused by smallv.

dlsonentatron for the structure of the drug in the solid drspersmn

_ Generally, PEG molecular structures are seml—crystallme contarnrng both. |
“ .--'ordered and amorphous components. In the crystalline state, the chains are presented .
as double helrces. The,helrces are arranged as plate—like structure (lamellae), from
which the hydroxyl end groups are rejected onto the surface. The PEG-chains may be '
extended or folded wrthrn the lamellae (Craig and Newton, 1991 ). It was: pred1cted :
that srgmﬁcant amounts of drug could be entrapped in this hehcal interstitial space.’
From this. reason it could be described this pattern to the presence of an interstitial
_drspersron of IB : PEG 6000, had the entrapment of IB molecule in the helrcal “
. interstitial space. When IB and PEG 6000 were coprecipitated in therr dtspersron The_
- PEG _was expected to glve an ultrafine or colloidal crystalline of the pure drug in the |
: system.'Because of',' the system was melted and solidiﬁed irrnnediately (Chiou and o
Reigélmah, 1969). This was due to the difficulty for the crystalline. to growth in a. |

viscoUs medium and in a short time interval for cornplet_ionv of solid_lﬁcatlon-

Chemlcal mteractlon between IB and mrxmg polymer of PVP K 30 and PEG in

; solrd dlspersron state

* In the case of t_he dispersion of 1B :'PVP K 30: PEG.6OQO ; 1:0.35:0;25

- that _we studied vabkout chemical interaction between these three substances. In this . ’
: fonnulatlon all of the results ahout physicochemical property were close to the result

: iobtamed from the drspersron of IB w1th PEG 6000 that we have studred before and-

: explamed in the previous pan

_ _ From X-ray therrnograms there were Stlll evidence about the lB structure.
" in the type ofmterstmal sohd solution such asin the IB PEG 6000 d:spemon system
(Flgure _51)._ Moreo_ver,_ the DSC thermog_rams of IB: PVP K 30: PEG: 6000 at a
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| weight ratio of 1:0.35:0.25 .re\:zealed the pattern as the broa& '.'_ehdo_thermic spectra
(Figure 55). When studied about IR spectra, we also found that these solid dispersion
gave the IR spectra that the position of the bands were not different from the three
orlgmal substances it could be seen in- all of an important spectra such as C O
stretchmg in carboxylic group of IB at 1700 cm 1, C = O stretching in cyclic am1de of .
PVP K 30 at 1670 cm 'and C - O stretching of PEG 6000 at around 1110 cm-1. We
could not find any new spectra for an evidence that can 1nd1cated about the interaction
between substances such as in IB , PVP K 30 and PEG 6000 (Figure53). From ’C
NMR spectra, only had shlfted minutely at the signal of car___b_cx_y_hc carbon of the drug
__vfsubstance to & 178.505 ppm from the original position at & 1.8.0.715 ppm (Figure 57).
We can implied that the arrangement which cause disorientation for molecular

"structure of IB in this dispersion system or maybe from weak hyd:ogen bond that

occurred between IB and polymer.
Chemical interaction between drug and polymer in IPs

In éll"formulations that can produced IPs that were formulated in this

study can be summanzed as follow; 1:0.5 PVP K 30 1:0.75 PVP K 30, 1:1. PVP K_

3 30, 1:0.5 PEG 1450, 1:0.75 PEG 1450, 1:1 PEG 1450, 1:0.75 PEG 4000, 1i: 0. 75__
- - PEG 4000, 1:1 PEG 4000 v','vl:O.S PEG 6000, 1:0.75 PEG 6000, 1:1 PEG 6000, 1
©0.5:0.25 PEG 1450 , 1:0.35:0.25 PEG 4000, 1:0.25:0.35 PEG 6000 and 1:0.35:0.25

PEG 6000 , It seem to be no interaction between substances in their formulations.

" In the case of IPs with PVP K 30 that used IB: PVP K 30 dispersion to
produce IPs with the process of phase partmon technique. It seem to be no formation
as the complexatxon structure between IB and PVP K 30 by h\drogen bondmg
Proved with IR spectra of 1:0.5 PVP K 30, 1: O 75 PVP K 30 and 1:1 PYP K 30 these
displayed like the combme peaks of IB and PVP K 30. The C = O stretchmg of the
drug appeared as narrow and separated band from the C = O stretching of the
polymer. In addmon broadenmg of the C = O band that we found in their dispersions N
might be due to the presence of hydrogen bondmg dxd not exist in the IPs

,_.':'forrnulatxons (Figure 25).

From X — ray dlffractograms of these above pellets formulatlons showed

the d1ffract1on pattern of IB in IPs that closed to the dxffmcuon pattcm of 1B, raw



material. The above dlffractxon pattern of IB in IPs was different fromtheX_ ray
diffractogram of thei.r'".s.o'li.d dispersion that exhibited a totally amourphdﬁé glassy
nature. About the DSC thermograms of IPs in these formulations, all of the
formulation had the same pattern of small endothermic peak in a position that closed
to an endothermic peak of IB, raw matenal (Figure 22). It was confirmed that there
was no change in melting point of drug substance (F1gure 27) BC NMR was the
another method for investigating about physxcochem_lc’.al__- p_r_opemes, we found the

 signal of carboxylic acid carbon in IB and the carbon?l_ carbon in PVP K 30 had Iiitle
- shlfe ffdm 180.715 to 179.318 ppm and 174.913 to 176.315 ppm, respectively (Figure

28) In this case maybe caused by the weak bond of hydrogen bonding between 1B
and PVP K 30 that may still occur or by the disorientation of the structure of the drug.

In the case of IPs with PEG, all of the results from the X — ray
diffractograms, the DSC thermogram, IR spectra and C -13 NMR spectra confirmed
the evidence that there were no interaction between IB and PEG in IPs formulations.
The thermograms of IPs formulations, which were different from the thermogram of
the dispersion of 1B with PEG that we studied before. In this case the endotherm peak
from IPs formulation appeared at 72 °C mat closed to the endotherm of IB raw
material(Figure 46). From the X- ray diffraéiograms that was not different from the IB
original crystal and had no fféxée of PEG peaks appeared (Figure 38). Fom all of this
data, it was also evident that thefe.was no structure of solid solution anymore but
maybe composed with the microcifystals of IB that aggregated together. For the PEG
substance, the structure appeared as an amorphous form that may penetrated in the

system.

Addmonal studies in physicochemical property of IPs with PEG were also
evident that there ‘was no new compound produced and had no the chem:cal

mteracnon between IB and PEG 1n the IPs formulations was \LCH
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For the case of IPs W1th both of PVP K 30 and PEG in the suitable ratlo
that had four formulatrons Their results about physmochemrcal propertres were not -
different from the case of the formulatrons of IPs with PVP K'30. It seem no chemical :
~ interaction oee};rred in these for_mulations when observed by"X_-_ray difﬂactogrmns, IR
spectra and DSC thermograms".: .F_rom the data of BC NMR soectra that had.al:_',small
shlftm carboxylic acid carbon in IB indicated about changing in the structure of drug
molecule, like we mentioned in the prevxous part, or maybe from the weak hydrogen '

bonding between drug and polymer

Evaluation of phye_ical properties

- We compared the physical properties of the IPs that was”'o_roduced from
various formulations as mentioned before. The bulk density was an important
- parameter us"e'vdv to____determine the space requlred for the storage; of bulk drug. It can
also___i_nﬂuence ﬂ.'owability and may influence certain characteristics of thel l'mal
prodlre_tg_(Foster and Legtherman, 1995). On the other hand, tappedv._v-d_ensity used to .

