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OZET

Geyik, M. S. Ak kan Yatakl Kurutucu Sistem (Fluid Bed) Proses
Parametrelerinin Okskarbazepin ceren Granul Ve Tabletlerin Ozellikleri
Uzerine Etkisinin ncelenmesi. Yakn Dou Universitesi Salk Bilimleri
Enstitiist Farmasotik Teknoloji Program , Yiksek Lisans Tezi, Lefkoa, 2010.

Bu ¢al man n amac diilk ¢ozunurliie sahip bir etkin madde bazl formilasyonun
ak kan yatak proses granilasyon parametrelerinin skEgn karakterleri ve der
fiziksel 6zellikleri Gzerine etkisini incelemektir.

Bu cal mada didk c¢ozunuarlikli model etkin madde olarak Okskarpare
secilmi tir ve bu etkin maddenin 3 fark partikdl buyudklii (3 pm, 45 pum, 70 um)
iceren formulasyonu Huittlin alttan puskurtmeli &an yatak grandlatér kullan larak
granul edilmitir.

De i ken proses parametreleri, gihava s cakl , giri hava debisi, spreyleme oran
ve spreyleme bas nc d r. Granulasyonunda sadecen 48170 um ortalama partikal
blyukll G iceren Okskarbazepin formulasyonlar Manesty XSgrkullan larak
tabletlenmitir. Tabletler, ortalama tablet al , da Ima zaman, nem, sertlik,
a ma, miktar tayini ve cb6zinmen iceren itie fiziksel ve analitik kontrollere tabii
tutulmu tur.

Cozunme testleri, saf su ve yuzey aktif madde igesaf su ortamlar nda
gercekletirilmi tir. Bu testler dei ken ak kan yatak proses parametrelerinin en
yuksek etkisinin 45 pum ortalama partikil bUyuklinde Okskarbazepin iceren
formulasyonun ila¢ sal n m 6zelliklerini Gzerindielo unu gostermitir.
Okskarbazepin bazl formilasyona yluzey aktif mataeesinin etkisini gostermek
amac ile baz formulasyona %1 sodyum dodesil sidkdndiine saf suda 2 saat
sonunda %99.7 etkin madde a;¢ km tr.

Anahtar Kelimeler: Akkan vyatak granidlasyonu, okskarbazepin, proses
parametreleri, partiktl buyuklil, di Uk ¢oziandrlie sahip etkin madde
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ABSTRACT

Geyik, M. S. Investigations of the effects of fluidbed granulation process
parameters on the granulation and tableting propertes of oxcarbazepine based
formulations. Near East University Health Sciencegnstitute M.Sc. Thesis in

Pharmaceutical Technology Program, Nicosia, 2010.

The goal of this study was to investigate the e$feaf fluid bed granulation
processing parameters on the drug release chasticeerand other physical
properties of a poorly soluble drug based formatati

In this study, Oxcarbazepine was selected as thagehpmorly soluble drug and the
formulations containing three different particlees (d(0,5): 3 um, 45 um, 70 um) of
this drug were granulated using a Huttlin bottomaggfluid bed granulator. The
variable process parameters were inlet air tempexagirflow, spray rate and air
pressure. Only formulations containing Oxcarbazepwith 45um, 70um mean
particle size were resulted in granulations whicérevthen compressed using a
Manesty Xspress. Tablets were subjected to vandysical and analytical post
compaction tests including average tablet weigljnteégration time, hardness,
friability, assay and dissolution.

The dissolution tests were performed in both diestilater alone and distilled water
containing surfactant. These tests showed, thayingrthe fluid bed process
parameters showed its highest impacted the drugasel properties of the
formulations containing Oxcarbazepine with a meaigle size of 45 pum.

When 1% sodium dodesil sulphate was added to the tmmmulation in an attempt
to show the effects of adding a surfactant to tixeatbazepine based formulation,
99,7% drug dissolved in distilled water in two haur

Key Words: Fluid bed granulation, oxcarbazepinecpss parameters, particle size,
poorly soluble drugs
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1. INTRODUCTION

Pharmaceutical Technology developed widely on thbjest of drug
formulation design especially on the developmendroiy formulation designs with
high industrial viability intended for the increagiof solubility of low soluble active

ingredients in immediate release solid dosage forms

Since it is known to increase the solubility withetchoice of different
equipment and technology in addition to the exafseused and formulation

changes, there is a great concern on this suljectiustrial drug development.

It is possible to increase the solubility of lowlidde active ingredients in a
certain ratio with the solid drug production teclugies and the controls of critical

process stages of these technologies.

In the mean time, it is well known that particleesi particle shape and
specific surface area of an active ingredient hameinfluence on the solubility.
Capan (2004)

In addition to the active ingredient, the influenoé physicomechanical
properties of the granule on the dissolution ofgdpuoduct is in the scope of this
thesis. Baykara (2004)

For that purpose, the usage of low soluble Oxcaiae active ingredient
with different particle sizes, changes in the psscgarameters of production
technology and the demonstration of formulationng/es on the degree of influence

on dissolution are the objective of this thesislgtu



2. GENERAL INFORMATION

2.1. Theory and Technology of Granulation

Granulation, being an industrial terminology ac@ogdto Ennis (2007), in
general terms, is regarded as procedure of stiwmingowder mixture with foreign
intervention, agglomeration and later on, size geawr size extension of that

powder.

In our study, tableting technology is explained separate headings, by
knowing granulation techniques and the granulasisran intermediate step in tablet

production.

According to Fonner et al. (1981), characteristoifsgranule should be
understood well since tablets are obtained withgtia@ules. These characteristics are

summarized as follows:

- Particle size measurement and interpretation
- Particle shape

- Surface area

- Density

- Robustness and friability

- Electrostatic properties

- Flow properties

- Consolidation and ease of handling

According to Birudaraj et al. (2007), although tiranule properties have an
influence on dosage form, chemical and physicalpgries directly affect the

compression of tablet.



Purpose of granulation according to Khatry (2053ummarized below:

- Enhance flowability

- Enhance dispersion

- Enhance dissolution or reduce the activation eneiglyighly soluble drug
substances

- Enhance stability

- Avoid segregation

- Enhance compressibility

- Reduce formation of dust

2.1.1. Granulation Procedures and Equipments

According to Kristensen (1988), Kristensen et B985), granulation process,
to adjust the particle size of powder mixture bglageration, is a required process

for dosage forms, especially for tableting techgglm pharmaceutical industry.

According to Parikh (2008), it is expected from theaterial that is
compressed into tablets, to have sufficient humidiensity and compressibility.
According to Celik (2008), the properties of thevwoer to be compressed are very

crucial for production at rotary type tableting rhaes.

As a conclusion, general purpose of granulatiaim isnhance the flowability
and compressibility of a powder mixture. Rupp (1977

In addition to these, according to Brittain et £991) followings are
required,;
- A powder mixture with specific density and reduntaf powder formation
- A powder with narrow particle size distribution

- Improved dissolution property of finished produetlet



According to Parikh (2008), granulation propertiepend on the surface area

and size of the components in the formulation.

According to Strahl (2004), at pharmaceutical indysn order to disperse
drug substance in a formulation homogenously, to, @djusted the density and to
fill by gaining good flowability properties or tampress, there are two granulation
processes for classic solid dosage forms. Thesewate and dry granulation
processes. However, hot-melt granulation is anogthecess used according to the

goal.

Each process in principle has differences in teofngranulation equipment

and excipients used.

2.1.1.1. Hot-Melt Granulation

According to Wong et al. (2007), product followitige process is called hot-
melt agglomerate while process is named as hot-mehulation or hot-melt
pelletization. The basic principle of this processimilar to wet granulation.

At this process, which has applications in indestriother than
pharmaceutical, the most important topic is to hawmiform final shape by melting
materials with binding properties (PEG 2000 — 1QOp&raffin etc) and without
using solvent. Several studies stated the findihgs$ by using this technology,
dissolution and density of drugs products in fowhgranule, capsule and tablet are

enhanced.
The advantages and disadvantages of this processiarmarized below:

as binder, process steps are short, particles achamically stabile, particles
with narrow size distributions are achieved, used thste masking and allow

developing controlled release dosage forms.



Requires high energy input, not being appropriatenfaterials sensitive to
heat, not being able to use the substances with n@iting point and process
optimization for substances with variable temperato be hard are acknowledged

as disadvantages.

Commonly high-shear type mixers are used for thixgss, however usage

of fluid bed granulators and coating pans are siated.

2.1.1.2. Granulation

First approach of granulation is to agglomeratepibwder, to provide pellets

by compression or compaction.

According to Parikh (2008), agglomeration of powdexture is provided by
means of pressure-power (tableting machine or cotopa Thus, powder mixture is

obtained as compacts forms like layers or slugaldets.

According to Baykara (2004), examples with thisngiation technique are as

follows;

- To compress slug tablets, then to sift throughsieyes after crushing them
- To get compact powder by a compactor and thenftahsough dry sieves

within the same system

With the equipment shown in figure 2, powder is fienn the top, compacted
between the disks rotate reversely and the comghgobsvder is sieved from a
specified size sieve that provides a specified flmwperty is collected from the

bottom.



Figure 2.1.Compactor for dry granulation

Van der Waals power that holds the powder mass thegeand
compressibility of powder are essential for thisqass where different equipments
used (for compaction and sieving). With this desi§a binder should be used, this

is known as dry binder.

2.1.1.3. Wet Granulation

According to Kristensen and Hansen (2006), wet @edion occupies an
important place in the pharmaceutical.

According to Kristensen and Schaefer (1987) wenhgedion is a process
where small particles are agglomerated as partistble bigger particles or
aggregated.

With this granulation process, the need of a licgutdstance (water, alcohol),
binder, equipments with different properties (mjxsift, dryer) and may be other

excipients, is essential.



According to Fonner et al. (1981), binding of pads to each other during
wet granulation is formation of liquid bonds in tagglomerates getting bigger with

humidity during wetting process.

It is possible to classify binding materials untleree groups; According to
Hamed et al. (2007)

- Natural polymers: Starch, pregelatinized starclatge acacia, alginic acid,
sodium alginate

- Synthetic polymers: Polyvinylpyrrolidone (PVP), Mgt cellulose (MC),
Hydroxymethyl cellulose (HPMC), Sodium carboxyméthgellulose
(Sodium-CMC), Ethyl cellulose (EC).

- Sugar based: Glucose, Sucrose, Sorbitol

The factors determine the efficiency of the bindeas be classified under

two main groups.

- Properties of drug substance and excipient
o Particle size

o0 Solubility

- Properties of binder and solvent system
0 Mechanical properties of binder
0 Interaction between binder and surface
o Viscosity and surface tension of binder solution
0

Properties of binder
2.1.1.3.1. Wet Granulation with Shear Type Equipmets
According to Parikh (2008), the equipments with hatcal mixers used for

wet granulation are divided into 3 main groups gleearing strengths; Low-shear,

high-shear and medium-share or continuous gramslato



For continues granulator many names are used inlitdwature; rotary
processor Holm et al. (1996), rotary fluidized bBarko lu et al. (1995), Rotary
fluidized bed granulator Jaeger and Bauer (1982foRfluidized bed granulator
Leuenberger et al. (1990), Fluid bed roto granulsiigopala et al.

Table 2.1.Mechanical mixer systems and equipment models

Shear tip mixer/granulator group Examples of different granulator

Twin shell or double cone, planetary
Low-shear granulator . . )
mixer, ribbon blenders, sigma blade.

Loedige type system with bottom mixer

High-shear granulator _ _
GRAL type system with top mixer

Medium-shear / Continuous Roto type system with top mixer (Fluid

granulator bed) system

Low-shear mixer; Chirkot and Propst (2007), is ¢femeral name given for
those generally having agitation speed appliedotwder, sweep volume of powder

or pressure in the bed are less than high shear.

When the detailed literatures Hausman (2004), Rg207), Lieberman et
al. (1990) are reviewed, it is said that low-shg@nulators produces granules with

different properties than others.

High-shear mixers; Scahaefer et al. (1987), Schafal. (1986), Giry et al.
(2009), shape of mixer binder is generally cylind@r conic. In the mixer there is
an impeller with 3 blades and a chopper other ti@nmixer. Depending on the
mixer position, upper or lower, the copper locatianthe binder can differ. The

figures of known low-shear and high shear type nsbe@e shown below.



(@) (b)

Figure 2.2.Low-shear equipment models

Ribbon blender (a), planetary mixer (b) sigma kexdige mixer (c).

Figure 2.3.High shear equipment models

Bottom mixer and vertical shear equipment (a)

Top mixer and top shear equipment (b)

Different process techniques affect the physicalpprties of the granule,
Faure et al. (2001). A granule property in the afiects that of finished product.

Giry et al. (2009), though these granulators cafopa the same application,
the final products may be very different from eather. The differences are caused

by the different process requirements of each daamu

Gokhale and Sun (2007), after pouring the powdetture into the mixer, at
the mixing step homogenous mixture should be obthifiime to reach homogenous
mixture depends on the unit mass and the amoumiogEment property of the unit.
At the same time, different homogeneity level clenfyjom one to the other mixer.

The mixing step is followed by the addition of bémdsolution and type and
amount of binder depend on the type of mixer chdeemvet granulation. This was
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shown by Nouh (1986), the differences of partict® @nd the density granule at the
study using different binders in sulfadiazine fofatiwon by means of fluid bed and
classical procedure. Sheskey and Williams (1996)jfopmed niacin amide
formulation by using low-shear and high-shear giaious and no significant

difference was report for the apparent density.

Generally it is known that; the bulk density valudgained by the processes
using low-shear tumbling granulator are in betwtwet of using fluid bed ve high-
shear granulator. When a similar evaluation is immed for morphology of the
granule, it is known that more porous granules abtained with low-shear
granulator than with a high —shear granulator, irears(2004).

To understand the granulation process is impodice after all it affects the
behavior of the tablet or capsule. If we summatimefactors affect the granulation
according to Leuenberger (1982), Badawy and Hug24i64), Knight et al. (2000),
Badawy et al. (2010), Holm et al. (2001), Knigh®9B), Kristenen (1988):

- Equipment type

- Mixture type and position

- Chopper blades and speed
- Type of binder

- Amount of binder

- Time of binder addition

- End point of granulation

- Mixing speed

- Mixing time

Other than these, there are also API, formulatimhenvironmental factors.

Sherif and other (2000), after these steps, thexetlee sieving of the wet
mass, drying, determination of flowability and diénsf dried mass by sieving steps.
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After granulator, type of drier, properties of srey/grinding equipment are the other
critical equipments that influence the propertiepawder.

2.1.1.3.2. Wet Granulation with Fluidized Bed DryerSystem (Fluid Bed)

Fluidization theory and technology was taken paihie literature years ago,
Othmer (1956), Zenz and Othmer (1960), Scott ot{ile363). Fluid bed technique is
used for drying Vanecek et al. (1966), for coatitmpinson et al. (1968) and lately
for granulation in the pharmaceutical. The first a$ fluid beds for the production of
granules of tablet was mention by Scott et al. )96

Fluid bed granulation is a complex process thahgle properties may affect
both product and process parameters. Product pteenmclude parameters of
excipients, physicochemical properties (particike ssurface area, solubility in water
etc), type of binder and concentration of bind@ccording to Scahaefer and Worts
(1977), Scahaefer and Worts (1978), process paeasnate inlet air temperature,
inlet air pressure, spraying pressure, binder sditate, and nozzle height and
spraying angle.

Powder mixture is exposed to a pressured air flmrbbttom to the up of the
granulator at fluid bed granulation. Binder is $f@h to the bottom of the powder
bed in reverse direction. Granules are formed kkisg of liquid particles on the
solid particles. Partial drying process is contshuwenstantly. Process is continued
till the powder agglomerates under a humidity beégaBalance may not be constant,
therefore attention should be paid. The last drnstep is started after the end of
binder spraying by hot air flow.

If we explain the development of fluid bed granwattheory; fluid bed
process was used to coat tablets first by Wurdi@8@) by means of air suspension
technique, and the tablets that were compresseir lsyspension technique prepared
with the appropriate granules and drying was regubrt

Scott et al. (1964) by using a fundamental engingeapproach reported the
theory and design factors of the process by applymass and thermal energy
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balances. They widen this application to a piladoction model of 30 kg capacity
for a mass and continuous process. Process varidikke air flow rate, process
temperature and fluid flow rate were studied. Latey Contini and Atasoy (1966)
reported the process details and the advantagésidfbed process at continuous

stage.

Wolf (1968), discussed the main structural propertiof fluid bed
components, Liske and Mobus (1968) compared fledlibed and conventional

granulation process.

All results show that the material processed withdf bed granulator has
finer and more flowable homogenous granules tham o with conventional wet
granulation procedure and thus tablets, comprelgadsing granules having these
properties, having with more strong and fast degjrétion were obtained.

One of the most common unit process used at Phautieal industry is fluid
bed process. To upscale by using fluid bed gralmmatunctionality of equipment,
theoretical approach of fluidization, interactiohexcipients and all supplementary
variables affects the granulation process shouldngerstood well.
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2.1.1.3.2.1. Equipment Properties

As with any granulating system, in fluid bed graatigdn processing, the goal
is to form agglomerated particles through the uSéioder bridges between the
particles.

According to Parikh (2007), to achieve a good glaimn, the particles must
be uniformly mixed, and the liquid bridges betwélea particles must be strong and
easy to dry. Therefore, this system is sensitiveh® particle movement of the
product in the unit, the addition of the liquid #er, and the drying capacity of the
air.

The components that build up a fluidized bed sysiesrpresented below.

- Air handling unit and air inlet

- Pre-filter and heater fan

- Product container and dust collector filter
- Spray nozzle

- Disengagement area and process filters
- Exhaust blower or fan

- Control system

FB systems have different types with respect toldlation of spray nozzle
where binding solution is sprayed over the powdassrsuspended in the air. These
FB systems are known as top spray, bottom spraytargential spray Diedrich et
al. (2009). Schematic representation is presergtmhb
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(Top spray) Bottom Spray (Wurster coating) (Tangential Spray)

Figure 2.4. Schematic drawing of 3 different fluidized bed rgrkation systems
considering spraying point location.

The FB system used in this study is a system, knasvdiscjet technology,
where spraying system is localized in the bottondtribution filter. In this bottom
spray system, spraying nozzle is located in the siieped metal table in a tangential
way, Erdil et al. (2009). In addition, this metasd had such characteristics which
provided air filter flow with laser-cut line-shapétin grooves. Air flowing through
these grooves does not move from bottom to tomlénthe product container, yet it
moves producing a cyclone inside the container.sThilust mass spirals in the
container with this air movement and at the same tis wetted by the spray system
from the bottom and rapidly dried. Patented compthevhich differ the system
used from other known systems are shown in Figire 2

T

0

\
\
\
D

(@)

Figure 2.5.Laser etched perforated metal disc of fluidized $¢stem with discjet

technology and spraying nozzles that can be fixethd, long dust collector filter
system (b), spraying system with micro climate eys(b)
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2.1.1.3.2.2. Significant Factors That Affect the Ricess

Each phase of the granulation process must bedleatrcarefully to achieve

process reproducibility.

Kndll (2010) is especially affected from mixing @lea air flow rate, and air
volume. When the binder liquid is sprayed intowadized bed, the primary particles
are wetted and form together with the binder, redlf lose and very porous

agglomerates.

The liquid binder sprayed into the bed should batikely large in quantity,
compared with that used in high or low shear grainah processes. During spraying,
a portion of the liquid is immediately lost by ewaagtion, so the system has little
tendency to pass beyond the liquid bridge phase.

According to Schaefer and Woerts (1978b), Gao.gRa02), particle size of
obtained granules can be controlled to a certaiangy adjusting atomization air
pressure, inlet airflow, inlet air temperature, #maount of binder, and spray rate.
The mechanical strength of the particles depenteipally on the composition of

the primary product being granulated and the tyfjdgbebinder used.

Critical variables for fluid bed granulation systecan be classified as

process, formulation and equipment.

- Process related variables

There are a number of process variables that dotmteogranulation. These
process parameters are related to each other andefired product can only be
prepared by well understanding the relationshipwbeh these interdependent

parameters.
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If these parameters are summarized:

- Process inlet air temperature

- Atomization air pressure

- Fluidization air velocity and volume

- Liquid spray rate

- Nozzle position and number of spray heads
- Product and exhaust air temperature

- Filter porosity and cleaning frequency

- Bowl capacity

Significant variables of process parameters and iimpact on the fluid bed

granulation process are summarized in Table 2.2.
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Table 2.2.Significant variables and their impact on fluid lgdnulation process

Process parameter

Impact on process

Inlet air Higher inlet temperature produces finer granuleslawer
temperature temperature produces larger stronger granules
Humidity Increase in air humidity causes larger granule, soreger

drying times

Fluidizing air flow

Proper airflow should fluidize the bed without oirag the
filters. Higher airflow will cause attrition andpial

evaporation, generating smaller granules and fines.

Nozzle and position

A binary nozzle produces the finest droplets and is
preferred. The size of the orifice has an insigaifit effect,
except when binder suspensions are to be spraysohnam
nozzle height should cover the bed surface. Togsecto the
bed will wet the bed faster producing larger grasuivhile
too high a position will spray dry the binder, destiner

granules, and increase granulation time.

Atomization air

volume and pressure

Liquid is atomized by the compressed air. This ntass
liquid ratio must be kept constant to control thepdet size
and hence the granule size. Higher liquid flow raile
produce larger droplet and larger granule and seveiill
produce smaller granules. At a given pressure eedse in

orifice size will increase droplet size.

Binder spray rate

Droplet size is affected by liquid flow rate, anddber
viscosity and atomizing air pressure and volumes flier

the droplet, the smaller the resulting average e
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- Formulation related variables

o Properties of primary material

Ideally, the article size properties desired in Htarting material can be
described as a low particle density, a small parsze, a narrow particle size range,
the particle shape approaching spherical, a lagkadicle cohesiveness, and a lack

of stickiness during the processing.

Properties such as cohesiveness, static chargéclg@asize distribution,
crystalline and amorphous nature, and wettability some of the properties which

have an impact on the properties of the granulesdd.

The cohesiveness and static charges on particleseqr fluidization
difficulty.

The same difficulties were observed when the foathmh contained
hydrophobic material and a mixture of hydrophilidéydrophobic materials.

o0 Low-dose drug content

Wan et al. (1992) studied formulations of low-dodeig content. They
concluded that the randomized movement of particiebe fluid bed might cause
segregation of the active ingredient and that wmfarug distribution was best

achieved by dissolving the active ingredient ingh@nulating solution.
o Binder
Different binders have different binding propertiasad the concentration of

the individual binder may have to change to obtsimilar binding of primary

particles in the inner phase. Thus, the type ofddin binder content in the
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formulation, and concentration of the binder havenajor influence on granule
properties. These properties affect friability,wlobulk density, porosity, and size

distribution.

o0 Binder solvent

In most instances, water is used as the solver.s€lection of solvent, such
as aqueous or organic, depends on the solubilithebinder and the compatibility
of the product being granulated. Different solveritave different heats of
vaporization. Generally, organic solvents, dueheirtrapid vaporization from the
process, produce smaller granules than the aqeedwtson.

- Equipment related variables

o Process air

To fluidize, and thus granulate and dry the prodactertain quantity of
process air is required. The volume of the air meguwill vary based on the amount
of material that needs to be processed.

o Air distributor plate

Perforated air distributor plate covered with thmeefstainless steel screen

provides an appropriate means of supplying aihéoproduct.
0 Pressure drop
A blower with appropriate pressure drop will fludi the process material

adequately. However, a blower without enough pmesdrops will not allow proper

fluidization of the product, resulting longer presdime and improper granulation.
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o0 Process filters

To retain entrained particles of a process matepiacess filters are used.
These filters are cleaned during the granulationcgss. To avoid process
interruptions, a multishaking filter bag arrangemisrdesired, where the granulation
process is continuous. Generally, filters shouldcleaned frequently during the

granulation step, to incorporate the fines badkégranulation.

o Other miscellaneous equipment factors

Granulator bowl geometry is considered to be aofattat may have an

impact on the agglomeration process.

2.1.2. General Properties of Granule

The choice of granulation technique depends on ipalysand chemical
stability of the final dosage form, intended biophaceutical performance, and is
occasionally limited due to available equipment.

It is not so easy to compare the granules obtaired the usage o FB and
granulators. The reason behind this is the difficof successful application of the

same formulation with every equipment.

However, it is seen that two properties are widelyorted when an overall
evaluation is made. These properties are bulk temsid particle size. Thereby,

comparisons are in progress for these properties.

Physical property characterization of pharmaceltganulations has been

extensively reported in literature.

Physical characterization can be performed at nutdecparticulate, and bulk

(macroscopic) levels.
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From the terminology cited by Brittain et al. (199molecular properties are
associated with individual molecules, particulateoperties are considered as
properties that pertain to individual solid pakil| and bulk properties are those that

are associated with an assembly of particulateispec

Most reports in pharmaceutical literature cover rabgerization of bulk

properties.

In addition to that, chemical properties are eqguathportant to physical
properties due to their impact on specificationsaaflosage form such as content

uniformity, chemical purity, and in vitro performaa

Dosage form performance is assessed through actb@ration program in
which drug dissolution, bioavailability, chemicatakility, and manufacturing

ruggedness is taken into account.

The effect of granule size on the dissolution pennce could affect the
outcome of such a bioequivalence study.

Particle size and its dependence on granulatiorcegg parameters can

influence dissolution and ultimately in vivo peniaance.
2.1.2.1. Tests Performed on Granules
Dosage form performance is strongly dependent eégptioperties of granule

mass. Since physical properties of bulk mass com&sults that will be evaluated in

tablet technology, the most important tests foestigators are summarized.
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- Particle morphology

Particle morphology can be assessed using opticabstopy. Samples of
granulation can be evaluated directly under a msmwpe. Another technique is

scanning electron microscope (SEM).

Particle shape can be quantified by different mgsh®ne popular method is
Heywood coefficient. The effect of particle shape lmulk powder properties has
been illustrated by Rupp (1977). Packing of powmteithe bulk becomes more
efficient as the shape factor or loss in spherisiyreases. The flow rate becomes

worse wit loss in sphericity.

- Patrticle size distribution

Particle size distribution can be measured by siamalysis, laser light
scattering, or optical microscopy. Light-scatteritechniques are generally not
applied to granulations due to the large size ibigtion of granules. Dry-sieve
analysis and microscopy are generally the mostlpopoethods for determining size

distribution of granules. Microscopy provides a meract measurement of size.

Dry-sieve analysis is the easiest and the most esoaat method. The
granulation is placed on top of a stack of fivesito sieves which have smaller-sized
openings from top to bottom. The stack is vibrated the particles collect on top of
the sieves. The data are obtained by calculatiagathount of particles retained on

the sieves.

- Surface area

Granulation properties are mainly dependent onsithe and surface area of
particles and granules. The surface area of a franuparticle can also affect the
dissolution rate of a solid. Gas adsorption isrtiesst common method to determine
the surface area, although liquid penetration nuthimave also been proposed. In

one of the methods developed by Brunauer, Emmet Taliér, called the BET
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method, an inert gas is adsorbed onto the surfheesolid at low temperature and

then desorbed at room temperature.

Another method that has been proposed for meastinegurface area of

powders is known as air permeability.

- Granule porosity

Mercury intrusion methods are routinely appliedhe determination of pore

size and distribution to both granulations ad tabtenpacts.

Farber et al. (2003) studied the porosity and molgey of granules by two
different techniques, x-ray computed tomography CIRand mercury porosimetry.
These authors concluded that XRCT is less accumathe determination of total
porosity when compared to mercury porosimetry. H®veXRCT provided detailed

morphological information such as pore shape, apdistribution, and connectivity.

- Granule flowability and density

According to Davies and Gloor (1971), Menon ef{(#996), flow behavior of
granules is affected by multiple variables suclplagsical properties of granulation

and the equipment design used for handling durigiyen process.

Specific volume is one of the properties of a pawttiat is believed to affect
powder flowability. Specific volume is determinedg bouring a known mass of
blend into a graduated cylinder. The volume is refidhe cylinder and the specific
volume is calculated by dividing the volume by ma$she blend. Bulk density is
calculated by dividing the mass to volume. The cassibility of a blend can also
be determined at this time. The graduated cylinsletbrated on a shaker for a time
period. This vibration reduces the volume that lblend occupies in the graduated
cylinder and the percentage compressibility is waled. The percentage
compressibility is known as Carr's index. According this index; when the

compressibility is higher, flowability is poorer.
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- Moisture control in granulations

Control of moisture content in granulations is v@mportant and it could
affect the physical and chemical performance ddlfalosage form. Moisture could
affect flow of granules, tablet compression, tabdigintegration, crystal habit,
capsule brittleness, chemical stability, and matmgioproperties. Moisture content is
generally measured using moisture analyzer duriglyct development. A thin
layer of samples is heated at a set temperaturkeiturgtaches a constant weight and

the results are expressed as LOD.

Some polymorphic transitions in granulations areistoioe mediated.

Minimizing moisture exposure during process andagfe was recommended.

It is ideal to develop equilibrium moisture isotmsr for granulations to
understand the moisture content at different humidio develop moisture isotherms
granulations are exposed to different relative ldityiiat a set temperature and the
equilibrium moisture content is determined. Thigormation could be used to
develop specifications for the moisture contentha& granulation and would help
device ideal processing and packaging conditionse @pplication of moisture
isotherms data could be applied to the formulatdevelopment of capsules.
Capsules show brittleness at low relative humidityl a tendency to cross-link at

humidity and high temperature.

A common application in characterization of gratiolas is based on
thermogravimetry and is known as loss on dryinga lOD analysis, a sample of the
granulation is heated at a temperature near tHm@gioint of solvent or water. The
weight loss, recorded directly on an analyticabbak, is due to the evaporation of
water or solvent and is considered as residualtom@i€ontent of a granulation. This
technique is extensively used to establish bothiugedion and drying parameters for

wet granulation unit operations.
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X-ray diffraction which provides determination ofolpmorph changes
resultant to production, DSC analysis for determamaof crystal and amorphous
structure of formulation and friabilator use in erdo measure granule resistance are

the additional tests used when necessary in thikema

2.2. Tablet Technology

According to Turkolu (2004), tablets are pharmaceutical forms which
constitute the largest group amongst solid dosaged obtained by compressing one
or more active ingredients with excipients or withany excipient use under

pressure.