investigate the packing oroperties of material (Grant and Brittain, 1995 ).'

lhe' bulk density:and tapped density of lPsz"f‘ormulations .y\'fe_r_e also
d_efennined and computed for the percent com‘pressibility. Compressibility value was
a s.'.i:r'n'ple effective. yvay of measuring flowability, the more flowaldlé ‘material had the
smaller. compressrblhty value. Angle of repose was one method to determine frbout'f'
flow propemes A compressrbrlxty value in the range of 510 10 % and the angle of
-‘:‘_;‘repose varying from 25° to 30° indicated ex_cellent flow (Carr, R.L., 1970 JLin and
:t."']::{ao, 1989). Inthrs study, from bulk density and tapped density- showed that all _o_t‘ the
formulations had ‘the good flow 'propeny, By the way, calculated about pcreent
comor'e__ss_ibility was not the good method to compared and determioed about these
formulations so using the actual flow 'ral__e is the better way for tha.:t."" The vartous
values as mer_itioned above defined that tlhe'IPs obtained in this study had excellent
ﬂow propert}.'.”e'Xcepted in the'-'case of 21Psatl:1PVP K 30 and 1:0. SIIII’VP IN
30 0 25 PEG 1450. that had snckmg problem and aggregated together "[ hese problems
caused by usmg large amount of the polymer in the formulation. PVP K 30 \\u\'j_"_-__

hygroscop1c__ substance, and large amount in IPs caused the_-_r_eductlon of flowability.
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In fact the vanatlon of the compressxbrhty values of lPs was’ due to the
varlatron of partrele size or about cohesweness between the pellets.. A better Way to
- determine the flow of IPs should be evaluate the. actual ﬂow rate The best ﬂowmg: :
particles should have a rounder shape since a rounder shape gave a mmrmum numDerv- -

of 1nterpart1cle contacts (Carr, 1 970) It was in an- agreement with the results of

spherlcrty of IPs obtamed in this study, and IPs with mixing ratio between PVP K 30

and PEG gave the most sphencal pellets. We found in the formulation of 1 0. 25 0 35

- PEG 6000 had the hrghest ﬂow rate. In the formulatlon of IPs wrth PVP K 30 (1:0. 5 =

'PVP K 30,1:0.75 PVP K 30 and 1:1 PVP K 30), which were the most spherical shape

: when compared wrth another formulations. However the flow rate were decreased due. |
© to the sticky 'problem._'It was found that when an amount of PVP K 30:was increa'se.d B

 from the ratios of 1:0.5 PVP K 30 to 1: 0.75 PVP K 30 and 1:1 PVP K 30, the flow

. rate decrease m the descending order. As we mention before about the hygroscopicity

of PV_P K '30_, _high quamity of PVP K 30 caused IPs about poor flowablity in their

formulations. Another formulations with less spherical in shape and also.vhad wide

- range of size distribution also showed the decrease in flow rate.

‘We also determined the particle size of IPs from the formulations, the -

i average particle size 'of IPs are given in Tables 1C- 19C (Appendi\( C) and were in the

- range of 0.89 -1 47 mm. From the results, we found that type of the polymer affected '
- the average particle size and size distribution of IPs. PVP K 30 was a su1table polymer

- (if not hygroscoprc) that can proaueed IPs which had the srnaller in size ‘and narrow

' size distribution. On the other hand, PEG in a]l_grade that were used for this study

gave higher' average particle size and size distribution that maybe due to IPs with PEG =

* had large ,rough and vary in size of particles.

~ Dissolution proﬁles studies

We studied and compared the drssolutlon proﬁles of all tormulatlon that

i produced 1Ps by phase pamtron techmque We found that IPs from usmg drug alone 1 ,

did not 1mprove dissolution property of IB. Also, in. the case of using PEG in all .
- grade (PEG 1450, 4000 and 6000) and all ratio of IB : PEG (1:0. 5' 1:0.75 and I'lv)as i

: the drspersron carrier for IB still can not mcrease the dlssolutlon propu ty of their IPs:

: :: On the other hand we found the dtssolutlon from the fomtu!atlom of IPs ‘that used o

| PVP X 30 in ther_r formulations with the suitable ratio and mentioned in the previous |
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part, had improved _dissolution'property_. The dissolution of the IB from IPs s'h'owedv .
the better drug release as compared With the formulation of IPs of drug alone and IPs -_
with PEG. We also found that the d1ssolutlon proﬁles of IB from the IPs whlchv ..
contamed PVP K 30 showed hrgher drssolutron rate than the others (f analysrs)

o Al_though,-an evidence about chemical interéctiorl or complexation of IB
with PVP K 30.in the state of the d_ispersiOn before enter phase oartitiorr technique
was ob_served. Howeve:r,'afte_r _phase partition technique to produced IPs, all of the
dat’é vabout' physicochemical properties showed that there wés a decrease in evidence

of chemlcal interaction. between substances such as complexatlon between IB and_ _

PVP K 30 in the formulatron Therefore, d}fferences in drug release ‘that gave the .

better drssolutron _profiles in these formalatlons might be resulted from another
‘mechanism such as IB microcrystals of IPs were in a smaller size as we have already ”
seen by SEM photomicrographs. So, increasing the surface area of drug to the_ s_olvent,
‘.the”dis'solution rate will increase as particle size decreased; owning to Noyes —

.'Whrtney equation (Hzguchl 1 96 7)
de/dt = YA (G S00h e (8)

“where dc / dt is an amount of solute dissolved per unit time, A is the -
surface area- exposed to solvent, K is the dissolution rate constant, C and C, are the
'saturated solubrlrty of the solute in a medrum and is its concentration at any given |

‘ume respectively.

In equzltior_) 8, the rate of dissolutlon lvz._an'es. direetly t_o the surface area of
_the powder;‘ Th_e redoced particle siie produced greater surface area. Thus, thez smaller
_siie' of drug particle brought more dissolution of .drug. Furthermore, we found the |
:' change n m‘croenvironrr;ent of IB micro.crystals: due to the network of the polymer

adsorbed on the surface of IB mlcrocrystals Tl’llS behavior can be explained like had

: the hydrodynarmc layer surrounding the drug pamcles It is due to the fact that each

single crystallme of drug is very mtlmately encircled by the soluble camer whxch czm S '

3 readrly drssolved and cause the. water to contact and wet the drub pamcle As we
: l(now PVP K 30 was hrghly water soluble it dissolves rapidly upon exposure to an
~ aqueous medium thus can 1mprove the wettability and, hence dissolution of the dr%

3 (Najzb et al, 1986) Furthermore we also StddlCd the :: lease of IB from fhe capsule
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of IPs (1:0.35 PVP: K 30 025 PEG 6000) and compared with the capsule of IB
original powder. In the case of IB powder we found aggregation of powder, and
floated on the surface of dxssolutxon medlum These had not occur in the case of filled
the capsule with IPs. The aggregatxon. and a_g__gl_omeratxon between fine crystallnity of
the pure hydrophobic drug may pla}"' fﬁare important role in disturbing rate of
dissolution and absorption (Chiou and Riegelman, 1971). The advantage of an

increase in dissolution was translated into bioavailability when the 1B dlssolved faster,

less time to maximum concentration, it might cause less gastrxc 1rr1tat10




__.-'_"_-'_.CQNCLUSIONS

IPs could be prepared by usmg phase partition technique by combining
with three solvents- ‘in the system “ethanol as a dissolving solvent, water as a
dispersion solvent and chloroform as a bridging solvent. The suitable ratio of bridging
solvent was about 1.5 % chloroform to produced the good appearance pellets by this

phase partition techmque. 7

For modifying the dissolution property of IB, a poorly soluble drug
‘substance that was used as a model drug in this study, by using PVP K 30 and PEG in
the grade of 1450, 4000 and 6000. These carriers are water~soluble in order to
o produced the mixture of the dispersion between drug and polymer and can be used for

‘_phase partition technique to produced IPs, as well.