Tablets are usually taken via oral route; oral amfsiations are also possible
through effervescent or sublingual routes dependimgctive ingredient properties

or treatment objective.

Besides the known advantages of industrial prodigtiof solid active
ingredients in this dosage form such as economgy ese by the patient, and
possible technological masking of bitter and baenss of active ingredients, the
hardest part for the person who designs a fornarat achieving bioavailability-

bioequivalence.

In order for the active ingredient to be releaseddesired amounts in a
desired time, it has to be disintegrated first #meh has to be absorbed inside the

gastro-intestinal tract in desired intervals.

That's why excipients, granule properties and fdations of tablets to be
prepared according to local or systemic effectsireq from active ingredients show

differences.

Various granulation techniques are used for th@gration of solid dosage
forms. The methods used for the tabletting of gieswor powder mixture are

explained below in detail.
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- Tablet preparation by direct compression

It is the easiest and fast procedure. However rderoto use this procedure,
the granule or powder mass should be flowable, Idhoave a uniform particle size
distribution, and should be compressible. The Btpbof active ingredient is

improved due to the absence of temperature anduneis the process.

Tablet compression by this method depends on thafbility of direct
compressible excipients and the compressibilitystFcompressible excipient is
spray dried lactose. Thereafter, Avicel and Staid®®0, Emcompress and direct

compressible sugars are used in this compressitimoche

According to Celik (1996), the most important faci® the proper selection

of excipients.

Physicochemical and mechanical properties of pheeotacal powders
directly affect the quality of tabletting proce§elik and Driscoll (1993)

Premixing> Migin > Final mixing>

Figure 2.6 Work flow diagram of tablet preparation by direohtpression procedure.

pression

This procedure is not applicable when the drug emnis too low and

flowability and compressibility of the granule isqo.

- Tablet preparation by dry granulation

Dry granulation method is basically performed withausing heat and
solvent. In this method, granulation is achievedplkyforming mechanical mixing.
Compression is ensured by briquette tablet comimressd crashing or passing the

powder from a rotating steel cylinder at high puess
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It is least preferred method among 3 tablet congomasmethods. Requiring
separate and expensive equipment for pre-compressid briquette tablets, high
amount of powder generated compared to wet graonjahe decrease in solubility
by crashing of pre-compressed powder that contaimsvater soluble substances are
the known disadvantages of dry granulation.

The granulation of active ingredient and excipiemithout any wetting and
drying and preference for heat sensitive drugstlaeeadvantages. This method is

suitable for high-dose drugs in order to obtairhhignsity granules.

Premixing > Fre—compress%owpactiSnreenir%illiLg Final m% @mssion

Figure 2.7.Work flow diagram of tablet preparation by dry gnéation procedure

- Tablet preparation by wet granulation

Tablet compression by wet granulation is the oldast most common
method. This is an expensive compression method tduthe needed material

variety, number of procedures performed, time, glade.

Achieving active ingredient content uniformity iablet formulations best by
wet granulation method, and direct compression atkethise in high dose active
ingredient containing low-compressible tablet folatons are still known as
common reasons why the industry has used its expEgiand investments in this

oldest method known.
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Figure 2.8.Work flow diagram of tablet preparation by sheguet granulation and

FB wet granulation procedure

2.2.1. Importance of Powder Properties and Granuléen Tablet Technology

According to Banker et al. (1980), H ncal and Bden (2004), Turkolu
(2004), the properties of powder that will be mixedablet technology are presented

below.

- Particle size and distribution
- Particle shape

- Surface area

- Density

- Granule hardness and friability
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- Electrostatic properties

- Flow properties

Until 1950’s, tablet compression has been genepaijormed by granulation
methods in pharmaceutical technology. After newimgats, in which physical
properties has been recovered, came into the mankétllowing years, it was

possible to use direct compression method in tgdokgiaration.

2.2.2. Excipients Used in Immediate Release Tablebrmulations

Generally, excipient/excipients are added intokdetaformulation according
to desired powder/granule properties and tablgignees.
If an active ingredient itself has a suitable asstructure, it can be directly
compressed into tablets without addition of anyigrat. Cubical crystals are the

optimal structures for this kind of compressiortealogy.

The compressibility of active ingredients with dajsstructure is dependent

on the followings:

- Particle size distribution
- Crystal shape

- Apparent density

- Moisture content

In tablet formulations with expected systemic fféice main objectives are
sufficient level of solubility and the most rapidsititegration possible in order to
provide desired absorption in the first place.

Factors that affect these are;

- The type and amount of granulation excipients used,

- Formulation and process methods
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- The amount of disintegrant and lubricant materehsl their addition

methods to the formula

According to Parrott (1981), Sheth et al. (1980g8dke and Jacobson (1980),
Gil et al. (2010), Powder mixture or granule thall we compressed into tablets
should primarily have desired mechanical and playgcoperties. Additionally, this
powder or granule should have a flowability thatildobe filled completely and fast
into burnisher/matrix. Excipients are certainly dige the formulations in which they

contain active ingredients that are not suitabtedfoect compression.

When tablet excipients are known, determinationstrdefinitely be made by
knowing tabletting process. For example, in a fdation with direct tablet
compression method use, particularity-given (gomstosity, known particle shape,
density and moisture value) special powders (ditabtetting agent) are used as
excipients, in this context, if a tablet is to bempressed after improving powder
properties of active ingredient, granulation preessmust be recalled and excipients
to be used will have to be selected appropriat@doipments and process. For
preference, attention has to be paid regardingrvgateble or non-soluble chemical

properties of all excipients.

Tablet excipients can be classified as major corapts) minor components,

and other excipients in terms of their function.

- Major components; diluents/fillers, binders, disgtants,
- Minor components; lubricants, glidants,
- Other excipients; coloring agents, buffer substandaste and odour

regulators, wetting agents.
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Major components;

Diluents/Fillers

Inert materials affect physical, chemical, and henpnaceutical properties of
the obtained tablet. The moisture content of theseerials is important for the
stability of active ingredient. Generally, they ared in the formulations in order to
improve the flowability of the active ingredient.n&h we divide fillers into water
soluble and insoluble groups, Lactose group mategswater-soluble fillers where
microcrystalline cellulose and dibasic calcium pittae are main material examples
to water-insoluble fillers. In formulations whiclequire direct compression and
granulation, fillers with different type and propes are used. Use ratios range

between 20 to 80% in formulas.

Binders

Binders are substances needed to produce gramalaspowder and tablets
from granules. In short, it is possible to bindtjées which do not form bounds
under pressure with these substances. Presenclesé tsubstances decreases
compression force in the formulation. Binders can dalded dry or solved in a
solvent like water or alcohol depending on the pssc The robustness and integrity
of a tablet is successful by means of binders.nibst preferred binders are cellulose
derivatives and PVP. Their share in formulatiorieralin 1 to 5%. For substances to
be used in granulation as binders with meltingeathsolutions cannot be prepared,

so melting property is of importance.

Disintegrants

Disintegrants are substances which provide tabdetisintegrate to granules
and powders which form granules in the Gl tracbiider to contribute on the nature
of local effects or dissolving of a drug and jom lhloodstream. Disintegrants are
substances which rapidly swell in contact with wated cause tablets to break into
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pieces. Disintegrants divide into two groups asewatsoluble but swelling and
chemically CQreleasing substances. Including granulation proaetdition step in
processes affect effect-presenting capacities. dumrof substances called super
disintegrants can disintegrate tablets in a watdiom in maximum 5 minutes when
they are added in a formulation with 1 to 10%. EBhisra positive relation between
tablet disintegrants and drug release and biodvhila

Minor Components;

Lubricants

These are materials that make the tablet compressasier. They have

mainly three types of functions.

- They are easily ejected out by the lower mouldeyl decrease the friction
of tablet between burnisher and the mould surfaaeti (friction). The most
commonly used lubricant is magnesium stearate.réicté to the surface of the
particles under pressure and forms an antistdtic layer. This film layer weakens
the bonds between the particles and decreasesltesion.

- By this way, it decreases the friction betweea ghanule and the mould. It
also maintains the homogeneous distribution of qumes in the tablet, and as a
consequence it prevents the tablet from stickingp ahe mould surface (anti-
adherent effect).e. Cab-O-Sil

- It also has slight flow regulating (glidant) pespes. e. Talk.

Glidants

Materials that decrease the friction force betwienpowder and the granule
mixture regulate the flowability and preventingcking are called glidant. They fill
into the cavities on the particles and cover théase as film layer by decreasing the
friction force between the particles. Silisium dibx is the most common material

having highest glidant properties.
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Others;

Coloring agents
These are materials that are added into the griaowlar the powder mixture
appropriately in order to form a homogeneous digtron, and mainly targeting to
differentiate the tablets having similar shape aadght but comprising different
active ingredient from each other. Especially foewable tablets, they are used
together with taste and odour regulators. The amjoagents that can be used for

pharmaceuticals and food are defined by FDA.

Buffering agents

In order to maintain the stability of a pharmacealtiproduct, materials with
acidic or basic characteristics can be included the formulation, by the help of
these materials the pH values of the formulaticars lwe buffered in a range and the

degradation of the product can be prevented.

Taste and odour regulators

These are very important materials especially ftereescent and chewable
tablets in order to hide the undesired tastes dodrs. Artificial sweeteners and fruit

aromas are commonly used with this purpose

Wetting agents (surfactants)

In cases where the water solubility of the activgrédient is low, in order to
increase the solubility materials that increasecth@act with water (wetting agents)
are used. They are present in the formulation &t doncentrations and generally
they are anionic materials like sodium lauryl saffghor non ionic surfactants like

polysorbate.
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2.2.3. Equipments Used in Tabletting Technology andablet Compression
Physics

Tablet compression in pharmaceutical technologigserformed by eccentric

and rotary type machines.

After learning about the granulation and tabletigeats, it is very important
to know about the mechanism of the tablet compoessi order to overcome the

potential problems that may occur during the foratioh phase.

Tablet compression physics comprises compressigsigs) transfer of forces
during compression, distribution of forces in tlablét, effect of the applied force
over relative volume of the powder, adhesion antesmn forces between the
particles, tablet compression energies, mecharesatance of tablets issues.

Working principles of the eccentric and rotary &tihg machines that differ from

each other because of their yields are summariekxvb

- Eccentric Machine

O

—

Upper mould

Figure 2.9. Schematic demonstration of the working princidleccentric type machine
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Most important parts of this type of machine;
- Matrix/compression unit
- 1 upper and 1 lower mould

- Feeding unit and feeding funnel

When the lower mould is at the top position, th@arpmould is also at the
top position. At this point the powder passes frilv@ feeding funnel and fills into
the burnisher. Feeding unit is mobile over the matrcower mould is as its first
position without movement, and then upper mouldiapghe force to compress the
powder in the matrix. After the compression, upperuld goes back to its initial

position and the lower mould takes out the tabletod the matrix.

Tablet weight is adjusted by the movement of loweruld in matrix and

tablet hardness is adjusted by the force applietthéypper mould.

- Rotary type machine

In these types of machines feeding unit is immobilee moulds are mobile.
Each compression unit has one upper and one lowaldand they rotate together.

Weight control is performed by the unit (kam) cargythe lower moulds.

In contradiction with the eccentric machine, fors@pplied onto the powder

by both lower and upper moulds.

According to Marshall (1989), the parameters thastbe controlled on a
tabletting machine during the compression processapplied compression force,

force applied to the lower mould, movement andtejadorce of both moulds.
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- Pre compression force

It is the first force applied to the powder beftihe main compression. It
makes preparation to the tabletting process andesa2 compressions in the
same period of time. It takes out the air and pmesséreaking and capping

problems. It is average 0,2 — 0,9 kN.

- Main compression force
Power of the main compression applied to the tabl&enerally shown as
kN.

- Ejection force

It is the indication of the friction force betwe&ablet and the mould during
main compression of tablets when tablets are egctenerally it is shown
as N. Lubricants must be used to decrease this.forc

2.2.4. Controls on Tablets

There are tests performed on finished productsnduprocess and (in-

process) and after the process for convention&tsab

Hardness and weight control are important testsngutabletting process.
Physical tests for the finished product are weigdriation, diameter and thickness,

friability, disintegration and dissolution.
2.3. Solubility and Dissolution
2.3.1. Solubility
According to Capan (2004), for many dosage formspgeially solid dosage
forms like tablets, capsules, the absorption ofative ingredient, is dependent on

the solubility and the diffusion throughout the estjon system is dependent on its

solubility in gastrointestinal liquids.
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Solubility can be defined in different ways. USP, 82fines solubility as,

volume of solvent in which 1g of material dissolwesnilliliters.

Solubility is defined as the maximum amount of matedissolved in 100 ml

at a certain temperature.

The maximum amount of dissolved material in a @erdg@anount of solvent is
called the solubility of the material in that salvend generally it is defined as the

maximum concentration of the saturated solution.

2.3.1.1. Factors That Affect the Solubility betweesolid—Liquid

- Regarding Solvent;

o0 Type of Solvent and Dissolved Material

Solvents are chemically classified as; polar, ggohar, a polar.

Solubility of an active ingredient is dependent the polarity and dipole
moment of the solvent. Polar solvents are goodissalving material with ionic
structure and polar material. And thus, water wedkolves sugars, compounds with
polyhydroxy structure and mixed with alcohol atle@coportion.

Semi polar solvents can partially be polarized.yrban mix with polar and
non-polar solvents. As an example acetone incremesvater solubility of ether,
propylene glycol increased the water solubilityraht oil with this method.

Apolar solvents like hydrocarbons, do not decretse attraction between
ions of the weak or strong electrolyte materialsitirermore, apolar solvents cannot
break the covalent bonds. Thus, ionic or polar netedo not dissolve in apolar

solvents.
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Factors effecting solubility can be summarizedadiows;
- Temperature,
- Shared ion concentration,
- pH effect on weak electrolytes solubility,

- Effect of surfactants

Solubility of the active ingredient can be increhdey several different
methods during formulation studies. Generally waseused as the solvent in the
formulation. Water dissolves the active ingredientsnly having weak acid or basic

characteristics by either ionizing or without sejisng into its ions.

The portion of the active ingredient that dissolvathout ionisation is not
affected by pH. On the other hand, the portion thalissolved by separating into
ions is affected by the changes in the pH chanbeis. way it is possible to change

the solubility of some excipients by increasinglecreasing the pH.

Solubility of the part that is dissolved withounimation can be increased by
using supportive solvents or materials, misels banincreased by solubility or
creating weak complexes in the medium.

- Regarding Dissolved (Active Ingredient)

o Particle Size and Shape

It is effective on solubility and dissolution. Deasse of particle size results in

the increase of the particle surface area and golesgly increase of dissolution.

Effect of particle size on solubility has been istigated by Higuchi and
Smolen. As the particle size decreases solubititygases due to the increase in the

free energy of the particle. Below equation is ugechlculate this energy.
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LnSYS=2 M/Pr.RT (2.1)

Table 2.3.Explanations related to the formula used in tHelslity calculation

Sr | Solubility of grinded particles

S Solubility of bigger particles at the beginning

Surface tension of particles (energy)

M Molecular weight

Pr |Radius of particles at final stage

R Molar gas constant (8.314 x 107 erg/K mol)

T Absolute temperature

2.3.2. Dissolution

After a plain tablet is taken via oral route, theti\ge ingredient starts to get
into the solution first with disintegration followey disintegration.

Dissolution; can be defined as the amount of soiaterial dissolved in a

certain period of time.

According to the equation of Noyes-Whitney , ondhs first researchers of

the topic in 1897, dissolution can be calculatedhaaatically as follows:

dd—l\t/l = K.S(Cs- Ct) (2.2)
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Table 2.4Explanations related to the formula of dissoluttatculation

dM/dt Dissolution

S Surface area of active ingredient

K (D/h) [Diffusion coefficient (constant)

Cs Saturation concentration of active ingredient

Ct Active ingredient concentration in solution at tipant t

2.3.2.1. Dissolution Test Apparatus

The most important control and comparison test afdsdosage forms,

dissolution test is performed with equipment dalimethe pharmacopoeias.

USP | and USP Il dissolution test equipment knowiasket and paddle, are
equipments that are most widely used and acceptealithhorities to determine the

dissolved material amount at a defined time perind®lid dosage forms.

There are other dissolution test equipment and odsthdefined in
pharmacopoeias. Properties of each of them areemres the literature Banakar

(1992).

Figure 2.10.Basket and Paddle Dissolution test equipment knasWSP | (basket)
and USP Il (paddle) apparatus

Dissolution comparisons of the formulations arecglated according to the

similarity factor called f2, where detailed Formidagiven below.
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f, = 50 log {[1+(1/n) n t=1 (Rt-Ttf ]°*° x 100} (2.3)

Table 2.5: Explanations related to thgdalculation formula

fo Similarity factor

Rt % dissolved material at the time of each samplargéference sample

Tt % dissolved material at the time of each samplargdst sample

n Number of study points

2.3.2.2. Factors That Affect Dissolution

According to Banakar (1992), the main factors dffecthe dissolution can
be summarized as; dissolution test parametersjqaoyemical factors, formulation,

manufacturing methods and their process parameters.

According to Capan (2005), the dissolution testapeater that affects the
dissolution is;

- Stirring rate,

- pH of media,

- existence of active ingredient
- solvent viscosity,

- medium temperature, medium volume

Physicochemical factor affecting the dissolution;

- solubility of the API,
- salt formation,

- crystal structure,

- polymorphism

- particle size
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Dissolution increases with the increase in the am@farea of the active
ingredient in other words, when the particle sieerdases. Dissolution of the active
ingredient with limited solubility can be increasby decreasing the particle size.
The correlation between the patrticle size and pleeific surface area (Sw) is shown

with the following equation. Increase of Sw, in@esthe dissolution.
Sw=6/.d (2.4)

Table 2.6. Explanations related to the formula between partigize and specific

surface area

Sw | Specific surface area

Real densities of particles

d Particle diameter

The water soluble or insoluble states of the erais, the ratios and the types
of fillers, disintegrators, binders, granulatioreats, and lubricatns, surfactants and

coating agents are important factors effectingdilsolution.

Production method as direct compression or graioulanethods, process
parameters of these methods and the compressioar pmwabletting are also the
factors affecting the dissolution directly. Ourdings during our study have been

presented in the relevant sections.

2.4. Instrumental Analysis Equipments

According to Stout and Dorsey (2002), they are kmag the equipment having
frontier technology to perform the chemical anaysif the materials. These
equipments are used in the pharma industry for abgay analysis of finished
product, intermediate product, impurity analysisnpatibility determination tests.
The most common ones are; UV spectrophotometergh tpressure liquid
chromatographies having different detectors (HPLC;MS), gas chromatography
(GC).
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2.4.1. Chemical Analysis with High Pressure LiquidChromatography (HPLC)

HPLC; is an instrumental equipment widely usedhi@ pharma industry for

quantitative determination of the assay.

The principle of the equipment is to separate theatenmals
chromatographically by using the differences betwiir solubility, disintegration
and polarity.

The main parts of the equipment can be summarigetigh pressure pomp,
sampling unit and the detector (UV, PDA, FLR, RI).

Assay analysis of granules and the tablets wa®eed with HPLC, where
dissolution assay analysis was also performed thélsame method.

2.4.2. Analytical Method Validation

Repeatability of the analytical methods is expedtethe according to ICH.
Method validation is an indication showing the raadility of the methods, and the
validation is performed by showing the repeatapiby statistical evaluation. The

parameters that should be present in the validatiody are listed below:

- Specificity

- Linearity

- Recovery

- Precision

- Robustness
- Stability
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2.5. Active ingredient

2.5.1. Oxcarbazepine

2.5.1.1. Physical and Chemical Properties

Oxcarbazepine, the APl chosen as the model actiyedient in our study is
a cream to yellow colored crystal powder. Molecutarmula is GsHi2N2Os,
molecular weight is 252,27. pKa value is 10.7 +, @& of the 0,004% aqueous
solution at 25°C is 7.0. Oxcarbazepine is pradiidakoluble; the solubility at 25°C,
pH 7.0 is 0,04g/L.

Oxcarbazepine whose molecule structure is giverovbat a strong and

effective anticonvulsant.

Figure 2.11.0xcarbazepine molecule.

OX does not exhibit isomerism and stereochemistipereas exhibit
polymorphism. We used Form-A polymorph during otudges. OX is a Class IV

molecule with low solubility and low permeability.

2.5.1.2. Pharmacological and Pharmacokinetic Prop&es

Oxcarbazepine is in the group of antiepilecticshwiis general properties and
the ATC code is NO3AF02. According to Gerald (2Q0#gharmacological activity
shows itself mainly with monohydroxy metabolite (@ Oxcarbazepine is used
for the treatment of simple, complicated and widslen tonic-clonic attacks
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including subtypes of partial attacks followed l®gendary widely seen attacks. It is
used for adults and children as the first step eai@ptic monotherapy and

supportive treatment (RxMedia Pharm 2010).



3. EQUIPMENTS and PROCEDURE
3.1. Equipments

3.1.1. The Chemical Substances Used

Acetonitrile (HPLC grade)
Lactose Monohydrate
Methanol (HPLC grade)
Oxcarbazepine (d0.5:8n)

Oxcarbazepine (d0.5:45)

Oxcarbazepine (d0.5:7@n)

Oxcarbazepine Working Standard

Potasssium Dihydrgen Phosphate @gRIQ;)
Potassium Hydroxide (KOH)

PVP K30

SDS

Starch 1500 (Pregelatinised Starch)
Stearic Acid

3.1.2. The Equipments Used

Flow Measurement Device
Fluidized Bed

Friablity Tester

Disintegration Apparatus
Density Measurement Device
Dissolution Apparatus
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Panreac-0000222594
Domo-635515

JT Backer-1006729004
Jubilant Organosys Limited-
0XC/0808156

Jubilant Organosys Limited-
OXC/1002025

Jubilant Organosys Limited-
OXC/1002024

Jubilant Organosys Limited-
0XC/1002020WS
Merck-A00473 73923
JTBaker-09273 01029
BASF-27198809T0
Merck-K38764534

Dow Chemical-DT20002
FACI-SA-80017

Copley-BEP2

Hattlin Unilab-HO00464 Erweka-
FR1

Erweka-ZTX20

Erweka- SWM102
Ditsek-EVOLUTION 6100
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DSC Netsch-DSC 204 F1
Analytical Balance Mettler Toledo-XP1203S
Light microscobe Olympus BX50-7C07219
Laboratory Type Mixer Erweka Motor-AR402
Tablet Compression Machine Manesty-XSpress
Mechanical Mixer Membrane Heidolph-RZR2021
Filter(0,45 m) Moisture Chromosil PET-45/25
Analyzer Mettler Toledo-HR83
Particle Size Measurement Malvern Mastersizer 2000-MAL100307
Hardenss Tester Erweka-TBH30
Balance Metler Toledo-XS3200ILX
Ultrasonic Bath Maxwell Bandelin-RK1028
High Pressure Liquid Chromatogrphy HP Agilent-1100 Series
System (HPLC)

« Column, HPLC Inertsil-ODS 3V

Length: 15 cm
Internal Diameter: 4,6 mm

Particle Size: 5m

« Column Oven HP Agilent-1100 Series
« Autosampler HP Agilent-1100 Series
« UV Dedector HP Agient-1100 Series

« Pump HP Agilent-1100 Series



48

3.2. Procedures and Experiments

3.2.1. Studies Performed on Oxcarbazepine Active ¢medient

Particle size measurement, assay, dissolutionCp@ analysis which are
explained in detail were performed on Oxcarbazepuise ingredient, shapes of the
particles were monitored with light microscope bkihg pictures.

* Particle Size Measurement

Particle size determination of Oxcarbazepine acingredient is performed
by using a laser diffraction particle size equipmédry measurement method was
used. Ball-measurement was performed under 2,0vhaoum by using 30%

vibration between 0,2 — 2 concentration range.

Figure 3.1.Malvern Mastersizer 2000-MAL100307 particle sizeasurement
device
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» Assay Analysis of Oxcarbazepine Active Ingredientty HPLC

Chromatographic conditions related to the methsédufor the HPLC
assay analysis of Oxcarbazepine active ingrediarevsummarized in Table 3.1.
Preparation of solutions used in the analysis, @dace and calculation are
specified in detail below. Calculation used in thetermination of assay result is
defined in Formula 3.1 and explanations relatedthte formula used in the

determination of assay result are presented ineTald.

Table 3.1.Chromatographic conditions of the HPLC method useitie assay

analysis of Oxcarbazepine active ingredient.

Column Inertsil ODS 3V 150 X 4.6 mm, ID, 3n

Mobile Phase 0,02 M KH,PO;:MeOH:ACN (50:40:10) pH:7,00+0,0%
(with 1 M KOH)

Flow 1,0 ml/min

Injection Time 10 min

Injection Volume 10 |

Wavelength UV, 286 nm

Column Teperature |40°C

Tray Temperature 10°C

Preparation of Solutions:

Preparation of 0,02 M KH,PO, solution: 2,72 g KHPQO, is dissolved in 1000 ml

purified water.

Mobile Phase: 500 ml 0,02 M KHPQ, solution, 400ml MeOH and 100 ml ACN are
mixed. pH value is adjusted to 7,00 = 0,05 with IKKAH solution. The solution is

filtered through 0,45 m filter and then degassed.

Preparation of Standard Solution: 30 mg Oxcarbazepine working standard is
accurately weighed and transferred into a 50 mumweitric fask. Approximately 40
ml of mobile phase is added and sonicated in aaadhic bath for 15 minutes to
dissolve. The solution is diluted to volume with oile phase and mixed. Then, the
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solution is filtered through a 0,45n membrane filter and is transferred into HPLC
vial. (Two paralel samples are prepared) (C: 0,§0nm)

Preparation of test solution: 60 mg Oxcarbazepine active ingredient is weigimed i

100 ml volumetric flask. Approximately 60 ml of mt#b phase is added and

sonicated in an ultrasonic bath for 15 minutesissalve. The solution is diluted to

volume with mobile phase and mixed. Then, the swiuis filtered through a 0,45
m membrane filter and is transferred into HPLC .\{&l: 0,60 mg/ml)

Procedure:

Standard solution 1 is injected five times (calilana injection), standard solution 2

and samples are injected twice.

System suitability parameter %RSD values of the areas obtained from the five
injections of standard solution 1 should be notertban 2,0.

The concordance of the average area of Oxcarbazgeak obtained from Standard
solution 1 and the average area of Oxcarbazepia& pbtained from Standard
solution 2 should be 100% + 2,0.

Calculation:

Oxcarbazepine = Rn_* Wstd*DF1 *D*P*1000 (3.1)
Rstd Wnum*DF2

Table 3.2.Explanations related to the formula used in thieheination of assay

result.

P : | Potency of working standard (as is)
Rstd . | OX peak area in Standard solution
Wstd : | OX working standard weight (mg)
Wsam | | Sample weight (mg)

D : | Density (g/ml)

DF, : | Dilution factor for standard (=1/50)
DF2 : | Dilution factor for sample (= 1/100)
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« Dissolution Assay Analysis of Oxcarbazepine Actevingredient By HPLC

Dissolution and chromatographic conditions relai®dhe method used for
the HPLC dissolution assay analysis of Oxcarbazemotive ingredient were
summarized in Table 3.3. Preparation of solutissedun the analysis, procedure and
calculation are specified in detail below. Calcgiatused in the determination of
dissolution assay result is defined in Formula @2 explanations related to the
formula used in the determination of dissolutioeagsresult are presented in Table
3.4.

Table 3.3.Dissolution and chromatographic conditions of HfRLC method used

in the dissolution assay of Oxcarbazepine actigeadient

Dissolution conditons | 900 ml purified water, 37°C, 60 rpm, 120 min, padd

Column Inertsil ODS 3V 150 X 4.6 mm,ID,5n

Mobile Phase 0,02 M KH2PQ:MeOH:ACN (50:40:10) pH:7,00£0,05
(with 1 M KOH)

Flow 1,0 ml/min

Injection Time 10 min

Injection Volume 10 |

Wavelength UV, 286 nm

Column Temperature |40°C

Tray Temperature 10°C

Preparation of Solutions:

Preparation of 0,02 M KH,PO, solution: 2,72 g KHPQ, is dissolved in 1000 ml of
purified water.

Mobile Phase: 500 ml 0,02 M KHPQ, solution, 400ml MeOH and 100 ml ACN are
mixed. pH value is adjusted to 7,00 = 0,05 with IKKAH solution. The solution is

filtered through 0,45 m filter and then degassed.
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Preparation of Standard Solution: 3,33 mg Oxcarbazepine working standard is
accurately weighed and transferred into a 50 mliwaltric fask. Approximately 40
ml of mobile phase is added and sonicated in amasdhic bath for 15 minutes to
dissolve. The solution is diluted to volume with ile phase and mixed. Then, the
solution is filtered through a 0,45n membrane filter and is transferred into HPLC

vial. (Two paralel samples are prepared) (C: 0,0666m!I

Preparation of test solution: 60 mg Oxcarbazepine active ingredent is transdem®

a dissolution vessel that contains 900 ml purifieder. At the end of the determined
time intervals the sampled solution is filteredotigh a 0,45 m membrane filter and
is transferred into a HPLC vial. (C: 0,0666 mg/ml)

Procedure:

Standard solution 1 is injected five times (calilana injection), standard solution 2

and samples are injected twice.

System suitability parameter %RSD values of the areas obtained from the five
injections of standard solution 1 should be notertban 2,0.

The concordance of the average area of Oxcarbazgeak obtained from Standard
solution 1 and the average area of Oxcarbazepia& pbtained from Standard
solution 2 should be 100% + 2,0.

Calculation:

Oxcarbazepine =Rn_* Wstd*DF1  *D*P*1000 (3.2))
Rstd Wnum*DF2
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Table 3.4.Explanations related to the formula used in thiegheination of assay

result

Rn : | Oxcarbazepine peak area in sample solution
Rstd : | Oxcarbazepine peak area in Standard solution
Wtg : | Oxcarbazepine working standard weight (mg)
Wsam [ | Numune tart m (mg)

D . | Density (g/ml)

DF : | Dilution factor for standard (=1/50)

DF2 : | Dilution factor for sample (= 1/900)

P . | Potency of working standard (as is)

Figure 3.2.HP Agilent 1100 Series brand HPLC equipment.