The results of the physicochemical study showed'ﬁ"that the chemical

| ;va:mteractron occurred between IB and PVP K 30 in the SOlld drspersron state like the

| i:'complex formation with hydrogen bonding between drug and polymer Thxs complex
formation was confirmed with the data from X-ray diffractograms, IR spectra DSC
thermograms and ' ’C NMR spectra. However, this complexation maybe could not
maintain after the phase partition to produce the IPs or still had the weak hydrogen
bonding between IB and PVP K 30 in the pellets. IB and PEG may have the structure
of interstitial solid solution in their solid dispersion. On the other hand, no interaction
of IPs with PEG after phase partition technique"l"lrr the case of using the mixing of
 PVP K 30 and PEG with suitable ratro had the weak hydrogen bond between IB and
PVP K 30 in the system.

The results of the dissolution data showed that IPs with PVP K 30 and IPs
with the mixing of PVP K 30 and PEG in suitable ratio had the faster dissolution rate

than the formulation of IPs with drug alone. In contrast to PEG, it seemed that the

dissolution of" IPs w1th PEG in all grade and all ratios that we used in this study were_-'__-_._-..}. i

not faster than IPs wrth drug alone. The increase in dissolution of IPs for this study-__"..'_'-"".'
might be achleved by changing the microenvironment of drug crystals, by mcre’tsmg”
"w'wettablllty property _including from deaggregation and dn,ag,glomeratlon ‘of IB

particles
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Tt cOuid be concluded: that cdfnbining two methods of powder. énginee.ringv
techmque one is the phase partmon 1o produce the sphencal pellets and the second
- one by usmg the dxspersmn carrlers for enhancmg drug dlssolutxon In term of’ usmg‘
_the carriers the suitable ratios of drug: polymer that still can use in phasc pamtlon
'.techmque were obtamed More spec1ﬁcly, the best combmatlon that can be use for |

improving the dlssolotlon rate and phy51ca1 propemes of IB, a poorly solublte drug,

. was selected
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APPENDIX A
CALIBRATION CURVE DATA
The correlation betwééﬁ ééncentration versus absorbanc.'é'_:éf IB in various
media at 265 nm are presented in the Tables 1A and 2A. The calibratio'ri'.'c._t_:l.r.\'/es of IB
which show linear relationship between concentration and absorbance are illustrated
in Figures 1 A and 2A. o

Table 1 A Concentration and absdrbéh_c_.e data for IB in methanol

Concentration {mcg/ml) Absorbance
P o
160 0205 . -
328 0.417
480 0.623
640 0.825
800 : 1.033

12

0.8 4
y = 0.0013x + 0.0007

06 A : ¢
R =1

. Absorbance

0.2 -

0 100 200 300 400 5007 600 700 800 a00

conc (mcg/ml) h

F igu.fe 1A Calibration curve of IB in rh.et._har.l.ol




Table 2 A Cpﬁcentration and absorbance data for IB in phosphate
buffer pH. 7.2

Concentration (mcg/ml) Absorbance
150 }.';:__Q.268
300 - -0.525
450 0797
600 1.058
750 1.319

Absorbance

1.4

1.2

0.8

0.6

0.4

0.2

1 y = 0.0018x + 0.0014

N - ) . .R :1

T T ¥ T i T

v"vL ;0 100 200 300 400 500 600 700 800

Conc (mcg/mi) .

Figure 2 A Calibration curve of I'B.";ilx_i-.:p_')ﬁbspllate buffer pH 7.2
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Figure 3 A The UV spectrum of IB



" APPENDIXB
' DISSOLUTION DATA

'Tal_}le 1B Dissol'ﬁtio_nvdatav of IB raw material ]

time- .| %ocumulativerelease | Mean | sD
(min) 1 T 2% 3 | |

o |- 0| o 0 Bl 5
5 | 5670 | 6208 | 5645 | 5841 3.18
10 | 79517 | 7981 | 7245 | 7518 | 379
15 | 8077 | es3s | 7950 | 8289 481
20 8565 | 8939 | 8462 | 8654 | 249
30 | 9282 | 9382 | 9091 | 9252 | 1.8
45 | 9632 | 9632 | 538 | 9601 | 054
60 | 9722 | 97.00 | 9665 | 9699 | 0.30
75 o761 | o711 | 9679 | 9747 | o042
9 | 9813 | 9724 | 9679 | 97.39 | 068




Table 2 B Dissolution data of IPs at 1% CHCI3 (binding solvent)
Time % cumulative rele_a_g',_é:':. 1 Mean SD
(min) 1 2 :_ 3
5 1833 | 2008 | 2145 | 1095 157
10 3053 | 32307 | 3131 31.38 0.89
15 4137 | 4340 | 4241 | 4239 | 1.02
20 51.44 | 5338 | 5262 | 5248 | 098
30 67.38 | 69.09 | 6820 | 6822 | 085
45" |7924 | 8134 | soso | 8042 | 108
0 | 5:9'.;59 o184 | o118 | 9087 | 116
75. | o280 | 9507 | 9403 | 9397 | 114
o0 | o566 | sos | or2s | o701 | 123
Table 3 B Dissolution data of IPs 1.5% CHCIs (binding solvent)
Time % cumulative release Me‘ar} : '-_‘:.SD
(min) 1 2 3 _ |
0 0 0 Oy k3200 0
5 2183 | 2320 | 2520 | 23.41 1.70
10 34.07 | 3458 | 3436 | 3434 | 026
15 4569 | 4521 | 4311 | 4467 1.38
20 56.07 | 5483 | 5233 | 54.41 1.9
20 | 7198 | 6931 | es02 | 6900 | 296
45 86.46 _'_.'-_'-_ 8443 | 8061 83.84 2.97
60 9402 9222 | 8o3s | 9186 | 235
75 | 9802 | 670 | s5.44 | 9672 | 129
90 99'.9}'1'___'5 9‘9ﬂé3 9933 | 99.50 0.38
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Table 4 B Dissolution data of IPs 2 % CHCls (b_i__n__ding solvent)

Time - %gg_rhljiativ/e release Meévn'_:__" SD

(min) 150 2 3
0 0 0 o .0 0
5 |-1045 | 2208 | 23.08.| 2153 1.87
10 | 3200 | 3345 | 3433 | 3336 | 102
15 4340 | 4494 | 4609 | 44.81 135
20 5462 | 5481 | 5597 | 5513 of7:_3"'
30 69.72 69.28 | 71.32 70.11 1.08
45 84.48 | 85.40 | 8660 | 85.49 1.06
60 9164 | 9270 | 9378 | 92.71 1.07
75 95.37. | 9644 | 97.54 96.45 1.08
90 98_.._.13 | 9922 | 9957 98.97 0.75

Table 5B Dissolution data of IPs at a ratio of IBPVP K 30; 1 : 0.5

Time % cumulative release Mean | SD

(min) 1 2 3
0 0 0 O D 0
5 | 3008 | 3558 | 3545 | 3670 | 206
10| s526 | 5272 | 5100 | 5302 | 210
15 | 7112 | eses | 6666 | 6882 | 223
20 8327 | 8243 | 7976 | 8182 183
30 | 9203 9345 | 9113 | 9250 "_'.'."'1.22
45 9568 | ‘-"__éé.oa 95.74 | 95.83 0.22
60 o795 | 9749 | 9814 | 978 | 034
75 o861 | 9827 | 9843 | 9844 | 0.7
90 0052 | 99.05 | 9883 - _::.'-_3'95.13 0.35
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Table 6 B Dissolution data of IPs at a ratio of IB:PVP K 30; 1 : 0.75

Time E 'f_'-_:.%.cumulative release Mean SD
(min) 1 2 | 3
o | o o | _v_j._-_‘O': 0 0
5| 2070 | 307 3283 | 31.08 160
10 | 5078 | 5192 | 5419 | 5230 ._':-_"1.74
15 6884 | 7141 | 7086 | 7021 | 1.20
20 8385 | 8552 | 8569 | 8502 | 102
30 9188 | 9683 | 9700 | 96.23 117
45 10091 | 10175 | 10304 | 10190 | 1.07
60 1_(_)'4'._"15 104.09 | 10552 | 10457 | 0.82
75  -165.35 105.07 | 106.02 | 105.48 0.49
90 | 1062 | 10554 106.13 | 10696 | 0.36

Table 7B Disso_l_l_l_tion data of IPs at a ratio of IB:PVP K 30;1: 1 '

Time " % cumulative release Mean SD
{min) 1 2 3
o o 0 il 0 0
s| 3553 | s745 | 3895 | 37.24 182
10| 5759 | s812 | 5751 | 5774 | 033
15| 7635 | 7863 | 7727 | 77427 115
20| o107 | sara | o249 | 9243 | 134
30| 10168 | 10239 | 103.12 | 1024 0.72
45| 106.03 | 106.49 | 10623 10625 | 023
6o| 10654 | 10701 | 10612 | 10656 | 044
75 .'-_-5.1.06.92 107.39 | 106.74 | 107.02 0.3_-1":1""
90| 106.91 107.26.| 10673 | 106.97 |- 027 '.




Table 8 B Dissolution data of IPs at a ratio of IB:PEG 1450; 1 : 0.5

Time % cumulative release Mean sD
(min) 1 2 3
0 0 o 0 0 0
5 21.95 22.08 23.45 22.49 0.83
10] 33.82 34.20 36.34 34.78 1.36
15]  46.07 46.95 48.24 47.08 1.08
20 55.7 57.59 58.39 57.22 1.38
30 70.68 74.21 73.78 72.89 1.93
45| 85.94 89.39 88.20 87.85 175
60{ 93.00 95.48 95.03 94.50 1.32
75 96.74 98.26 98.29 97.76 0.88
90| 98.14 99.67 99.58 9813 0.86
Table 9 B Dissolution data of IPs at a ratio of IB:PEG 1450; 1 : 0.75
Time % cumulative release Mean SD
{(min) 1 2 3
0 0 0 0 0 0
5] 22.33 25.83 23.83 23.99 1.76
10| 36.45 40.86 37.59 38.30 2.29
15| 48.85 54.19 50.88 51.31 2.69
20 59.89 64.66 61.44 61.99 2.43
30| 74.91 79.36 75.61 76.63 2.38
45| 87.35 91.97 88.05 83.12 2.49
60] 94.04 97.58 94.62 95.42 1.90
75| 97.05 99.25 97.88 98.06 1.1
90| 98.32 99.67 98.92 98.97 0.68
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Table _10>B _ Dissolutiqn data of I

—

.-

Ps at a ratio of IB:PEG 1450; 1 : 1

Time % cumulative release Meah sSD
(min) T 2 3 -
o | o | o 0 0 0
5 2508 | 2658 | 2608 | 2558 | 050
10 _.4'2.35-' 4148 | 4211 | 4188 | 045
15 6032 | 5594 | 5683 | 57.70 2.32 -
20" 71.61 67.18 | 68.83 | 69.21 2.24
30 8539 | 8266 | 8420 | 84.08 137
| 45 0556 1 94.18 96.49 | 95.41 1.16
60 99.59 . 9920 | 10090 | "99.90 0.89
75" | 10140 | 10100 10210 | 1015 | 0.56
90 | 10172 | 10157 | 10268 | 101.99 | 060

Table 11 B Dissolution data of IPs at a ratio of IB:PEG 4000; 1 : 0.5

Tifhe % cumulative release Mean SD

{min) 1 2 3
0 0 o 0 0 0
5 2020 | 232 | 2433 | 2288 | 213
10 |'3355 | 3421 | 3422 | 3399 | o038
15 4318 | 4584 | 4485 | a4 1.35
20 5602 | 5896 | 5696 | 5731 | 150
30 | 7050 | 7385 | 7171 | 7202 170
s | 227 | er7e | 8536 | se1a | 142
60 s131 | 9523 .| o278 | 9311 .98
75 o454 | 97.67 "ésAo | oee27 | 1ei
90 9‘7,54 99.03 | 98.17 98.25 0.75

., bk



__Table 12 B Dissolution data of IPs at a ratio of IB:PEG 4000; 1 : 0.75

v Time’ % c_umu!ati\)e re__léavsev_ Mean SD
iy | 1| 2 3 |

0 o | o 0 0 0
5 | 2320 | 2583 | 2545 | 2483 | 142 |
0 | 3383 | 3709 | 3748 | 3643 | 227 |
15 | 4671 | soe6 | 4915 | 4884 1.99 |
20 57.34 | 6121 | 6181 | 6012 | 224

30 7109 | 7600 | 7398 | 7369 | 247
45 | 8699 | 8ar0 | 8728 | 8799 | 1.49
60 0405 | 9592 | o447 | 9481 | 098
75 9793 | 9894 | 9736 | 9808 | 030
9 | 9897 | 10024 | 9914 | 9945 | 069

Table 13 B Dissblu_tion data of IPs at a ratio of IB:PEG 4000; 1 : 1

Time ' % cumulative release Mean SD
{min) 1 2 3
0 0. 0 0 0 0
5 | 2445 | 2158 | o733 | 2645 | 174
10 3872 | 4138 | 3888 | 3966 | 149
15 5190 | 5571 | 5218 | 6326 | 242
20 63.72 | 6607 | 6188 | 6389 | 210
30 7991 | 8067 | 7580 | 7879 | 262
45 92.40 | 92.29 89.62___. g14a | 157
60 | 9777| 9703 | 9596 9692 | 091.
75 99.57 | 99.44 | 9911 | eea7 | o024
90 | 10012°| 9987 | 10003 | 10001 | 0.13
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Table 14 B Dis_sol_Uﬁén data of IPs at a ratio of IB:PEG'GOOO; 1:0.5

—

Time % cumulative release - Mean SD
{min) _ 1 2 3 |
o | o [ o e e [ o
5 20.45 19.08 2008 | 1987 0.71
10 31.68 | 3016 | 31147 | 31.00 0.77
15 43.03 41.24 4227 42.18 0.89
20 52.62 51.07° | 51.61 51.77 079 |-
30 67.32 | 6650 | 66.04 | 66.62 065 |
45 8318 | 8248 81.26 82.30 0.97
60 90.95 89.99 89.39 90.11 0.79
75 94,67 94.46 94.47 9453 | 0.12
90 | o718 | 946 | 9672 | 9679 0.36

Table 15 B Dissolution data of IPs at a ratic of IB:PEG 6000;1:0.75. .