Figure 3.3.Ditsek EVOLUTION 6100 brand dissolution apparatus.

* DSC analysis

Oxcarbazepine DSC thermograms were recorded bet®@%€h- 300°C under
nitrogen atmosphere at 20°C / min.

Figure 3.4.Netsch 204 F1 DSC equipment.
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3.2.2.Preparation of Oxcarbazepine Tablet Formulation andits Analysis

Studies performed on Oxcarbazepine tablet formaiadnd its anlysis are explained

below.

3.2.2.1. Oxcarbazepine Unit Formula and FB Proceg$zarameters

The unit formula designed for Oxcarbazepine talfl@mulation was
presented in Table 3.5. In the unit formula, LM &l were used in the inner phase
whereas, 3% PVP K30 was used as granulation solufitarch 1500, MCC PH102
and Stearic acid were ued in the outer phase. Nergiisintegrant and water soluble

excipient was used in the outer phase.

10 different trials were performed by using the gess parameters presened in
Table3.6.

Table 3.5.0xcarbazepine tablet formulation.

Name of the ingredient Unit Formula
mg/tb %

OX 60,00 20,00
LM 183,00 61,00
PVP K30 9,00 3,00
Starch 1500 15,00 5,00
MCC PH102 31,50 10,50
Stearic acid 1,50 0,50
TOTAL 300 mg 100%
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Table 3.6.FB process parameters.

Codel Trial Inlet Inlet air flow| Spray ratio | Spray
temperature | m/hr % pressure bar
°C

D1 |45 m_T1 40 120 60 0,6

D2 |45 m_T2 60 120 20 1,3

D3 |45 m_T3 40 180 20 1,3

D4 |45 m_T4 60 180 20 1,3

D5 |45 m_T5 40 120 60 1,3

D6 |45 m_T6 60 120 60 0,6

D7 |45 m_T7 40 180 60 0,6

D8 |45 m_T8 60 180 60 1,3

D9 |45 m_T9 50 150 40 0,95

D 10|45 m _T10 50 150 40 0,95

Microclimate pressure and drying time were keptstant as 0,2 bar and 10 min respectively.

3.2.2.2. Granule Analysis and Calculations After FBProcess

Below mentioned analysis and calculations werdopged on the granules
obtained from FB wet granulation process. The maxrmmand minimum process
parameters, which can make a difference up toaidigmation on the particle size of
the obtained granule, were determined. Shapes @f gianules related to the
determined maximum and minimum process parameters wmonitored with light

microscope by taking pictures.

 Particle Size Measurement

Particle size determination of granules is perfimby using a laser
diffraction particle size equipment. Dry measurememethod was used. Ball-
measurement was performed under 2,0 bar vacuunsibhyg 30% vibration between

0,2 — 2 concentration range.
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* Flow

Flow of granules was measured according to Flovoutgh Orifice as
described in EP 2.9.36 Powder Flow section. Flow measured by using 10 mm -

15 mm and 25 mm nozzles, results were evaluateztnms of time.

Figure 3.5. Copley BEP2 flow measuring device

Bulk volume (vb) and tapped volume (vt) for graasiwere determined by
using 100 g granule samples (m). Granules weredfithto a graudated cylinder for

density measurement, read volume just after fillamgl read volume after 750 taps

were recorded.
Bulk density (db) and tapped density (dt) weregiaited by using Formula

3.3. and Formula 3.4.

db=m/vb (3.3)

dt=m/vt (3.4)
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Figure 3.6. Erweka SWM102 density measuring device.

* Carr's Index

Carr's index for garanules is calculated accordiagFormula 3.5.and

evaluated according to Table3.7.

Cl = 100 * [(dt-db) / df] (3.5

Table 3.7.The meaning of Carr’s index formula calculation

Result Flow
<16% Good
16-22% Moderate
23-35% Poor

> 35% Bad

* Hausner Ratio

Hausner ratio for garanules is calculated accgrtbr~ormula 3.6., the flow
Is considered as poor if the result is greater thahb.
H=dt/db (3.6.)
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* Moisture

Moisture of granules was measured by using an Ibtstore analyzer.

Measurement was performed at 105°C with automiatie. t

Figure 3.7.Mettler Toledo HR83 moisture analyzer.

Minimum and maximum parameters chosen accordintbdanalysis results
presented in Section 3.2.2.2. and the productibaswill be repeated for all API's

with different particle sizes were presented inl&&h8.
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Table 3.8.New studies planned according to the determinedgss parameters.

Code | Trial Aim Inlet air Inlet air| spray Spray
temperature | flow ratio pressure
°C m3hr % bar

F1 3BG |3 m_T1 |Coarse {40 120 0,6 60
granule

F2 3KG |3 m_T2 Small 60 180 1,3 20
granule

F3 45BG| 45 m_T1 |Coarse {40 120 0,6 60
granule

F4 45KG| 45 m_T2 [Small 60 180 1,3 20
granule

F5 70BG| 70 m_T1 |Coarse |40 120 0,6 60
granule

F6_70KG| 70 m_T2 [Small 60 180 1,3 20
granule

Microclimate pressure and drying time were keptstant as 0,2 bar and 10 min respectively.

Analyses were repeated on the granules obtaimed fhe studies presented

in Table 3.8, granules with appropriate resultsenggtermined. Granules related to

the process which makes a difference were monitevitd light microscope by

taking pictures.

3.2.2.3. Tablet Compression Process

Tablet compression process for the granules wpbrapriate results was

performed by using Manesty XSpress rotary tableimgaession machine. 8 mm

round, biconvex punch and 10 mm mould were useditawds aimed to compress

tablets with 300 mg by using turret rpm at 22 ramd feeder rpm at 12 rpm.

During tablet compression process, main compredsiee, pre-compression

force and ejection force values were evaluated.
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Figure 3.8. Manesty XSPress rotary tablet compression equipmen

3.2.2.4. Physical and Chemical Analysis After TabteCompression Process

Following physical and chemical analysis were @aned on the tablets
obtained at the end of the tablet compression peydbe results were evaluated and
drug release at the final pharmaceutical form dedparticle size of the API which
was most affected from the process parameters deteemined.

The tablet related to the most successul process monitored with light

microscope by taking pictures.

* Average Tablet Weight

Evaluation is performed according to EP 2.9.40e Tést is determined over

20 tablets. 20 tablets are individually weighed #verage value should be within

the determined limit.
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Figure 3.9.Mettler Toledo XP1203S analytical balance.

* Hardness

The test is performed over 10 tablets by usingraatic hardness tester,

results are recorded.

Figure 3.10.Erweka TBH30 hardness tester
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* Friability

10 tablets are weighed and average weight is leaxl (a), tablets are
subjected to rotational turning for 4 minutes byngsan automatic friability tester
and then the tablets are weighed and average weigbdlculated again (b) and

friability is calculated according to Formula 3.7.

A = [(a-b)/a]*100 (3.7)

Figure 3.11.Erweka FR1 Friability tester.
« Disintegration
The test is performed over 6 tablets by using atoraatic disintegration

apparatus at 37°C purified water without disc. Té®ult is recorded in terms of time,

and it should be within the determined limit.
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Figure 3.12.Erweka ZTX20 disintegration apparatus.

» Assay Analysis of Oxcarbazepine Tablet Formulatio By HPLC

Chromatographic conditions related to the methaetldsr the HPLC assay
analysis of Oxcarbazepine tablet formulation wersnmarized in Table 3.9.
Preparation of solutions used in the analysis, gatace and calculation are specified
in detail below. Calculation used in the determoratof assay result is defined in
Formula 3.8 and explanations related to the fornuded in the determination of
assay result are presented in Table 3.9.
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Table 3.9. Chromatographic conditions of the HPLC method used
Oxcarbazepine tablet formulation assay analysis

Column Inertsil ODS 3V 150 X 4.6 mm,ID,5n

Mobile Phase 0,02 M KH,PO;:MeOH:ACN (50:40:10) pH:7,00+0,05
(with 1 M KOH)

Flow 1,0 ml/min

Injection Time 10 min

Injection Volume 10 |

Wavelength UV, 286 nm

Column Temperature 40°C

Tray Temperature 10°C

Preparation of Solutions:

Preparatin of 0,02 M KH,PO, solution: 2,72 g KHPQ, is dissolved in 1000 ml

purified water.

Mobile Phase: 500 ml 0,02 M KHPQ, solution, 400ml MeOH and 100 ml ACN are
mixed. pH value is adjusted to 7,00 = 0,05 with IKKAH solution. The solution is
filtered through 0,45 m filter and then degassed.

Preparation of Standard Solution: 30 mg Oxcarbazepine working standard is
accurately weighed and transferred into a 50 mlwaltric fask. Approximately 40
ml of mobile phase is added and sonicated in aasdhic bath for 15 minutes to
dissolve. The solution is diluted to volume with ile phase and mixed. Then, the
solution is filtered through a 0,45n membrane filter and is transferred into HPLC

vial. (Two paralel samples are prepared) (C: 0,§0nm)

Preparation of Test Solution: 10 tablets are grinded in a mortar. Approximat&dp
mg tablet powder (equivalent to 60 mg Oxcarbazgpiseneighed in a 100 ml
volumetric flask. Approximately 60 ml of mobile g®is added and sonicated in an
ultrasonic bath for 15 minutes to dissolve. Thausoh is diluted to volume with
mobile phase and mixed. Then, the solution isrélethrough a 0,45m membrane
filter and is transferred into HPLC vial. (C: 0,6@/ml)
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Procedure:

Standard solution 1 is injected five times (calilana injection), standard solution 2

and samples are injected twice.

System suitability parameter %RSD values of the areas obtained from the five
injections of standard solution 1 should be notertban 2,0.

The concordance of the average area of Oxcarbazge@k obtained from Standard
solution 1 and the average area of Oxcarbazepia& pbtained from Standard
solution 2 should be 100% + 2,0.

Calculation:

Oxcarbazepine mg\tb =Rn *Wstd*DF1 *D *ED*P*1000 (3.8.)
Rstd Wnum*DF2 ED

Table 3.10.Explanations related to the formula used in thieheination of assay

result.

Rn : | Oxcarbazepine peak area in sample solution
Rstd . | Oxcarbazepine peak area in standard solution
Wstd | | Oxcarbazepine working standard weight (mg)
Wsam | | Sample weight (mg)

D : | Density (g/ml)

DF : | Dilution factor for standard (=1/50)

DF; : | Dilution factor for sample (= 1/100)

P . | Potency of working standard (as is)

LA : | Label amount
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* Dissolution Assay Analysis of Oxcarbazepine Talié&ormulation By HPLC

Dissolution and chromatographic conditions relai®dhe method used for
the HPLC dissolution assay analysis of Oxcarbazemotive ingredient were
summarized in Table 3.11. Preparation of solutiossd in the analysis, procedure
and calculation are specified in detail below. @kltion used in the determination of
dissolution assay result is defined in Formula @@ explanations related to the
formula used in the determination of dissolutiosagsresult are presented in Table
3.12.

1% SDS was added to purified water medium for #tedies of the
dissolution analysis performed in a medium contensurfactant, the rest of all

parameters and procedures are the same.

Table 3.11.Dissolution and chromatographic conditions of tHELC method

used in the dissolution assay of Oxcarbazepine@datigredient.

Dissolution Conditions| 900 ml purified water, 37°C, 60 rpm, 120 dk, paddle

Column Inertsil ODS 3V 150 X 4.6 mm,ID,5n

Mobile Phase 0,02 M KH,PO;:MeOH:ACN (50:40:10) pH:7,00+0,0%
(with 1 M KOH)

Flow 1,0 ml/min

Injection Time 10 min

Injection Volume 10 |

Wavelength UV, 286 nm

Column Temperature |40°C

Tray Temperature 10°C

Preparation of solutions:

Preparation of 0,02 M KH,PO, solution: 2,72 g KHPQ, is dissolved in 1000 ml

purified water.
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Mobile Phase:500 ml 0,02 M KHPQ, solution, 400mlI MeOH and 100 ml ACN are
mixed. pH value is adjusted to 7,00 = 0,05 with IKKAH solution. The solution is

filtered through 0,45 m filter and then degassed.

Preparation of Standard Solution: 3,33 mg Oxcarbazepine working standard is
accurately weighed and transferred into a 50 mliwaltric fask. Approximately 40
ml of mobile phase is added and sonicated in amasdhic bath for 15 minutes to
dissolve. The solution is diluted to volume with ile phase and mixed. Then, the
solution is filtered through a 0,45n membrane filter and is transferred into HPLC

vial. (Two paralel samples are prepared) (C: 0,0666mI)

Preparation of test solution: 1 tablet sample is put in a dissoution vesselttatiatains
900 ml medium. The test is performed at 37°C' dergn for 120 minutes. At the
end of the determined time intervals the 2 ml sach@olution is filtered through a
0,45 m membrane filter and is transferred into HPLC.\@t 0,0666 mg/ml)

Procedure:

Standard solution 1 is injected five times (calilana injection), standard solution 2

and samples are injected twice.

System suitability parameter %RSD values of the areas obtained from the five
injections of standard solution 1 should be notertban 2,0.

The concordance of the average area of Oxcarbazg@e@k obtained from Standard
solution 1 and the average area of Oxcarbazepia& pbtained from Standard
solution 2 should be 100% + 2,0.

Calculation:

Oxcarbazepine mg\tb =Rn *Wstd*DF1 *D *ED*P*1000 (3.9.)
Rstd Wnum*DF2 ED
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Table 3.12.Explanations related to the formula used in tlsapsletermination.

Rn : | Oxcarbazepine peak area in sample solution
Rstd . | Oxcarbazepine peak area in standard solution
Wstd | | Oxcarbazepine working standarweight (mg)
Wsam | | Sample weight (mg)

D . | Density (g/ml)

DF; : | Dilution factor of standard (=1/50)

DF, : | Dilution factor for sample (= 1/100)

P . | Potency of working standard (as is)

LA : | Label amount

3.2.2.5. Analytical Method Validation

Analytical method validation is the demonstratioh the reliability of the
analytical methods used. In the mean time, it ipracedure to confirm that
analytical methods are accurate, specific and tepéa at specified conditions.

Analysed parameters for the analytical method \aiahs are presented below:

Specificity
Linearity
Recovery
Precision
Robustness
Stability
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3.2.2.5.1. Specificty

Specificity of an anlytical method is the ability &ssess only the intended
component or components. The solutions of the éstp used in the prepared
tablet formulation (placebo), known impurities ohet active ingredient
(carbamazepine, methoxy carbamazepine) and theicalnused in the analysis
(mobile phase, medium) were prepared at the arsab@ncentrations and HPLC
chromatograms were recorded in order to analyseheneor not they give any

peaks in the elution region of the active ingretien

3.2.2.5.2. Linearity

In order to analyse linearity parameter of the gehl method validation
of assay method, a stock solution at a concentratfd.4 mg/ml was prepared in
the mobil phase and this stock solution was dilutéth mobile phase in order to
obtain solutions containing Oxcarbazepine at theceatrations of 0.15, 0.30,
0.45, 0.60, 0.75 and 0.90 mg/ml. These preparaatisok were filtered through a
0.45um membrane filter, then vialed and injectedo inhe HPLC column.
Oxcarbazepine peak area was calculated from then@miograms and calibration
line was plotted by using average area value ofssirdies calculated for each

concentration against solution concentrations.

In order to analyse linearity parameter of the gehl method validation
of dissolution assay method, a stock solution abmacentration of 0.264 mg/mi
was prepared in the mobil phase and this stocktisolwas diluted with purified
water in order to obtain solutions containing Oxeerepine at the concentrations
of 0.0066, 0.0165, 0.0330, 0.0495, 0.0660 and GOBB/ml. These prepared
solutions were filtered through a 0.45um membraierf then vialed and
injected into the HPLC column. Oxcarbazepine pe&aavas calculated from the
chromatograms and calibration line was plotted ing average area value of six

studies calculated for each concentration agawlstisn concentrations.
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3.2.2.5.3.Recovery

In order to study recovery parameter for the amedytmethod validation
of assay method, three each samples (placebo+a@epine) containing 75%,
100% and 125% active ingredient were prepared. & samples were transferred
into 100 ml volumetric flask, 60 ml mobile phasesnsdded and the solution was
sonicated in the ultrasonic bath. The samplesdilud volume with mobile phase
were filtered through a 0.45um membrane filter angbcted into the HPLC
column. Oxcarbazepine peak area was calculated tremchromatograms and

recovery amount was calculated by using the forngilan below:

Weighed Active Ingredient
%Recovery= ---------smmmmmmeee e x 10 (3.10)

Assayed Active Ingredient

In order to study recovery parameter for the anedytmethod validation
of dissolution assay method, three each sampleacdpb+oxcarbazepine)
containing 80%, 100% and 120% active ingredientewerepared. Dissolution
study of these samples was performed in dissoluigssels operating at 60 rpm
for 120 minutes containing 900ml purified water teghup to 37°C. At the end of
the analysis, 10 ml of solution was sampled frorohedissolution vessel, filtered
through a 0.45um membrane filter and injected inbe HPLC column.
Oxcarbazepine peak area was calculated from then@iograms and recovery
amount was calculated by using the formula givelowe

Weighed Active Ingredient
YRECOVery= ------mmmmmmm oo x 10 (3.11)
Assayed Active Ingredient

3.2.2.5.4. Precision
In order to study precision parameter for the at@dy method validation
of assay method, six samples (placebo+oxcarbazepgimaaining 100% active

ingredient were prepared. These samples were &aesfinto 100 ml volumetric
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flask, 60 ml mobile phase was added and the soluti@s sonicated in the
ultrasonic bath. The samples diluted to volume witbbile phase were filtered
through a 0.45um membrane filter and injected inbe HPLC column.

Oxcarbazepine peak area was calculated from thentdiograms and precision
ratio for the calculated recovery amount of 6 saaaplas calculated by using the

formula given below:

Weighed Active Ingredient
%Precision = ----------mmmmmmmm o XL00 (3.12)

Assayed Active Ingredient

In order to study intermediate precision paramdtar the analytical
method validation of assay method, a different gstalvas repated the precision
analysis at the end of the validation study.

In order to study system precision parameter fa &malytical method
validation of assay method, five injections of pasgd standard solution was
performed and %RSD was calculated.

In order to study precision parameter for the atiedy method validation
of dissolution assay method, six samples (placekoaidazepine) containing
100% active ingredient were prepared. Dissolutiordg of these samples was
performed in dissolution vessels operating at G0 fpr 120 minutes containing
900ml purified water heated up to 37°C. At the aidthe analysis, 10 ml of
solution was sampled from each dissolution vesBkéred through a 0.45um
membrane filter and injected into the HPLC colunm@xcarbazepine peak area
was calculated from the chromatograms and precisatio for the calculated

recovery amount of 6 samples was calculated bygusia formula given below:

Weighed Active Ingredient
%Precision = ---------mmmmmmem oo XL00 (3.13)

Assayed Active Ingredient

In order to study intermediate precision paramdtar the analytical
method validation of dissolution assay method,feetent analyst was repated the

precision analysis at the end of the validatiordgtu
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In order to study system precision parameter fa &malytical method
validation of dissolution assay method, five injens of prepared standard

solution was performed and %RSD was calculated.

3.2.2.5.5. Robustness

Robustness is the ability to assess accurate asafigs a result of the
changes (column temperature, flow rate etc.) thay wccur due to the errors of
the used analytical method. In order to study rotmess parameter for the
analytical method validation of assay and dissolutiassay methods, 100%
sample solution and standard solutions preparegr@cision analysis were used.
The sample and standard injections were perfornyechanging one parameter of
the chromatographic conditions used in the metlowcefch time. Recovery ratio

was calculated by using the formula given below:

Flow rate:0.8 ml/min.
Flow rate:1.2 ml/min.
Column temperaure:35°C

Column temperature:45°C

Weighed Active Ingredient
YORECOVErY = ----mm-mmmmmmo oo oo x 100 (3.14)

Assayed Active Ingredient

% difference between the recovery value of 100% mansolution
prepared for the precision analysis of the anadytinethod validation of assay
and dissolution assay methods and the recoveryewaiculated in the robustness

analysis was calculated.

3.2.2.5.6. Stability
In order to demonstrate the stability of Oxcarbazepduring analysis,

standard solutions and 100% sample solution prepgmethe precision analysis
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of assay and dissolution assay methods were retageafter 48 hours. The

stability of the results was evaluated.

3.2.2.5.

Surfactant Added Oxcarbezapin FormulatiorStudy

As the final study, surfactant added formulatiomdggs has been performed

using the API with same PSD decided upon the residtained in section 3.2.2.4.,

with the aim to determine the optimum formulatioavimg 100% drug release.

Different levels of surfactant has been added to uhit Formula as tabulated in

Table 3.13 and with dissolution studies it was a@me find the formulation that

reaches the 100% drug release.

Table 3.13.Surfactant Added Formulation Studies

Name of F7 45KG F8 45KG F9 45KG F10 45KG
Excipient 0,25% SDS 0,50% SDS 1,00% SDS 2,00% SDS
mg/tb mg/tb mg/tb mg/tb

OKS 60,00 60,00 60,00 60,00
LM 183,00 183,00 183,00 183,00
PVP K30 9,00 9,00 9,00 9,00
SDS 0,75 1,50 3,00 6,00
Starch 1500 15,00 15,00 15,00 15,00
MCC PH102 30,75 30,00 28,50 25,50
Stearic acid 1,50 1,50 1,50 1,50
Total 300 mg 300 mg 300 mg 300 mg
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4. FINDINGS

4.1. Studies Performed on Oxcarbazepine Active Ingdient

Particle size distribution, assay, dissolution gsmad DSC studies as
detailed in section 3.2.1 has been performed ona€lrazepine active
ingredient.

Particle Size Distribution

Particle size distribution results of API with 3u@@), 45um (b) and
70um (c) are presented in Table 4.1 and the parstlapes observed by
using light microscope are presented in Figure 4.1.

Table 4.1.Particle Size Distribution Results of Oxcarbazephird

Batch no Particle Size Result
OXC/0808156 d0,5: 3um d(0,5): 3.627um
OXC/1002025 d0,5: 45um d(0,5): 52.054um
OXC/1002024 d0,5: 70um d(0,5): 64.066um

(a) (b) (c)

Figure 4.1.Particle Photos of the 3um (a), 45um (b) and 7Qg)MPI under light
microscope , (10x20) size
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HPLC Assay Analysis of Oxcarbazepine Active Ingredint

HPLC analysis has been performed on API with tlliferent particle size

distributions.

Table 4.2 Assay Analysis Results of Oxcarbazepine Activgrédient by HPLC

Batch no Particle Size Result
0X0/0808156 d0,5: 3um d(0,5): 100,05
0XC/1002025 d0,5: 45um d(0,5): 99,30
0OXC/1002024 d0,5: 70um d(0,5): 99,30

HPLC Solubility Analysis of Oxcarbazepine Active Irgredient

Active ingredient with three different particle sidistributions has been

analyzed. Results are summarized in Table 4.3. @oattige solubility graphs are

presented in Figure 4.2

Table 4.3 Dissolution Assay Analysis Results of Oxcarbazephctive Ingredient

by HPLC
Purified Water, 900 ml, 60 rpm, Equipment Il (paddle), auto sampling
Time Oxcarbazepine 3 um| Oxcarbazepine 45 uni Oxcarbazepine 70 pm
0 0,0 0,0 0,0
5 8,0 9,7 4,5
10 17,5 14,1 7,9
15 23,6 18,8 11,8
20 26,6 22,7 15,8
30 49,6 28,3 22,8
45 43,6 35,2 32,5
60 48,1 40,7 41,5
75 51,5 44,6 48,2
90 55,2 66,6 54,9
120 61,5 56,3 69,0
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Figure 4.2 Solubility Graph of Oxcarbazepine API

DSC Analysis

Three API with different particle size distributidras been tested. DSC
thermograms of each API and the comparative theramgare presented in

Figures 4.3., Figure4.4., Figure4.5., and Figure4.6



Figure 4.30xcarbazepine API 3um DSC Thermogram

Figure 4.40xcarbazepine APl 45um DSC Thermogram
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Figure 4.50xcarbazepine APl 70um DSC Thermogram

Figure 4.6 Oxcarbazepine API 3um, 45um and 70um Comparative DS
Thermogram
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4.2 Preparation and Analysis of Oxcarbazepine Tabtd~ormulation

Results obtained from the studies explained inilgetan section 3.2.2 are

presented below.

4.2.1 Oxcarbazepine Unit Formula and FB Process Pameters

In order to define and optimize maximum and minimpanameters, the unit
formula in Table 3.5 has been used and the tings iave been explained in detall
have been performed.

Particle size testing has been performed on thegdapulate that has been
obtained after the trials, and the processes whiasmess parameters have the highest
effect on dry granule size. Process parameters th@dparticle size results are
summarized in Table 4.4.

Maximum and minimum parameters are shaded in the.ta

Table 4.4 FB Process parameters and particle size results

Code Particle size results
D1 100,911
D2 Not determined
D3 Not determined
D4 65,076

D5 Not determined
D6 80,647

D7 72,539

D8 70,821

D9 76,389

D 10 76,126

The study has been repeated at defined maximummarnchum parameters
for all different particle size APIs.
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4.2.2. Granule Analysis and calculations after FB f@cess

Granule analysis and calculations performed fodifférent particle size
APls are summarized below.

Lights microscope pictures of dry granulates oladiby applying maximum
and minimum process parameters on 3 differentgearsize APIs presented in Table
3.8.

(F1_3BG) (F4_45KG) (F6_70BG)

Figure 4.7.Particle Photo of Dry Granules Obtained by Usipgh3dF1_3BG),
45um (F4_45KG) and 70um (F6_70BG) API By Light Miscope, (10x20) size

Particle Size Determination

Particle size analysis results of dry granulatesaiobd after FB wet

granulation process are summarized in table 4.5.



Table 4.5 Particle Size Measurement Results Related to@aynules

Code d(0,1) d(0,5) d(0,9)
F1_3BG 7,267 80,608 240,329
F2_3KG 3,037 43,986 130,480
F3_45BG 29,837 100,911 218,631
F4_45KG 16,573 65,076 142,733
F5_70BG 16,644 85,824 224,631
F6_70KG 15,261 61,933 146,950

Flowability

Flowability results of dry granulated obtained aft® wet granulation

process are presented in table 4.6.



Table 4.6.Flowability Results of Dry Granules

Code 25 mm 15 mm 10 mm
F1 3BG No flow No flow No flow
F2_3KG No flow No flow No flow
F3_45BG 1,8 sec 5,5 sec 14,5 sec
F4_45KG 2,5 sec 8,0 sec 25,0 sec
F5_70BG 2,2 sec 7,3 sec 23,6 sec
F6_70KG 2,7 sec 8,4 sec 29,2 sec
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Bulk Density and Tapped Density

Bulk density and tapped density results of dry gtated obtained after

FB wet granulation process are presented in talile 4

Table 4.7.Bulk Density and Tapped Density Measurement ResilDry Granules

Code YD SD
F1_3BG 0,518 g/ml 0,709 g/ml
F2_3KG 0,422 g/ml 0,631 g/ml
F3_45BG 0,609 g/ml 0,689 g/ml
F4 45KG 0,657 g/ml 0,763 g/ml
F5 _70BG 0,657 g/ml 0,769 g/ml
F6_70KG 0,643 g/ml 0,786 g/ml
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Carr’s Index

Carr’'s index calculations of dry granulated obtadinafter FB wet

granulation process are presented in table 4.8.

Table 4.8.Carr’s Index Calculations Related to Dry Granules

Code Carr's Index
F1 3BG 26,94
F2_3KG 33,12
F3_45BG 11,16
F4_45KG 13,89
F5_70BG 14,56
F6_70KG 18,19

Hausner Ratio

Hausner Ratio calculations of dry granulated olgdirafter FB wet

granulation process are presented in table 4.9.

Table 4.9.Hausner Ratio Calculations Related to Dry Granules

Code Hausner Ratio
F1_3BG 1,37
F2_3KG 1,50
F3_45BG 1,13
F4_45KG 1,16
F5_70BG 1,17
F6_70KG 1,22
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Moisture

Moisture results of dry granulated obtained aft& et granulation

process are presented in table 4.10.

Table 4.10.Moisture Results Related to Dry Granules

Code Moisture
F1_3BG % 0,68
F2_3KG % 0,60
F3_45BG % 0,96
F4_45KG % 0,78
F5_70BG % 0,88
F6_70KG % 0,53

4.2.3. Tablet Compression Process

Granules, F3_45BG, F4_45KG, F5 70BG and F6_70KG keawe good
analysis results have been compressed to tablatsibg the parameters explained in
section 3.2.2.3 in detail.

Data obtained during the tablet compression proassgresented in Figure
4.8, Figure 4.9, Figure 4.10, Figure 4.11, FigwE4Figure 4.13, Figure 4.14, and

Figure 4.15, comparative results are summarizddbie 4.11.



Figure 4.8 Data Related t63_45BG Tablet Compression Process
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Figure 4.9 Each Punch Strength Related®® 45BG Tablet Compression Process



Figure 4.10 Data Related t&4_45KG Tablet Compression Process
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Figure 4.11 Each Punch Strength Related®# 45KG Tablet Compression Process



Figure 4.12 Data Related t&65 70BG Tablet Compression Process
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Figure 4.13 Each Punch Strength Related® 70BG Tablet Compression Process



Figure 4.14 Data Related t66_70KG Tablet Compression Process
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Figure 4.15 Each Punch Strength Related®® 70KG Tablet Compression Process

Table 4.11.Tabulated Results of Compression Values of Tablets

Code Pre-compression Main Power on Mould
Compression

F3_45BG 0,61 kN 4,53 kN 251 N

F4 45KG 0,71 kN 5,52 kN 318 N

F5 70BG 0,66 kN 4,80 kN 287 N

F6_70KG 0,75 kN 4,58 kN 316 N

4.2.4. Physical and Chemical Analysis After TableCompression Process

Physical and chemical analysis results obtainedn frihe tablets produced by

compressing the 4 different granules are presdyetmv.
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Average Tablet Weight

Average tablet weight results of tablets obtaingdtlie compression process are
summarized in Table 4.12.

Table 4.12Average Tablet Weight Results of Tablets

Code Average tablet weight
F3 45BG 300,11 mg
F4 45KG 300,84 mg
F5 70BG 299,97 mg
F6_70KG 300,07 mg
Hardness

Hardness results of tablets obtained by the comjmmegrocess are summarized in
Table 4.13.