100.30

_-. Time % cumulative release Mean SD
1 2 3

0 0 0 0 0 0

5 2420 | 2683 | 2545 | 2549 | 131

10 | 3897 | 4112 | 3836 | 3948 | 145

15 51.15_'-'-'" 5395 | s116 | 5200 | 162
20 | 6158 | 6517 | 6159 | 6278 | 207
30 7700 | 7900 | 7539 | 7713 | 181
45 9059 | 9161 | 8820 | 9013 | 175
60 9594 | 9772 | 9503 | o623 | 1.37
;'_:__3-:_'_'75 98.46 | 100.64 v,,ga.pzi‘_""_._- " 99.05 1.39
g0 9951 | 10170 | 9970 1.21
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Table 16 B Dissolutvi_on' data of IPsata ratib of IB:PEG 6'000; 1 01

Time % cumulative release -Mean sD
(min) - n 2 3 |
0 0. 0. 0 0 0
5 _24.9'5_ 2358 | 2383 | 2412 | 073"
107 | 411 |34 | 3846 | 3034 | 152
15 s668 | 5126 | 5226 | 5340 | . 288
20 | 67.55 | 622 | 63.34 6436 | 282
30 | sies | 7763 | 7878 | 7936 | 2.08
45 9292 ‘| so97 | 9188 | 9150 | 150
60, 97.8 96.44 | 9787 | 97.37 0.81
75 9984 | 9859 | 99.02 | 9945 | o074
90 | 10084 | 9951 | 1006 | 10025 | 0.64

" Table 17 B Dissolution data of IPs at a ratio of IB:PVP K 30:PEG 1450;
1:0.5:0.25 | |

25507

0.10..

- |Time % cumulative release Mean SD.
{min). - 1 2 v 3 7
0. 0 0 0 0 0
5 3283 | 3570 382 | 3558 | 269
10 | 4031 | s297 | 5425 | 5218 | 256
15 6586 | 7056 | 7072 | 69.05 | . 276
20 7883 | 8295 | 8350 8176
30 | 9331 | 9541 | o428 | 9423 | 00
45 9895 | 9876 | 988 9883
60 | ‘9963 | 9931 | sar3 | sese | 022
75 | o969 | 99s2 | 1006 | 9982 | 029
90 | 9986 | 9953 | 99.96 - 99.78 | 0.22




- Table 18 B Dissolution data of IPs at aratio of IB:PVP K 30:PEG 4000;

1:035:025
Time % cumulative release ~ Mean _. SD
(i) i 2 | 3 e
0 0 0D 82 A0
5 2783 | 3008 | 2083 | 2024 123 .
10 | 4376 | 4741 | 4578 | 4565 | 183
15 | eo024 | 6268 | 6404 6230 192 .
200 | 7678 | 7887 | 7774 | 7780 | 105
30 | 9424 | 9323 | 9284 | 343 | 072
45 97.01" | 9899 | 99.09 | 98.36 1.17
60 | orso. | 9967 | 9940 | 98.96 1.01
75 9972 | 10048 | 9933 | 99.84 058
o0 | 989 | 10016 | 9963 | 9980 | 027

Table 19 B Dissolution data of IPs at a ratio of IB:PVP K 30:PEG 6000; -

1:025:035
Time Y% cumu!aﬁve reiease Méan SD
(min) 1 2 3 '
0 0 b= #6 ¢ a4 O 0
5 3045 | 3183 | 3108 | 3112 | o069
10 ar16' | 4930 | 4847 | 4821 | .07
15 6256 | 6522 | 6370 | 6383 | 134
20 | 7s87 | 8019 | 7727 | 7778 | 220
30 | 9045 | 9308 | 9112 | 9154 | 136
45 | 9892 | 9682 | 9648 | 97.41 1.33
60 o786 | o748 | 9764 | 97.66 | 019
75 9790 | 9764 | 9792 | 9782 | 0.16
o | o830 | erer | 9820 | 9814 | 020
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Table20 B Dissolution data of IPs at a ratio of [B:PVP K 30:PEG 6000;
©1:035:025 S

|Time % cumulative release Mean S_D.
(min) 1 E ”
0 0 0 0 0 0
5 3245 | 33.83 36.2 34.16 1.90
10° 5669 | 5595 | 6048 | 57.70 | 243
15 7344 | 7144 | 7489 | 7326 | 173
20 | 8as7 | 8360 | 8372 | 8406 | 0.70
30 | 9554 | osea | 9237 | o3ss 1.59
a5 i 9832 | 9852 | 97.37 | 9807 | 062
" 60 98.87 | 9945 | 9803 | 9879 | 0.71
75 | 99.04 [ 9938 | 919 | 9887 | 061
9 | 99.08 9979 | 9835 | 99.07 | 072

Table 21 B Dissolution data of capsule filled with IB powder

Time %Curﬁulat}_ve release Mean B0
miny 1 L& 3 - ”
0 0 Fy 0 0 0
5 | 5665 | 5090 | 5515 | 5423 | 298
10 7053 | 6472 | 6326 | 6617 | 385
15 | 7656 | 7318 | 7221 | 7398 | 228
20 8114 | 7698 | 7650 | 78.21 | 255
30° 84.52 | 8306 | 8232 83.30 112
a5 | 8867 | 9045 | 8596 | 8836 | 226
60" __92.86_ | 9291 | 62 | cos0 | 362
75 9259 | 9639 | 88.53 | 9250 3.93
9 | 9330 | o715 | 9370 | e472 | 212
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Table 22 B Dissolution data of capsule filled with IPs at a ratio of
IB:PVP K 30:PEG 6000;1 : 0.35: 0.25

Time % cumuiative release Mean SD
(min) 1 2 3
0 0 0 0 0 0
5 25.40 23.90 284 25.90 2.29
10 43.18 4492 49.97 46.02 3.52
15 64.16 64.41 69.77 66.11 3.17
20 79.36 80.12 82.53 80.67 1.66
30 97.48 96.74 93.93 96.05 1.87
45 103.04 103.04 100.2 102.09 1.64
60 106.64 102.90 161.77 103.77 2.55
75 105.03 102.74 103.60 103.79 1.15
90 104.88 100.82 101.69 102.46 2.14
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 APPENDIX C

 PARTICLE SIZE DETERMINATION
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Table 1 C Particle size-vdi_s___t_‘fi't.jution of IPs at 1% CHCls binding solvent

. | Distribution Type : Number n= 200

Mean Diameter : 1.47 mm e SD= 039 "

size low _(hﬁcm) size in % size high (mCm under %

400 0. 500 0
500 0 8001 0

~ 600 5 700 15
700 25 800 4 :_:; .
800 | 65 1000 105
1000 13 1200 - 235

1200 18 1400 418

1400 | 24 3 1600 655
1600 145 -, 1800 | e0
1800 fod & 2000 - - 90
" 2000 45 2200 | - 94.5
2200 e 2400 98.5
' 2500° 99.5

PN

2400
2500 AT 2600 100

2600 05 2700 100

50
45
. 40
% 30 4
(=
o
g 25
o
|
® 20 4 B
15 -
10 |
5_ {
N |

s 10 S 00 1000 o 10000

" Particle size {mcm)

Figure 1 C Particle size distribution of IPs at 1% CHCI3 binding solvent
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" Table 2 C Particle size distribution of IPs at 1.5.% CHCI3 binding solvent

Distribution Type : Number n= 200

Mean Diameter : 147mm .- .- SD= 038

size low {mcm) ' size in % size high.(mcr under %

400 o 500 0
5‘_.__--.'.____500 o 600 0
" 600 1, s 700 R
700 4 800 5.
800 4.5 1000 9.5
1000 | 128 1200 22
1200 g 1400 39.5
1400 255 1600 65
1600 16 1800 1 e
1800 o 2000 e
2000 . 55 2200 | .f-_ %6
2200 25 2400 | o 985
2400 1 2500 99.5
2500 . 0.5 | 2600 100
2600 0 2700 100 .

% Fre:qu'encj}
N
(03]
1

R 10 100 1000 . 10000

Particle size {mcm)

T
(I S P P ——

" “Figure 2 C Particle size distribution of IPs at 1.5 % CHCI3 binding soivent




- Table 3 C Particle size distribution of IPs at 2 % CHCI3 binding solvent

Distribution Tybé : Number

Mean Diameter: 1.43 mm

n= 200

size low (mcm) | sizein%

size high'.(mcrr

under %

400 : 0
500 0.
600 | 2
700 N
800 < 65
1000 135
1200 o 155
1400 k D eali
1600 - 16
1800 . # 1z
2000 i
2200 15
2400 . 05
2500 | 0

2600 - =f

- 1200

500 -
600
700
800
1000

1400
1600
1800
2000
2200
2400
2500.
2600
2700

12,5
26

. 415

81.5

9725

655 -

98

99.5

- 100

100

100

40 1
35 ,
0] b
P
anl WA N

% Frequency

10 A

. Figure 3 C Particle size distribution of IPs at 2 % CHCIi3 bihding solvent

100

Particle size {mcm)

10000
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Table 4 C Particle size distribution of IPs at a ratio of IB: PVPK30;1:0.5 -+

n= 200 .o

Distribution Type :. Number
Mean Diameter : 0.84 mm sSD= 0.18
size low {mcm} size in % size high (mcm under %
400 0 500 0
500 3.5 600 3.5
600 6.5 700 10
700 14 800 24
800 45 1000 69
1000 235 1200 92.5
1200 7 1400 99.5
1400 0.5 1600 100
1600 4] 1800 100
1800 0 2000 100
2000 - 2200 100
2200 .0 2400 100
2400 E 5 2500 100
2500 i 2600 100
2600 0 2700 - 100
50
45
35 4
> t
2 30 - |
[+4]
g 25 i
4 i
5 20 - [ ]
S~ |
15 / |
|
10 -
e / |
1 10 100 1000 10000 |
: {
Particle size {mcm)

Figure 4 C Particle size distr

bution of IPs ataratiocf IB: PVPK 30:1:0.5
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Table 5 C Particle size distributibn of IPs at a ratio of IB : PV_F.’ K30;1:0.75

Mean Diameter : 0.94 mm

|Distribution Type Number

n="200

 SD= 0.17

- 156

size low (mc,m')‘ size in % - size high'(mcrr : “under %
400 0 500 0
500 2 600 2.
600 10 700 12
700 12 800 24
800 465 © 1000 705
1000 215 1200 92
11200 8 1400 1100:
11400 0 1600 100
1600 0 1800 100
1800 C 2000 100 -
" 2000 0 2200 100
2200 o 2400 100
2400 0 2500 100
2500 0 2600 100
2600 0 2700 - 106
50 - -
45 E
40 4 . e
> 35 4 : ]
[8) .
§ - 30 A
o 25 4
e
w20 - :
£ 15 J B
10 4 o
54 f ]
| o L ||
% 10 1000 10000

100

Particle size (mem)

Figure 5C Particle _sizé distribution of IPs at a ratio of I8 : PVP K 30 ; 1: 0.76'




“Table 6 C  Particle size distﬁbu_tiovn'of IPs ata ratio of 1B : PVP-K 30:1:1

~ Figure 6 C

Particle size dist_n'b.utjon of {Ps ata ratio of 1B : PVP K 30 N I

Dfstri_bdtion Type: Number S ne= _200 -
Mean Diameter: 0.89 mm _. . SD= 020
size low (mem) | -~ sizein % o - size high (mc * under %
400 05 - 500 05
500 65 | 600 7
600 7h 700 145
700 g 800 33
800 415 1000 74.5
1000 18.5. 1200 93
1200 - 55 1400 98.5
1400 154 1600 100
1600 0 1800° " 100
1800 0 2000 100
2000 0 2200 100
2200 0 2400 100
2400 0 2500 100
2500 0 2600 100
2600 0 . 2700 100
50 - - [
T 45 1 - !
40 A
35
>
e 30
- O
% 25 1
L\lc; .20 =
BT
04
{1 /1
4! 1
R I 0 _ 100 ) _1060 o 10000
Particle .size (hcm)
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Table 7 C . Particle size distribution of IPs at a ra_tid.of_IB‘: PEG _145'0;;.1 105

|Distribution Type: Number - © - n= 200

Mean Diameter : 1,34 mm ; i S T Sh = 0.37'

- sizé low (mecm) © . size in_% ; - size high (men] -'un_dér%

400 . o | o .| s00 0
:__-500v.- e B o S 600 o . 1
SR LR | | T T R 25
00| Bt 800 . . 75 |
g0 0 00 | | 175

S000 | R 1200 | 405
1200 185 1400 59
1600 775

il
o
162]

1400°
1600 1800 | 89

1800 65 2000 . 955

—
-k
&3}

2000 - F.o3 2200 | e85
2200 1 2400  ses
2400 0 25000 995
2500 : % " 2600- | 100

| 2600 . 0 2700 . ) . 1007

% Frequency
n
(4]

.8.

-0 U : —

i 1 : S0 w00 00 g 10000
|- . . . Particle size {mcm)

Figure 7 C ~ Particle size _dré:'.:ution of IPsata ratio of IB : PEG 1450; 1:05
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Table 8 C Particle size distribution of IPs at a ratio of 1B : PEG 1450 ; 1: 0.75

| Distribution Type : Number’

Mean Diameter : none "

SD = none

=

sizein% -

- size high (rﬁcrr . und'.er %. v

size low (mem) |
400 -
500
600
700
800 .
1000
1200
1400
1600
1800
2000
2200 .
2400
2500
2600

16.5

45
12
15

14.5

11

500

600

700

' 800

1000

1200

1400

1600

1800

2900 .

2200

2400
2500
2600

2700

0
0

835
975 .
995
100
100
100 -
100

45 4

40

Y Frequency
N
[42]
.

,5) |

!
{
c
|

Figure 8 C  Particle size distribution of IPs at a ratio of IB:

0 T 00

Particle size (mcm) -

1000 i . 10000

PEG 1450:1:0.75 -




Table 8 C Particle size .distn'bution' of tvPs., ata ratio'of IB : PEG 1450 11

160

Distribution Type : Number

Mean Diameter ;- 1.19 mm

n= 200

SD= 034

“size low (mcm)

sizein% . ' sizéhigh'(mc;n" "~ under%

400
500
600
700
800
1000
1200
1400
i1606
1800
2000
2200
2400,
2500
~ 2600

o~ | s00 R
o5 - | . 60 .| - 05
35 700 e

6.5 800 105 .

125 4 1000 - 28

285 . 1200 - 565

20.5 1400 . ' 77

115 LG - » T 885

6 ] 180 | 945

36k 2000 975
1 " 2200 - 985

0 - 2400 985

1 25000 | 995

0.5 2600 100

0 2700 o - 100

© 25

% Frequency

15 4

10 A

i

10 _ 100 _ 1000

Particle size {mcm)

Figure 8 ¢ Pérticle size distribhtio_n of IPsata fatio_ of iBIPEG 1450 1: 1.