Table 4.13Hardness Results of Tablets

Code Average hardness
F3 45BG 10,96 kP
F4 45KG 9,99 kP
F5 70BG 9,38 kP
F6 70KG 7,29 kP
Friability

Friability results of tablets obtained by the copgsion process are summarized in
Table 4.14.
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Table 4.14Friability Results of Tablets

Code Friability
F3 45BG % 0,01
F4 45KG % 0,01
F5 70BG % 0,02
F6_70KG % 0,04

Disintegration

Disintegration results of tablets obtained by thmpression process are summarized
in Table 4.15.

Table 4.15Disintegration Results of Tablets

Code Disintegration
F3 45BG 1.06 min.
F4 45KG 1.14 min.
F5 70BG 2.06 min.
F6 70KG 1.36 min.

HPLC Assay Analysis of Oxcarbazepine Tablet Formulaon

HPLC assay results of tablets obtained by the cesgwn process are
summarized in Table 4.16.

Corresponding HPLC chromatogram related to assalysis is presented in
Figure 4.16.
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Code Assay
F3_45BG 100,55%
F4 45KG 102,26%
F5 70BG 98,23%
F6_70KG 102,59%

Figure 4.16 HPLC Chromatogram Related to Assay Analysis
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HPLC Dissolution Analysis of Oxcarbazepine Tablet Brmulation

Dissolution analysis results of the tablets obtdinafter the tablet
compression process, at purified water are predeirie Table 4.17 and the
dissolution analysis results at surfactant adde@maae presented in table 4.18.

The comparative dissolution graphs with differeatiations are presented in
Figures 4.17, 4.18, 4.19, 4.20 and 4.21.

The corresponding HPLC chromatograms are presamtéidure 4.22.

Table 4.17 Dissolution Analysis Results of Tablets in PadfiWater

Purified Water. 900 ml. 60 rom. Apparatus |l (naddle). auto samplina
Time Oxcarbazepnine| Oxcarbazepine| Oxcarbazepine| Oxcarbazepine

60 ma TB 60 ma TB 60 ma TB 60 ma TB

F3 45BG F4 45KG F5 70BG F6 70KG
0 0,0 0,0 0,0 0,0
5 17,7 22,9 10,9 17,8
10 27,6 32,6 22,2 29,0
15 33,3 37,7 29,1 35,4
20 36,2 41,4 33,8 39,8
30 39,6 46,4 40,0 43,3
45 42,5 49,9 44,7 46,7
60 44,4 53,0 47,7 49,8
75 46,5 54,6 49,8 51,3
90 47,7 56,0 51,4 52,9
120 50,6 57,6 53,0 55,2
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Table 4.18 Dissolution Assay Analysis Results of TabletSurfactant Added
Purified Water

Purified Water + 0.1%SDS. 900 ml. 60 rom. Apparats Il (naddle). auto samplina

Time Oxcarbazepnine| Oxcarbazepnine| Oxcarbazepine| Oxcarbazepine
60 ma TB 60 ma TB 60 ma TB 60 ma TB
F3 45BG F4 A5KG F5 70BG F6 70KG
0 0,0 0,0 0,0 0,0
5 21,2 20,9 19,9 23,5
10 31,8 32,3 29,8 31,8
15 37,2 39,3 34,7 35,2
20 39,5 43,8 37,8 37,1
30 43,7 49,4 41,7 38,9
45 46,7 54,9 45,1 40,4
60 48,5 58,2 47,6 41,2
75 49,9 60,9 49,4 42,5
90 50,9 63,0 51,1 42,6
120 53,1 65,7 53,9 44,9

Figure 4.17 Dissolution Profiles of F3_45BG and F4_45KG Tablet Purified

Water
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Figure 4.18Dissolution Profiles of F5_70BG and F6_70KG TabletPurified
Water

Figure 4.19Dissolution Profiles of F3_45BG, F4_45KG, F5_70B&I F6_70KG
Tablets in Purified Water
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Figure 4.20Dissolution Profiles of F3_45BG, F4_45KG, F5_70B@& F6_70KG
Tablets in Surfactant Added Purified Water.

Figure 4.21Dissolution Profiles of F3_45BG, F4_45KG, F5_70B&I F6_70KG
Tablets in Purified Water and in Surfactant Addedified Water.
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Figure 4.22 HPLC Chromatogram Related to Dissolution Assaglgsis

4.2.5. Analytical Method Validation

4.2.5.1 Specificity

Solutions of excipients (placebo), known impuritafsthe active ingredient
(carbamazepine, methoxycarbamazepine) and the chlsmised in the analysis
(mobile phase, media) have been prepared at origoreentrations and analyzed
with HPLC in order to determine if they elute aetlame conditions. It was
determined that the samples do not elute at the samditions with Oxcarbazepine.
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4.2.5.2 Linearity

In order to determine the linearity parameter isagsmethod validation
study, a stock solution of 2,4 mg/ml concentratiewel in mobile phase and the
following dilutions have been made; 0.15, 0.30,50.2.60, 0.75 and 0.90 mg/ml
Oxcarbazepine. The prepared solutions have bedsrefil through 0.45um
membrane filter and then injected to the HPLC calufirom the chromatograms,
Oxcarbazepine peak area has been calculated acdlibtion line has been drawn
by using the average of areas of six studies oh edcthe concentration levels.
Calibration line and the equation are presentdeégare 4.23.

Figure 4.230xcarbazepine Assay Calibration Line and Equation

In order to determine the linearity parameter ssdlution method validation
study, a stock solution of 0.264 mg/ml concentratevel in mobile phase and the
following dilutions have been made; 0.0066, 0.015330, 0.0495, 0.0660 and 0.
0825 mg/ml Oxcarbazepine. The prepared solutionge Haeen filtered through
0.45um membrane filter and then injected to the @Ptolumn. From the
chromatograms, Oxcarbazepine peak area has beettatedl and the calibration line
has been drawn by using the average of areas ofstsiies of each of the
concentration levels. Calibration line and the eigusare presented in Figure 4.24.
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Figure 4.240Oxcarbazepine Dissolution Calibration Line and &pn

2.4.5.3. Recovery

In order to determine the recovery parameter o&yaseethod validation,
three sample solutions at; 75%, 100% and 125% obraton levels
(placebo+oxcarbazepine) have been prepared. Tlohs®ors have been taken into
100 ml glass flask , 60 ml of mobile phase is adaled dissolved in ultrasonic bath.
Samples have been made up to volume with mobilsgHdtered through 0.45um
filter and then injected to HPLC column. From theamatograms, Oxcarbazepine
peak are ahs been taken and recovery has beeratadcuObtained results are

summarized in Table 4.19.



104

Table 4.19 Recovery Results of Oxcarbazepine Assay

% Concentration | Average Peak Area | % Recovery TS
Recovery
0,45 1639184,50 100,3
75 0,45 1631338,00 99,9 100,1
0,45 1637123,00 100,2
0,60 2183213,00 100,2
100 0,60 2182264,00 100,2 100,2
0,60 2178888,00 100,1
0,75 2724878,50 100,1
125 0,75 2721296,50 100,0 100,0
0,75 2719314,00 99,9
% Average Recovery 100.1
SD 0.13
%RSD 0.13

In order to determine the recovery parameter oddligion method validation,
three sample solutions at; 80%, 100% and 120% obrat®on levels
(placebo+oxcarbazepine) have been prepared. Tlods#oras have been subjected to
dissolution analysis with 900 ml purified water,3°C and 60 rpm for 120 minutes.
At the end of the process, 2 ml of solution fronslesessel are withdrawn and filtered
through 0.45um filter and then injected to HPLCucoh. From the chromatograms,
Oxcarbazepine peak are ahs been taken and recbasrpeen calculated. Obtained

results are summarized in Table 4.20.
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% Concentration | Average Peak Area | % Recovery ‘ﬁg‘\éﬁ\r/i?;

80 0,0528 920714 101,16 99,4
0,0528 962827 98,91
0,0528 906301 97,98

100 0,0660 1155933 98,88 97,7
0,0660 1138851 96,97
0,0660 1160841 97,35

120 0,0792 1395534 97,76 98,4
0,0792 1393003 99,08
0,0792 1420891 98,27

% Average Recovery 98,5

SD 1,24

% RSD 1,26

4.2.5.4. Precision

In order to determine the precision parameter shysanalytical method

validation, six samples of 100% concentration (olaaepine+placebo) level have

been prepared. Samples have been taken into 19asd flasks and dissolved with

60 ml of mobile phase and sonicated for 15 minufégn samples have been made

up to volume with mobile phase and filtered thro@h5um membrane filter and

injected to the HPLC column. In the chromatograoxsarbazepine peak areas were

taken, recovery was calculated and the precisidnegaof the six samples were

calculated as summarized in table 4.21.
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Table 4.21 Precision Results of Oxcarbazepine Assay

Sample | Average peak % recovery
area
1 2183213 100,2
2 2182264 100,3
3 2188888 100,6
4 2180820 100,1
5 2182108 100,3
6 2187401 100,5
% Recovery 100,3
SD 0,17
%SD 0,17

In order to determine the intermediate precisiorthef assay method , one

analyst repeated the precision parameter. Obtaesdts are summarized in Table

4.22.

Table 4.22Intermediate Precision Results of Oxcarbazepirsaps

Sample Analyst | , % Recovery Analyst Il , % Recovery
1 100,2 99,6
2 100,3 99,1
3 100,6 100,5
4 100,1 100,1
5 100,3 100,1
6 100,5 99,4
% Average Recovery 100,3 99,8
SD 0,17 0,53
%RSD 0,17 0,53

% Difference

0,36

In order to determine the system precision in asseghod validation,

Standard solution has been injected 5 times and4heSD has been calculated.

Obtained results are summarized in Table 4.23.
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Table 4.23 System Precision Results of Oxcarbazepine Assay

Injection Peak Area
2199864
2197379
2197435
2198762
2197896
Average 2198267
SD 1050,46
% RSD 0,05

G WNF

In order to determine the precision parameter asalution method
validation, six sample solutions at; 100%  concdiumna level
(placebo+oxcarbazepine) have been prepared. Thegess have been subjected to
dissolution analysis with 900 ml purified water3a°C and 60 rpm for 120 minutes.
At the end of the process, 2 ml of solution frontheaessel are withdrawn and
filtered through 0.45um filter and then injected HPLC column. From the
chromatograms, Oxcarbazepine peak has been takdnremovery has been
calculated. Obtained results are summarized in€Téia4.

Table 4.24 Precision Results of Oxcarbazepine Dissolution

Sample Average peak area % Recovery
1 1155933 98,48
2 1138851 96,58
3 1160841 96,96
4 1180880 98,77
5 1146724 97,18
6 1157668 97,79
% Recovery 97,63
SD 0,87
%RSD 0,89
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In order to determine the intermediate precisionapeeter in dissolution
method validation, an analyst repeated the pratip@rameter analysis. Obtained

results are summarized in Table 4.25.

Table 4.25 Intermediate Precision Results of Oxcarbazepissolution

Sample Analyst | , % Recovery | Analyst Il , % Recovery
1 98,48 99,05
2 96,58 97,62
3 96,96 98,12
4 98,77 96,82
5 97,18 97,24
6 97,79 98,54
% Average Recovery 97,63 97,90
SD 0,87 0,83
% RSD 0,89 0,85

% Difference 0,04

In order to determine the system precision paramateissolution method
validation, the Standard solution has been injeétexltimes and % RSD has been

calculated. Obtained results are summarized ineT4l36.

Table 4.26 System Precision Results of Oxcarbazepine Disisol

Injection Peak area
1167913
1167684
1167433
1170316
1169371
Average 1168543

SD 124459
% RSD 0,11

G WN|IEF
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4.2.5.5 Robustness

In order to determine the robustness parametessayaand dissolution analytical
method validation, the 100% sample and standandtisnk prepared in precision
parameter are used. Standard and sample injecti@regsmade by changing only one

of the chromatographic conditions each time.

The difference between the recovery value of th@%dGample prepared during
precision parameter of the assay and dissoluti@lysis and the recovery value
calculated in robustness parameter, has been lat@du Obtained results are
presented in Table 4.27, Table 4.28, Table 4.29aB(@l

Table 4.27. Robustness Results of Oxcarbazepine Assay

Sample 0,8 ml/min. 1,0 ml/min 1,2 ml/min.
(validation
conditions)
OX Retention | %0 Retention | %0 Retention %
time time time
(min) (min) (min)
5,633 99,95 5,422 100,00 5,283 99,92

Table 4.28.Robustness Results of Oxcarbazepine Assay

Sample 35°C 40°C 45°C
(validation
conditions)
OoX Retention | % Retention | % Retention %
time time time
(min) (min) (min)
5.435 99,72 5.422 100,00 5.401 99,63
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Sample 0,8 ml/min. 1,0 ml/min 1,2 mi/min.
(validation
conditions)
OX Retention | % Retention | %0 Retention | %0
time time time
(min) (min) (min)
5,616 98,54 5,401 100,00 5,264 99,21
Table 4.30.Robustness Results of Oxcarbazepine Dissolution
Sample 35°C 40°C 45°C
(validation
conditions)
OX Retention | % Retention | %0 Retention %
time time time
(min) (min) (min)
5.419 99,36/ 5.401 100,00 5.435 99,57

4.2.5.6. Stability

In order to show that oxcarbazepine is stable tjinout the analysis period,

the Standard and 100% precision sample soluticgaped for assay and dissolution

methods, have been injected 48 hours later andldteened results are presented in
Table 4.31. and Table 4.32.

Table 4.31. Stability Results of Oxcarbazepine Assay

OX

% Conformity of Standard
Solution (50 hours)

% Conformity of Sample
Solution (48 hours)

98,3

100,3
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Table 4.32. Stability Results of Oxcarbazepine Dissolution

OX % Conformity of Standard
Solution (38 hours)

100,2

% Conformity of Sample
Solution (31 hours)
100,4

4.2.6. Surfactant Added Oxcarbazepine Formulation tdy

As a final study, different levels of surfactantdad to the unit Formula by
using the API with particle size distribution chnskeased on the analysis results
obtained from the studies explained in sectiond4.@2nd dissolution study has been
performed. Results are presented in Table 4.33sdRison graph is presented in

section 4.25.

Table 4.33 Dissolution Analysis Results of Surfactant AddeablBts in Purified
Water Medium

Purified Water. 900 ml. 60 rom. Apparatus |l (naddle). automatic samplina
Time Oxcarbazenine| Oxcarbazepnine| Oxcarbazenine| Oxcarbazepine

60 ma TB 60 ma TB 60 ma TB 60 ma TB
F7 45KG F8 45KG F9 45KG F10 45KG
%0,25 SDS %00,50 SDS %1,00 SDS %2,00 SDS

0 0,0 0,0 0,0 0,0

5 26,5 35,3 47,5 58,4

10 41,7 49,7 56,6 67,1

15 48,2 55,2 62,4 74,9

20 53,6 60,1 69,9 86,6

30 59,2 64,4 75,2 97,2

45 63,4 68,0 79,1 101,0

60 67,1 73,5 84,5 99,9

75 69,0 76,9 91,3 102,1

90 70,8 78,2 95,4 102,2

120 71,6 80,6 99,7 102,6
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Figure 4.25.Dissolution Profiles of F7_45KG %0,25 SDS, F8 &bRk60,50 SDS,
F9_45KG %1,00 SDS and F10_45KG %2,00 SDS Table®siified Water
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5. DISCUSSION

5.1. Studies Performed on Oxcarbazepine API

Dissolution assay and DSC analysis that have bgplaieed in section 3.2.1.

have been performed on oxcarbazepine API.

HPLC Assay Analysis of Oxcarbazepine API

API with three different particle size distribut®rhas been tested at purified
water medium. According to Capan (2400), partitlepe and size has an effect on
solubility and dissolution. Decrease of particleesincreases the solubility. Same has

been observed with the performed studies.

HPLC Dissolution Assay Analysis of Oxcarbazepine AP

API1 with three different particle size distribut®rhas been tested at purified
water medium. According t o Capan (2400), partstiape and size has an effect on
solubility and dissolution. Decrease of particleesincreases the solubility. Same has
been observed with the performed studies.

Although there is difference between the soluletitiat the end of 120 minutes it was
observed that none of them reached 100% and ernued approximately the same

levels.

DSC Analysis

API with three different particle size distribut®has been tested. According to
H ncal and Bilensoy (2004), DSC analysis helpsieétermine the polymorphism,
melting point and determination of phase changedndumelting, during pre-
formulation phase. Observing the DSC thermogramwitually and comparatively,
it was determined that; “peak”, “onset” and “enaints do not show significant
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differences, that the materials show peaks atdhgesmelting point. No other peaks
have been observed except the main peak in thetB&&ograms of the materials.
And this shows that the three different particleesi of the material have the same

polymorphic structure.

5.2. Preparation and Analysis of Oxcarbazepine Tabl Formulation

Discussions of the results obtained from the studieplained in detail in

section 3.2.2. are presented below in detail.

5.2.1. Oxcarbazepine Unit Formula and FB Process Pameters

In order to determine and optimize the maximum amocimum parameters,
10 trial studies have been performed using diffepamameters with the unit formula

given in section 3.2.2.1., by using the 45um API.

According to Kndll (2010), during the FB studieggthinlet air temperature,
air inlet flow, low spray pressure and spray raggults with small particle size
granules, and low inlet air temperature, air ifil@tv, high spray pressure and spray
ratio results with big particle size granules. they words, when the powder to be

granulated is close to the spray unit and wetgtheaules form bigger.

Obtained results supported the theory.

At the end of the trials, too much agglomeratios baen observed at trials
D_2 and D_5, and granulation was not successfutriar D_3. In the other trials
which were accepted as successful, the particee disgribution has been tested and
the trials in which the highest effect of processameters on the particle size has

been determined.
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Trial study D_1 in which the biggest particles Hasen observed was
accepted as the maximum parameter and the tridl $Ju4 in which the smallest

particle has been observed was accepted as themammparameter.

These maximum and minimum parameters have beeatsgpwith 3um, 45um and

70um APIs and the dry granule analysis have bedorpsed.

5.2.2. Granule Analysis and Calculations After FB Rocess

Discussions of the results obtained from the stugierformed on different particle

size APIs are presented below. All results are sarped in Table 5.1.

- Particle Size Analysis

Based on the studies performed by using the 3umv#fl codes F1_3BG and
F2_3KG according to the particle size analysisrahgles obtained after the FB wet
granulation process, granules obtained did not lzoeeptable flowability results.
Due to the agglomerates occurred because of th@mized structure of the powder,

particle size distribution has not been tested.

Based on the studies of 2 _45BG, F3 45KG, F4 _70B& BB 70KG, it was
determined that when minimum parameters are us$wdobtained granules have
small particle size distribution and when maximuangmeters are used, the obtained
granules have big particle size distribution.

Flowability

According to Baykara (2004), in order to determntime flow properties, flow rate
and bulk angle methods are used. In order to daterthe flow rate, the time that a
certain amount of powder flows through a funnemisasured. The powder flowing

continuously is accepted as good flowing powderweler, the powder that is
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accepted as the stable flowing powder is not thekgst one but the powder whose

average of ten replicate flowability showing minimwariability.

Based on this theory, obtained results are evaluate

Based on the studies performed by using the dnyulea obtained after FB wet
granulation process with 3um API with codes F1 3B@ F2_3KG, granules

obtained did not have acceptable flowability result

Based on the studies of 2 _45BG, F3_45KG, F4 _70B& FEb_70KG, it was
determined that small particle size granules obthiby using the minimum
parameters have better flowability properties thie big particle size granules

obtained by using the maximum parameters.

Bulk Density and Tapped Density

According to Baykara (2004), the first steps ofics@losage forms, powder,

powder mixture and granules’ volume/weight relationst stay stable.

With this purpose, each used intermediate produgstnmave a certain bulk
density before possible dosing, so that it willdessible to obtain tablets with same

or within the acceptable tolerance limits tabletghiée

And tapped density, bulk volume must decrease wheped on powder or
granule as the smaller size particles go into th@&ces between the bigger size

particles.

According to the bulk density and tapped densityults related to the dry
granules obtained from FB wet granulation procéskas been observed that the
desired ratio between the particle sizes and tappedity of obtained granules was

provided.
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Carr’s Index

According to the Carr’'s Index results of dry grasubbtained after the FB wet
granulation process calculated in Table 3.8, tisailte of F1_3BG and F2_3KG
studies are not good, and the results of studi2s4$BG, F3_45KG, F4_70BG are
good and the result of study F5_70KG is in between.

Ratio
According to the Hausner Ratio results of dry glaswbtained after the FB wet
granulation process calculated in Table 4.9, trsailte of F1_3BG and F2_3KG
studies are not good, and the results of studizs4$BG, F3_45KG, F4_70BG and
F5_70KG are good.

Moisture

According to the moisture results of the dry grasubbtained after the FB wet

granulation process, there is no significant défere between the granules.
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Code

PSD

Flow

Density

Carr’s
Index

Hausner
Ratio

Moisture

F1_3BG

d(0.1):7.267
d(0.5):80.608
d(0,9):240,329

No flow

YD: 0.518
a/ml
SD: 0.709
a/ml

26,94

1,37

0,68%

F2_3KG

d(0.1):3.037
d(0.5):43.986
d(0,9):130,480

No flow

YD: 0.422
a/ml
SD: 0.631
a/ml

33,12

1,50

0,60%

F3_45BG

d(0.1):29.837
d(0.5):100.911
d(0,9):218,631

25mm:1.8 sec
15mm:5.5 sec

10mm:14,5 se¢

YD: 0.609
a/ml
SD: 0.689
a/ml

11,16

1,13

0,96%

F4_45KG

d(0.1):16.573
d(0.5):65.076
d(0,9):142,733

25mm:2.5 sec
15mm:8.0 sec
10mm:25 sec

YD: 0.657
a/ml
SD: 0.763
a/ml

13,89

1,16

0,78%

F5_70BG

d(0.1):16.644
d(0.5):85.824
d(0,9):224,631

25mm:2.2sec
15mm:7.3sec
10mm:23,6sed

YD: 0.657
a/ml
SD: 0.769
a/ml

14,56

1,17

0,88%

F6_70KG

d(0.1):15.261
d(0.5):61.933

d(0,9):146,950

25mm:2.7sec
15mm:8.4sec

10mm: 29,2se¢

YD: 0.643
a/ml
SD: 0.786
g/ml

18,19

1,22

0,53%

5.2.3. Tablet Compression Process

According to the granule analysis results, sin@gtanule properties of the

studies F1_3BG and F2_3KG are insufficient for éalslompression process, it was
decided to continue with the F3 45KG, F4 70BG ve MG studies. Tablet
compression studies of F2_45BG, F3_45KG, F4_70BG-¥e70KG studies have
been performed successfully.

5.2.4. Physical and Chemical Analysis After Table€Compression Process

Physical and chemical analyses have been perfoemédlissolution results
have been evaluated of the tablets obtained frenfth 45BG, F3_45KG, F4_70BG

ve F5_70KG studies. All physical and chemical ressabtained from the studies are

summarized in Table 5.2.
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Code Average Hardness | Friability | Disintegration | Assay
tablet
weight
F3 45BG | 300,11mg 10,96 kP 0,01% 66 sec. %100,55
F4 45KG | 300,84mg 9,99 kP 0,01% 74 sec. % 102,26
F5 70BG | 299,97mg 9,38 kP 0,02% 126 sec. % 98,23
F6 70KG | 300,07mg 7,29 kP 0,04% 96 sec. % 102,59

Evaluating the physical and chemical analysis tesod the tablets, it was

observed that all studies gave good results.

After the evaluation of dissolution results, basedthe results of dissolution

profiles summarized in Table 4.15, it was determlitieat the dissolution of small

particle size granules obtained using the minimumnameters is faster than the

dissolution of big particle size granules obtainsthg the maximum parameters.

By these results, it was proven that the processnpaters have effect on the
physicomechanical properties of the granules toliiained and the dissolution rate

of the tablets Baykara (2004).

Study F4_45KG was chosen as the most successtiyt &tking into account

all granule and tablet analysis results. Despitg the maximum dissolution that can

be obtained by changing the API particle size aBdoFocess parameters after 120

minutes was determined as 57,6%.

5.2.5. Analytical Method Validation

5.2.5.1. Specificity

It was observed that there is no peak interferiith @xcarbazepine.
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5.2.5.2. Linearity

In order to plot the assay method calibration line).15-0.90 mg/ml mobile
phase, between 2.4 mg/ml concentrations constitbesvorking range. Calibration
line was plotted by using peak areas against carateam. Calibration line equation
is y=4E+06x + 23092 and the R2=1,0000.

In order to plot the dissolution analysis methodlibcation line,
concentrations between  0.00660-0825 mg/ml constitthe working range.
Calibration line was plotted by using peak areaaires concentration. Calibration
line equation is y=2E+07x + 1252 and the R2=1,0000.

In validation studies, R2 value is expected to beveen 0.9900 and 1.0000,
and the obtained values are acceptable.

5.2.5.3. Recovery

In order to evaluate the recovery parameter inasgay analytical method
validation, triple samples of solutions containiii%, 100% and 125% API
(placebo+oxcarbazepine) and injected into the HPQKcarbazepine peak area is
taken from the chromatograms and the recovery atsilated. The recovery values
of all samples must be between 98-102%. Obtaingdtseare within the acceptable

limits.

In order to evaluate the recovery parameter in dlssolution analytical
method validation, triple samples of solutions eamhg 80%, 100% and 120% API
(placebo+oxcarbazepine) and injected into the HPQ&carbazepine peak area is
taken from the chromatograms and the recovery atsilated. The recovery values
of all samples must be between 95-105%. Obtaingdltseare within the acceptable

limits.
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5.3.5.4. Precision

In order to analyze the precision parameter of yaseathod validation,
solution having 100% API concentration (placebo-ewvkazepine) was prepared six
times and injected into the HPLC. Oxcarbazepinek pgaa is taken from the
chromatograms and the recovery was calculated rdd¢wvery values of all samples

must be between 98-102%. Obtained results aremiitie acceptable limits.

In order to analyze the intermediate precision patar of assay method
validation, at the end of the validation anothemllgst repeated the precision
parameter. The maximum difference between the %vesy of both analysts and
the %RSD must be less than 3%. Obtained resulis detween the limits.

In order to analyze the system precision parameferassay method
validation, Standard solution was injected 5 tirmesl RSD% was calculated. The
maximum RSD between areas of 5 consecutive injstimust be the 2.0%.

Obtained results are in between the limits.

In order to analyze the precision parameter ofalis®n method validation,
solution having 100% API concentration (placebo-ewvkazepine) was prepared six
times and injected into the HPLC. Oxcarbazepinakparea is taken from the
chromatograms and the recovery was calculated rdd¢wvery values of all samples
must be between 95-105%. Obtained results aremiii® acceptable limits.

In order to analyze the intermediate precision ipater of dissolution
method validation, at the end of the validationthro analyst repeated the precision
parameter. The maximum difference between the %Weres of both analysts must
be 5% and the %RSD must be less than 2%. Obtassdts are in between the
limits.

In order to analyze the system precision parameferassay method

validation, Standard solution was injected 5 tirmesl RSD% was calculated. The
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maximum RSD between areas of 5 consecutive ingstimust be the 2.0%.
Obtained results are in between the limits.

5.2.5.5. Robustness

In order to determine the robustness parametersgayaand dissolution
analytical method validation, the 100% sample atashdard solutions prepared in
precision parameter are used. Standard and sangitions were made by changing

only one of the chromatographic conditions eacletim

The difference between the recovery value of th@%Gsample prepared
during precision parameter of the assay and digeal@analysis and the recovery

value calculated in robustness parameter, hasdademated.

Oxcarbazepine retention times are changed by thagds of the flow rate.
On the other hand there was no change observedhetrecovery values. A change

of £ 0,2 ml/min. In flow rate does not affect theadysis results negatively.

Upon changes on the column temperatures, no chantpe oxcarbazepine
retention times and % recovery values are obseathange of = 5 °C in column

temperature does not have a significant effecherresults.
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5.2.5.6.Stability

In order to show that oxcarbazepine is stable thhout the analysis,

Standard and 100% precision solutions were injeatgdn after 48 hours.

Standard solution for assay analysis is stablébfhours, and the sample

solution is stable for 48 hours at 10°C.

Standard solution for dissolution analysis is statdr 38 hours, and the
sample solution is stable for 31 hours at 10°C.

5.2.6. Surfactant Added Oxcarbazepine Formulation dy
Different levels of surfactant were added to th& &ormula presented in
Table 3.5., and the formulation in which the dissioh reaches 99.7% was

determined.

According to that, F9_45KG study in which 1% SDSswised has found to
be successful.
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6. RESULTS AND PROPOSALS

Below listed results were obtained from the stugiegormed in order to increase

the solubility of oxcarbazepine molecule which hdew solubility.

Particle size of the used API has an effect ordikgolution of the product in

the final pharmaceutical form.

Used technology and the parameters of the useddédy have effect on the
product in the final pharmaceutical form.

Using these two different variables together hag®sitive synergic effect on

the solubility of the product in the final pharmatieal form.

Maximum solubility that can be obtained by changiaBl particle size

distribution and AY process parameters has bearmeted as 56.7%.

It was concluded that dissolution cannot be in@daasny further without a
change in the formulation. Thus, surfactant waseddo the formulation in
order to determine the formulation in which disswin reaches up to 100%.
It was determined that 1%SDS addition, increaseslissolution to 99.7%.

As a summary, with this study it was proven thatsitpossible to develop a
therapeutically effective finished product from rgstalline active material having a
low solubility by changing the formulation and pess parameters. In case smaller
particles are obtained without changing the criisglstructure, then it is possible to
increase the solubility without negatively affegtithe stability. Also it was once
again proven that with the addition of surfactaotthe formulation will increase the
dissolution as already been shown in the literatlifee necessity of optimization
studies in the fluidized bed granulation technolegys shown by proving the effect
of changes in these parameters on active ingrediehtbility and drug release

characteristics.
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These studies to show the effect of changes odifledl bed technology process
parameters on solubility of active ingredient, tenwidened by performing studies
on other low solubility active ingredients. Alsdjet effect of other granulation
method process parameters (i.e. high-shear) diffdiean this technology on the

drug release can be investigated.
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