© 10000
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_ Table 10 C - Particle size distribution of IPs at a ratio of IB : PEG 4000; 1: 05~

Distribution Type : 'N_umber. - S . .n= 200

Mean Dfamefe,r: 1.09mm . -+ SD=032 .

size low (mcm) sizein% . . sizehigh(men]  under% 3%

a0 |- 0o | s0- | o
- o500 55 ~ e00 |- 55 |
600 s | w0 | s
700 155 Cs0 | 24

800 175 000 | 415
1000 22 ¥ 1200 - | 635
1200 17 1400 805

1400 ' 12 1600 ’ 92.5
1600 "L fa5 1800 . 97

120 : 3 ' 2000 ) 100
2000 _ 0 2200 | 100

2200 2400 100

2400. 2500 | 100

© 2500 2600 100

[e R oo SRS <o TS =

. 2600 2700 © 100

VT I

40

25 -

ol : . . { J 5
.5 ] I | . . i . i 1[ H BE
e | ! :
I i : :
. | . | o M | 'i irl viii'l

EE 10 . 00 . - “1000 ' oo |

% Frequency

- Particle siza (mem)

" Figure 10°C Particle Size distribution of IPs ata ratio of 18 : PEG 4000 ; 1: 0.5
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Table 11 G Particle size distribution of IPs at a ratio of 1B : PEG 4000 ; 1:0.75

100 . 000
Particle size {mcm)

Figure 11 C Particle size distributi_bn of IPs at a ratio of IB: PEG AQ_OO V1 0.75'

Distribution Type : Number - n= 200
Mean Diameter :- None - , - SD = None -
size Io_\:/v (mom) " sizein%  size high (mcim] “under %
400 | 0 500 | o
© 500 25 600 25
- 600 0 700 25
700 6 800 8.5
800 15.5 1000 24.
1000 - 16.5 1200 40.5
1200 19 1400 59.5
1400 16.5 1600 76
1600 185 1800 94.5
1800 4 2000 985
12000 - 1.5 2200 100"
2200 0 2400 100
2400 0 2500 100.
2500 - 0 - 2600 100-
2600 0 2700 100. -
50 ' ' _
o | ‘
g = | | _
|
> ! o
g5 304 | b
s 201 ;
15
0 1
5 | |
0 ! |
1 10 10000




- ;ﬁistﬁbution Type: Number _: n= 200
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Table 12 C Particle size distribution of IPs at a ratio of B : PEG 4000 ; 1: 1

 |Mean Diameter : 1.14 mm. . ..i° SD=1029

size low (mcm). size in % size high (mcm under%

400 ” 0 500 S0
500 2 o P
600 TiE | 700 5
700 115 800 BT
800 19.5 1000 ;, 36
1000 24 1200 9. | 60
1200 27 1400 87

1400 & 5 1600 025
1600 5 180§ ' 97.5

1800 . 2. 2000 100
2ooo*ff; 2200 _;:F:1oo
2200, 2200 | 100
2400 2500 s 100

... 2500 2600 100

O o o o o

2700 160

2600

45

40

% Frequency
"
133
A

1 o 100 1000 10000 1
Particls slze. {mcm)

Figure 12 C ____I.D'_a.r.{i'cle size distribution of IPs at_a__"r"atio ofIB:PEGA400C : 1: 1




Table 13 C Particle size distribution of IPs at a ratio of IB : PEG 6000 ; 1 : 05"

164

Figure 13 C° Particle size distribuﬁon o_f IPs at a.ratioof IB : PE__G GOOQ :1:05

Distribution Type : Number - n="200
Mean Diameter : 1.37 mm SD= 038
_size low (mcm) size in % size Hfgh (mém under %
400 0 500 L GRS
500 15 600 15
600 0.5 700’ 2
700 1.5 800 35
‘800 - 13.5 1000 17
1000 155 1200 325
1200 - 235 1400 56
1400 19 1600 75
1600 125 1800 875 -
1800 45 200 Y
.2000 - 5 22000 97
2200 25 2400 99.5
2400 . 05 2500 - 100
2500 0 2600 100
2600 0 2700 100
50 v ‘ ‘ T
45 i
|1
40 | | ,
| | !
& 30 4 i : |
S |
g 25 ‘
i 15 o
. i 1
] i H
] i P 3 !1
. 2k 3
1 10 100 - S 10000 10000
Pémd_e size (mem) < £ i
R .



165

 Table 14 C  Particle size distribution of IPs at a rafio of IB : PEG 6000 1: 075

Di‘stn'b_uiion Type : ‘Number v

' Meah Diameter : 1.31 mm, ;

n= 200
SD= 036

" size low (mcm)y

sizein%

- size high (merr’ " under %

-400 -
506
600
700
800
1000 -
1200
1400
1600
1800
2000
- 2200
2400
2500

2600 .

0

0.5
: 18

55

16.5°

22
21.5
14

10.5

1.5
2.5

s0 | o

600 | o5

700 . 2

800 ' .15

1000 7S :
1200 - 1 46
1400 675
1800 | 815
1800. 92
2000 | e

£ 2200° 975

2400 ' 100

2500 " 100

26007 100

o0 100

45

40

25 4

" % Fraquency

15 A

10 4.

E. R i
mil 1) ‘:'
| "
i_. ‘\ ' 3

10

100

RN 110000 |

Particle size {mcm) : . =i 1.
} _ . : . i

_Figure 14 C  Particle 5fze_distribgtidn of IPs at a ratio of IB : PEG 6000; 1:0,75 _
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Table 15 C Particle size distribution of IPs at a ratio of 1B : PEG 6000;1:1

Figure 15 C

_Particle size distribution of IPs at a ratio of 1B : PEG 6_(_)00 1t

. |Distribution fype: Number;' : n= _200 S
[Mean Diameter ;: 1.33 m_m" | SD = 0.36 -
size low (fnqm) - sizein% size high (men] uhder%_
400 05 500 Sl o5
500 - 2 e | 25
600 12 700 - 35
700 3 - 800 " 6.5
800 95 1000 16
1000 23 1200 - | 39
1200 19.5 1400 58.5
1400 17 1600 755
1600 115 1800 - . | 87
1800 - 10.5 2000 | 95
12000 25 2200 100
2200 0 2400 - 1 100
2400 0 2500 - - | . 100
2500 0 2600 - - | 100
2600 0 Zrolise. & 100
50 b
45 =18
&
.40 . ¥
g 30
% 25 -
= 20
15
| i
10 4 : “ - |
0 ’ :
; .10 . 00
~ Particle size (mem) !
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Table 16 C  Particle size distribution of IPs at a ratio of IB : PVP K 30 :PEG 1450;1:0.5:0.25

Distribution Type : Number

Mean"Di,_améter - 1.03 mm

Cn= 200

SD=025

size low-(mcm)

sizein %

size high (men

under %

400 .
500
60"

- 700.
800
1000 -
1200
1400
1600
1800
2000°
2200
2400 -
2500

0

0

)
20.5 .

26
28

500
600
700
800
1000
1200
1400
1600
1800
2006
2200
2400
2500
2600

2700

5
0
'3

235

495

775

91
96
100
100
100
100

100

100 -

100

2600

50

45

40 -|

% Frequency
]

_ Figure 16 C  Particle sizevdistribution"of_ IPs at a ratio of 1B : PVF> K 30 :PEG 1450_; 1:0.5:025 srtens

100 o

Particle size (mcm)

10000 .




Table 17 C Pamcle size dustnbunon of IPs at a ratlo of B: PVP K 30 PEG 4000; 1.: 0 35:0. 25

o Dlstnbutlon Type Number - ... n= 200
Mean Dlam_eter.v 1.17 mm '_-' S : _ SD= 0.24
Csizelow (mem) | sizein% : size high (mcr1 under%. -
a0 | o0 50 0
500 . 0o 600 . . 0
600 sl aldR e v | 1s
700 7 800 85
g0 | 18 1000 245
1000 Bk 1200 . 585
1200 285 1400 e
1400 8 1600 95
1600 S 1800 : 99
1800 1 2000 : " 100
2000 g o 2200 © 100
200 |- 0 2400 1 100
© 2400 | 0 2500 100
2500 . 0 2600 b 100
2600 R - 2700 | - 100
- g ; ¥
“ - } | (H Al
40 A o . E‘fi L1
35 | o i H ! L
AR X
I Eoa :
g 25 - It‘ ;
£ z - B |
= TN !W ke
15 i l i;‘! l P l
‘ R ! P ?
10 4 o ! | I‘,; : S L
) 'v IA ' H ‘ v '
S IR I TR A SRR
. | | ! S
R o 10 00 1000 BRI VAV
- .. Particle SEe (mun) N

Frgure 17 o Pamc|e size d;stnbutxon of lPs at a rano ol 3 PVP K 30 PEG 4000; 1: 0 35 0 25



Table 18 C Parucle size d:stnbutlon of lPs at a rat:o of 1B PVP K 30 :PEG 6000 1! O 25: O 35

Flgure 18 C Pamcle size dxstnbution of IPs at aratio of 1B ; PVP K 30 PEG 6000 1:0. 25 0. 35

K Dlstnbutlon Type Number n= 200
Mean Diameter:-1.16 mm SD=-0.24
size low (mecm) sizein % - . size high (mcn(’ under %
400 0 500 0
500 0.5 600 0.5
600 05 700 1
700 45 800 55
800. " 145 1000 20
1000 28 1200 48
1200 345 1400 82.5.
1400 14 1600 96.5
1600 35 1800 100~
1800 0 2000 108
2000 0 2200 100.
. 2200 0 2400 100
2400 0 2500 100
- 2500 0" 2600 100
2600 0 2700 100
50 T - . T I: T — ]’
ro | ‘ : I R ‘f
R} | ! ! P
a4 J ] sy
' o ' i { fioi 3
.. 35 h f ; i i l | ‘ NPt
5 30 : 1 i
% 25 4 | | ';
e { 1 2
£ 20 - i i 2.
- EEE
‘ /i . ' ! ’ j
5 Lo . -
5 : o, l|
0 L : t
1 10 T 00 1000 10000
Particle size (mem)
|
|
|
L - E—— ———— o — Pl L 5
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Table 19 C  Particle size distribution of IPs at a ratio of 1B : PVP K 30 :PEG 6000; 1 : 0.35 : 0.25

Distribution Type :

Number

Mean Diameter : 1.19 mm-

SD = 0.21

n= 200

size low {mcm)

T sizein %

size high {mcm

under % .. .«

400
500
600
700
800
1000
1200
1400
1600
1800 -
2000
2200
2400
2500
2600

500
600
700
800
1000
1200
1400

1600 3
3_1800
2000
2200
2400
2500
2600

2700

0.5
0.5
1.5
18.5
54
83.5
97
100
100
100

100

100575

100

‘ % Frequency

-3
(=]
L

25 A

20

15 4

jl J

10

)l

Particle size {mcm)

10X

Figure 18 C  Particle size distribution of IPs at a ratio of I8 : PVP K 30 :PEG 6000; 1: 0.35 : 0.25
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APPENDIX D
SIMILARITY FACTOR DATA

' _Table 1 D. Srmrlanty factor between drssolutron proﬁles of IPs at vanous ratros of - :
PVPK3O IB: PVPK 30 |

~ Formula | Similarity factor “f2”
1:0.75 v ' 1245 '
11 i - 5520

* Usmg drssolutmn curve of the formulatlon ofIPs at a ratio of IB : PVP K 30; 1 O 5 '.

as reference

Table 2 D Sumlanty factor be*ween dlssolutlon proﬁles of IPs at various orades and

ratros of PEG ;1B : PEG

Formula b Similarity factor “f2”
[1-05PEG 1450 63.35
1:0.75 PEG 1450 8225
I:1PEG 1450 70.15
1:0.5 PEG 4000 5965
1075 PEG 4000 T 69.55
1-1PEG4000 | 92.40
I: 0.5 PEG 6000 ' 49.55
1:0.75 PEG 6000 87155

* Uéing d_isso_lution curve.of the _fo'rmulationlof IPs at a ratio of IB : _PEG_ 'v6000;_ Pl :

" as reference

: Table 3D Snmlarrty factor between dissolution proﬁle of IPS at various ratios -

of PEG 1450 ]B PEG 1450

Formula .- |  Similarity factor “f2” .
1:075 RS
S . - 55. 20

* Usmg drssolutron curve. ofthe formu}atron of IPs at a ratio of IB : PEG 1450 l 0.5 :

" as reference



__Table 4 D Slmllanty factor between drssolutron proﬁles of IPs at varlous rat10 |

' ofPEG 4000; IB : PEG 4000

Similarity factor “2”

Formula
:075° | . 7120
1 | - 5965

* Usmg dlssolutron curve of the formulatron of IPs at a ratio-of IB PEG 4000;1 : 0 5

as reference

Table 5 D Similarity factor between drssolutxon profiles of IPs at various ratio -
“of PEG 6000; IB : PEG 6000 |

Similarity factor “f2”

. Formula ‘
1-.0.75 52.85
Ll 50.20

* Using dissolution curve of the formulation of IPs at a rat_io.of IB : PEG 6000;1 1 0.5

‘as reference

Table 6 D Similarity factor between dissolution profiles of IPs at various mixingvratiq

of PVPK 30 and PEG; IB : PVP K 30 : PEG

Similarity factor “f2”

" Formula
Tz G5 0.25PE;G1450' 72.90
1:0.35: 0.25 PEG4000 54.30
'1:0.25: 0.35PEG6000 58.05

* Usmg dlssolunon curve of the formulatron of IPsata raho ot B : PVP K 30

PEG 6000 1: O 35: 0 25 as reference
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Table 7D: Slmllanty factor between dxssolutlon proﬁles of IPs at various grades and

ratios: of dlspersmn carriers 7

Formula Similarity factor
T:05PVPK 30 35.80
[1:075PVPK30 73315
1:1PVPK30 28.40
1:0.5 PEG 1450 76.85
1:0.75 PEG 1450 6_2.5.0
I:1PEG 1450 4745
1:0.5 PEG 4000 83.60
1 0.75 PEG 4000 70.05
1 :1 PEG 4000 56.50
[1:0.5 PEG 6000 77.55
I-0.75 PEG 6000 59.65
1:1PEG 6000 56.00 -
I': 0.5PVP K 30 :0.25 PEG 1450 3540
I:0.35PVP K 30: 0.25 PEG 4000 39.25
1:0.25PVP K 30 : 0.35PEG 6000 3925
I 0.35PVP K 30: 0.25 PEG 6000 33.60

* Using dissolution curve of the formulation of IPs (drug alene) at 1.5 % CHCls _as'-ﬁ"

. reference -
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